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ABSTRACT

A total of 15 different residues of polycyclic aromatic hydrocarbons (PAHs) in each 20 samples of Pacific oysters,
dried laver and rockfish obtained from seafood markets were analyzed. The prevalence of samples in which more
than one PAH residues were found was 75% in oyster, 35% in rock fish hepatopancreas, 0% in rockfish muscle
and laver, respectively. To estimate factors contributing to this residue level difference among organisms, tissue
concentrations were analyzed after exposing three organisms to phenanthrene, a representative PAH, with
concentration of 0.01 or 0.1 pug/mL for 2 weeks. Phenanthrene levels after exposure were higher in the oyster
digestive gland, laver and rockfish hepatopancreas, but were lower in the oyster whole meat or rockfish muscle.
This finding disproved that any close relationship between the residue difference of market samples and
concentrating properties of PAHs. The second possible factor analyzed was total lipid contents in the three
organisms. Although higher lipid level in hepatopancreas of rockfish may contribute accumulation of PAH residues
in the rockfish, lipid factor did not affect to PAH levels in other organism samples. Activity of
7-ethyoxyresorufin-O-deethylase (EROD), a kind of cytochrome Psso enzyme, was measured to evaluate the
eliminated amount of PAHs through metabolism. The higher EROD activity in rockfish, compared to that in oyster,
was likely to contribute to the lower PAH residues in the rockfish. More factors, such as different exposure history,
organisms' ability to escape, ingestion through prey organisms, and post-harvest loss, should be studied in the
future.
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ol FA =Y oJadAlS sk siFells 1 1,000 #f A=
A% A5 = Ho] Bige] 9JtHBrunson ef al., 1998;
Hellou et al,. 1994; Ma et al., 1995; Mendza et al.,
1997; van Hattum et al., 1998). PAHs7} 72 tjAfo]
& ol W T8 PAHs7} Q2 233 ookt A=
o] EAo] ¢lom, E3| benzolalanthracene, benzo[b]
fluoranthene, benzolalpyrene, dibenzo[a,h]anthracene
% indeno[1,2,3-cd]pyrene < WIEAS|EFE A8 FoF
Agole) AR AFAARACR Ade BAT op)dd
(Canovas et al., 1998; Phillips, 1983). oj%-%2] PAHs=
v gHAste] Z wl¥E)z] ko w(Cerniglia, 1997),
PAHs®| #& A4 dEel =& A #4485, T45E %
A7k g HellA wlg- golshA FEL F5 Fole 7}
A9 53 A=Al FAo] folsiA  dejdrt
(Meador et al., 1995). =& A= PAH:= A 3135
A drtm Al sl A8Ae] @& B4R A=, o]g
Wi diaeAe wido]l gols] AviThorsen et al.,
2004). webA AEo] 7HA FeEAe] drbege] Aol
PAHs®| 773 ZaA7|s b ZAZ 2R 7]ojgtHAas
and Klungsgyr, 1998; Escartin and Porte, 1999).
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wgelA AR Ao AT i, dah 2 ool
PAHsS| 2% AE& Zslel 1 Aolg ulwsigich 4%
F719] Aok gl AF Asinm, 1 Aole] 23l FL 4
slo] A& Alo] A PAHs 59| 3l}<] phenanthrenes A 7}
A Azel e L2 F F44 Aol vlmelgic.
=3 PAHsS| 2540 43 vl e aqez 44
t 3R 2 Fuelase] PAEE Drsie,
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2HE AT AR 53
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Aol ABE Azt AT} FEE A drF
Z(Crassostrea gigas)(Z% 5.4-9 cm) ‘31 Ztﬁ%—‘i")f
(Sebastes schlegeli)(100-200 g)& Ako} Q)= AHe7, 712
e Az Al A Aessie

1. PAHs

2. 48X A phenanthrenes ©]43 PAHs =34
¥

1) #Z¢] tgt phenanthrenes] +%

285 AZ(Crassostrea gigas)S 27 5.4-6.8 cm, ZhiL
6.3-7.8 cm, 5% 9.6-11.6 go|olth. A7 Zejrel 2z
(40 x 25 x 17 cm)e] 4 liter?] Azel45 AL 5 $£2
18T + 1CE $X391 Z7|AAE o]&3le] ALE 2

shglon, 209 Fet 3 WellA FE3] A5A7 F A
ALg-319e}. A8l4ro] fluoranthenes 0.01 ¥ 0.1 pg/mL
o] =7t HEZ F3A7 F, Fx fol w2E P Adet
of ol o5t w5 gk WH|stgion 3ol 13]% 3
SpEA 257 w AR

