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A} YAE AAFe T ofste] Wit JFERE AU miakpzel 257 wEAR F A FEse] AEE
= Pk =E T AU 595 shr udde] $54 w5l vkl Fkeelon, AFeERoA 1
o] FHEith. Adlell $FEN FEE FEE BF nEk vk =E3AZ Mgl AU E 7S
bl 5.0 mg/L WiFbellAd gx) 9 2A9]  HlsTs 242 170(=10) pe/e, 5,260F70) pg/g, 7E=F 1.0
Folo Al 4] 9l @2)9] Ft=f HolsTs 217} 72(24) pg/g, 1,040(+40) pg/gl® F &2 AEEZF
o 59 FA HHol gl Ve Ui = %A AEEE| (kN L%imﬂ gt BAAES] 5
T FEE BT ek e uhdEte] W w23 RelA HAUAE BT, 53] AFEX A He
£ g % 0.01 mg/LolA T8 12,100(21,400y BoAF]c), ol&igh /\}ﬁ_t T AP E] FF5
SEZF S G =E2EHUE W o we] FEES AR AR SiaReit) o, A5EH Y] T £
S 7ITHE va, B4 A9 G2 Whdr ool oA 8 v SITRE Yahdeld o 12 555
A& BT
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Abstract — The bioaccumulation of Pb and Cd dissolved in seawater was assessed measuring the concentrations
recorded within blue mussel (Mytilus edulis) and oliver flounder (Paralichthys olivaceus) after two weeks expo-
sure period. The Pb and Cd concentration within the whole body of two testing organisms increased according to
the exposure concentrations, and the such tendency was clear specially from the mussel. Maximum metal con-
centration reached 5,260(+70) pg/g for Pb reared under 5.0 mg/L Pb, 1,040(40) pg/g for Cd reared under 1.0 mg/
1. Cd in the mussel, and indicated that the bioaccumulation of Pb and Cd was directly related to the rearing medium
concentrations. Bioconcentration factors (BCF) reached very high values for Pb (maximum value: 12,100+1,400) in
the mussel reared under lowest Pb concentration (0.01 mg/L). The BCF value for Cd in the mussel were also far
higher at exposure to low Cd concentration than high Cd concentration. At higher external concentrations, the BCF
for Cd and Pb declined. This demonstrated the ability of two testing organisms to rapidly uptake heavy metals par-
ticularly when exposed to low external concentration. The mean Pb concentration was slightly higher in the gill of
mussel than in the digestive gland, while Cd showed a higher level in the digestive gland than in the gill.

Keywords: Heavy metals(% &%), Blue mussel({5=%4]), Oliver flounder('d X}), Rearing medium(Hl] &F2Y),
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A FEe AEE kst Jel9] §- 7] 2dE e e
g0l FUE T SAEEA S EAE 2oz RE AFE
T S HHL, 2FE A sEFoR ke A
AEE A1 1ol o] ZZHMance[1987); Preston[1989]; Clark[1997]).
53] WIEAEAR)] 952 5 30 rEdog A%
She 7hEel SuEdAEE Ho Ak B9 WAl vHow
AE] 5ol Follg T AES AT 5 2=vl(Sorensen
[1991]), &9 AEFZF| W AT Ssii b7t A, 2ol &
WA E5% 249 tigt ZAl(monitoring)?] E o] E7bE]g]
THRingwood[1992]; Watzin and Roscigno[1997]; McGeer et
al.[2000]).

LEFARD dF U HAES Ao N 5 U A
= A&, Brlshs vhoFet A7 LE8AY Fedl uek AL
1.0 (Férstner and Wittmann[1981]; Calmano and Forstner [1996])
53] Goldberg[19751= Ta5 2 315 E4 th3t US Mussel
Watch Monitoring Programs F3l Q1$14 7]€9] 2d4E4 ¥4
= F4, A Qe HE3 2R AEAE Agket, 2F
GAE o] &8 QA7 A7E LESITHGoldberg er al.[1978,
1983)). F-eiuEtlME i Y HHES tidos F549 5
gl 2% A4 9 AXBH ] 28t HrRla, of
2] 1 el Ashs AES 58 299 =& 23 98iA
S AT 4 9l vpokst AR A 997k wkete) ok &
T7F A% A FAHAHEEF[1999]; Kang er al.[1999]).

