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ABSTRACT

A series of radiotracer studies were conducted to
evaluate the influence of water temperature and/or
body size on the clearance rates and uptake rates of
Cd, Se and Zn in the Asiatic clam, Corbicula fluminea,
Asian clam Potamocorbula amurensis and Balthic
clam, Macoma balthica. Uptake rates of Cd, Se and Zn
were estimated simuitaneously with clearance rate of
clams under 3 different water temperature conditions
(5, 13 and 21C). The weight specific clearance and
metal uptake rates of P amurensiswere increased with
temperature, however, no consistent temperature
effect was observed for the other clams. The variation
of uptake rates of Cd, Se and Zn along with
temperature or body size in each clam species was
well associated with clearance rates. The inter-species
as well as the intra-species difference of metal uptake
rates could be well explained by the variation of
clearance rates of clam individuals.
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# ARA o 2= AR AAE EA8HA Ao, ofuisiFo} 2
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A AFAEL AL, 53 ouislRe) e9EA E5
59 d5g Alolols WAHR AN o] kn FAsl 9l
ch. 2 Tran et al (2001, 2002) & &% A& 5} o
o] &9} 2 99919 Wstel| 98 Corbicula fluminea
A-go] F7PH = sl=ge FrEx SR 2
HE Budla givh g Sk dYALESS oE
AvE 29 k] FU1E nEleg, £F slof oprtv)
Z2 9 AFEEE g Sl vlHEte 715 el o
gk op7vlE ke B9 40 7B =4 g %
] SrEle L9 EAY F4E8 (absorption efficiency) <
ZFasH HEg A4g UK L9EAY g S o
< vlEe] #AE € 2 ok o2l Wang (2001) & <49
olisiF FE & F-EY $E A4 Aoldle UAG
AABATY Y55 @l vk ok SHARE 19) AFelA s
o] olulish i Fol &8l MAE Aol e T4 F87 o
F& Aold] fojg AAAFE Aehr] Rk Axe 2
e A58 7ol gE F4a8] FHholA Folruzt
LA, ol JHAe] 2719 e F88 8315 ofv)

do,

A7 AxEd 59 F5gol oW J3ge A, 2
HAANAN A& T4 F5E Aelelle oujdt A=Al o
A dE A7 AL ol FojAA] F3far glct

¥ AFede Al £ oislF  Potamocorbula
amurensis, Macoma balthica 18]iL Corbicula fluminea
o] g5 7= (Cd), AdE (Se), ¢} (Zn) 9 F+&
o gt &9 Jegg FHslwAl 4} P amurensiss}
M. balthica®) 7%l 3te] LA 2719 AASHE °
4393, C fluminea®l 3% A 719 27 AL = Yr
o] o4& 49 F5Eol dF &9 FFge AR
ol& 3l olvsiF d+&d I Fg9 /15 #HA

of ohs) A7}saA) shsieh,
R TR

1. Y&
el E|AEd AAlS\= Potamocorbula amurensisSk

Macoma balthica, 183 Corbicula flumineas 20021
149 w3 MZHA A0k o AR A Aol HHF
A =23} HE-2 P amurensis®t M. balthica®) %5 % 1
0Tl 20 psu °13}2¥, C fluminea®l 7§-%- °F 8Tl 0
psu )3t} P amurensis®t M. balthica= 2A% 27)¢)
MAEE 2 A¥e) olgsiglch. A¥e) ol8" P
amurensis®] 3T 4742 1.6 cm, 3T AFFE 0.014 g4
i, M. balthica®l 37 %L 2.3 cm, 37 A% 0.078
golgtl. AR o]8H C fluminea: A7/HE Al 7j9 1
FoE Wrdedl, 2% 252 3¢ 247 1.5 emll H7F A
%] 0073 g, 78 1¥F 4% 21 emol A5F 023 g, 0
3 25 44 3.1 emoll AF% 0.61 golich

AYAZ 7HALE olusF AAEL 3 /M) & 22 (5,
13, 21C)oll AA3] <4 (acclimation) 313t} 22 3%
o 1-2CH W3lsle] 2FH AY 270 =g 5y
3, eXHRNA WY v|A F2F9  Phaeodactylum
tricornutums %)% 3333t

2. 4589 4

ojuisif-o] A& 4R Ful9) gy i EFaE
o AA &xF o]83lo FA= It (Widdows 1985). o<
9] FRE AFAT F540 gloy E AFelMe WA
A T84 A EAR Qste] 2 dge] ool e A
F21% o) g8t 7 A¥ 250 £A9 o|iiFE 1 ¥
2] wjofelo} @3 5332F Phaeodactylum tricornutums 5
x 10* cells/ml ©|8}e] z=& Hr}ak oL, ojujslF7} o3}
E A 0 ekl FHAEY FEE AfHer
ZAsHdct A4&e SAHLS AAEE oozl 7 2
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3. 7% Frdd &9
4E F59 F5EL FUYE FHAE oY =T FF
& ZAHE o83t S48 (Lee et al, 1998). A3l
o] 45 ujokede 37 kBq9) '°Cd, 130 kBq] ™Se, 212
52 kBq9] *ZnE 12]8]¢] 95> (4 or 20 psu) o H7}s}e
Azt g Al 7k £ (5, 13, 21T) ¢ 279
3% oA £ ki Ad| o83t Lxe &% AYA
L 9A 4588 34T o 35 9 549 o83l
o 7 28R AYAES M BHRaE F J.%L ol
of Y1 2 A U =243 g5l HAl A5-E8 F4%3
2, ojF §ARS} e % F $ARd IR T4
49 k& ke A €2 35 F4 8L
et al. (1998) & i< =3tk