2) Z7le| o3t phenanthrened] =%

A %719 A7 (Porphyra tenera)s 10 x 10 mm
o] 7718 Adsly 2% 7C, 14T ¥ 21T, &% 1,000 =
150 Lux, #57] 16 h-light/8 h-darke] =74 2 Fot
2521t} Flaskel] 100 mLe] wjefg- si-8-Yol A PE4
¢l phenanthrenes 0.01 ¥ 0.1 xg/mLe F&7} F==
L AGAE ol 277 vt F GAll EAjske
phenanthrene?] %5 =A3}9t}. vjofde PAHs7} 7
Z5 A 92 45 0.2 xm Whatman GF/C filter paper
2 clsfste] JPATE Aol Agslsieh JPAFE o
}sll4= 1 Lej] NaNO; 100 mg, NagHPO,12H;0 20 mg,
Nag-EDTA 3 mg, FeCl; 387 g, MnCl, 432 ng, ZnCl,
31 pg, CoCly 12 pg, CuSO4 5 g, NagMoO4 126 ug
% HyBO, 353 mgs 22t kshel ALasisict

3) x3&z2}d i3l phenanthrened] =%

) B-2H(Sebastes schlegeli)S FAIA oA QJ435le] AL
3kglt}. 5 PAHs @ 5lo] 5] o4& o7 2el= 34 90 L
7} & x| 29)&E2 10 vjg]# S Y1 phenan- threnes
0.01 % 0.1 ﬂg/mL,} TER 23 2E3A7 F Y
259 Wz 3esje] 2%,

3. Aol 4] PAHs®] &4

1) zZelAe] +=

A A wfjokst 71 0.45 pm filter® #2317 5 mL
9] methylene chloride7} & 23] o] A2ojA 223}
E]7](ultrasonicator) 40 KHz, 30%7F FZ3}9t).
Methylene chlorideE- nitrogen blowZ Z2]1 0.5 mLY]
acetonitrileE 73] £33k = HPLCE o]&3}o
phenanthrene®] F-Alof 2}-&-3}9ic).

AF Amd 2e Az 20 g& A8 UAz 2o}
desiccatorol|A] sFEHF Axst AgFste] thimbleo] 21
Soxhlet apparatus YojlA 250 mL<] methylene chloride

= 7}sl 70CoA 1847 =319t 535 89S rotary
evaporator2 30Co)A] 2-3 mL7} ¥ 5% 2=3tn 2R F
g#o g A4 30Co)A nitrogen blowZ <HA3] AxA|
Zt}. Acetonitrile 10 mLE- 7}s)| £33} Sep-Pak C18%
S A ZF T} 4] silica gel 10 g2 methanol® &ty 2]
74 2 cem, Zo] 30 cm® 2 columno] ZZ3}1
methylene chloride® columng -2 t2, methylene
chloride® %3} 2 mL7} H 52 5%3 A 55 E3F
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ZAsl= PAHY} 555 282 nitrogen blow® 7314
= 7hsl EAel ARg-slelt

7)1 acetonitrile 0.5 mL
2) = 4 29EFY 5
)

PAHE %%3}7] 93t v Lawrence and Das(1986)
o g A AT AL ASSG F, AR 20 g3 2
7%] ﬂ?‘éf& % H,O:methanol (1:9) £ 30 mLe] KOH

7 g& 7leto] 47t FF BFAIA w3k Sk o] A
E—% Al o)A A1%|31 20% methanol 40 mLE 7}3l ¥
FolA cyclohexane 80 mL=% 23] PAHs(phenanthrene
o)

cDE FEIY FEAE 12 mlrt HEF rotary
evaporator® 553 F 20 g9 silica gele] A% 8
column(27 2 cm x Zo] 30 cm)¢] Aol loading3d}iL
5SS Easle] AR5k Cyclohexane 100 mLE
PAHsE f-&4]7]1 rotary evaporator® 1-2 mL7}A] t}A|
=%3 t}2 nitrogen blow® A3 AxAZ ) A8
acetonitrile 1 mLE 7}3le] &9l = PAHse =%x=
HPLC=Z =A3}3it}

