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Twenty seafood samples, which are common edible species and commercially important items
in Korea, were purchased at the local fisheries markets and were analyzed for polycyclic
aromatic hydrocarbons (PAHs) using gas chromatography coupled to mass spectrometer
dezector (GC/MSD). The levels of sixteen PAHs in seafood from Korean coasts were 161 to
2,243 pg/g wet weight. The highest concentration was found at saury (Coloabis saira) and the
lowest level was found at jacopever (Sebastes schlegeli). The concentrations of potentially
ca-cinogenic PAHs of six species were in the range of 9 to 123 pg/g wet weight. The residues
of PAHs in fishes from Korean coasts were slightly low or relatively moderate to other
coantries. There was no correlation between PAH residues and lipid contents in seafood
samples. The predominant contributors in fish samples were lower-molecular-weight two and
three ring aromatic PAHs such as naphthalene, acenaphthene, fluorene and phenanthrene.
Fi_ter-feeding organisms like shrimp, crab and topshell were dominated by three- and four-
ricg aromatic PAHs. The PAH profiles in marine sediments, bivalves, fishes, shrimp, crab
and topshell according to exposure pathway were compared through factor analysis. The PAH
profiles were clearly classified by the difference of species or environmental matrices. This
result suggests that most of PAHs within the same samples behave identically in marine
environment.
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Introduction

Polycyclic aromatic hydrocarbons (PAHs) are
ubiquitous environmental microcontaminants and
derive meinly from anthropogenic activities. They
are formed as a consequence of incomplete com-
bustion (Hites et al, 1977) and are also components
of crude ¢il and its refined products (Lee and Page,
1997; Pettzrsen et al,, 1997). Since they are carcino-
genic and mutagenic (Lehr and Jerina, 1977; Yan,
1985; Mix. 1986; White, 1986), these compounds have
been intensively studied in marine environment
(Wakeham et al, 1980; Prahl and Carpenter, 1983;
Law and Biscaya, 1994; Baumard et al., 1999; Soclo
et al., 20C0).
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Marine organisms may be exposed to PAH by
contact with contaminated seawater and sediments,
either on the seabed or through suspended sediments,
or by ingestion of contaminated prey (Hellou et al,,
1996). The different PAH profiles of contaminants
have been observed in organisms of different tro-
phic levels (Broman et al, 1990; Leonards et al.,
1997). These differences were attributed to a partial
biotransformation of the contaminants in the orga-
nisms of higher trophic levels (Baumard et al,
1998). Therefore, these organisms reflect the pollu-
tion extent of PAHs and some species are used as
bioindicators at different environmental conditions
and foodweb (Hellou and Warren, 1996; Escartn
and Porte, 1999).

PAHs are known to occur in aquatic environ-
ments and accumulate in aquatic organisms (Ada-
mo et al., 1997, Hendriks et al., 1998; Burkhard and
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Lukasewycz, 2000), so that consumption of fish and
topshell may be a significant human dietary source
for these chemicals eventually posing a real health
risk (Fairey et al, 1997; Sericano et al, 2001). Hence,
the determinations of these compounds in seafood
are very important for evaluating dietary exposure
assessment and the protection of public health,
particularly in view of the increasing availability to
the consumer of seafood.

Although PAHs have previously been determined
in some locations for sediments and bivalves from
Korean coastal environments (Lee et al., 1998; Kim
et al., 1999; Moon et al., 2001a; Moon et al.,, 2001b),
there are few reported data on levels of PAHs in
seafood including fish from Korean coasts. The
main purpose of the current study was to measure
the PAH residues in edible tissue of seafood species
most often caught from Korean coasts and to in-
vestigate bioaccumulation patterns of PAHs in diffe-
rent organism species.

