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Surface sediments (0~5cm), mussels (Mytilus coruscus and M. edulis) and oysters
(Crassostrea gigas) were sampled at 20 stations in Korean coast during a period of February
to July 2000. Samples were analyzed for polycyclic aromatic hydrocarbons (PAHs) content
using gas chromatography coupled to mass spectrometer detector (GC/MSD). The sediment
XPAH concentration varied from 7 to 1,214 ng/g dry weight and the level of carcinogenic
PAHs of six species ranged from 1 to 563 ng/g dry weight in surface sediments. In organisms,
the levels of ZPAH were in the range of 63~876 ng/g dry weight and the concentrations of
carcinogenic PAHs of six species were in the range of 4~582 ng/g dry weight. The highest
PAH concentrations in sediments and organisms were in samples from Station 5 in Pohang
coast and Station 8§ in Jinhae coast, respectively. ZPAH concentrations in sediments and
organisms collected from Korean coast were slightly low or comparable to those in other
countries. The contribution of ring aromatic groups to sum of 16 PAHs in sediments and
organisms showed a similar pattern for most stations. In sediments, the predominant con-
tributions were four and five ring aromatics like fluoranthene, pyrene, benzolalanthracene,
chrysene, benzolblfluoranthene, benzolk]fluoranthene and benzolalpyrene. In the orga-
nisms, four ring aromatics like fluoranthene, pyrene, benzolalanthracene and chrysene were
predominant PAH species. Several molecular indices such as phenanthrene/anthracene,
fluoranthene/pyrene and LMW/HMW ratio were used to identify the origin of PAH
contamination in sediments. The results indicate that PAHs of Korean coast were mainly of
pyrolytic contaminants with slight petrogenic input. A high correlation within individual PAH
compound in marine sediments was observed, while correlation in organisms showed a highly
significant relationship for heavier molecular weight PAHs.
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Introduction

In recent years, there has been an increasing em-
phasis on the study of the environmental fate and
effects of polycyclic aromatic hydrocarbons (PAHs).
PAHs are well-known ubiquitous contaminants of
the coastal marine environment. These compounds
have mainly anthropogenic origins (Wakeham et
al., 1980), including combustion process of fossil
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fuels (Hites et al, 1977), domestic and industrial
wastewater (Wakeham et al, 1980) and spillage of
petroleum or petroleum products by ships (Lee and
Page, 1997; Pettersen et al,, 1997). Each source is
characterized by a specific molecular pattern and it
is, therefore, possible to identify which source gene-
rated these chemicals. PAHs derived from various
sources transport to the marine environment via
both waters and atmosphere. Most PAHs in water
column tend to be adsorbed to particles and to be
deposited to the underlying sediments (Law and
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Biscaya, 1994). Degradation of PAHs in sediment is
generally slow, particularly for the higher-molecular-
weight PAH (Readman et al, 1982). This class of
compounds in marine sediments and organisms has
been widely studied (Neff, 1979) because of its carci-
nogenic and mutagenic character (Lehr and Jerina,
1977; Yan, 1985; Mix, 1986; White, 1986).

Aquatic organism may bioaccumulate and bio-
concentrate environmental contaminants to more
than 1,000,000 times of the concentrations detected
in the water column (Oliver and Niimi, 1988; Spies
et al., 1988). International monitoring programs for
marine pollutants are carried out using bioindica-
tors such as shellfish, particularly mussels (Mytilus
edulis) and oysters (Crassostrea gigas) (Goldberg
et al., 1978; Phillips, 1978). For example, the Mussel
Watch Program in the USA and the Reseau Natio-
nal d’'Observation (RNO) in France have been deve-
loped using mussel and oysters to monitor spatial
and temporal trends of contaminant concentration
in coastal and estuarine regions (Farrington et al.,
1983; Claisse et al., 1992; O’Connor, 1996). These

bivalves are an effective trapping mechanism for -

many environmental pollutants (PCBs, p,p’-DDE,
PAHs, metals, etc.) because of their wide distribu-
tion, abundance, sedentary behavior, and pronoun-
ced ability to accumulate organic compounds at
proportions that correspond to concentrations in
their surroundings. Moreover, analysis of bivalve
tissue gives an indication of the bioavailable frac-
tion of environmental contamination and of direct
exposure to chemicals. In the present study, we
planned to monitor PAHs pollution in marine sedi-
ments and organisms collected from several coastal
areas in Korea.