3) HPLC-fluorescence detectiong ©]£3F PAH?| ¥4

HPLCEZ o]&3% PAHse 4= fluorescence
detection HPH(EPA, 1986)& A}8-3}9it}t. #2]4 column
<2 PAH column(C14 reversed phase, 15 cm x 4.6 mm,
5um,  Supelco)  AMEdlgon  o]JEAe (A)
acetonitrile:water (1:2)¢} (B) 100% acetonitrileS A&
3le] 1.5 mL/min®] £% % gradient mode® Z2|HA ¥
2]} t}. Gradient= %7] 58 Z<to] 100%2] (A)E 4]
3t1, 5-30% <k (B)7} 100%=% H3l== 2Azx oz #H3}
A7l ¥, (B) 100% 4eiE 102 F<t 247 Es A
a3)9th o]y Helx=l EAL  fluorescence detector
(Waters 474 Model)2] 542 W3} T2 78918 AF83}o] 2
ex 270 nm(excitation®}73)/ lem 323 nm(emission %)
o]l naphthalene, acenaphthene % fluorene<,
248/374nmeo]| A+ phenanthrene, anthracene, 270/400
nmoj|4] fluoranthene, pyrene, benzo(a)anthracene %
chrysenes, 290/418 nmoj4 benzo(a)fluoranthene,
benzo(k) fluoranthene, benzo(a)pyrene, dibenzo(a,h)
anthracene 2 benzo(g,h,i)perlylened] 5 =&, 270/490
nmej| A+ indeno(1,2,3-cd)pyrene?] peaks 7}z 7AE31Y
o}

4. F A AE¢F &4

Phenanthrene?| :=&A|3of A3 A3} Td3 2=, 7]
GA 2 29EZ AEE A5 TR Wt 15 g2 # 3
A wel 438t &, AEE AL 2o e 54

=
7Ax3}1, Soxhlet FZ% x4 Ak&s}: thimble°1] =Rl
ethyl etherE 7}l 60CoA 1547t B¢t F&319t}) &5
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ol-S rotary evaporatorolx 3]Wkx]7l & Azx7]oA 105T
E 1AZE Hgste ol Sl S EF dEn AAT F

ARtk

5.7-ethoxyresorufin-O-deethylase (EROD) 9]

_H‘!__A-l

/\]ﬁj 200 mge & 1 mLe ¥yYxrzl 50 mM TRIS
buffer(1 mM EDTA, 1 mM dithiothrietal, 150 mM
KCl, pH 7.5)E 7}8l] A3} slgch. 282 10,000 x g2
3CelA 2087 AAlF-2ste] AL FHslGith A5 =
9] EROD ¥4 Stagg and McIntosh(1998)<] ¥ o}
2} 96-well fluorometric plate reader® ZA3}gict. &4
gALe S Fo] A FxE Sigma kit(micro-Lowry
W, Lowry et al., 1951)& A}g3le] EA5l9 1 pmoles/
min/mg protein® 2 F 33}t

6. &7

ZA7Z mean = S.D.2 FH3IACE AT k] Aol
oigk 09]”7”4% 98] 3% o]Ake] ®]EoE one-way
ANOVA #4 % Newman-Keul's t-testE A-8-3}o] A&7
7k vwE dfglew, 2 79 vlwe: unpaired t-testE
ARg-3te] EA8EL p < 0.05 mlRkel 7§ SAIEHA el o]
Pk getslsiol

7. Ao

Phenanthrene(< % 97.0% ©]AH2 Junsei Chemicals
(Tokyo, Japan)ol#], HPLCE $£w|+ Fisher Scientific
(Fisher Scientific Korea Ltd, A&)°l|A, 7]} A]ek
Sigma-Aldrich(St. Louis, MO, USA)oj|A] 3l5}e] 283}
sitt. HPLCE PAHs standard: Supeclcool A #1315
t}. Phenathrene2 $-Al acetoneol| £33t & 283 5

2 sAdele] Agalsic
z 3

1. A F FEA R A9 PAHs 253
A o) Ag3F 3F2] AEofA 2 PAHs 2532 Table 1
o] TAEl) BTl £ 1552 PAHsH ﬂw @15
o] setEAoleke A2 AR st b B A B
o]$tH20A 8 & 15X BE T5%). =3|Eete] 7HgeA =
207 F TS ABeNA HEEUH(35%), 2uET] &
S3 7l2E Az PAHSTr7} A AEEA Atk
PAHs 2530 H7< ve, xa08 323 xv|2<d 7}
7k 20 AAE 7ELE A 238 MM T
7} FFol| MY H xRl E9kon, § £5 PAHzI:
AEH ABECE 163, 295 1208 Yoz Aut

- 255 -



PAHs in Opyster, Laver and Rockfish

st A Fo ARYRE Aelrh AHA Atk

2. Phenanthrene® %4

AEAE 3F0l4 2] PAHs 54735 sletstr] sl ek
7914 71 Esbl ARtk 9eld PAHse| shiel
phenanthrened] 257 =&A)17] & Ao 4= 2=
=43t Ayl= Table 29} 7t} Static systemolA] =53
o] AlgellA o] a3hA, A GA ¥ 29EF 7HAel
o 248 Ag4o] 1024 o) A2 FARA A3}, F 5
ol wpe} AE F 7k ohatke] WE gloy AntH e v =
2 Aolrh Al ghgie. g BB 23S AR A
A §AG moueke] 2804 2L 36 W) Axz

