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=Abstract=

Bioconcentration of Polycyclic Aromatic Hydrocarbons and
Biochemical Changes in Oyster, Crassostrea gigas: a model study
with anthracene

Young Ho Seo, Ee-Yung Chung, Kang Jeon Kim, Ju Hyun Bae, Dong-Ki Ryou,
In-Young Hwang’, Jong-Sang Kim" and Kwan Ha Park

College of Ocean Science & Technology, Kunsan National University, Kunsan, Chonbuk 573-702, Korea
"College of Natural Sciences, Inje University, Kimhae, Kyungnam 621-749, Korea

In order to assess the bioconcentration potential and adverse effects of polycyclic
aromatic hydrocarbons {(PAHs) to oysters, a model study was carried out with anthracene,
one of the major PAHs frequently found in the marine environment. When Pacific oysters
(Crassostrea gigas) were exposed to anthracene at 0.01-1 ppm for 2 weeks, overall tissue
anthracene content reached to 25-85 times of exposure level. Furthermore the concentration
was related to exposure period. Lipid peroxide levels in the digestive diverticula and
adductor muscle estimated by thiobarbituric acid value were elevated in an exposure
concentration- and period-dependent manner. The contents of soluble protein, glycogen,
nucleoside/nucleotide, or DNA/RNA did not change significantly. The results indicate that
anthracene can efficiently concentrate in oyster tissues. The only significant biochemical
change to anthracene exposure among examined parameters was lipid peroxide levels.
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, A% wW7izts =29 asphalt A& E Fol W2
23 <A YrHBreznicki and Przybylski, 1996).
2] Y2t 74§ phenanthrene, fluoranthene,

A B

Polycyclic aromatic hydrocarbons(PAHs) &= 2
2% #HeYERAR FAHD QU 4% &
PAHs 3¢ #9345 uz d%ez ¥ f54
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anthranthene 2 benzo(a)pyrene 5 %2 PAHs7}
FABRF AN FEH T ATHIA A B IA, 1992).
ols BAES A&Ao & & EAET stz
AR £3o EAs G R ¥ chzt HolAlg
L EMME U FANE FHHD AU E
she AFels Axn 10009AE 7Ax FHHAE Aol
¥ 3151 vHBrunson ef al 1998; Hellou et al,
1994; Ma et al., 1995 Mendza et al., 1997). & &
#9 PAHs7 Q78 288 ddd T2 54 A
o1 benzo(alanthracene, benzofb)fluoranthene, benzo-
{a)pyrene, dibenzo(ah)anthracene 2 indeno(1,2,3-cd)
pyrene® & BHEE 2P Ael7] did o] 2
so HFELEL FHL P @ AFAAN

oz Mg EAE opr|gch(Canovas et dl,
1998; Phillips 1983).

GFodgo] AEo A= A dF A= FE
o] Fol oM #F, A, Hel 549 FHHPAN A+

(Hawkes et al., 1980; Malins, 1982; Purdy, 1989)% o]
gton], Tuy A2 oA e ¥ F4
¥ AAA B HEAFH A4, 1997 Fol U
th z2iv $2] v d At de 2RSSR gL
o Al FEFY FZFo oA ol FAE FolA
A7 #HHA Fa FEAY WF2s 2HE
=24 AW FEZT JUEI Jangd nxe 3
g s Q78 wiot ik 23 28 ojrld#
ANFETES 4L Fo FFEAZ A AT
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5 QdEAY #AABEHoR o8B F Ye FL A
HAZol B F QuHNAS, 1980). LEXE HETS
RaA MEEAM AANCE de Ry 2923
S Al F FHA7E 5EAEL 7EA sted B8
2 o]y BEA-d uj§ AFH HuEFoz MY
T dekol ¥, 1994). 53] F& FE AU £
el £33t 53y EFAT T Yol o
FHAFERA FS ANEAEC] R ot A
Aoz 222 Aesn R oo ¥¥s
g Zol d# EEAY JF #F dAydAs
Adzh Z7pzE Alwzh geold el ik wepd &
o FHFAETY 32l anthracened] 27
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1, dE8 =

A goE ALSY 32 19989 3¢ A
NFAA FAF FEa FAS F2E S LA
Aed ANEE NE 2344 47 54-68 cm, 43X
6.3-78 cm, &5 06-116 g9 HYAt