Materials and Methods

Surface sediments (0~5cm) and organisms were
sampled at 20 stations in Korean coastal areas
during a period of February to July 2000 (Fig. 1).
Sediments were collected either with a box-core
sampler. Mussels (Mytilus coruscus and M. edulis)
and oysters (Crassostrea gigas), which were located
on piers, rocks or buoys in the water column, were
scraped with a rake. The shells of the mussels and
oysters were removed carefully. Both sediments and
bivalve tissues were wrapped with an aluminum foil

B7°N

35’

South Sea

|
126° 128°E

Map showing sampling stations of ma-
rine sediments and organisms from Ko-
rean coast.

. and frozen at —20TC.

The freeze-dried sediments were sieved at 2 mm
and then extracted in a Soxhlet apparatus with 200
mL of toluene (Ultra residue analysis, J.T. Baker)
for 20 hours after the spike of seven species of
internal standard (ES 2044, Cambridge Isotope
Laboratories, Inc.), then the volume was reduced to
1—-2mL in a rotary evaporator. The extracts were
transferred to »-hexane (Ultra residue analysis, J.T.
Baker) and then adjusted to a volume of 10 mL.

Mussel and oyster samples were homogenized
with an ultra-disperser. Homogenized samples were
freeze-dried and seven species of internal standard
(ES 2044, Cambridge Isotope Laboratories, Inc.)
was spiked. They were decomposed in 200 mL of
1 N KOH ethanolic solution for 2 hours by mech-
anical shaking. The digest was liquid-liquid extrac-
ted with twice using 150 mL of »-hexane after addi-
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tion of water and 50 g of anhydrous Na,SO. The
extracts were reduced to small volume in a rotary
evaporator and then adjusted to a volume of 10 mL.

The extracts of sediments and bivalve tissues were
purified using an activated silica gel (Art No. 7734,
70~230 mesh, Merck) column chromatography with
successive elutants of »-hexane and 15% methylene
dichloride (Pesticide residue analysis, Cica-Merck)
in »-hexane. The second fraction was concentrated
to less than 1 ml, and left at a room temperature
for one or two days to evaporate to 100~200 uL.
The residues were dissolved with 100 uL. of #-non-
ane (Pesticide residue analysis, Fluka) and deter-
mined for PAHs.

The aromatic fraction was analyzed by gas chro-
matography coupled to mass spectrometery. An Agi-
lent 6890 series II 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 (1 min) to 300C (10 min) at 5
C/min. The carrier gas was helium at a constant
flow rate of 1.2 mL/min. The capillary column used
was an DB-5MS (30m, 0.25mm ID, 025 ym film
thickness, J & W Scientific, USA). The GC was
coupled to an 5973N mass selective detector (MSD).
The mass spectrometer was operated under the selec-
ted ion monitoring (SIM) mode using molecular
ions of the investigated PAHs (electron impact at
70 eV, 2000 V, 1.5 scan/s, dwell time/ion: 40 ms). The
interface temperature was 250C. Sixteen non-alky-
lated PAH compounds recommended by US EPA
were analyzed in each sample (naphthalene (NaP),
acenaphthylene (AcPy), acenaphthene (AcP), flu-
orene (Flu), phenanthrene (PhA), anthracene (AnT),
fluoranthene (FluA), pyrene (Pyr), benzo[aJanth-
racene (BaA), chrysene (Chr), benzo[blfluoranthene
(BbF), benzolklfluoranthene (BKF), benzolalpy-
rene (BaP), indenol1,2,3-c,d}pyrene (InP), dibenzo
[a,h]anthracene and benzol[gh,ilperylene (BghiP)).
Blanks were run before and after the injection of
standard solutions to check for any carryover. Sam-
ple recoveries using internal standard were over 85
% . The data presented in this investigation were not
corrected for recoveries.