Materials and Methods

Sample collection and preparation

Twenty seafood samples were purchased at local
fisheries markets from nine locations distributed
over Korean coastal areas (two from the ecastern

Hyo-Bang Moon, Hee-Gu Choi, Sang-Soo Kim and Pil-Yong Lee

region, five from the southern region, and two from
the western region) during July to August 2001. The
samples of sixteen fish species, common squid (To-
darodes pacificus) from East Sea, crab (Portunus
trituberculatus), shrimp (Penaeus orientails) from
West Sea, topshell (Batillus cornutus) from South
Sea were collected in this investigation. These sea-
food species are common edible species and are com-
mercially important food items in Korea. Biological
information on the seafood species is summarized
in Table 1.

The samples in a cooler box with ice or dry ice
were immediately transported to the laboratory. The
seafood tissues of eighteen specimens and the whole
bodies of two specimens (anchovy and white-
saddled reeffish) were homogenized with an ultra-
disperser. Homogenized samples (approximately 50
g) were decomposed in 200 mL of 1 N KOH eth-
anolic solution for 2 hours by mechanical shaking
after the spike of 7 species internal standards (ES
2044, Cambridge Isotope Laboratories, Inc.). The
digest was liquid-liquid extracted with twice using
150 mL of n-hexane (Ultra residue analysis, J.T.
Baker) after the addition of water and 50 g of an-
hydrous Na,SO.. The extracts were reduced to small
volume in a rotary evaporator and then adjusted to
a volume of 10 mL.

Table 1. Biological characteristics of studied seafood samples
Local market Species Sample code Length (cm) Height (cm)
East Sea
Gangleung  Roundnose flounder (Eopsetta grigorjewi) RF 20 8
Gangleung Common squid (Todarodes pacificus CS 28 15
Pohang Saury (Cololabis saira) SU 28 3
Pohang Herring (Clupea pallasii) HR 27 6
South Sea
Busan Hairtail (Trichiurus lepturus) HT 31 8
Busan Mackerel (Scomber japonicus) MK 42 6
Tongyeong Anchovy (Engraulis japonica) AN 4 1
Tongyeong Common conger (Conger myriaster) CC 32 3
Yeosu Sharp toothed eel (Muraenesox cinereus) STE 33 4
Yeosu Red tongue sole (Cynolossus joyneri) RTS 14 9
Yeosu Sea bass (Lateolabrax japinicus SB 38 11
Yeosu Silver fish (Pampus argenteus) SF 19 10
Mokpo Flatfish (Paralichthys olivaceus) FF 43 16
Mokpo Jacopever (Sebastes schlegeli) JP 30 10
Jeju Topshell (Batillus cornutus) TS 7 4
Jeju Whitesaddled reeffish (Chromis notata) WR 5 3
West Sea
Gunsan Korean shrimp (Penaeus orientails) KS 14 2.5
Gunsan Korean pomfret (Pampus echinogaster) KP 20 10
Incheon Greening (Hexagrammos otakii) GR 25 5
Incheon Blue crab (Portunus trituberculatus) BC 18 10
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The extracts of seafood were purified using an
activated silica gel (Art No. 7734, 70~230 mesh,
Merck) cclumn chromatography with successive el-
utants of »-hexane and 15% methylene dichloride
(Pesticide residue analysis, Cica-Merck) in n-he-
xane. The second fraction was concentrated to less
than 1 mL, and left at a room temperature for one
day to eveporate to 100~200 uL. The residues were
dissolved with 100 uL of »-nonane (Pesticide resi-
due analysis, Fluka) and determined for PAHs.

Quantification and identification

The aromatic fraction was analyzed by gas chro-
matography coupled to mass spectrometery. An
Agilent 6890 GC (Agilent, USA) equipped with a
split/splitless injector was used (splitless time: 2
min; flow 70 mL/min). The injector temperature
was maintained at 250C. The GC temperature pro-
gram was from 80C (1min) to 300C (10 min) at
4C/min. The carrier gas was helium at a constant
flow rate of 1.4 mL/min. The capillary column used
was a PTE-5 (30 m, 0.32 mm ID, 1.0 um film thick-
ness, Supelco). The GC was coupled to a 5973N
mass selective detector (MSD). The mass spectro-
meter was operated under the selected ion moni-
toring (SIM) mode using molecular ions of the
investigated PAHs (electron impact at 70 eV, 2000V,
1.5 scan/s, dwell time/ion: 40 ms). The interface
temperature was 250C.