2. =% ¥ &

AL 4 lierd A8 F7E S0l HAAE 5
Z(40 x 25 X 17 emil A AHFsET. £ 18T
(£ 10)2 #A5tn Z7 & stev, 2095 49
AelA AgAZ F AEL AAEHG HFFHA
anthracene 3719 ¥X(004, 0.1, 1 ppm)E £33
oy F2= Aste e @ IAE HoF 4A
ATk wFol o 4% Grispr) A8 =2 TR
T shzhsled RARES Eestn Asdd(digestive
diverticula)® #Zt < (adductor muscle)el A1) A4 &8t
A Hd4g 259, ol F /S AYe A
ZA oA 2449 anthracened ¥EE &34t

3. #|td anthracene S&ET &4

Anthracene?] ¥&4=& £As7] ¢ &4y e
Mgz T(1998)e] wha ok &, g o =
Aol A3 HFL 2z excitation 248 nm
emission 374 nm% 5.

4, sty wapg £

Aty wzaas Az A3 ¢ H

% nucleotide &%, &4 HHAF,

glycogen ##, A# FA3HE 7Hthiobarbituric acid;
TBA) 5& ZH39t 784 W2 %2 Lowry %
(1951)2) ¥WHo 2 glycogen EFE Fhel
(198839] wW & 7tzt WP e nucleoside/nuclectide
o] B4 49 A Bt MY9E F(1998)e] W
% F43sch

5. B

BE data¥ B £ BEFELASEME HHIG
o BlRFFHe FoHL student's t-testE AHE3Y
#AARs gk P gkol 005 o3t 2% feldel dnzn

nucleoside
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1. =X anthracene?| =&t

& oAFdME K HYYgEY il
anthracene®] #a AU & ZALE] A& F2u
o] F5E 001-1 ppme 37} =2 4Fsn 23 %
oF =&A[Z] ¥ anthracened| AW ¥ & X8t
o Fig. 1914 BeF+= vle} o] anthracened) ZZ
W EEE x2%5 9 =272 Fvbo ge F34
282 F7hghel #FHRNT =& WE AW ¥
%% 01 ppme 92 HY =3 29%F #HF 031
ppm, 749%F 070 ppm, 149F% 245 ppme® ZHzh U
Bttt H3 w&7|3e 2F F9 anthracene 3 &&=
0.01 ppmell X A4 &4 w22 oF 354, 0.1 ppmolA 25
v, 1 ppmelA 858l A2 1 ppmol Al 53] 433
FHENE BAFUT

2, YHEH Wpol vy

1} Nucleoside ¥ nuclectide, RNA, DNA 2l2fH 5}

Table 13 294 B ule} 2ol anthracened] =%
A7l ZF ZA 9 nucleoside/nuclectide &%, RNA %
DNA % FdA =%3 FEANE 4 g 94
AT W BFHA ¥Rt ¥H  nucleoside/
nucleotide®] & Aztuido] FHztZolq By i
¥ ZA%E w4t a8y DNA/RNA  § ek
UM F ZAAelo] HiE ajolr} LASA Yot
=3

2) T EM A I glycogen BFEEH 3}

A4 Agids #zZ2o dfElo] SlE F/A4Y
B4 glycogenT @ F Z A7 Ao|7t wAEZ
2sith, T8 anthracened] %29 Fofl gAMHE &
I gdstel £84 td W glycogen Pl
A ol Wyt AEsA oghti(Table 3, 4).

3) X E NMEE SFol B3|

£ 4794 e anthraceneo.® %A A7 #4t3l
£ ¥37t QeskE sdsizl Y Adad 2 o
Zteroll 3lo)A TBA & A& AT Fig. 2 oH B
T oAb ol Astidd H429 TBA#E *=3%%
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Fig. 1. Tissue anthracene concentration in Crassostrea
gigas following an exposure for 2 weeks.
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Table 1. Contents of nucleoside/nucleotide of the digestive diverticula and adductor muscle in
Crassostrea gigas exposed to anthracene

Anthracene Contents (mg/g wet tissue)
Tissues concentration
48 hr 1 week 2 weeks
{nom)
1 0.42+0.05" 0.31%003 0.31£0.03
igesti
Digestive 0.1 0.42+004 038+001 0.33%0.06
diverticula
001 0421008 0341003 0.37+007
1 0.19420.05 0.19+0.03 0.17+003
Adductor 01 025005 0.27+0.04 0.15%001
muscle
0.0 0.17+0.04 0201002 0192002

" Value are mean*SEM. of 3 determinations each consisting of two or three oysters.
Normal contents on day 0 were 0.361002 and 0224004 mg/g in the digestive diverticula

and adductor muscle, respectively.