BEE BP0 3k, o8l N BAYEE o g8k e
AMA G g 2.0l AEsdell ojulgh YIRS mX| =] Ma87
o AL AHEAd digk 2 ARE A5ToTA 5 Y
HAE A7) TS R 5= ol Ao Stk (Waldichuk(1985];
Brown er al.[1998]). Wb X EAES] 21E Z2E52T gl= 444
e wiFt AEAEL A5HA AFRe] F5Wyk ohg} sjokg
ZBelr 2AEAL JFE AFsha 1ol wWE B g nihsh=
o] F23% o] E 4 Qth(Betty and Woodhead[1975]; Parker
and Wilson[1975]).

FVFDR) (Mytilus edulis)} X (Paralichthys olivaceusy= -8
ko] tixARl 218 SRt gxlE 2 @) vAdo] 7
AEAY ARARRE AAA] A9 L FEA XA Hee
oot el Sl LAEAS AGH TFAE 5 9o
(Farrington er al.[1983]) 3% F AAE Hsl AAHCZ dg
0|81l S)o™(Goldberg et al.[1978]; Davies and Pirie[1980];
Goldberg et al.[1983]; Claisse[1989]; O’Connor[1996, 1998]), %
U5 22 E ol 8gk 2@ A7) a9 Utk (Lee
and Lee[1984]; Choi er al.[1992]; B735-[1999]; 71[2000]; Szefer
et al.[2004]). Ao} F2] @] T3 32 9] wigte] MlalHA A=
F--E5 AFA% bt Al T34 40 HFEY F35 5
Tofl ofs] & PEE v e felEEs L.gol) tiE A
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R}Z o431 AT Myers et al.[1994]; Bolton et al.[2004]; Miller
et al.[2004]).

ABAES UOR ok T35 224EL A=A 5
TEE o= AR FFeheA R e AL HE
U], & ATelals AbeE o] x4 A FAERI ZFEHA| 2}
FEivet Akl AR PAFR] gXE e s Pb 2 Cd
A7 2ol B AEZAS ZARIG o2 e IFEXg WA
9 FE& FHo| dig 713 JsE oty A3 AEEA
(whole body) £| XIFHEX|= op7pn|ol Whds, Yxl& Wi
o Halsto] 7|ehd F4& FRsIsitt

2.’ =2 9 g

2.1 MEAIR & LSAMH

Aol o] g3 AT e} d2E APl wet 2002d 7
€, 92 9 129, 7812 2003 42 2 62l M7 B dAE
AlgE A SAE QA FAFeA T3 AZAIZE Al
RO A7) W& 2abE Fahr] fste] @xlE A7t B
35cm (4.5 gl Z& HF o, dx= dol7t Bt 7.5em (3.7 g)
He Ag AEsich. A A AEAEE APANA oF 499
A3717HE T, o] HHAES Pb(lead nitrate) T Cd
(cadmium chloride)E 7}3F 40 =]E] 3= 32004 25 B3
A= vz 7 10 vk, JFEAE 20 vk wE3AIH

T2 27] Fo% whv F9AEE B 79 ARrEEE
auste] Arsiglon, & APl A/ 4l gxel A
EEATL oFg Y AEAVIER wEF Rl HekE Fvh 48
AE o4 2E3 T A FYEELH s Axtd
48AI7 HEAARS R A 2sglnt. ol me} 20023 72
2 92 A Pb= 0.1, 04, 1.0, 5.0 mg/L, Cd= 0.02, 0.1, 0.5,
1.0mg/LE. 31313, 128 A&eA Pbi= 0.1, 02, 0.5, 1.0mg/L, Cd
1 0.01, 0.02, 0.1, 0.5 mg/L=E. 3t3ltt. 4, 2003 48 4 69
AgelM= Pb =EFEE 0.01, 0.02, 0.05, 0.1 mg/L, Cd= 0.001,
0.002, 0.01, 0.05mg/L% o] 20023 128 AEA =FE59 1710
2 288t 2] a8 T 20 & U9, F TS
o] 7] xEFEEE FAEhEA FEAE 104 F 28], 94
= 104 F 33 2@t