The contents of total organic carbon (TOC) in
marine sediment were obtained using a CHN
analyzer (Perkin Elmer 2400), after the elimination

of the calcium carbonate with 1 N HCL. Grain size
analyses were carried out by wet sieving, to separate
sands, after a pretreatment with H.O. For lipid
determination, automatic extraction unit (Gerhardt
and Variostat, Germany) was used. About 2g of
freeze-dried bivalve tissue was extracted with 150
mL of »-hexane. The analytical condition was as
follows; boiling time: 30 min, solvent reduction A:
5X 15 mL, extraction time: 80 min, solvent reduction
B: 8 min, solvent reduction C: 5 min, solvent reduc-
tion interval: 4 min. Extracted samples were evapo-
rated to dryness at ambient temperature and the
lipid fraction was weighed.

Results and Discussion

Sample characterization

Descriptions for sediment and organism samples
were summarized in Table 1. The wide range of
sediment contamination levels can be partly ex-
plained by the great disparity of the sediments.
They ranged from mud to coarse sand, and their
organic carbon content ranged from n.d. to 3.25%.
In particular, Stations 1, 2 and 3 from East Sea were
characterized by primarily sand (94.2~99.4% sand
fraction). Wet weight for oysters (C. gigas) and
mussels (M. coruscus and M. edulis) was in the
range of 09~225g Lipid contents (dry weight
basis) in bivalve varied from 4.1 to 10.8%.

Contaminant levels in sediments

Sixteen PAHs were detected in all sediment sam-
ples. Concentrations of ZPAH (sum of two- to six-
ring PAHs) varied from 6.4 to 1,214 ng/g dry weight
(Table 2). Station 5 from Pohang coast represents
the highest level of ZPAH. The lowest levels were
observed at Stations 1, 2 and 3 from East Sea where
grain-size was primarily sandy. This result indicates
that grain-size distribution of sediment can be one
of important factors governing PAHs concentrations
and has to be considered. Indeed, fine grain-size
sediments have been shown to accumulate PAHs at
greater concentrations than coarse sands (Law and
Andrulewicz, 1983). Total concentrations of poten-
tially carcinogenic PAHs (ZCPAH; the sum of
benzolalanthracene, benzo[bJfluoranthene, benzo
[k]fluoranthene, benzolalpyrene, indenol1,2,3-c,d]
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Table 1. Sample description of sediments and organisms collected from Korean coast

SEDIMENT ORGANISM
Stations Mud Sand TOC . Weight Lipid
(<63 um, %) (>63um, %) (%) Species (g (‘IVZ)
1 0.6 99.4 n.d. Mussel (Mytilus coruscus) 10.54 (6.0~20.9)  10.82
2 5.8 94.2 0.14 Mussel (Mytilus coruscus)  2.06 (1.0~3.2) 8.73
3 0.6 994 0.02 Mussel (Mytilus coruscus) 461 (24~17.8) 6.22
4 38.2 61.8 0.59 Mussel (Mytilus coruscus) 9.8 (3.7~18.7) 746
5 59.2 40.8 1.93 Mussel (Mytilus coruscus)  8.46 (5.8~13.6) 10.18
6 94.7 53 1.26 Mussel (Mytilus coruscus)  7.16 (3.4~119)  7.24
7 88.8 11.2 1.47 Mussel (Mytilus edulis) 5.02 (43~58) 414
8 95.4 4.6 1.65 Oyster (Crassostrea gigas) 583(44~77) 1001
9 92.0 8.0 1.18 Mussel (Mytilus edulis) 1694 (7.3~362) 629
10 84.0 16.0 324 Mussel (Mytilus edulis) 541 (4.5~6.7) 5.10
11 91.0 9.0 2.81 Mussel (Mytilus edulis) 8.29 (6.7~10.7) 10.08
12 97.0 3.0 1.01 Mussel (Mytilus edulis) 676 (27~20.0) 478
13 67.2 32.8 1.33 Mussel (Mytilus edulis) 18.86 (8.8~209) 7.64
14 64.4 35.6 0.65 Mussel (Mytilus edulis) 2254 (10~544)  8.68
15 76.0 24.0 0.12 Oyster (Crassostrea gigas)  3.09 (1.0~84) 9.85
16 63.3 36.7 0.62 Opyster (Crassostrea gigas) 32 (1.5~54) 9.23
17 67.6 324 0.51 Oyster (Crassostrea gigas) 091 (0.5~1.6) 9.25
18 66.2 338 0.62 Oyster (Crassostrea gigas)  545(2.6~107) 849
19 544 45.6 0.84 Oyster (Crassostrea gigas) 3.89 (2.0~6.9) 775
20 58.1 419 0.76 Oyster (Crassostrea gigas) 4.17 (2.0~8.7) 8.04

