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YEXESE 0% 2uute| F34 2UE W)

FH R 24vte] 234 9FdLEE Hrlsly| A mEENu|(Sacculosiphonaria japonica), T FE]
(Reishia clavigera), +2(Crassostrea gigas) 5 3% 9 AAFTEL NA s A9 7l=§, 7, o}d =
EE BY8d =R FEx 23T 8 & 3.83~39.67 uglg d.w., tiFElE 7.47~103.47 pglg d.w.,
FEE 1.32~92.17 pglg dw.o] F=HAE el 2949 =289 2 2TFRT 2P TN
708 & EA vElgth 289 BEE TFgsiu]E 22.92~1287.56 puglg d.w., U4l 34.53 ~656.97 1
glg d.w., FF& 161.50~3208.52 pglg d.w.8] FE=HIE Jepdth o] & 1dgsiuoA Qd7¢ gz
T8 FEEE Aol7t ¢ seui 2 ohE FRU 1 ZolE A WYk o}de A¢E, AP =
93.48~377.40 uglg d.w., 2] & 423.65~1075.57 uglg d.w., FZ& 2018.13 ~22275.00 pglg d.w.9) ¥ &
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HdMol: o9, A SE4, ART

M OE

Yuete 1970dd57H F38tede $H80s §4
371 AFsiaA dalade] oM B o FHEA )
A7E FFaA =ik olE TN wEsHE 49 ¥
F8} TANGEEo] Ao FYHHA B3] gt
885 2go] 43E.

ol FFEEL AAYYLDA AEFZ(bioaccu-
mulation) 53, HojAlEE B8] 1AFFTEA S A
(biomagnification)g 0. 24 AZE A7AZA 3L n|
AA Eoh (0]1994). FF=ERL FEEL vFAA G A
ANE FAEE f71gstEoly deleiEe QPERR
bz iAoz 71 wzr7lE 74Ao(Phillips 1980, Phil-
lips and Segar 1986), &40 W83 F4F&Z YAl 2
sl @A AL A8t (Simkiss er al. 1982) AT
A AaE 4o,

H Eo] AEAE o &3l A% LAEE Hlshe
sl FHHL Q). o] HUYLPYA RS AHA
REo|aL, AEAHIL LolslH, B Yo B
FEE & g dtodol dr}h (o] 1994, Brown and Luoma
1995). 3k Aol ste] b AEo] HAME APy
dopdel ool et ARE AFHE ¢ Jojof sy, Al
ARog de EEse £& olddtd Y7, I/
2EBEE Y 4= ook gt} (Phillips and Rainbow
1988). ojujgjfFo} e AAFEES AL T3 @5y
A7t A9 3 AQe) FI{HAME ZFEon} 7] EA
39HE, B A EE 58 AEFSAIEE 2974

o3 ALY 5 Aot (o] 1994).

e FE4& FEE ¢ W diEe] A x
g 2xaed of@gol AL, A5 A7t AR, 24 5
o7 Qs AXNAZ fFEeEN FE& FEHsE A
3 1~23] Aoz AN QYEFAPF et
(Simkiss et al. 1982, o] 1994). 22U Yo FAEZ S
4 el EA%te AR 984S Ul vxR
ot FauloA Fuvhztr] FHAFIER Sg Uil EA)
she SUEAY odRNEHeE o4 £ YT (Sim-
kiss et al. 1982, Phillips and Rainbow 1988, High et al.
1997). tF-2Y omjuifE =& 4 Fxd v F
F4E AEEHIY YA (Simkiss and Taylor
1981). 2 B2 o]Hd LPAE HES oET ¥
7t A&FHoR oFANE 2¥EH WE %7 AR
Z2aPoeN F8¢ 9EE & 5 UL Aotk

AARc2x AFFA S} F& ol4% I Zea
A (International Mussel Watch}o] F8]5 31 4O H(NAS
1980, IMWC 1992), $-aUstilxs  RFHR](Mytilus
edulis), #=Z(Crassostrea gigas), =L %(Littorina brevi-
cula) T& QF Ao o83y A% A7t FYHo &
o} (FFsFATA 1982, 1989, & £ 1988, Choi et al.
1992, 71 1996, 4 5 1997, W3} ©]1998). E3] &Y%
o A, A= At E¥shy Aol foidt FHe] 9l
o 28y FRFY Ade Aligle A EEsHA|
gon, Fagtelu dalitel AAsta itk (2 F 1997).

