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ABSTRACT

A series of radiotracer experiments were employed to
quantitatively compare the biokinetics of uptake from
the dissolved phase (influx rates), uptake from the
various types of food source (assimilation efficiency),
and loss (efflux) of Ag between Potamocorbula
amurensis and Macoma balthica. Simultaneously,
influx rates of dissolved Cd in both clams were
determined to compare with those of Ag. Effects of
salinity on influx rates were evaluated in these 2
euryhaline species, as were effects of clam size. Influx
rate of Ag and Cd (ug g' [dry wt] d”) increased
linearly with metal concentrations. Influx rates of Ag in
both clams were 3 to 4 times those of Cd. Absolute
influx rates of the 2 metals were 4 to 5 times greater in
P. amurensis than M. balthica, probably because of
differences in biological attributes (i.e. clearance rate
or gill surface area). As salinity was reduced from 20
to 2.5 psu, the influx rate of Cd in P. amurensis
increased 4-fold and that of Ag increased 6-fold,
consistent with expected changes in speciation.
Weight-specific metal influx rates (ug g™ [dry wt.] d”)
were negatively correlated with the tissue dry weight of
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the clams, but most rate constants determining
physiological turnover of assimilated metals were not
affected by clam size.

Keywords: Uptake and loss kinetic, Ag, Cd,
Potamocorbula amurensis, Macoma balthica.
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o A3l FHGo2A HFY] ohe 4T Bk ohiz} olx
o AU SR B SR ABAY FAAE 2o

A Fe = st 2 AefEA43 (ecotoxicology) FTA}
£} FEL ol it} (Luoma et al, 1995).

53], A Al HAshe FHFFEL 25l o3 1
78k, A f49 kgt T/ SAERS Al
53k A2 548 299 (Bordin ef al, 1996). ©|3 &
SA4o2 QI8 At Al dg SR o9& Hbs
AN F=Y Qo] FAFFESQ o)uishFot £3] o] &=]1 9l
(Brown and Luoma, 1995; Lee et al, 1998). ojvljs&F+
AAFES T FFEA FrUA o] FEXZ Az %
2 YHE olF 1o, oY MHEesos et
+ 338 W2 ¥ FL 48l o E AN E4TE B
o] ke #AS B3 B Holz ity F3 fEAS
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Aol 55714 Dok w3k 54 BA3F vl HAE
o) 2L J93hs B40E alsle] SAEAY F9Y7
2o W ZAE Frisp)ol wile A3 Azelch viF4
7%, Mussel Watch 2122 o]ujsffo} 3 £731 93
9} 1 e olusFE 297 AE (biomonitor species)
oz Adsle A7 A9 T35 ¢ FISAEAS] o4
2 mopsta 9ot (Beliaeff ef al, 1997; O'Connor,
2002).

< (Ag) € JI=F (Cd) T vz 379 Aoz
EAs FEEolth vF 1 ofo] F3] nv|d wF 5
(trace metals) °|8, ¥& Sx oj3loME FAlo] Leh}A]
dethe B4 AR AT, £ANE, 53] AXAEA
£ 52 Hg, 79 (Cw & 3 7 A93 SHE22
A FARA FUAsHAl + 2 ¥X32 Yot (Purcell
and Peters, 1998).

LFEA] AEA Pl AAA dEFE A5 H
7kked 9o 71 283 dAE AE AW sE24E0 A5

o ulxe SA4EH Aole) WA sk Hols (Yoo et

al, 2002). °|A7}x|9] e N5 d75 FMA &
< 79, 3 3 AR sl FAEFETL Hx
Foll £Ado} 714 33 T4 vz ¢2A Ut (Bryan,
1984). 223 skl AAeke AEE T 5T A &)
Aol - e SR 2elx wfS wIZE Ao U
A glow 53] olulsiiFe] 7] A= 2o A A
9l 7+8}A| ¥e-gkela #c} (Bryan and Langston, 1992). &
g 2 FAHF FES v E3 AEEYARE MEF T 4
2 E5F, 2o 7P A4 s5EE f4o71= g (Fisher
et al, 1984; Luoma et al, 1995). sl 13l &5
9] &2 AdFez odd S$29us} Fold o2 RE Py
&7 Ak A wlEel] Azl o3t 2 GEA ] Fdel of
g &Rl AAAE AEEE 9t (Sanudo-Willhelmy
and Flegal, 1992). Cherry et al (1983) & AA%E% ol
Ao g wgkzao) & A4 (enrichment factor) & ¥
s 5% Alee e Fo 2olgie vFEEY TR
gk AAEE 230 EAYE MFEEY 2 ER A
2J3 &= 9le}. Cherry ef al. (1983) & A= 2o Ui &
& A7l e BE vEE4R 953 28T %S