For lipid determination, automatic extraction unit
(Gerhardt and Variostat, Germany) was used. Ab-
out 2 g of freeze-dried seafood sample was extracted
with 150 raL of »-hexane. The analytical condition
was as follows; boiling time: 30 min, solvent reduc-
tion A: SX15mL, extraction time: 80 min, solvent
reduction B: 8 min, solvent reduction C: 5 min, sol-
vent reduction interval: 4 min. Extracted samples
were evaporated to dryness at ambient temperature
and the lipid fraction was weighed.

Sixteen non-alkylated PAH compounds recom-
mended by US EPA were analyzed in each sample
(naphthalzne (NaP), acenaphthylene (AcPy), ace-
naphthen: (AcP), fluorene (Flu), phenanthrene
(PhA), aathracene (AnT), fluoranthene (FluA),
pyrene (Pyr), benzolalanthracene (BaA), chrysene
(Chr), benzolblfluoranthene (BbF), benzolklflu-
oranthene (BKF), benzolalpyrene (BaP), indenol 1,
23-c,d]pyrene (InP), dibenzolahlanthracene (DbA)

and benzo[gh,ilperylene (BghiP)).

Quality assurance

All the spiked internal standards were detected
with no interfering peak. The average recoveries
showed 71+ 10% for two, 80+ 7% for three, 84+ 5%
for four, 8 +3% for five, and 94+ 9% for six ring
aromatic groups. In order to assess the accuracy of
the determinations by experimental procedure and
instrument, the certified mussel homogenate (1974a,
NIST, USA) was analyzed as Standard Reference
Materials (SRMs) in this investigation. The reco-
very results for two-, three-, four-, five-, and six-ring
aromatic groups were 68%, 77%, 87%, 94% and 107
%, 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. The calculated detection
limit (S/N ratio=3) for individual PAH in seafood
sample was 1 pg/g wet weight.

Results and Discussion

PAHSs concentrations in seafood

Sixteen PAHs were detected in all seafood sam-
ples from Korean coastal areas. The PAHs contents
in seafood are summarized in Table 2. The lipid
contents (dry weight basis) in seafood were in the
range of 1.2~483%, showing a wide range. The
levels of SPAH (the sum of individual PAH) in
seafood from Korean coast were 161 to 2,243 pg/g
wet weight. The highest concentration was found at
saury (Cololabis saira) from East Sea and the lo-
west level was found at jacopever (Sebastes schle-
geli) from South Sea. Total concentrations of po-
tentially carcinogenic PAHs (ZCPAH; the sum of
benzo[alanthracene, benzo[blfluoranthene, benzo
[k]fluoranthene, benzolalpyrene, indeno[1,2,3-c,d]
pyrene, and dibenzola,h]anthracene) (IARC, 1987)
in seafood varied from 9 to 123 pg/g wet weight.
The flatfish (Paralichthys olivaceus) from South
Sea was characterized by the highest contents of
SCPAH. In particular, the highest level of the
benzolalpyrene, which was known as one of endo-
crine disruptor chemicals, was found at this species
and the proportion of this compound to total PAH
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Table 2. The PAHs contents in seafood from Korean coastal areas (pg/g wet weight)