B dFodAMe 239 dtd Ex3ke =, sy,
FHhE A F84 £3FE AT AL
2 et ZFHHE 0|88 ATt ARHANeH, 1)
S A 2 AGS FARYE B A4y 2U4uE
(F § 1997 2 AL (4} o] 1998)9) FF& HH%
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MExH

HAHE F4ez 49 FH(A, B, C, DT A3
19973 2993 19983 1€ = v (Sacculosiphonaria
japonica), W52 (Reishia clavigera) 183 Z=Z(Crassostr-
ea gigas)e AQHAAUT. AJF AEAMe Y AMA
=-70C oA B@AsgTH

I2FENHlE YR 15~23 mm EY, dsdE 34
H2 15~23 mm 99, 3L FHEE 50~80 mm H4
225044 E4sd |, 32 FH BY A% A&
goj& Az} Wt o]e] vlo] A%y W] 1074AE 24
ot

245 &4

Ztzte] ABAES FHTE 24 A7 AL AAS
3, $ARE A FHFE MY A F, $A12Y)
2 395 AXNAD. Az AEE oAbl 2
ol 0.1~0.25 g A|EE Microwave & digestion vessel
o ¥Z, 65% HA 5 mig ¥ F, 1A o] A4
wx)sle] o)AsteAE @ EuUj Microwave digestion
system(CEM, MDS-2000)& ol&3sld Ea&sidrt (Ma-
ccarthy and Ellis 1991). 288 AEE A5HFTE 34
8le]  Atomic Absorption Spectroscopy(Perkin Elmer
AAnalyst 100)2 7=, 78], o}d9 F=& FH3Ach
B 94, 29, AFE2 mEAT.

443 SAS packageE o]83te BAEA AT

BAubye] A =& w5 NIST(National Institute of
Standard and Technology)ell ¥<18 EFEZY SRM
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Fig. 1. Location of the sampling stations in the Onsan Bay.

24t ] R ¥ H{3IFTY FF& $4FE Fig
2, 3, 49 Udebigleh. FE% HHFE viwsEd 7
ofde] Agde 2ol M &L FEE FHH, =
e A4, B AS AYstae UeA A AR di
@7t 7MY B2 TEE FHIAL UYL E & F At 4 A
AN 234 FAFE B9, AV 929 vt B
¥ 34 BIA 7P &3, 34 C, B3 DE Z9SF Ho}
Ae AFS BT AF Be UFA w2 @ JFPor
fAde] Fa49 FoUUUL ¢ F AUt ] ARUEA
Az}, 7, 340 T84 FFL /AHA AlE vet
Rom(p=0.0001), =& A3} F Aol9] 578 /<
AQ FFE@E=0000)2 Fo] FF% AEFH T8 9
Fe FE 2UYE Yepd} (Table 1).

7}E 8 (cadmium)

ITFeRuE 3.83~39.67 pg Cdlg d.w., AFEls 747
~103.47 pg Cdfg dw., FFE& 1.32 ~92.17 pg Cd/g d.
w.e FEHIE Yeild & digE > F2 > 1Z3H|
o2 Yt o) dfelx FUXFL 0.11~11.81 4
g Cdlg dw.(% 5 1997), AFHEAE 1.40~25.09 pglg d.
w.(3} o] 1998)9] =S YERAT

% 5(1988)0] 1982~1983d0} AX 72 AGjA A}
3 AxgHY F=F F=HYYA 0.40~5.56 mgkg B}
A etk 329 dede g gEse vl
FEAA gTME wgsen, Y BIAY FEE
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Hush, FEaFo IAFRAEG 5 ol w2 FE
2 l=ES FFIL IS ¢ 4 gtk Fig 28 B9
E5F AF BAA M B FEE UehZ AH DA
M 9E FxE Holy HA A, ColAe BS D Alo)9
TEE 2o JI=FY LHdTuE WEEE ¢ 5 Aok