F, 22 A mE olu]A] Abgell A s EHA o] 450 A

Al w9 #EE A i v &
F49 FRolch 23 414 o] o2 e AHow F
AA R o]0 A B §A4 A =52 A sl
Xz 2 42#]A glch (Purcell and Peters, 1998). 18t} &
2 313+ (silver compounds)d] Helel wg} A9 w3y}

27 yepdo 2 Qs ofd Fef2 Ao 59 ==t vl
S Z9% FAlo1H, B4 oj@AtEle] o] £A4ENAE 7t
A YA 4L 7H= Zew 4¥A i}l (Hogstrand
and Wood, 1998).

RAEYF] A ol45x) = 27 Jl=FE AE Aol
2% 2A5E 54& L35 class B metal® 75+
EXE4 9 (Mason and Jenkins, 1995), ojute]ojujo]y
o] ubggiel e 2 A4 QlzHRnl ofe} HYAE AR 2 ¥
=3 glch (Clark, 2001). 53] ouisiFo whsf FdAg 4
gd E4ERE 2= Aes ¢¥A otk (Brown and
Luoma, 1995). ¥utAQ] v]Z249] speciationS F¥ 5
To] 9L ton, WEFEHS 45 M 9% =4
g2 whec} (Fisher, 1996; Lin and Dunson, 1993).

AR A% ZAER F5 2 550 9% vAE &
ol ceksic). 4, pH, 4313144 (redox potential),
2257k, 2%, A4 o] (competing ions), AAAE
9} Holo tfgt 713 (food preferance) 5 tiofit 37A o
olo] £A5}19 (Bjerregaard and Depledge, 1994), ©]$]
88 AEA YE g9 ALY 27, 44, s
g), Gk, AAe o Al Ho] F2 Y &
9Je} (Luoma et al, 1983; Wang and Fisher, 1997). ti¥#
o AEA B EAGTEE AYAQ AR A
Fdod AL AR 7|7 54 FeE HrHE. 2y
thd el olusFe) AS AAE o ol 2 ERA =%
2 4 9ler? wrizke] AASA Add AAE 3 ¥
o] Gk Hrshed SAE JHAL Ak w3 APRE 29
3 g = £EME A7 Ae3EE 43 v 5
Auke Zlx AAEA QA7) AN Dol & 4 Ao
(Kim et al,, 2004). 23|28 FI&0% 945 A%
AAlSEE AR gt 9FE drdhed Yol 55 F
A2 9 58 offsk: AL YSAHA S A
oz, 2% 739 A} AN = - F 23 (Yoo
et al., 2002).

AAYE Macoma balthica®t Potamocorbula amu-
rensise 71590 MAsE oA AT g
5 dgke] M| g REdln, fASHAT 22 o)

= Z%0|t} (Cain and Luoma, 1985; Thomas et al,
1998; Schlekat et al, 2000; Werner 2004).

2 AfoMe el Azl dEFd o]
Potamocorbula amurensis®t Macoma balthicag o)
g g2 23 7t=F9 AE5F kinetics £UEE
stn vlastnA} sigoh 23, & 475 st W
A} (radiotracer) & #&3l= 7S ol43te YA 2]
ekt 2ol (MAZFIL T4 HAE, d9ed HEE 1

fo o

4 oox 3
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[«

_48_



Korean Journal of Malacology, Vol. 21(1): 47-56, June 30, 2005

311 nAz2F 5) 3 A= AUl SojgS wle) BEo]
X (bioavailability) & 93524 slgich 28] =3 A
"1‘354 Fas5 AE 5 4L vAe derd 34 o
AEE Uy 230F 5, AEY V)9 g9 FE9 9IS
Hrslsich. o= Aw Hsle F42) A Helo| Y¢S
A oz wdslon AEe] 27 dAHEE AL 9
& AT A9 Sl SIFRsE 14422 4E A
=335 &9 A4l vlE&S (turnover rate) S ZA5p)
A9 219 ol PRASIE 48E FAech. olhRe 5
7d& 3L opluE 5 %EH F259 & 735-‘4 24
A HHEH Holo HAE ¥