RF CS SU HR HT MK AN CC STE RTS SB SF FF JP TS WR KS KP GR BC
NaP 22 053 40 41 200 16 81 32 25 30 14 25 R 25 53 S6 54 21 36 B
AcPy 37 051 12 17 14 26 8 ¥ 9 9 18 9 9 7 17 18 14 9 8§ 9
AcP 59 363 1726 1,003 1328 773 1407 456 191 38 203 194 55 38 82 1563 75 81 32 40
Flu 16 8 97 170 51 33 32 73 4 4 8 SO 5 3 5 9 5 17 8 14
PhA 138 257 208 358 134 35 134 125 149 21 754 133 18 15 25 41 26 T3 R 66
AnT 5 6 1 3 4 3 4 11 9 2 4 S 1 1 2 3 1 2 2 3
FluA 39 360 75 115 63 16 6 38 33 24 27 37 17 17 0 30 6 29 19 4
Pyr 46 90 41 60 67 6 26 56 S8 43 109 38 36 36 75 6 107 37 31 60
BaA 1 9 1 5 2 2 10 2 1 3 2 1 2 1 717 1 2 1 1 4
Chr 11 334 16 46 20 5 32 8§ 7 10 6 11 6 5 4 9 21 9 5 15
BbF 5 8 1 2 25 5 3 2 2 9 7 1 6 3 % 2 71 2 3 71
BkF 5 10 S5 8§ 7 2 11 4 6 7 5 3 5 1 2 9 9 3 1 9
BaP 6 10 4 7 2 6 9 10 13 28 4 2 9% 4 12 19 15 1 2 19
InP 1 3 1 5 3 5 13 1% 2 8% 1 1t 6 2 31 1 3 1 1 5
DbA 4 2 4 45 2 10 4 6 2 2 2 2 1 1 & 2 1 1 1 2
BghiP 6 4 11 9% 38 11 15 2 5 14 6 4 19 3 30 12 4 3 2 71
TCPAH 32 43 16 71 8 30 77 39 27 ST 2 10 13 12 1l 34 3 9 10 46
TPAH 722 1,649 2243 2,008 2011 953 1980 894 S54 254 1557 SI17 322 161 492 1845 406 296 184 327
1(‘4,,/.??““ 830 790 791 768 - - 712 813 814 757 706 811 756 795 78 75 710 8.7 80.1 790
Lipid (%) 68 41 152 469 193 483 122 318 140 22 147 181 12 50 3 13 15 146 58 04

was also the highest among seafood samples. This

seems to be relation to habitat surrounding. Na-

mely, the flatfish, the benthic-dwelling species, is
exposed to PAHs from contact with contaminated
sediments by high-molecular-weight PAHs inclu-
ding benzolalpyrene. Therefore, heavier molecular
weight PAHs such as benzolalpyrene in flatfish is
thought to be a high contents.

The PAH levels in fishes measured in this study
were compared with those in other countries (Table
3). There is little information on the level of PAHs
in fishes in the world. Although the number of
PAHs, fish species and sample types (muscle or
liver) analyzed in other studies may differ, the six-
teen PAHs have found in most samples regardless
of fish species and sample types.

The sixteen PAH residues in 16 fish muscles ex-
cluding common squid, Korean shrimp, topshell,
and blue crab varied from 0.2 to 2.2 ng/g wet weight
with a mean value of 1.03 ng/g wet weight. These
experimental results were similar or slightly low
values compared to PAH levels in lake trout sam-
pled from Great Lakes, ranging from 1.5 to 4.0 ng/g
wet weight (Zabik et al, 1996). Sole et al. (2001)
reported that 14 PAHs levels in deep-sea fish gadi-
form (Mora moro) from Mediterranean Sea varied
from 0.2 to 0.6 ng/g wet weight in muscle and varied

from 69 to 16 ng/g wet weight in liver. These re-
sidues 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 with a
mean value of 17.6ng/g wet weight (Hellou and
Warren, 1995). These values revealed an order of
about 10~20 fold greater than those reported here.
Also, other reports (Baumard et al., 1998; Valette-
Silver et al., 1999; Pointet and Milliet, 2000; Seri-
cano et al,, 2001) in Table 3 seemed to be relatively
greater than in this study despite the difference of
sample type.

There was no correlation (r=0.17, n=20) bet-
ween PAH residues and lipid contents in seafood
samples. This may reflect relatively rapid changes in
lipid content within individual fish as compared to
the slow uptake and depuration of persistent orga-
nic contaminants including PAHs within fish spe-
cies (Manchester-Neesvig et al.,, 2001).