4. 3453 An ) 4
ubabs o] £A2 3-inch well type Nal crystal detector

2 AR AebleElE  olgsigich '®Cd9) photen
emissione 88 eV, "Se 264 eV, 1282 ¥Zne 1,115 eV
oA &R Ak WA2 EAL 587 o]FFHL FH L
e 5% =|ake] 4t
Z 27y 25 2012 QJH T4 AARelE 4

(ANOVA) £ o] 8313, A+g3 34 354& e #4 &
Aol 3HEAE o435t @H A 3}
A a = 00594 olFezxn, RE FAAHQ EAX
Statistica®& ©]&3}¢lt}.
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1. 45§35 36 F5dd A 529 9
olniis}F Potamocorbula amurensis® 01"\ g2 520

uj2} —7}61— R i"‘E} (Fig. 1). 7P #& £%41 5T

oA d2% (Lgth?) & 14 = 3 (mean * S.D.) ﬁxl‘i’l',
13CollA& 17 + 6, 21°C°iw: 25 + 112 27 271319
t} (p < 0.01). P amurensis®] 7}=&, Azls 4 ofde &
FES 25 oo webd {23 7t F3e 2 (Fig.
D). 7M=& 2591 21CollA Y] 24 582 5CAA S v
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Fig. 1. Clearance rate and dissolved uptake rate of cadmium
(Cd), selenium (Se) and zinc (Zn) by Potamocorbula
amurensis incubated at 5, 13 and 21TC.
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Fig. 2. Clearance rate and dissolved uptake rate of cadmium
(Cd), selenium (Se) and zinc (Zn) by Macoma
balthica incubated at 5, 13 and 21TC.

23 Rk AAgle) oF 2.4 w7t 2 AoR Yehd,

& Wizl wE ojpEe] F7hu|Ql 1.8 Wi} 24 L}EWB}
o|mislF Macoma balthica®l 482 7} =& 259 2
1CoAA 71 Flou, 7 259 13THA 713 232, 5
dMe 238 13TMEY thr Z d58S Ry (Flg
2). M. balthica®| 7Y=8% o} F48& £ F7l we
vjEste Srleke A% 23od, ddwe F5&2 18T
oA 71 A veht &0 G| R34 4t (Fig.
2).

2. 4583 5§ F5&o A 23 NN 27)9) 9%
olvsl & Corbicula fluminead) o5&l g 522 4
gke ANA 2710 Wty o2A Jepygel 2717 e 4%
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Fig. 3. Clearance rate and uptake rate of cadmium (Cd), selenium (Se) and zinc (Zn) by smalil (S),
medium (M)and large (L)-sized groups of Corbicula fluminea incubated at 5, 13, and 21C.

=3 FHTAAE 5CAA 7}7“ WS dag, 281 13T
AA 7P w2 AeEE 293, dITIME 5THA 7HE
2L A4-88, 182 13 C°ﬂ/‘19‘r L& ApolAnt 21°THA
7P 2 4488 E3o (Fig. 3). FrE 94 #24
dFol oy Bl vebted, t=ge A5 $97, 4
52 A B8 7] 2F, 283 okl AE 2%l 1

L4
]

3CAA A F4&S B, YA BF 21THA Y
FrEE B3 (Fig. 3).

olmMlw\F Corbicula flumineadl SF&L Y3 529
A 2¥Fo] Mg 2 A2 Yept (Fig. 3). 5C2 13Tell
AE ¥ dggol 7 AkARE 21Tl e F37) )
ko) g Aolrt A9 glgleh )9} e AL nE
=5 F5EA A A e A58 245 F5E
Zholls LAE @A) Yeg BoFa gl
3. 45&3 34 F- 7 ¥4

£ AgelA SA% A T ojvlisl R A 34 F
& 7279} Lee et al (2004) °] AT F&4F (Mytilus
californianus)®| A&7 34 58§ Z2AE o&3lq F
A2l slebrlel7ke] BAE Fig. 40 A8 Ade] o]

= 0. 93) h 1‘/]—3° A
g% o = 0.90)F o} 58 (r° = 0.82) 9 &)Y} &
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Eggo] 71 Wy, Macoma balthica, M. californianus
2281 Potamocorbula amurensis®] €93 Z7}sh= A3
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7} A&l A E A4d 4= gicka Wejgt) (Robinson
et al, 1983). 8}A|qt = £ l £ A4 J3FE wHe
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Fig. 4. Relationship between clearance rates and uptake
rates of cadmium (Cd), selenium (Se) and zinc (Zn)
for four bivalve species, Potamocorbula amurensis
(Pa), Macoma baithica (Mb) and Corbicula fluminea
(Cf) from this study, and Mytilus californianus (Mc)
from Lee et al. (2004).