M

GelA BT 725 W8 AL 55 S52 A4 A
& AT B ALY o $25 dade ey}

& S22k ghel A A 3
2, 97 943, A
W S22 Frisigk

w4 Hol FAER7 5T =4
W) A TEEE 2947 F R

Mz A Y-
1. 4HAES) 29

olmi#|F Macoma balthica= infaunal facultative
deposit-feeder 24 7= AZTHALT T Yo 9|5}l
Palo Alto ZHe)d ARSI en],  Potamocorbula
amurensisc F949 AIAAZA Az AT 9 BF
B ZAAxARE (USGS) A7] #35 AA & 3 3 (Station
4.1) 9|4 Van Been grab< o]43}9 20014 2%°ﬂ A6}
Ao} (Brown and Luoma, 1995).

AFYEL AE 1579 Aol AR, AP AFAE
- ’:—lfﬁ"]i 743 449 sieg o]gsle el £ HA
=% Ak, AFAE Ao dE5= 79 (2.5, 5, 10, 20
psw L5 24 (100)0l 1 FLoll 24 DA £33}
Aok, A3k B i AA ARt HR2F (Phaeo-
dacty]um tricornutum) S Ho]E THF3lgr}. Ao o]L
9 e AdelA A 34 (34 psu) £ 0.22 pm %
7tERAE o4 H#H3}y, 33} FH4 (18 MQ) & o|83}
of 343 T ARgslck

2. &9 331 e 54

Holo] Ffo| wlZ F3AaE (assimilation efficiency;

AE) 9 #o|E ZAslr] fls) WA S99 MOmAgs)
%Cdz 2219 ekl Hol4 (algal-rich sediment, sterile

sediment, algae) & Potamocorbula amurensis®}
Macoma balthicaZ Ao 2 oF 1-2 A7} AL AAA7] &
pulse-chase method% °|-#3}9 AEE ZAsgc) olvis)
£ Aol B2 ke WAEE SAARE Ba) waE

2 whEd 3, delglt Akse A7
of 539 Ao JFok

A

st ol E AW

3. &3 =) §58 §

Potamocorbula amurensis®} Macoma balthica® th4t
o3 82 (disssoved phase) 9 23 7l=Fo T+&
(influx rate) 2 tjokst d8=x =7 (2.5, 5, 10, 20 psu)
o ojuisl{F-E =EAA FA=HAL FHES S A9
Fal9 sl A B494 1Age} “’90di FAER
o AL (stable metal) £ 0.1914 10 xg L7}
A 5 748 T FHIE e 2E3AZ Y A o4 W)
Fde 23 sl g Ao w HAH gELANE ey, o
£ IYAA AY FelE dedch A F8ldaE
A ENLL0] FAAR o] g on, R FEE 7 A
gl 1E 180 kBq gt}

Fgol 4 55 v59 e g9¥dd ds A (D)
& o3t FA= I

= kLGS 1)

AN, Lz o)l AWRY $345 F5E (ug metal g
[dry wt] V) & 9Jvlsld, k& 334 432 rE AUz
Frse 280 W3 A, Ge iFﬂ Fol Eolgle F25
8 5=, bt AR L% GAole] 214 %4&74]«1 %
AL=E o)t} w8 2 E ARAdlA AAE, be 19 7}
7HJAT} (Lee et al, 1998).