Factor analysis of PAH profiles in marine fishes,
sediments, bivalves and various marine organi-
sms

For the investigation on similarities, differences,
and relationships of the variations in PAH profiles
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Table 3. Comparison of PAH residues in fish species of other countries in the world
Locations Species Type of r»*  Mean Range References
sample
Korean coast 17 fish species Muscle® 16  1.03 02~22 This study
Great Lezkes, USA Lake trout Muscle® 14 325 1.5~4.0 Zabik et al., 1996
e . Muscle® 0.4 02~0.6 .
Mediterranean Sea Gadiform Liver® 14 123 69~16 Solé et al., 2001
Mediterranean Sea Sea, comber, Liver 14 413 147~139 Baumard et al, 1998
. Yellowtail flounder, Muscle® 17.6 0.5~34  Hellou and Warren,
Nova Scotia, Canada A crican plaice Live 10 102 15~23
Kara Seéz, Russia Sturgeon Liver 18 590 420~760 Sericano et al., 2001
La Camargue, France 8&1{(-11&?11 Eel, Liver® 10 251 93~479 Pointet 2216})% Milliet,
Western Beaufort Sea  Thule Muscle 18 67  24~161  YaletteSilver et al,

‘n: the number of analyzed PAHs.
*in ng/g wet weight.
‘in ng/g dry weight.

in different sample matrices, factor analysis has
been used (Kennicutt et al, 1992; Conde et al., 1996;
Pena Mendez et al, 1996; Pettersen et al, 1997).
The PAH profiles in fishes according to exposure
pathway were compared using factor analysis cor-
responding to the PAH distributions in marine sedi-
ments, bivelves, crab, shrimp, and topshell samples.
PAH data observed in marine sediments and bi-
valves (oysters and mussels) sampled from Korean
coastal areis were used in this investigation (Moon
et al, 2001b). The relationship plots between 16
variables (the individual PAH of 16 species) and
the fish, seliment, bivalve, and various marine orga-
nism samples on the factorial plane are illustrated
in Fig. L

On the variable map ((A) in Fig. 1), the indi-
vidual PAH compound was used as variables in the
factor analysis. The two loading factors accounted
for 43.4% and 254% of the total variance of the
original d:ta, respectively. It could be noted that
each facto- is significantly correlated with a diffe-
rent grour of compounds. The higher-molecular-
weight arcmatic compounds were correlated with
loading factor 1, whereas the lower-molecular-weight
aromatic compounds were correlated with loading
factor 2. Circles in the variable map could be dis-
tinguished by three groups of PAHs according to
the numbers of aromatic rings. The first group re-
presented the lower-molecular-weight two and three
ring arometics, the most water soluable PAHs such
as naphthelene, acenaphthylene, acenaphthene, fluo-

rene, phenanthrene and anthracene except dibenzo
[a,h]ahthracene. The second group comprised the
four ring aromatic PAHs such as fluoranthene, py-
rene, chrysene except benzolgh,ilperylene. Finally
the third group consisted of the higher-molecular-
weight five and six ring aromatic PAHs such as
benzolblfluoranthene, benzol k1fluoranthene, benzo
[alpyrene and indeno[1,2,3-c,d]pyrene except benzo
[aJanthracene.

On the sample map ((B) in Fig. 1), various mar-
ine environmental samples were used as variables
in the factor analysis. The two loading factors ac-
counted for 48.5% and 27.7% of total variance in
the data set, respectively. Four groups among the
samples (defined by four circles) were to be dis-
tinguished and were related to PAH distribution in
the sample type. The first group was integrated by
variables of fish samples. The second cluster was
integrated by variables of shrimp, crab and topshell
species. The third one comprised variables of bi-
valve samples and finally a fourth one integrated by
variables of marine sediment samples. Most of the
PAHs within the same sample types were located
close together near the circumference. This result
suggested that the PAH profiles in each sample type
for various marine environmental samples are si-
milar and that most of the PAHs within the same
samples behave identically in marine environment.