Tz #& 4 pHi= wd SAste] 1 W3kE FssleH
AIAZPEE BA9) AR o] FAEHESE e 22 A
Ao wj} 3le] ALl A 8.87H4] WojF o) ool Hu
19°CE 97 45F 24380t} pHE A5 & A3 glo] 7.9-8.2
Te 2, GB2 33~34 psuE UERYSITH 48717 Bk A
FHA| 9} Blol= kATt oA widkE] AEEHE (sochrysis
galbana, Chaetoceros gracilis, Nannochloris oculatayS: 335t}
o= 5 =71 50,000 AIE/ml o HEF 2date] M
Sl9la, WA= 9AE AlEE ok 18] Fgsisich

F 58] »E2A4Y 71 gxE 20024 7€ 2 1249, 20034
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wEAEE B8 I
69l AA Al 2], AFERE 20029 9 2 20034 42 A
A F 24 FAEgeH, o] 7R 20039 623 20024 98
’gﬂ"ﬂ’qt‘i AEE] A4l (whole body) 2ol §x[2] WA (internals),

FEx) 2] WA d (digestive gland) W op7 ko (gill) FA RS 37}
z %LE?SP‘}'}D}. wpea] A o] ARG AlEs vl S Al Bhe
& AEA 9ol X v, g9 Wahd 2 oprinE 239
U 2 AR % BEE w3 EEEE wies Bl 9

TEoE ERySIHL

22 Z25 &
wﬁ*l»«l Cd ¥ Pb %& AR § SAH 9% 55
‘j’k—i 7:“)\ }01‘ E“ E%/‘l HNO 331' H0: = 7\]‘%
o}‘}iﬂ} AA ABAIEE Az 2 et & oF 02 23S 3}
o AYE HEE e YL 5‘%# 2 ml¢} 7% HNO; 5 ml
S o AR 1 ARE o1 RIEEAIA €O, 7EAE AASIAT
olo] §71€] H7<& ¥l Microwave Digestor(Model: MDS-2000,
CEM Comp )& ©l&ste] a3t thg Al 8% H0; 1.5 mis
F713810) A3 tH(MceCarthy and Ellis[1991]). RF-go] B¢
NEe ¥ & A43%F 8438+ flame-AAS(Perkin Elmer
AAnalyst 300)Z F24 §55 S350 0 #4499 Agee
NOAAS] 3|5 EFE49] CRM 29765 Almst B8 #4810 7

il

o) ol

5o, 1 A3 cd D poell Wl 22 115%2 105% 34
£L B34,
.42 % o0&
3.1 EZTY MEXNU S35 &

20023 7€, 99, 12¢€ 9 2003d 4¢¥, 682 A A =

DX (Mytilus edulis)? ) (Paralichthys olivaceus)?] Pb 2 Cd

o] At A 23

Bl A AR gAe] A —g:L* G Table

CECCPEREEE RS

FE7) ool wiet Mk o R Frtshs Ads Hler, 5
&) Cd} F83 T8-S RTHFig 1). Pb FHFL 27 wFF
T2 0.1 mgLellAl 108 ol E1.0mgL) ¥9& HH ok 158 U