n.d.=not determined.

Table 2. The concentration of 16 PAHs in marine sediments from each sampling station of Korean
coast (ng/g dry weight)
STATIONS
12 3 4 5 6 7 8 9 10 11 12 13 4 15 16 17 18 19 2

NaP 027 021 077 08 1826 177 258 028 224 070 358 029 027 084 130 191 023 031 026 205
AcPy 005 006 062 024 090 029 075 012 052 038 030 003 014 027 013 115 002 005 002 0I5
AcP 030 017 030 072 1036 113 171 162 041 147 428 036 038 165 131 141 034 054 033 240
Flu 068 081 133 348 1500 112 080 072 105 052 LI18 039 032 214 05 052 039 063 011 0.I0
-PhA - 058 053 142 493 10717 1232 1025 297 1026 572 738 250 139 235 308 113 085 238 129 158
AnT 058 014 051 060 1773 225 193 058 198 105 138 035 038 305 324 028 048 033 016 048
FluA 062 201 068 1120 14670 3561 2354 924 2025 2037 1845 1569 609 374 675 334 360 1236 796 793
Pyr 190 489 137 1393 13526 3511 2348 1142 2824 2128 1913 1465 602 398 1224 594 399 1170 620 810
BaA 0.17 020 020 571 9605 1805 1055 362 1521 1052 845 7.57 303 L17 499 206 110 318 209 320
Chr 016 052 019 708 10525 2459 1523 532 2021 1547 1213 1195 582 271 464 192 233 703 526 570
BbF 022 061 025 782 12110 3028 1835 747 2417 2190 1473 1623 643 382 584 240 259 1008 691 715
BkF 018 052 017 786 9520 2560 895 333 1225 1065 1220 818 527 258 418 184 190 728 482 030
BaP 021 060 012 511 12494 3062 1193 7.8 2058 1420 7.50 1529 173 346 490 068 299 820 063 673
InP 024 048 016 779 10900 2671 2039 709 2335 2547 1105 1407 658 271 443 182 166 847 450 460
DbA 004 005 011 087 1671 426 264 079 324 325 148 193 071 029 081 042 014 076 065 095
BghiP 026 044 030 713 9455 2358 1826 644 2098 2377 1090 1160 594 269 410 218 173 697 411 448
ZPAH 64 123 85 853 12142 2733 1713 682 2049 1767 1341 1211 505 374 628 290 243 803 453 559
ZCPAH 11 25 10 352 5630 1355 728 295 988 860 554 633 237 140 251 92 104 380 196 229

Chemicals

pyrene and dibenzolah]anthracene) (IARC, 1987) eastern coastal areas of Korea (Moon et al., 2001).
varied from 1.0 to 563 ng/g dry weight. The highest The PAH levels in sediments measured in this
concentrations of ZCPAH were found at Station § study were summarized in Table 3 with those in
from Pohang coast. These experimental results were other countries. Although the number of PAHs
similar to PAH levels in sediments from the south- analyzed in other studies may differ, the 16 PAHs
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Table 3. Comparison of PAH concentrations (ng/g dry weight) in sediments measured in this study
with those in other countries