AR EE 72AA BB S7st 34 A& F7t
g oS 5 Aok dqatd 4 Yo 2 Ae 7lE AT
(Lee et al, 2004) °|XE Potamocorbula amurensis®
Macoma californianus® 7% & 5ol Wg o¢g9
78 e T vehdE & + Ak AR M
balthicat} Corbicula fluminead] 424 A4+§& AAE £
3 & 5 e AAY AxET 520 AATL A AT A
< olrk. M. balthica®) 73%- 5TAA L] d4go] 13T A

U rir

¥r}, C fluminea® 7% 13TCoIM9 ogFo] 21TAME
o} ZA Yehd AL 2l o3 e gAx Y AAe
Hstel 22 dubAel G3FE FHojde A 89le] A&
< JAEL vk B3] C fluminead) 75 ¥ F AFY o
Ao #2717t 59 A3 & FTHIRSAE S8,
21Ce =29 AAEc] wgeR o AEr AEHX
(thermal stress)S ol A2]a B w7} a4 E3id 49
Aego] AL 7FsAe] Sleth & Wisto] H3 g
39 §A4°% C fluminea’} B2 ojisiRRct o F& )
AH9E 2 9g 7FsAe) Ytk M balthica®l 48 4
82 5T 13ColA F3 Aol7h YRAAT 21TAA
A 2 e BArk ol of Fo] AdAE AAM=
AR g PBAEE A 5 A& Tl B Foll =3 #
g 715AE AARIL A% E3s J)E ERA 7
ojuisi#o] F Hold 25 WAHSq B AAF A7 2
#HE FobE 4 Al

Ag-gol dig 29 93 Fof ue} ch2 A Yepd 2t
olvel & & WA= sAe] 27 wet 2 A Yepd
9lgo) ¥ A3 (Corbicula fluminea 772} Macoma
californianus ©)43 712 A7olq &= vl i} (Lee
et al, 2004). o1 ogo] ded] 29 Hil A 27)
o) Wiz} w= A FA = Wil o3 4 0= W)
A ko, wl¢ ER3 A g9l o3 A== AeF |
FYE BojFE Aol

759 g uF 29 9F 94 7T Quod
el o3 A=Eo] gic shxjgt o)y Ad=e P
ok g A7l R 23 Qo] AlelH, J|E d7E
e 48 7k dAR 34 3989 T desARt F
off W} w1 A o) we} oAl A7} SR S
gsh=d) 24t} (Jackim et al, 1977; Croteau et al,
2002). £ A7 GA F& Fogo) O & dF2
Zof ug} G2 A Jepds xoqF3 vk 3] C fuminea
9 A% E GhoM W £LoA 22 F4 FeES Y
ol Ay} #E=gen ojdt FFE dAfgoly vehd
A% wl$ FABIGTL ol 24 F5g] U d489
WA BHAE ARl Ao ulE 34 F580 dF8E
of oFAMul 2AFE AL ohz} & s g F
ol F83 2AHAAY s F 5 deE B
ot}

ArEd 34 Feeae #ARYL 99 Fof 2A4E I
Aoz B} 533 & 4 e, oHE A F
k) Z4 FE Al E ol Fo3 A W sy
2A dege] F84E BT old Fig. 49 Vehd #
AN opHE 27 2331AE 1 7127] HFe A
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e 7tEga olde A% oF 0.7, AeES A5 °F 0.6°13
£l olx 48] 10 W 371 o 2% Fee2 o5 W
(100.7) ¥& Sujdich 5, ej5go] 10 ¥ F7isHAl S &
9] A7HEQ olwE S 9 <] 10 ¥ S8k =
1 o] ua} F49 ¥4 && (absorption efficiency) <=
o 2 vl AL ujdc). o|& B3 @ A7t B R @
< 22 AESE E 49 £F 3459 29 AERS 5
7V AR e 9] AEepo] o F4Fe FadA e ¢ 4
olct. ®3 oS 22 X3S o AR 3=
£ ofddo] 83202 k=Fo 1.73 A=lEe 0.652ct 27 5
oA 13 ¥ & A2 Yeh}, oo F4 &80 M 2
Ro 2 Jehgr}

AZ7A olisiie Fol WE, £ $27 A 279
Ze g9l BE 4 F589) Aol HYTA R Ao &
+ 2u)zA9) gy y) F5 5 Aol o7k Aew 7y
A olsis o gt} sAt ¥ AT AAE FH FLH EE T
Y #o] (inter- or intra-species variation) 2] Avd--o]
g Wty A9 753 & ¢ Yk ol FF AT
Zo) ©} F& £3 59 Aol¥ HUthe U2 193k,
o5} Azte] F4 &3 FA e digt AAH o]HE 513
die] 7] Ao kg

HF
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