A & AA B thAAANA s e Hold A
¢l A4 DAY Ft=F9 FEE uFEH IFpue
o g, dipEle oF 148, FZ2 oF 70u), FULTFA
€ oF 1074, IFER AT F 120]9] ZolE it
53] 3¢2FH F2Y AL, U2 TEG 1 Aol ¢S
3A wgsnz F1=F AE7HA (biomonitoring)dl] 233t
Aoz Aztact. 23y gy & FY opdFe 2
gol o A3 AFejM= &3] wAHA gera It
(I F 1999). AAZ F=9] A%, AABAA AFT 74A
g 59 b ool o] W AT e FEHA7) o F,
L29g0] A3 A& YERA =Y o] AsAFLY &
A7t A& Aoz AT aHER ol Iy A
FRHA B FEaFY dE], ZFHRH] Fo] =
& AEZA Y A3 AxFog Azd.

g FEE2E vEsE49 2%, metal-binding pro-
teins& FE3 AN 753N E FAse F535 7
$o] otz LAA 9on(Simkiss et al. 1982), AFH]
(Nolan and Duke 1983, Frazier 1986, Bebiano and
Langston 1991), Z(Roesijadi et al. 1989, Roesijadi
1994), thsh(Bebiano et al. 1994, Romeo and Gnassia-
Barelli 1995) 59| o]njsl& 29} BZF(Langston and Zhou
1986, Bebiano and Langston 1995, Dallinger er al. 1993)
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Fig. 2. Cadmium concentrations at four stations of the
Onsan Bay in three species.
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T2|(copper)

IHENEE 2292~1287.56 pg Culg dw., H$de
34.53~656.97 pg Culg d.w., FZE 161.50~3208.52 pug
Cu/g dw.9] ¥E& Yeildth. & 2> 235708 >0
T8 22 JEygth o)A AT FUAFE 29~100
ug Culg dw(E 5 1997), A5FA & 8.5~64.5 pg Culg
dw.(33 o] 1998)9] F=HAE JeEbdlich = 5(1988)9]
1982~198339f AA 22 Aol ZALGE AFFA Y +
7 Y9 5.72~25.3 mg/kg Bt B4 UET

A B} A DO 9 & Aole AFHINuIz}
o Seull, threlzt oF 194, Fdo] oF 208, FYILF A
© o 3, AFFA A= o gule Aolg e A
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A AW BAAY F=7t 2 AZAMY s uiE)
oF 104 ol #Al vehtx Ut zgez nFggsfule
7 29 AERAEE dol AP NxFo= Y49
.

O} (zinc)

FEasuE 93.48~377.40 pg Znlg dw., GdEe
423.65~1075.57 pg Znlg d.w., F2& 2018.13~22275.00
pg Znfg dw.9 =& Yo & F2>d5E >3
e o2 vehgth o)l ApdA FUTFL 30~
88 ug Zn/g dw. (3 5 1997), AFIXE 46.8~291.2 g
Zn/g dw. (M3} o] 1998)9] FxHAE Yelit 2 §
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Fig. 3. Copper concentrations at four stations of the Onsan
Bay in three species.
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(1988)0] 1982~1983 o)) AX Z-& AFA ZAIG AF
t}x)¢] ol HEWSel 33.4~66.5 mglkg Bt A4 e}
pr

AR B AW DoMY o} B Aole ZFH/HE
o 4, threle oF 3w, AFE o 11 Aolgen, F
dusdME o 3, AFBXAME o 6 ZolE
Btk ojde o2 94ERY 34 Bt A DA
F& Aol7t vind HA uelygten, FadA o 11z
7 A dehgn. ofde A4, 247U FF BE A
g A AN QAW FEI HET FEAA WL T
2 Uepded, o8d A7 Hol EUE I4F&ed
gRt} oldd] g o AR Ae ALE AZ4dEr.
FQuTe 3FPuY g @43 R FEE
oldg ZHYt. BF AFHA A, v wRr}
A ojdx FHT A R FTEE FH3e AL
vrebstT.