E& 5&Ate] FrHEel sldiste dAsA F71et
Ao A9y B2 2FN | ppme &2 2
d olulel, 0.1 ppmel4Y =F 2= 74 oo 2z}
Fd3E e F94 de U BEsdd. @9

Nz HunAd Fe ARTAH uoks 2

AM FA Jdelde A%E By F9o

 H#

¥

B dFd e % anthracened] d&FHog 237
=EMNAL o] 22 ZAWRY anthracene FH 3}

S8 wE ogd A Ay dzgd gy
ZASATH A3HY ASEL F9 anthracened] o
F A% 2GR E A" A R FRE
ol =%¢ 2 Aolth. Anthracene® 001-1 ppm9
FEE xFY 9 24F9 anthracene® %7} 7ho)
Hidlste 49s] wE &2 2890y 25Fdq=
MM FEe 50 £ gy &4
Aol HFE A FE7 F7tHE Aoz Ho}
anthracene® *=271% ¥ F+E4x7h WAdd} Yaps
= 4 Frste Aoz AzgEd dH 3% x
1 ppmel A9l 2 FAFTE= 001014 01 ppmo2

Table 2. Contents of RNA and DNA of the digestive diverticula and adductor muscle in Crassostrea gigas

exposed to anthracene

Anthracene Contents {mg/g wet tissue)
Tissues  concentration 48 hr 1 week 2 weeks

{ppm) RNA DNA RNA DNA RNA DNA
- 1 0.31+0.06" 00510002 024+0.07 0.04+0.005 024+0.07 0,05+ 0003
jﬁ:ﬁ:; 0.1 0212003 0040001 018002 003+0.003 0.18=0.07 0.04+0.004
0.01 019004 004£0004 0.12+0.04 0.03+0.003 0.19+0.06 0.03+0.004
1 0312006 0050003 024+0.03 0.04+0.004 0232004 0.04%0.002
Aji:z:;’r 0.1 021005 0.04+0003 0.18+0.03 003+0.004 0.18+0.05 0.04+0.001
001 0192006 004+0005 0224008 0.03+0.001 0.19£006 0.03+0.001

" Value are mean*S.EM. of 3 determinations each consisting of two or three oysters. Normal DNA
and RNA contents on day 0 were 022%0.04 and 00320005 mg/g, respectively, in the digestive
diverticula, and 028+0.03 and 0.04:+0003 mg/g in the adductor muscle.
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Table 3. Soluble protein contents of the digestive diverticula and adductor muscle in Crassostrea gigas

exposed to anthracene

Anthracene

Contents (%)

Tissues .
concentration {ppm) 48 hr 1 week 7 weeks
Divesi 1 47630547 479£066 371+0.24
gesiive 0l 351+062 403%035 306£046
diverticula
0.01 4,437 0.60 3.99x052 360£0.31
Add 1 301043 3.62+0.25 359+0.24
uetor 01 3434037 3.36+0.43 295+0.71
muscle )

0.01 3.82+002 372+0.3% 2.84+0.49

* Value are meantSEM. of 3 determinations each consisting of two or three oysters. Normal
protein contents of control group on day 0 were 447%0.71% in the digestive diverticula and 3.65%

0.30% in the adductor muscle.

7L

=E3A7 Asrd g4 2 FF REd AL
2d0oz velddl anthracene® WAl - w5 E o]
& 2 FEo TEaAE "Wl olv ¥3te
of opdst Al Ect,

22 golo FTHY ¢ 98, £ % 24 59 4
2@l weh WErlge dYHt gud
A7) WEo)(Sastry, 1979; Mackie, 1984) HZ¢ &%
g T3 - stz 9 B LHNH TR 2
Bgeta WMo d8g uwly iAol Eoh o
o] oz AH|E Qolwy| % WyosyE @A
A4, 2, FAUA, BTE F& EAdE W
o] @o] o]&H 1 YUrHCheliappa et al, 1995. & 4
TFo A& anthracenes] =FAIZ 28 2EH2AHEE