9), 271 EZ 0.01 mg/LelA 108(0.1 mg/L) =4
oA 98 pg/go & ok s FTkeR W nE L %ﬂé’%oﬂﬁ =
o) 34 o S’,M o] 1 W Cd FEL »E3EE 5 W
Yol f Zotd xFEEE 0.01 mg/Lold 0.5 mgLE F71A]
2= o oul *Pﬁ%}"*u} 3, 28 wEE ol A wE Ph
X—.S 745(021224)011 H&) o15(020708)° <kt o] =2 A
on, cde 1 &ol7} mleksigithFig. 2).
gx9 FaE S T 95 BEF i3 st okl
Lﬂrﬁ} EF—E‘EW 7= 73%"—5 B9 oH(Fig. 3), =7 ¥4
o Ba) 8% ¥UTHTable 1). Pb =EFEE 0.01 mg/LolAM 0.1
mg/LE 100 RS w A FAF2 125 pg/eelH 709 ng/g®.
2 5.7} S0, IR EFEA) S (control)oll BIBIA = 1929)
7} Fg0eh Pb =2 FEE U] %2 0.1~5.0 mg/L el AW
272 395 ug/gdl H 5,258 ug/gl. % 139 SR T, AR
thall F-3 131992 =F 5 5ot T7HERE Pb HAFo]
J—?—%}@D} o238 AL Cd =E YoM = A= Cd =
22 5E 0.02 mg/LolA 1.0 mg/LE 508 23S o A %—%’;
S 1,036 pg/gS T 2489} %2 TIVE B g
TEE W A (030425)01%%5 5% 0.001 mg/LolA] 14 ug/

o

mlm J{Nv

g9l FAL wEFEE 0.05mg/LolA 111 uggo) FAE ] gule]
F7HE et
Ago] o8-8 |A 9 AFUAE BT iEed FHEH M

k=
[e]

QESA A XA ANEET Qleh e 2 v EEwelA] Pb
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Fig. 1. Metal concentrations of Pb and Cd in whole body of flounder after a 2-week exposure experiment.
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Fig. 2. Pb and Cd concentrations in whole body of flounder between summer (020708) and winter (021224) season.
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Fig. 3. Metal concentrations of Pb and Cd in whole body of mussel after a 2-week exposure experiment.

Table 1. Pb and Cd concentrations in various parts of flounder and mussel after a 2-week exposure experiment according to nominal metal
concentrations within rearing media.

xposure conc.{mg/L) Pb (ug/g) Cd (ug/g)
Sample control 0.01 0.02 0.05 0.1 02 04 0.5 1.0 5.0 |control 0.0010.002 0.01 0.02 0.05 0.1 05 1.0
020708" | 3.9 - - - 122 - 156 - 168 172] 45 - - - 8 - 9 62 72
Flounder 021224: 3.8 - - -9 100 - 122 146 - 6.2 - - 6 11 - 13 58 -
030608 75 20 30 60 98 - - - - - 0.4 4 9 11 - 14 - - -
Internals | 5.7 19 31 86 126 - - - - - 0.7 6 8 12 - 12 - - -
020925" | 4.0 - - - 395 - 789 - 33415238 7.6 - - - 44 - 201 791 1,036
Mussel 030425" | 3.7 125 220 473 709 - - - - - 7.8 14 18 44 - 111 - - -
Gill 1.8 - - - 209 382 - 1,6171,983 - 2.2 - - 29 43 - 179 654 -
Gland 2.6 - - - 190 445 - 1,1641,743 - 5.6 - - 37 53 - 194 746 -

* Whole body samples
Cmg’kg dry tissue)

E CdJ A ?Z—*u%kc S Aot Rl o, ol BCF = Cy(mg’l)
TEA7E AotFel WA vls) 7 T4 Fgo] vl =2 A
JJ— HATH ol ?éi RS RN S oahAiel A Albe 7+ 542 BCFE Table 20 AAEISACH, 71 gk Fig, 41

o} BlAw A1 |Ae] Holaldo] thEdlA 1 99S & = TAIEIITE ¥X2) Pb BCFE A A AN wE 5Tt =
%21 (Langston ef al.[1998]); Burgos and Rainbow[2001]), @11l uw}  o}xlo] whe} zhash= 43S Bk 28U w3552 0.1 mg/Lell
2 e E R FHEE e A g Ao daEth. A LomgLE 109 Q) F 413020708 L 021224) A17]0lA