T, FrEd dig Y59 27] AnE Hrlsh] 3 v
A3l o2 A (2F o83t AdBAE E43I

I = aW* 2)

o714, a& AH
[dry wt.] d)$ WALe]9] AaollA AxeE o

Agold, = 212 %Y I (dpm g’
)i},

4. 2o wj@&e {3

Aol F31= 2o gt AHYE] &S (efflux rate)
<59 ¢ 2oz 4% xR HAE, 19 S5
<ol 22X F, olF 2149 F IRE EE A €
(depuration) Al7|HA A3 gy HojYor o]fsl x
= Phaeodactylum  tricornutum®] 2", 0.22-um]
e 2 7" 2 liter®] 3ol o}d3} EDTAZL AAH /2
gl S AHEsle] FAAFon, FAAAY F FETEE
20 psu® $HFYch  wjkde 363 kBq '°Cd # 265
kBq """Age] WA $404E o)gsle] EX|stm, Ho|g
A= ek AT HYAR B3 I oF 49 F2lo|
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Table 1. Assimilation efficiency (AE, %) of Ag from three types of diets (algal-rich sediment, sterile
sediment, algae). Two different methods were used to calculate AEs.

Macoma balthica

Potamocorbula amurensis

Algal-rich Sterile

Algal-rich Sterile

sediment sediment Algae sediment sediment Algae
AE-1 223 + 1.8 22.1 + 2.2 17.0 + 3.3 142 + 1.1 17.6 + 3.1 16.1 + 2.2
AE-2 27.0 + 4.1 31.2 £ 5.0 23.5 + 6.1 16.7 = 2.2 20.8 £ 5.0 19.8 £+ 1.0
Mean 24.6 26.6 20.3 15.4 19.2 18.0
AE-1: Ci/ Cy AE-20 Cti/ (Cr+ Croces)

where C; = final tissue activity; Co = initial tissue activity; Cres = sum of activities in collected

feces during depuration.

Qon, HYF7]E 16 h: 8 h o|3ler, 18TE =A4H W
7] FellAl BABIAC). wjoksis Bt wlkE 1§ 1R ¥
W Ax TPgA EFEe] HEEFIE) SAHE AL YA
fom, 71 23ho] &o|¥ = I F FSich

MBS ok & WA EYULE EXE 1 liter
o AFEFAES T @7 98557} 20 psuolH
0.22-um EE 2 A7 35 5 liter7} GAYE F2] 27)9
A dokel. agz $48 60 A wjekle] 747 &
EAZoH, £ 10T Atk 497 == gl 7149 )
TE AR 439 52 wAEgon, YAAAEYdAR
XS AEEHIELS 2R GATG 79 o A
FTHLAR BAE Holg} djpel] 227 F, ARE 4R
7 izl Eolge & odE dAEL A3 dlF ol43)
o AARGe olF 2AELE AFE 4319 5 A9 27
IFoE SR8 ke 23l 24 4 7 o)Ae] HEE
5 719 1Fo® R3], 2718 78 F v d4s)
ojuisi Aule F WAEE EA3AY. WollE aFES
2R} A7) ke AR 4712 S, SAw4 #
EE o]&3le HAEAS AAY = YEF 29 H5 &
FrzolA 21497k @RS Algsdt. oHsiF Al
o ¥%% 3550 239 £ U=F 21497 P EAR
28 BAEA] & 7R3 Yol (Phaeodactylum  tricor-
nutum) <= AFEHA 2147 wjeFsidct.

=% (depuration) TH4& AYsh= Fok 7P E BHI
7t 2552 Y A wabse] E45gleh. a8l £ 21
del gAY F 1, 3, 7, 10, 16270 F292 3 A A

£ Ao i3 A YAs F2E SAsL ¢
AAE A= 219 595 A9 27 2FANA AR 4
7t 4 AE ZE SRS F, olislF Wi Alue £ dhabs
& SRt oluisiR AL} BARse] Al71el 9lejA A)zE
ol W3} Fol= Fr|A o2 33 7 A9 WAl
EZAQ%t] AL &g oL A3l Tl 18
o] B olulisF 222 60T2] Az AT FA