B g

>

stebsty] & wgog Agtauda Hzb 2o dF
ol Fgo AsEd ARd iy glycogen TF,
nucleoside/nucleotide, 13 FHASLE 39 WHE
T

HA AHER FFL ALH Y44 g g
AL Aerde Frise U 437 4 HE
e fFade ez g8A dth(Moss, 19534). 5
2EH2d wEHW Hul AHIEY dAEo Fa
so} olg WEvr BaHEHAE £t s B Aol
anthracened] 471 wEde =& FPE 5712
ghgk gyl golglal e Yoz vl o g
e s BEEHY gl @A- AEE nAA
% AeE FAHL

Table 4. Glycogen contents of the digestive diverticula and adductor muscie in Crassostrea gigas exposed to

anthracene
. Anthracene Contents {%6)
Tissues o
concentration (ppm) 48 hr 1 week 2 weeks

1 3327046 3.62+0.46 2.85+033
Digestive diverticula 0.1 2857055 254056 2661049
Q.01 3.13£0.38 3221071 206+048
Adductor 1 2321034 224+044 2451032
01 264065 2713050 252+038
muscle 001 285035 2924051 275+0.41

* Value are meantSEM. of 3 determinations each consisting of

two or three oysters. The glycogen

contents of control group on day 0 were 291+0.66% in the digestive diverticula and 2.57%0.36% mn the

adductor muscle.

- 117 -



3 *
2.5 Digestive diverticula |
E *
£ 20-
S [ ] Control
‘0 181 {7} 0.01 ppm
© BRRA
8 1.0
c
£
o 0.5
N
<
0.0-
0 2 7 14
Exposure period (days)
*
0.7 Adductor muscle
g 0.6
~ | L] Control .
B 05 0.01 ppm
o] B
Q
Q
Cc 0.3
g 1
S 021
3
< 5.1:
0.0+

Exposure period (days)

Fig. 2. Lipid peroxide levels of the digestive
diverticula and adductor muscle of
Crassostrea gigas exposed to anthracene.
Asterisk shows significant different from the
0-day control.
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-
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i)

ol 348 ol 4 g Aoz ¥ £ sl

=
. o9 Zol glycogen® #FeFd HFol glojA dU
JeE & F e FLE "M}?ﬁ?:ﬂ M o] th(Allen,
1988 Downing, 1988, Gould et «f, 1988; Littlewood
and Gordon, 1998; Mason and Nell, 1995). £3 o4
2e Nxe Fa 74 4¥oEZAM HAHD A% ¥
Hel olFoiA 2 & o FFel Wit vEd F 3l
o 22y & d7elA mEsEd wE iﬂ“&‘*ﬂ

4"14 F&4 dla 2 glycogen FHFE EF =

271 v =EF s #EA S e W g2
z} okt @ebd anthracened W AR glycogent
gz el Aol AuAAgel 43I viAA GFS
2} o] '3]-3:}

3o g Edz R FAEE] 2EHAE wod
g4 Bdo] AAsio] AEY XA &48 29
37] oo A stE Y gEFS FHA
7= Aol ¥#jA U Lemaire et al, 1994; Ribera
et al., 1991). o} @elH ZAHAF 23} HA2
o] #A48E7IE 0.1 ppm ©l 49 anthracene’m& ol 2
8 F7hghe} Selwddn), Ashidd #Ze] Hte
R 4R o7t gt

o] ATE B AMFEH oA oF HEH 8l
© anthracenes FZZ UE wI7F U 83F F
o 4 de} Eie FEoE FAEE ¥UEHA

E& o] ¥ Fystd AF FAEL G
A48 F7HEE & 7 AAT 2Ry o] AFelN
A g2 A3 wed 9™ glycogen,
nucleoside/nucleotide ® 4te] TFols AAG w3
7} BEEA Yot dasEe ¢ AEE dud
AR Aol B A7 dEd FHAN AFH =Y
WAl R A g aES anthracenedl 9] =& A4S FAY
F Ae AR AFEE F st g 77 22
3 Aoz Bt

Q_E

ol

s 0ol

z
FEFe

2
FEo d@dNgE a2 (PAHs) Y £44 3 o
BAdge] A 54% 7] fs sFdAdH
w3 A& HE PAHs 59 44l anthracenes Al
£33 BddTE P39t Anthracenes 0.01-1
ppm® FEE 2537 FEd =2AHE 9 #E 24

9] anthracene® ¥ EE =37]3 4 =& F x99 v
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