Locations n Mean Range Reference
Korean coast 16 133 6.4~1214 This study
Kyeonggi Bay, Korea 24 120 9.1~1,400 Kim et al. (1999)
Casco Bay, USA 23 2,900 16~21,000 Kennicutt et al. (1994)
Washington coast, USA 13 200 29~460 Prahl and Carpenter (1983)
Chesapeake Bay, USA 15 52 0.56~180 ~ Foster and Wright (1988)
San Fansicso Bay, USA 21 8,186 2,902~29,590 Pereira et al. (1996)
Manukau Harbour, New Zealnd 10 820 16~5,300 Holland et al. (1993)
Humber Plume, North Sea 13 1,800 700~2,700 Klamer and Fomsgaard (1993)
Adriatic Sea 12 200 18~580 Caricchia et al. (1993)
White Sea 19 74 13~208 Savinov et al. (2000)
Baltic Sea 15 700 9.5~1,900 witt (1995)
Western Baltic Sea 14 4,610 3~30,000 Baumard et al. (1999a)
Arcachon Bay, France 14 1,918 32~4,120 Baumard et al. (1999b)
Gironde Estuary, France 14 256 3.5~853 Soclo et al. (2000)
Lazaret Bay, France 14 18,660 100~ 50,000 Benlahcen et al. (1998)

n: Number of PAH compounds analyzed in each study.

have found in most estuarine or marine sediments.
The PAH concentrations in sediments from Kyeong-
gi Bay in Korea were similar or slightly low values
compared to these results (Kim et al, 1999). Also,
sediment PAH levels measured in this study were
comparable to those in Washington coast (Prahl
and Carpenter, 1983), Adriatic Sea (Caricchia et al.,
1993) and Gironde Estuary, France (Soclo et al.,
2000). PAHs levels in sediments from Chesapeake
Bay, USA (Foster and Wright, 1988) and White Sea
(Savinov et al, 2000) showed lower values than
those of Korean coast. However, other reports were
about an order of 5~120 times greater than in this
study. Consequently, it means that the degree of
sediment contamination by PAHs in Korean coast
was moderate in comparison to other marine eco-
systems.

Contaminant levels in organisms

Sixteen PAHs were detected in all organism sam-
ples. Concentrations of ZPAH varied from 63.2 to
876 ng/g dry weight (Table 4). The highest level was
found at Station 8 from Jinhae coast, while the
lowest level was Station 4 from Hupo coastal area.
The concentrations of ZCPAH varied from 3.6 to
581.5ng/g dry weight with the highest concentra-
tions of ZCPAH at Station 8.

Lee et al. (1998) reported that 16 PAHs concent-
rations in oysters (C. gigas) collected from Jinhae
Bay ranged from 0.1 to 992.0 ng/g. This was similar

to PAHs levels in mussels and oysters from Korean
coasts measured in this study. However, 14 PAHs
levels in mussels (M. galloprovincialis) from Baltic
Sea, Arcachon Bay and Mediterranean Sea were in
the ranges of 93~361 ng/g dry weight, 279~2420
ng/g dry weight and 25~20,400 ng/g dry weight, res-
pectively (Baumard et al., 1999b). From these re-
sults, the degree of contamination by PAHs in
organisms from Korean coast was similar to Baltic
Sea and was the lower than those of Arcachon Bay
and Mediterranean Sea. Consequently, the degree of
organism contamination by PAHs in Korean coast
is likely to be moderate. However, periodic monitor-
ing of persistent organic pollutants (POPs) includ-
ing carcinogenic PAHs should be necessary for a
management of environmental quality in Korean
coastal ecosystem.