Representative profiles of PAHs in each marine
environmental sample are illustrated in Fig. 2. As
shown in Fig. 2, the contributions of ring aromatic
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Fig. 1. Factor analysis of the sixteen PAH dis-

tribution for marine sediment, bivalve,
fish, crab, shrimp and topshell collected
from Korean coastal areas. (A) Variable
map for relative sample matrix PAH con-
centrations as variables. (B) Sample map
for the 17 sediments (@), 18 bivalves
(O), 17 fish (V¥), crab (V), shrimp (I)
and topshell ([J).

groups to the sum of total PAHs in sediments were
predominant in heavier molecular weight four and
five ring aromatics like fluoranthene, pyrene, benzo
(alanthracene, chrysene, benzolblfluoranthene, benzo
[k]fluoranthene and benzolalpyrene. This is due to
their higher persistence and adsorption into sedi-
ment matrix based on more lipophilic and hydro-
phobic character (Witt, 1995; Benlahcen et al., 1998).
In the bivalve samples, the predominant contribu-
tors were four ring aromatics such as fluoranthene,
pyrene, benzolaJanthracene and chrysene.

Contrasting with sediment and bivalve samples,
the predominant PAHs in fish samples were lower
-molecular-weight compounds such as two and
three ring aromatics-naphthalene, acenaphthene,
fluorene and phenanthrene-in accounting for more
than about 80% of the total PAHs. Hydrophobic
contaminants such as PAHs tend to rapidly adsorb
on particles (Neff, 1979) and decreases as the octa-
nol-water partition coefficient (K..) increases. PAH
solubility decreases with increasing molecular we-
ight (Porte and Albaigs, 1993; Djomo et al, 1996).
Therefore, the lower-molecular-weight PAHs are
preferentially dissolved, while the heavier molecular
weight compounds are preferentially absorbed onto
or associated with particles. Thus, the uptake of
these contaminants is governed by its bioavailabi-
lity, and fish is often enriched in the lower-mole-
cular-weight PAHs relative to the sediment (Porte
and Albaigs, 1993; Djomo et al., 1996; Baumard et
al, 1998). In addition, the variations of the PAH
profiles between fish and bivalve samples could be
related to metabolic differences. Fish have a greater
metabolic capacity relative to bivalves and biotrans-
formation of the heavier molecular weight PAHs
with a greater efficiency (Livingstone et al., 1992;
Djomo et al, 1996). Hence, the PAH accumulation
in fish tissue is mainly governed by the lower-mole-
cular-weight PAHs.

The predominant PAHs in tissues of shrimp, crab
and topshell were three- and four-ring aromatic com-
pounds like acenaphthene, phenanthrene, fluoran-
thene and pyrene although there was a slight diffe-
rence between species. The differences of PAH pro-
files in these marine organisms relative to fish
could result from exposure pathway, different diets
and biotranformation capacities of the organisms in
addition to a different bioavailability of the com-
pounds (Broman et al, 1990; Leonards et al, 1997).
Namely, these marine species were accumulated by
the bioconcentration 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 shrimp, crab and
topshell tissues were characterized by intermediate
between those observed in the sediments and in the
fish species.
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Fig. 2. Representative profiles of sixteen PAHs for marine sediments, bivalves, fishes,

crab, shrimp and topshell.

Conclusions

Seafooc was sampled at the local fisheries mar-
kets from Korean coastal areas to investigate resi-
dues and profile of polycyclic aromatic hydrocar-
bons (PAHs) accumulation. The levels of sixteen
PAHs in seafood from Korean coast were 161 to 2,
243 pg/g et weight. The highest concentration was
found at saury (Coloabis saira) and the lowest level
was found at jacopever (Sebastes schiegeli). The
residues of PAHs in fishes from Korean coasts

were slightly low or relatively moderate to other
countries. The predominant contributors in fish
samples were lower-molecular-weight two and three
ring aromatic PAHs, while filter-feeding organism
like shrimp, crab and topshell were dominated by
three- and four-ring aromatics. The PAH profiles in
fishes according to exposure pathway were com-
pared with marine sediments, bivalves (oysters and
mussels) and benthic-feeding organisms using fac-
tor analysis. The PAH profiles in each sample spe-
cies or mat-rices samples showed similar distribu-
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tions. This result suggests that most of the PAHs
within the same sample types behave identically in
marine environ-ment.
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