Do mle 2

7 2 ) AzAA AFFE SR

5. %452 3

HFAls  (radioactivity) & well E}Je] Nal ecrystal
detector”} FarE 7o} 5}LE]E o)l ZAs)g) WAL
A B2 cdel 9% FAAY & (photon
emission) & 88 keV thgjjA, 1mAgel] 23 ZAR &
< 200 keV Hgellx SA= g} FAA eS8 YA
A7Vl digt FAHA TS 53 Feolfen, doA FEL =
& WAbs A71gl W3y 248 53 dpm (disintegration
per minute) °& AR ct HFAHoe F&o| F5EE
ug metal g' [dry wt] d'2 E&3}glch

g I

1. 9] Y 29 §3} A §

2 AL Al £579 #o| (algal-rich sediment,
sterile sediment, algae) o] £A5}= 22 F3}a 8L &4
sl9t). Al¥ A¥ Macoma balthica®l & £3 & (AE)
< algal-rich sediment’} 25%, sterile sediment”} 27%
a2)3 algae’t 20%% Yehy, zb7b 15, 19, 18%F x®gl
Potamocorbula amurensis ¥\3] 25 A el
(Table 1). 5AA o2 7 $7° 29 F3EE& (AE) 9 #
ol HAEE Hol2 & Ao Al veldAl wAxFE
Holz 3 F5ol AdHez Al Wl M balthica
9] Afe =AHE Holo EAsh: &9 AEY} vAHzRF
EAse 238 Z 9ol P amurensis®] R$-ols Hrt
& AolE RolA oot

2. $&E LH =89 &5

oluislF AWE &3 Jl=EY] FHEL 3NN £2
FE7F 37K w2 Fuksle Ae® JeEhid (Fig D).
Potamocorbula amurensis’} Macoma balthica® v} 23}
FtEF] ol JlolA Ao s wE Zog eyl s}
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100 )
P. amurensis

I"w - 6‘58x1.|59’ r=0.988

M balthica

01 I, = 0.226X071,12 = 0.992

Ag influx rate (ug g' dry wt. d)

001 vl 5 [ B T E § — Loatearal
01 1 10
Ag (ug L)
% ! P. amurensis
< 1,=0.184X%¥, 2= 0.989
£ o
&
g 001 M. balthica
=1 . = 0.020X0410, 2 = 0,958
é 0.001
£
8
0.0001 pdtal " TR WES | i P U Sy |

01 10

1
Cd (ug L)

Fig. 1. Relationship between influx rates of Ag and Cd (ug
g"'[dry wt] d™) in Potamocorbula amurensis (B) and
Macoma balthica (@) and dissolved metal
concentration (ug L™). Each data represents a mean
of 6 composite of 1-8 pooled clams. Error bar
represents standard deviation. Log transformed
metal influx rate (lw) and dry weight of clams (Cy)
were linearly regressed in a power function.

=52 P amurensis’t M. balthicad)] ¥)3) F 8 #)} w}=254
E4ae Ao Vel %3 P amurensisol 2% 29
E48S M balthics®) V13) 28] 30 WL ME FE B9
F 3 EFIEREY 2% o WE SEF Iske A
8 yelitl P amurensist FFEFel 8]3 ¢ d)slo]
o 40 ¥ A= wWE F48E BY0w, M balthica: °F 11
W A= wWE F4sS BYoh

Fogol Hg AE 27 (AFH EAE SH) Y3 =
£ A48T A B394 F4E ARE A oisiF
A A5 3 A (Fig. 2). ©)AL 34 S Fo
Qe 23 slefe w9 o)vllsiFe] gl AA AAH
Ao Agen, BE Ae)PEo] £7)4 FLT WAsFo R
L2457 wEe) 7heg Rolck 1 AR, &3 sl=FY F
FEL ouiiRe 2] (A5 = o ARHAE 2yl
(Fig. 2). o]AL o} d7AReds A3 AHAZA (Lee
et al, 1998), A% Eol4dE& Z+= HAE (metabolic rate)
7} 727]9 Wo] wliEsl Ao® vk A oj&E A4

£

o T1E+007 | L -
< S
5 P. amurensis -
re) 1 = 15.14X08
g 1E+006 E . .
; i '.- ... &"‘l ."'
<
: L Mobanhica *W o0 T
B oeos | L=11.48X5: o s
r 4 |
_— - .I ‘ -
B 1E+005 | ‘——-L.__IL.‘_‘_._"_:_.__
.i' F . = n - - » »
L ]
5 [ P.amurensis . .
B | 1 =1068X0% :.-' . .
.
-.§ 1E+004 |- <t sl ta,
3 M. bafthica * ?:.-.-'-
: 1=7.70x00 ° "2
2
1E+003 e L PE TR SR R S |
001 01
Dry wt. (@)

Fig. 2. Relationship between influx rates of """Ag and

Tissue metal (ug g* dry wt. d')

Cd (dpm g-1[dry wi] d-1) to Potamocorbula
amurensis () and Macoma. balthica (@) and dry
weight of 1-8 pooled clams (g). Log transformed
isotope influx rate () and dry weight of clams (W)
were linearly regressed.