PAHs contributions of sediment and organism

The contributions of ring aromatic groups to sum
of 16 PAHs in sediments and organisms from
Korean coast were illustrated in Fig. 2. In the
sediments, the contribution of 16 PAHs ring groups
for each station showed similar patterns for most
stations. The predominant contributions were four
and five ring aromatics like fluoranthene, pyrene,
benzo[aJanthracene, chrysene, benzo[blfluoranthene,
benzo[k]fluoranthene and benzolalpyrene, whereas
two and three ring aromatics like naphthalene, ace-
naphthylene, acenaphthene, fluorene, phenanthrene
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Table 4. The concentration of 16 PAHs in organism (mussel and oyster) from Korean coast

(ng/g dry weight)
. STATIONS
Chemicals

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 2
NaP 627 533 612 549 69 576 733 692 774 562 S73 538 612 1017 1005 650 664 751 644 636
AcPy 062 002 050 000 041 047 041 039 076 028 044 000 038 053 054 077 050 045 040 051
AcP 769 593 700 628 894 742 679 851 821 743 731 737 738 825 603 1780 966 708 637 697
Flu 068 071 071 082 09 081 061 149 177 063 143 08 089 169 151 533 166 108 L1 110
PhA 845 988 1014 848 8356 796 817 874 1163 613 668 651 636 1199 2117 79.64 1986 902 852 762
AnT 021 078 039 030 040 172 042 056 057 014 048 023 037 038 092 163 025 043 083 036
FluA 1889 2606 1342 862 1304 4636 3799 3066 1829 1763 1977 1348 1860 1269 85.62 80.00 47.74 5809 5655 5320
Pyr 2159 2395 2857 869 1412 7343 11035 2778 3296 1791 2264 3846 5790 1249 5110 70.75 33.18 3868 4574 4549
BaA 1662 444 522 843 993 1365 315 8715 989 1398 560 195 211 1041 1087 1230 27.77 3070 790 498
Chr 1544 1625 487 784 924 4858 1285 8102 9.19 1300 521 181 196 968 5520 6550 2583 2854 3415 29.54
BbF 473 552 217 237 235 1308 577 15191 317 1237 115 048 063 331 2338 2593 934 864 1681 1094
BkF 320 525 163 170 085 886 413 14466 341 919 076 037 055 187 1139 1308 424 345 820 427
BaP 542 636 254 279 369 234 5750 4281 495 292 178 060 031 505 265 323 810 780 541 904
InP 145 204 123 055 091 251 231 14121 155 926 036 017 030 068 252 376 127 075 38 096
DbA 022 037 015 019 013 080 033 1376 025 091 012 005 010 0I8 068 064 029 016 055 023
BghiP 190 243 137 066 116 38 289 12850 169 915 054 026 035 131 269 471 176 092 401 125
YPAH 1133 1162 860 632 816 2586 2109 8760 1160 1265 799 7719 1043 907 2863 3815 1986 2033 2068 18238
TCPAH 316 249 129 160 179 623 232 5815 232 486 98 36 40 215 515 589 515 515 427 304
and anthracene showed a low concentration. The
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Fig. 2. Contributions of ring aromatic groups
(two to six ring) to total concentrations
of 16 PAHs in marine sediments and
organism from Korean coast.

higher-molecular-weight four and five ring aroma-
tics with more lipophilic and hydrophobic character
predominated in the sediments matrix, probably due
to their higher persistence. These patterns were in
accordance with a typical profile of PAHs in ma-
rine sediments and particulate matter in ambient air
from previously published references (Witt, 1995;
Benlahcen et al., 1998; Ok et al, 1998). These re-
sults indicate that the higher-molecular-weight aro-
matics seem to be preferentially adsorbed to parti-
cles and incorporated in the sediment. However,
Stations 1, 2 and 3 from East Sea showed different
contributions. PAHs contribution in sandy sedi-
ments from Stations 1, 2 and 3 was dominated by
three and four ring aromatics, because persistent
ability of higher-molecular-weight PAHs to sandy
sediments was relatively lower than muddy sedi-
ments.

In the organisms, the contribution of four ring
aromatics like fluoranthene, pyrene, benzolalanth-
racene and chrysene ranged between 50 and 77% in
exception with Station 8. In particular, Station 8
from Jinhae coast with a high percentage of higher
-weight-molecular five and six ring aromatics was
characterized by the highest concentration in this
study. The results suggest that the contamination of
PAHs might be influenced by combustion process
of high temperature and a local point source also
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might give the higher burden on PAHSs contami-
nation in the marine environment.