Pbe] BCF:= ZHz} 7209} 64002 vlwd zjol7t & vbd v&

3.2 MEHU S50 MEsSH| ¥ES 0.1 mg/LoA] 0.01 mg/LE 108) 22 23 (030608)%)4]
B ] 34 w SR BEARN 249 235 55 BCF i}olb 1382 Zo} {2)2] Pb 7] 0.1 mgL ©J3k9] &

o] AL g o ] S)8)od "gg%“#ﬂ](bloconcentratlon L FEAIA ER T a3 ARe] #ERlE St ¢de) BCF
factors, BCF)YE AA6l3 0m, BCF= M) &5 5Cel 94 =&FTe) uh)eshs 7Adke) F3slon, A 2 4%
& EAA RS F5(C~Compe-Coonro) FIE 31 THRadenac & £ UrE}Ur BCF 72 0.001-1.0 mg/L =255 oA 3
et al.[2001]). o) 5 Apese) @A o2 melch



TEAYE B AFYX (Mytilus edulis)®} GX| (Paralichthys olivaceus)?) Pb B Cd Z2o] @3t A 25
Table 2. Bioconcentration Factors (BCF) of Pb and Cd in various parts of flounder and mussel after a 2-weck exposure experiment
\Exposure conc.(mg/L) BCF of Pb BCF of Cd
Sample 001 002 005 01 02 04 05 1.0 50 [0.0010.002 0.01 0.02 005 01 05 1.0
020708 - - - L178 - 380 - 164 34 - - - 188 - 43 114 68
021224 - - - 914 483 - 236 142 - - - 20 242 - 70 105 -
Flounder .
030608 1,213 1,125 1,042 907 - - - - - 13,084 4,337 1,090 - 261 - - -
Internals | 1,275 1,278 1,608 1,206 - - - - - 15,536 3,642 1,124 - 231 - - -
020925 - - - 3907 - 1962 - 3,337 1,051| - - - 1,797 - 1,930 1,566 1,028
Mussel 030425" 12,145 10,834 9,389 7,053 - - - - - 16,546 4961 3,646 - 2,056 - - -
u
Gill - - - 2,074 1,901 - 32301981 - - - 2,674 2,042 - 1,767 1,304 -
Gland - - - 1,870 2,212 - 2322 1,741 - - - 3,170 2,380 - 1,882 1,480 -
* Whole body samples
==~ Flounder 021224 - 15000 T ) Mussel 020925 -
- P & Flounder 020708 | - B Mussel 030425 |
g ’ & Flounder 030608 | 3 ‘
2 2 10000 ~ Tl | *
g 0T s | |
<9 [ i (T8 |
] B 5000 1 - z
o ! ! o : 1 I
(A ; | ~ | - o |
0 o R > 0 o e .,(”"‘v‘ﬁ[ F— I I
SEE O SFTS T TSP
[Pb] mg/L rearing medium [Pb] mg/L rearing medium
e 7} Flounder 021224 - - Mussel 020925
. 5000 ¢  Flounder 020708 | .. 3000 ¢ & Mussel 030425
T OADNO & # Flounder D30608 g
= . -~
% 3000 - | o
& 2000 ' 9]
= 1000 J 5
S 0 s -—.""7’ Bt ©

d S D HE DL
@Q@@@QQQQ\

[Cd] mg/L rearing medium

[Cd] mg/L rearing medium

Fig. 4. Bioconcentration factors (BCF) of whole body of flounder and mussel after a 2-week exposure experiment

FAFER9] Pb BCFE =3FE%E 0.01 mgLolA 12,0008 &}
aglon, mE2 st TR AR o g 7o) 0.1 my/L
A o oF 7,000 712318tk =25 0.1 mg/L ©JAe)A BCF
= g o] A 4ot 1.omgl REFEINE
3,000 °)°39) ¥ e vET €d9 BCFE AALEET
0.001 mg/LollA] °F 6,5002F 714 %9k 508 & 0.05 mg/L
EEFEANE mEET Skl dhmlEEted 132 Basteln.