10
X Ag
1k
01 Cd
i P. amurensis
0.01 1 | i ! { i | 1 ] J
0 5 10 15 20 25
Salinity (psu)

Fig. 3. Influx rates of Ag (@) and Cd (M) (ug g"'[dry wt] d™)

..51_

to Potamocorbula amurensis from dissolved phase
at different salinity (psu). Each data represents a
mean (+ S.D) of 6 composite samples of 3 pooled
clams.
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AAANA Potamocorbula amurensis® 71€7) (¢) ¥ &
o] -0.01, 7t=F°] -0.02%2%, Macoma balthica®] 73
29} -0.04, 7}EH°] -0.08 °|ic). oluisl R 277} 23
Fleg] F4g¢ vlAE 9L P amurensis Rt M.
balthica®\q © ¥+33HA] Yelsict.

2 QAo 23 A=F F4ES 98 Ut Tl
oe} A2 Fadhs Ao Jehdd (Fig 3). 284 29
734, 5 psu o|AolA Fdo] AR FEI FUHEA A
ke AEE 29l vk, s B dE $=9 2.5 psudiA
A Zasle AL K9 ol Potamocorbula
amurensis® °}4 (Zn) o W3 F5&s FARS W%
ALgE Ak 1) Fl=F2 2.5 psudlA 20 psuE G F
57} ZokeEA 82 o 5 o) A= 748 (Fig. 3).
eo g8 2r7} 5 psucilA 20 psud F75HHA F4EE

100 A)'Ag on M. balthica
i

100
B) Ag on P. amurensis
——@— Algal-rich sediment

—a—— Sterile sediment
——a—— Algae

Percent (%) metal retained in clam tissue

{
|
1
|
[
|
T
0 20 40 60 80 100

T T T T T
Time (hrs)

Fig. 4. Retention of radiotracers, """"Ag in the soft tissue
of Potamocorbula amurensis and Macoma
balthica following ingestion of various food types,
algal-rich sediment (Ill), sterile sediment (@) and
algae (A). Each data represents a mean (x S.D)
of 4 composite samples of 3 pooled clams.

oF 3.7 w) Ax ZAsgol

3. M 5319 22 med

B QoM olo] FF] m} 29 A AFATe] Yot
A 4 9ges ¥az=3n 9t} (Fig. 4). &3] Macoma
balthica®) 7% €5 vAZFHE AARE o, O& 3+
Rt} 7] wjEo] wgtow, Potamocorbula amurensisc
oAz 5e} ElF o] At HolE AARE W 7H wE =
7] MiEE 2 (Fig. 4). 7 5 2F <537 538%s
AL o &9 wjEo] 71 A vepda glon, o)+
9 HAE Yaet s 2o] o el ojujsiFe Aol
¥Z2HT YL odFE Aotk x7]9] wE wiE o]F dAdl
o] & ujEe ofw] AMule] w55 22 YA Ql turnover
of 71913 wiEE 5" 4 Yok

olvfslis Mol FHH F42 wiE (efflux) & FF5H2
A AFAzel g3 GaFe vl 27)0) wE e
2957 wjZe] dut EA o)W (Potamocorbula amurensis
9] Ao 27] o 20 A7)y, Macoma balthicas 27] °F 40
A7Y, 2 0)FE L GEAY wig4 st LA 27) WE
&AL ojulsi{rt AHT FFEe) vIH Al 554
F3lu wjAER A2 wiEsEe Ao AYY 4 lon,
olsiF F F2] Holo] A MFAZL o] AT frAMEItL
& 4 gioh