Source of PAHs contamination in the studied
stations

The sources of PAH contaminations, whether
from combustion process of fuels (pyrolytic origin)
or from oil contamination (petrogenic origin), may
be identified by ratios of individual PAH com-
pound based on characteristics in PAH composi-
tion. The ratio of phenanthrene/anthracene and flu-
oranthene/pyrene allows us to give useful informa-
tion on source of PAH contamination (Mille et al,
1982). Hence, phenanthrene/anthracene<10 and flu-
oranthene/pyrene>1 were mainly contaminated by
petrogenic inputs and phenanthrene/anthracene> 10
and fluoranthene/pyrene<1 was typical of pyrolytic
origin (Colombo et al., 1989; Garrigues et al.,, 1995).
Fig. 3 clearly shows that the ratios of phenanthrene
/anthracene were lower than 10 (values between
095 to 8.21) for all stations. According to this re-
sult, PAHs contamination for all stations was in-
fluenced by pyrolytic origin. The ratios of fluoran-
thene/pyrene varied from 0.33 to 1.28. Most stations
showed that the ratios of fluoranthene/pyrene were
lower than 1. The results indicate that contamina-
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Fig. 3. The plots between the ratio of phenan-
threne/anthracene and fluoranthene/py-
rene in sediments form Korean coast.
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tion by PAHs of these coasts is based on petrogenic
origin. However, the ratio values of Stations 5, 6, 12,
13 and 19 were higher than 1 (values between 1.01
and 1.28), showing pyrolytic origin. Indeed, Stations
5 (Pohang coast), 6 (Ulsan coast), 12 (Gwangyang
coast), and 13 (Yeosu coast) were located close to
a large number of industrial complex in Korea, so
these stations clearly showed pyrolytic origin of
PAHs from various combustion processes.

Soclo et al. (2000) investigated the origin index
of the PAH contamination using the ratio of the
sum of low molecular weight (LMW; groups with
three and four aromatic rings) versus the sum of
high molecular weight (HMW; groups with five and
six aromatic rings). The choice of this origin index
was founded on the fact that the petrogenic conta-
mination was characterized by the predominance of
the lower molecular weight PAHs (three and four
ring aromatics) (Neff, 1979; Berner et al, 1990),
while the higher molecular weight PAHs dominated
in the pyrolytic PAH contamination distribution
(Muel and Saguem, 1985). In most stations, the
ratio values of LMW/HMW showed lower than 1
being in the range of 0.38 to 0.80. Only, LMW/
HMW ratio values in sediment samples from
Stations 1, 2 and 3 revealed higher than 1 ranging
from 221 to 2.65. The difference of ratio among
stations resulted from the sediment characters such
as grain-size. Therefore, it seems that the majority
of these sampling stations is characteristic of mainly
pyrolytic origin with slight petrogenic input.

Correlation analysis

Correlation factors between individual PAH com-
pound in sediment and organism samples from the
coastal areas of Korea were summarized in Table 5.
In the sediments, there was a highly positive cor-
relation between the concentrations of PAH species
with the exception of acenaphthylene (r=0.43~0.54,
0.01<p<0.05, n=20). In particular, correlation fac-
tors among high-molecular-weight five and six ring
aromatics showed higher than those among low-
molecular-weight two and three ring aromatics.

In the organisms, there was no correlation within
lower molecular weight PAHs unlike marine sedi-
ments. However, the relationships within four to six
ring aromatic PAHs, namely benzolalanthracene,
chrysene, benzol[blfluoranthene, benzolklfluoran-
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Table 5. Pearson product-moment correlation coefficients for 16 PAHs in organism and sediment