733

Hch

rlo
o

7(

3. %44 ¥%

3 %) ABelA FA4) e AT A Table 3
3 2 A gEe 2o el A Egen
A3} 29 %et 28] BE SrolT AEAA AV WSk

o},

4. 7-ethoxyresorufin-O-deethylase (EROD)$
24

EROD #42 AEAUdA dirtslste 93 3=
cytochrome P,5 mono-oxygenase §49] shu}g EA4EA

Table 1. Rate of PAH detection and mean residues of 15 PAHs in oyster, laver and rockfish collected from the

market.
Mean residue of Mean residues of
Organisms Parts N:ar?nbelis()f Ric:te()ciilsﬁH >'PAHs >'PAHs
P (ng/g tissue) 1 (ng/g tissue) II
( Cmssgsy;tg pigay  Whole meat 20 15120 (75%)  16.16 + 21.45°  21.41 + 22.40°
( Porpbl;i‘;ezenem) whole plant 20 0/20 (0%) 0.0 = 0.0 0.0 + 0.0
Rockfish hepato-pancreas 20 7/20 (35%) 3.48 + 8.0° 9.93 + 11.35"
(Sebates schlegell) muscle 20 0/20 (0%) 0.0 £ 0.0 0.0 £ 0.0

Mean residue of ZPAHs (ng/g tissue) I was calculated from all samples analyzed.
Mean residue of ZPAHs (ng/g tissue) II was calculated from samples in which PAHs were detected.
In statistical analysis, p-values between the two a's was 0.012 and b's was 0.22.

Table 2. Concentration factor of phenanthrene after 2-week exposure in oyster, laver and rockfish (mean + S.D.).

Exposure Tissue .
. . . Concentration
Organisms concentration Parts N concentration
. factor
(pg/mL) (pglg tissue)
0.01 digestive gland 5 0.16 + 0.06 16.0 = 6.0"
Oyster ’ whole meat 5 0.04 + 0.01 4.0 £ 1.0°
(Crassostrea gigas) o1 digestive gland 5 1.05 + 0.35 10.1 + 3.5°
' whole meat 5 0.32 + 0.09 3.2 +09
Laver 0.01 whole plant 4 0.17 + 0.02 17.0 + 2.0°
(Porphyra tenera) 0.1 whole plant 4 2.41 + 0.09 24.1 + 0.9°
0.01 hepatopacreas 5 0.14 + 0.03 14.0 = 3.0*°
Rockfish ' muscle 4 0.06 £ 0.01 6.0 £ 1.0°
(Sebastes schlegell) o1 hepatopancreas 5 1.45 = 0.50 14.5 + 5.0*°
' muscle 4 5.4 + 0.08 5.4 + 0.8°

Statistical comparison was made among groups of identical exposure concentrations, For oyster digestive glands, each

N replicate includes tissues obtained from 3 individuals.

statistical analysis.

Concentration factor = tissue concentration/water concentration

Groups with the identical superscripts denote equality in
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Feluete] dzAal A8 sibeEA ange] 12 Ae
ojtt. ZFaqlel vl FFe) EAelA= PAHse| & 4
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23192 2YHE x4 9 r ol 2o xAFef ul

AER g gigt A xel cytochrome Pusoo] 24E&
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o, Zx AeMe ”‘74% Azt As Qlgl 2o%
= FQ 7S H el Z8oA= HAE A okgkon}
el A= Al 35%011 ek Azold BRF) A&
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(Kagi et al., 1985; Lawrence and Das, 1986; Meador et
al., 1995; Sanders, 1995). <& S, ©|= South
Carolina, Florida, Texas F Sl ¢x]3t Atdzl=l =4
ke sedel AS 2, A7, A FelA fEe)
del % 3R Ad el AR = 26N
fluorantheneo] 400-700 ng/g dry weight AX= % =9}7|
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Table 3. Total lipid concentrations in oyster, laver and rockfish (mean + S.D.).

Organisms

Parts analyzed N

Total lipid (% of wet weight)

Oyster (Crassostrea gigas)

Laver (Porphyra tenera)

liver

Rockfish (Sebastes schlegell)

muscle

whole meat

whole plant

2.42 + 0.11°
3.83 + 0.28"
5.60 + 0.28°

5
5
5
5 3.25 + 0.25"

Table 4. 7-Ethoxyresorufin-O-deethylase (EROD) activity in oyster, laver and rockfish (mean + S.D.)