olusi o Aulel 59 9 wiEE A A ol
9} sfigol) B E994E BAR ¥ 5UT xEAZoH,
o] AL E3) Aol 5 & 2147 SAAA ¢
olufsife] AUizyE dARez #iE=HJT (Fig. 5).
Potamocorbula amurensis= 23%A 7] 29 F9,
Macoma balthica= %7] 49 < 7} wk2 A Aule)] &3]
B &g wEslgon, 1 olF AT S dAHoE w
2 39t} o] BAL ouslF A WEES wiEAE HA
oA o}z AUl F4EA e FEEE0l MAEER viEs
+ A AR Qi) ouisiFe Ael ¢4A3 FEH FF
£ wjge bR oz ve|A AYe| =z, Al F5= A
oy 27l wjAES F3 wiE=le 2 B3 AAE 79
Haprt 2z 24 gk olusiF Al 52 FE59 A
24 turnovers Yz} Ae¥eR FAY £ glon, T 42

et 2ot

Gy = a™ (3)

4714, Gt 27 toll olwishi Aol delgle 2 dEAe
Bl&E el at A, ki WESE A vt 9
Wl F ole] ) AF AZHE P amurensis] 7% ol
A F o 2447 7HA0l®, M. balthicas 124214 96
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Azt Azl Aoz X 9t} (Decho and Luoma,
1991). A (3) & o83 AXg 29 W& £5 A5 P
amurensis®| 7% 0.044 d'0|9.2™W, M. balthica= 0.025
d'e)Qc}k (Fig. 5). P amurensis?} M. balthical )3 %
59 F59 wiElA AHez wlE A3k vt

U |

A0 A BEYFE A3 Hr)sla Bds)r] §
A= AEe] A Ao EAEE 9EAY 9
=28 A8l 29EAE FA%E v 2 S5, A 27
& 2332 AR vl AT diF $H¢EQ 285} g
7 =ojolgit}t (Chapman, 1995). £ 7oA 7]l4dd
AAske 5 FR9 394 olvlsl®<l Potamocorbula
amurensis®} Macoma balthica® Ao 2 2.2] % 4 )
T 55, 231 5345 $5o 9% vAe e 43A
e 27] 9 4€9 AAE Frlsien, £ o o
ol &S 24AA HAANZ F, Holo FFol wE H)
Z £x9 AolE A3}

ojulisf§-o] Blo] A& Aol W& wAAYE)7] Wi
B G A et & S Qi 53] o]vjy)
T A THAIgle] diAll W k) BE sty 9o
£ A33ke ARAAEA E3 YA} 3 oprn|ny 23l
o2 Fy=o] AEers B8 £5oly A3t AF Ay

2

ol

e

ow Ag
L.
04}
§€ i 3 M balthica
? g - C;,!( = 046049'8'025:. r2 = 0985
s .g 68 |
c
£g |
€%
8 5 12
'§ < P. amurensis
T C, = 0.530e 4 2= 0,969
sl
2 1 ! I i L L { i i J
0 2 10 15 20 25

Day

Fig. 5. Retention of assimilated Ag in the soft tissue of
Potamocorbula amurensis () and Macoma
balthica (@) following depuration of unabsorbed
digestive materials for 2 days (P. amurensis) and 4
days (M. balthica). Each data represents a mean
(x S.D) of 6 composite samples of 3 pooled clams.
Linear regressions were made between fraction
metal retained in the clam tissue (C) and
depuration time (t).

of ¥554 #ch. LAEA 299 vAHRF] A4S 23}
9 AL AA Aol FEEE u, HEEL Yl
T4 egeAo] 231 AE 53 £ o w24 F5d 7}
A el HHE 29¢] Holo] edr) o A%t FIFe
o)A £ glon 49 Fix o w2 A Yepd Aot A%
o]l 845 %4 (free ion activity model) ol <43 Di
Toro et al (1992) 9 H¥E9 (equilibrium parti-
tioning) ©]&L I do] £FEHRE EAske $E4%
ato] AEolAl J¥E vty FA) A & 97
A £3d $357 34 299 HAHES T3 9o
AAE FHME S350 552 £ Y% 2P0k Yoo et
al. (2002) o A¥= Macoma balthica®l 93 £3% %
< Ho] A4le] b FFAREL LA AoE &AL 9
th 23K g4 2 W 54 23E SAY o, vi=A =AY
5 X33 Yol AL T3 JFE nysiof ). mAx
Fu EHAEI 22 dAA SR A g3t 29 FHe
2old] FHU AE AEFT e g 5 Ut ARk
ojufsliF-2e] Hol2A wHEFY EAE YAk 442 o]
Y 3o AMAEAA A9 GUFARY F2E o
A Fag 8908 wH= ookt )} (Luoma et
al., 1995).