22 2EERolA gxgh 278X 9] 54 BCR= AAA 0
E AFHANA 52 kS eIt Table 2). =EF 5% W7t
FUS AFAI7)(030608 U 030425)004] Pb BCF= =&5% 0.01
mg/LAA 108] 2017} Wz, Cd= 0.001 mg/L mE-s5ollA] 2u)
o]e] XpolE ryir}. FuE AEA71 (020708 2
0209251 -+ AEIF BCF A= =25 57} BG5S o A%
oH, Pbe =EFL 5.0 mgLolA 319, Cd= 0.1 mg/ll w32
SollA 4549 Fd] AAE 715319

i

7], 9 5o e eS BB

Serafim et al.[2002]). H]
Uk AlgtEo)7] skt Tus

AFAPE BF e 2EE Lo 1w F 7)) B9 7 E
FAtH, 7 2%
23 AFEAE poE ¢ Yol 5E53CHE APl 53| Poi
A BAY =2 AFANE 0.1 mg/L =EF5NA 16,000 o4
o] =& BCF o] Kal ® vl 9l om(Radenac ef al.[2001]), ©]
23k AL BEo] B3 Y4d =EHYS o e AE
BT 7153 elo] 9= Ang gdgh & 380 AR w
e FEHo] AME ST AL 2o Mezoz A
A Ty Ao} Mg E odo)ehe AetER oyt
=+=dl(Bebianno and Langston[1991]; Langston e al.[1998]) ©] 7]

Ta B EA ) B2 ] FEE0) A4k F 3 Aotk

FEYRE

=
=+
g
=
1

EE Al FEgE 7R 9AE odE

I O =2 T K=
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Fig. 5. Metal concentrations of Pb and Cd in whole body and internals of flounder after a 2-week exposure experiment.
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Fig. 6. Metal concentrations of Pb and Cd in gill and digestive gland of mussel after a 2-week exposure expetiment.

FOoR sl 9AE 2003 62 =EAHAN UFS T
5 2 Ao, 11 AWE Table 19 AA5H).

b T L mEELoA AEA
(030608)xt} 28t U] & HEE Kl WhA Cdi= 1 2|7t
R3] P HFig. 5). FUEZ5E Pb 0.1 mg/LlA U&%2] Pb
e tEFEEAIE ) vis) 224) & 126 pg/g 0131, CdE F
deZEE 0.05 mg/LolA 12 pg/gO & HlEA B8R} 154 3%
oxet.

AFEA ) T1Ey FE% G wFEEsh wobe] et

3500 -
3000

2500 -
2000 -
1500 —
1000

500 —

71 Gill @ Gland

Pb BCF of mussel

0.1 0.2 0.5 1
[Pb] mg/L rearing medium

Z7V8l5d o, olriu]i= 25T P 1.0 mg/LAlA 1,983 pg/g, =
2% % Cd 0.5 mg/LolA 654 pg/g, WWdE 28 mEs oA
Z}z} Pb 1,743 pglg, Cd 746 pg/g S & YElstt), 53] F&o u}
g} 71#E 5 Aol B b oo, ca= W
ellA &7F o EQChFig. 6).

A2 oprtu] gl oA F549] BCF= Table 29}
Zt}. o7hn|9] Pb BCFE SZEgwo] uhe Wspy} Brsia] o
%o™ wEFE 0.5 mg/LollA] oF 32300 F 71 HShoh WA
°] Pb BCF %3 k&swoke] o] k] FHEEA o2
7hed wEE ol vlEste] ok SRR 2E SR 0.5 me/L
oA oF 23200.% Hrj gk& HATHFig. 7). Cd¥ BCFe oPt
ulgh Ui BT #A] wEwRelr] 7P %2 2,670% 3,170
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0.01 0.02

Fig. 7. Bioconcentration factors (BCF) of gill and digestive gland of mussel after a 2-week exposure experiment.
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Fig. 8. Bioconcentration factors (BCF) of whole body and internals of flounder after a 2-week exposure experiment.

22 71531000, F 7|9 BF wE2 T 7)) udlsie] A
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