& 7% ojaxAFoz, olde F5IH zinc pyro-
phosphate®] HElZ granuled] £FA7]7] & 2 F
Bt} ¥ B B2 FF3Ada 4#ix Ao (Rainbow
1993, 71 1996). E=0t& o}AZHAF ZAMNAE A=
EF5E oldg F uiEsA o] i Al & =
2 A8ty 9814 gt (Rainbow 1993). HIi2 4zt
§91 Palaemon elegans= oFRZEZAH, Ao ofde]
FE7F G EolAE HAo] yehtr] w&e] ofd F
FEro] MEEEE 2F AU oldFEzE EIYL
@t} (Rainbow 1993). EFFHY ZA9e AFOZRE
granuleo] ZH € o}d & MA3] wiEsly] Wi 3 F
HF YR & 2FFoE g¥H Ut (George and
Pirie 1980, Rainbow 1993). %3} Metal-binding protein&
T2, o1 F "aSsd A IS AL B
259t (Engel and Brouwer 1989). ©]23t Wg S
g 2713 2get #EE Aoz gEzen, A3
ol 7)%e] wad FY5-E FEAOE T A A
W2 #98 $34L 243e 222 2aHdd (Rain-
bow et al. 1990). =& ojuldfFo A AL AAFRE
wgEiAE 23 Aoz BHUY (Philips and Rain-
bow 1988).

v &3 A7)e] ZHe A Y-S ZARE W3 o](1998)¢] &
Ak gty dgUle] FEE FEEE RAMEAE BRY
AA A, B, C, DA FI=E9 ¥E& 0.009~1.705 ug/L,
39 F=e 0.12~24.55 pg/L, o}A9 FEE 0.32~35.
12 pg/lLe] F=HAE YeRth 23 Ji=E, T, of
A 2% FH BiA /M3 ¥ $=E UEiZ, 2 i
A A, A C, 3 DY £AR F3 Role A
uellict B>A>C>D).

T3 2L A & E (19979 g AAHAEY
24 X 9 2= A A, B, CAA Z7 Fl=F9
¥EE162, 3.72, 0.82 uglg dw.,, T F&& 39, 307,
10 pglg dw., o}de EEE 154, 1273, 101 pglg dw.2
2 A BN /M B2 B5E vehld, 3F A, BH
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Fig. 4. Zinc concentrations at four stations of the Onsan Bay
in three species.
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Table 1. Statistical analysis of heavy metal bicaccumulation at
four stations of the Onsan bay in three species (two-way
ANOVA)

Metal Cd Cu Zn
Main effects
a) station F 429.26  1288.51 62.01
P 0.0001*  0.0001* 0.0001*
b) species F 101.51  3530.19 32445
P 0.0001*  0.0001* 0.0001*
Interactions ‘station” by ‘species’
F 32.22 440.53 52.99
P 0.0001*  0.0001* 0.0001*

Residual
Sum of squares 37891.38 46873138.61 1195831005.00
Degrees of freedom 35 35 35

* Statistically significant difference
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An Assessment of Heavy Metal Contamination
in the Onsan Bay Using Biological Indicators

Han, Soo-Jeong and In-Sook Lee
Department of Biological Science, Ewha Womans University, Seoul 120-750, Korea

ABSTRACT : Concentrations of cadmium, copper and zinc were determined in three molluscan
species including Sacculosiphonaria japonica, Reishia clavigera and Crassostrea gigas to assess
heavy metal contamination in the Onsan Bay. The range of cadmium concentrations were 3.83
~39.67 uglg d.w. in S. japonica, 7.47~103.47 uglg d.w. in R. clavigera, 1.32~92.17 pg/g d.w. in
C. gigas. Concentration of cadmium at contaminated site in C. gigas was 70 folds higher than that
of reference site. The range of copper concentrations were 22.92-1287.56 ug/g d.w. in S. japonica,
37.53~656.97 uglg d.w. in R. clavigera, 161.50~3208.52 ug/g d.w. in C. gigas. The concentration
of copper at contaminated site in S. japonica was 56 folds higher than that of reference site. The
range of zinc concentrations were 93.48~377.40 pg/g d.w. in S. japonica, 423.65~1075.57 uglg
w. in R. clavigera, 2018.13~22275.00 ug/g d.w. in C. gigas. The difference of zinc concentrations
between reference site and contaminated site was relatively small than those of cadmium and cop-
per in all the species tested. The largest difference was 11 folds in C. gigas. In the present work, we
confirmed that all of these species, S. japonica, R. clavigera and C. gigas, could be used as biologi-
cal indicators to monitor heavy metal contamination.

Key words: Contamination, Heavy metal, Indicators, Onsan Bay
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