EROD activity

Organisms Parts analyzed N (pmoles/min/mg protein)

. Digestive gland 5 6.23 £ 1.28°

Oyster (Crassostrea gigas) b
Whole meat 5 1.28 + 0.32

Laver (Porphyra tenera) whole plant 5 not detected

] liver 5 17.21 £ 2.20°
Rockfish (Sebastes schlegell) 4
muscle 5 3.33 = 0.80

Groups with the identical superscripts denote equality in statistical analysis.
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22 v}7} 9lom(Ren et al., 1994), 2 7] Az} 7loA
= A5IA O A 5o] Fld AP ZEEHOF g 7o)k

g o] od AFES sk egx U AFE
o] 2% vpof BA o7 2AEY] witel, UF F7belAuk
gAsle] Agorw ARgste HxFo Afele Kim e
al.(1999)9] A} A3} ez 79 Frobe 47} Qigict. o]

el hEA FAAF HF 2AE ST L A7E
FLAxE Ao BANA 2JE 7H Aoz A=
3] 2| 9] gkt oA A=l Hebei Spirit o] e
& Ag} 7o) PAHsE 9A|dl] W&Eshs 7ol oW A
A PAHs7} 415 oF7| 5= &7} shelshe ol 543
oJolE A 4= 9l Aeolrk

olefgh =7t Apole] 7ofFhe 2919 R FUAT F
s9} 7|7k 2 PAHso| =25 9S | A& 7ol Ao)7} Y}
U7 vladlr] $lgte] sfjoklA de] E= PAHs<l
phenanthrenes AMg-3lo] A¥S $a3)qlcl. 1 A, A=
7} 23N AT 71, S 3] 23l 28t

o i S _tlm

ZF#7dell A= phenanthrene®| =7} wi-9- =9kA|wk of&
ZHAR-91Ql Fhge] SR xoEEe] 28 F9ldMs 1

57} =4 &9t EZAIE 7oA phenanthrene %4
7go] Zh ashalely zulE=te] 711l A3t o] A
= AT A8 AlEQl Al T AeelA s PAHse]
SAAe] Mz FashA gk FA ok S A =27
o =F=cka ZPdshd Al o] AEelAe] 44 Ao|7} Al
FARAA BAE FAAH HA= 4= 2ol

T HAE 7k 89l AR gheFo|vh. AEA £A 02
9] A FAde AR o] F83 I8 3,
PAHsE= vl§- $44] w2 &40]7] wjEol(Meador et
al., 1995) A2 %001 2 Aol ¥ £2 5% PAHs7}
SAE Zolok. AR =2 ol AHE Aee AA T

Ea R0 7MW°1H 7V =skn, 2IEFY] &, 3
2 Ao At FEeE SAFHY o= 29E=e 1t
ol 23EF] FHolA Beh PAHs F240] Hrh= At
AE FEAeR Awshe A E = olvkr B, o
AE7he] vlaoM= AA k] zlo|7t 2 29l ® 243}
A kol F7bAQl A7 o Alow =

sij¢4&l4 PAHs= cytochrome Paso &7
sj=]o] wid=w PAHsol| 255 552 o] 849 ZAE 5
A7 024 PAHs| 555 A7 295 3 Hvh
(Thorsen et al., 2004). & AFolA Al 2] AEo] 7}A| 1
9l cytochrome Py A 2] xfo]E 7-Ethoxyresorufin-
O-deethylase(EROD) &Aooz Hrlstozn AE7 94
=4 Ealisel Aol7t erkE vl Ak o R o
A= PAHs®] thapr} ghikel Zlo] &l 9l o m(Escartin

)

il
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=
N M

and Porte, 1999), £ A% A3 AHE A3
Zol4E EROD &&el o] A% siglon, Reolis
sbiold 35 BROD 4] vshtont 4 242 ol
ke 2o
ES cytochrome P4504 %“é o] F7t 1}017} 7]+ 8t
Auk vlwA 3 Yelgs Ao RuEuE 9] o (Kirso
and Irha, 1998), 2 odFoA =413 sf|x=F3l ZoA=
EROD 20| 245 7] oko} o] a4o] Adte] LA|e Aw
ol Aoz =A=7 ot} xu|Ee 7kAo] 243 A8 =
EROD S4o] 14 A ebston 2geis ol sh
R7e) A 2N woke 29t e ATARE sl
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wnehw 9IE(Chaty, 2004). o] 7ok x|} v ws)A
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A7 LI A s A1) e o
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