NP APy AP Fu PhA AT FuA  Pr  BaA  Chr  BWF BKF BaP  InP DbA  BghiP
ORGANISM

NaP 0481* 0121 0093 0l14 0038 032 0054 0112 027 0090 0053 0002 0026 0038 0028
Acly 0.540 0400 0333* 044 0319 0415 0258 Q02 0330 0058 0010 0058 -0028 0015 082
AcP 09554+ 0473+ 0255 031 -0159 00157 0203 0412 0061 0223 0240 023 028 01 02602
Flu 09404 0445* 0384+ 0953+ 0554 0516 0202 0103 0306+ 0173 0105 0023 001 0064 0058
PhA 0983 Q471*  0914%** (.969*+* 0590 0570% 0201 0002 0492 0081 0005 0107 004 0039 -0047
AnT 0966t 0451% 0909 0960+ 0978%* (.605* 0485+ 0000 0636 0141 0077 0261 0006 0043 0015
FluA _ 0964***  0450* 090+ (935%+ 0987+ (Q955++ 0537+ 0107 O7ime* Ole7 0059 QMM -009 0011 0013 =
Py 55 09624 0466* 0804™+ 0930%+ 0984+ (955¥% (9974 =0157 029 -0016 -00%8 0095 -010 -0019 -00B3 =
BaA % 09734 Q467 D900%** 0948+ 0.994%+*  0968*** 09%6*** 0396 0656**  0916*** 0918+ (852%* (915*** 0917%* Q916** 2
Chr &5 Q962 0455% 0891%** 0930%** 0985+ 0954*+ 0998%** (997* (997++* 0740 0676 0689** 0611%* 0640** (618" <
BbF 0953F  0449%  0.885%** 0919+ 0979%*+ 0947 0997%** (996*** 0994%+* 0,999+ 0993%# 0866*** 0.981%** 0986** 0982%*
BKF 095TH* 0435 0800+ 0941¥* 0984+ 0955+ 0.995%* (902%* 0993+ 09934+  0.991** 08745+ 0.99*** 0999%*+ 0.997+*
BaP 0955%+* 0433 O8B0™* 0933** 0984*+*  (OSTH** 0994%* 993+ (0995%#* 0995%*  (994*** 0991%* 08034+ 0876*+* 0867
InP 0940 0467*  0.869*** 0.908*** 0971¥**  0936%** (0.901%* 0993+« 0988*** 0.995%+*  (.997++* 0983**+ 0988+ 0.999%++ 0,999+
DbA 0951%**  0473*  Q878*** 0915%** QO77%+* 0047+ (904%* (995%* 0993%** 0997#+*  099§*+* 0988+ 09934+ (995 {999+
BghiP  0939%*  0474* Q872+ 0904*** 0968%* 0934+ 0989**+ 0992%+* (986*** 09934+ 0996*+* 0981*** 0985+ 0999 (997

SEDIMENT

*0.01<p<0.05, **0.001<p<0.01, ***p<0.001.

thene, benzo<a)pyrene, indeno<{1,2,3-c,d)pyrene,
dibenzo{a,hYanthracene and benzo{gh,i)perylene,
showed a significant correlation. This finding is
thought to be relation with a metabolism of orga-
nisms. In the marine environment, the majority of
heavier molecular weight PAHs was strongly adsor-
bed with particulate matter because of hydrophobic
and persistent character of PAHs. Filter-feeding
marine bivalves such as oysters and mussels can
absorb xenobiotics adsorbed on a small grain-size
fraction of particles through digestive system. PAHs
migrated with particle into organism are accumu-
lated to a greater extent. Therefore, heavier molecu-
lar weight PAHs in organism matrix is thought to
be a high correlation relative to low molecular
weight PAHs.

Conclusion

Sediments and organisms have been sampled in
several areas from Korean coast to investigate levels
and sources of PAH contamination. PAHs levels in
sediment and organism were low or moderate com-
parable to other urbanized countries of the world.
The contribution of ring aromatic groups to sum of
16 PAHs in sediments and organisms showed
similar patterns for most stations. Several molecular
indices such as phenanthrene/anthracene, fluoran-

thene/pyrene and LMW/HMW ratio were shown to
be useful to differentiate between the different con-
tamination sources. In this study, PAHs are mainly
of pyrolytic origin with slight petrogenic input. A
high correlation within individual PAH compound
in marine sediments was observed, while correlation
in organisms showed a highly significant relation-
ship for heavier molecular weight PAHs.
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