.
5 A
o] ohd FEAA FHol JUFE RAFE Fojn
(Roesijadi and Robison, 1994). o]uljshf&ol o3t 24 3-
Fof g o) AFEL ofuislF- AN FEFEE
223 7150 vk ZEJEx v} (Phillips, 1990).
w2bA DY A7 ek olulisl R oprlulE BHsle B9 &
o] F=% Fgo 3 9IS vAdz & £ g
(Borchardt, 1983; Riisgard et al, 1987). E3} o]uljajj -0
g a5 F4e F 5ol EAlsty, F Soldde
Apg, o] BHA & FE& o)) HiE oplv] Ax
ute] £4& Fo] 8.8 99102 248 Hojt} (Lee et al,
1998). Macoma balthica®ll ¥|3] v W2 ko] F245 &
3t Potamocorbula amurensiss A28 M. balthica
Boh o wlE o5 5L /AT low, oprlule 2] 2
W= o] 9t} (Gilbert, 1977). Wang ef al, (1996) ] Az}
T 9AF Mytilus edulis®) % $EH F34 E5 A4
(k) 7} Cr (VD) (0.1) < Cd (0.365) < Zn (1.044) 2} <4
2 7Bl ddx vayd. ¥ 479 A= M. balthica
2] AL £2 0.225% HXFo A8 Sl F 5 Aur) Y
< & 2GR, SfEELS 002022 EXFY] AFE FNS
o} e A8 wat) P amurensis®] 7% 20] 6.582
5o oldnc} & & RIYY, FIEFL 0.164% T E
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9 sl=g EF4Abpr kel £ A7) A7} xR
leg FeNE FHNE W, M balthica < P
amurensis < Mytilus edulis <22 J1=8& @o| 5%
AL ¥al)

7] B FAE Ao|st 2L ofuisiF A 7k WHol:
Z349 AESSOE W2 IS vAH (Lee et al,
1998). HiAF o B A7 AT A& 27 Be 7
o} AESSE 7l 9 ASAAl 8% 23 (Ringwood,
1989; Wang and Fisher, 1997). 7|&2] d3A7 oA AU
Z24 I AR 275 9T g3 AR (o
£ -0.3 - -0.6 Mgk 23y £ d7olAE -0.01 - 0.08
o] WS R AdAes AE 279 A= AL Ao
yebgtt AZ A $54 g A& 200 9 A
FAE Boje AL A7) & A& Alo] (Ringwood,
1989; Newman and Heagler, 1991), £+ o}7}0] 2349
#}o] (Wang and Fisher, 1997) 2 A93 4 Qi) w3 A
B0 a7) ® FA7} S71PA AU $55 550 £
=E 22 gold A5 23 sl avtel ARk o™ A
AEo] ARE A% olvA9] 272 o g k] £2 o5
&7) ggel Aoz ¥l dukdow 2R JAe] AAE
o] £ AR} w2ch= Ao o] AAE Aty U
(Hamburger et al, 1983). % £34 F487 9488
EAol A £ gdd § ] AARAE £ o 43 9
3 3 & Aojrh

718y sl a4 A3EE AP 9E 55
of o3 738lA g3k uheth (Luoma ef al, 1995). £EE|
549 AE o452 dg 39 T FeSrEEch A
ol& At Fa&Y ¥+ AAUH (Di Toro et al,
1992; Campbell, 1995). 35 S8 22
thermodynamic 22< 53 3l FollA e d433E
(AgCl’, AgCI, AgCl*, AgCl®) ©] #% (dominant
speciation) < °]§-°| 983t} (Cowan et al, 1985). 17
3 sk SRl 29 A AESFE FEAeR
29 £4 d433E (AgC) 9 B AEo)4E mRott
(Engel et al, 1981). o]0l w8 Fl=F-2 sl FollA A
Aoz ofsA gaol (C) B Ak Aoz dA o
(Lee et al, 1998). ®3F A= 20 psu?] sl A 71
=F o] (Cd*) & a1y 2dlg 7|22 P& o, F &
24 Jt=F9 5-7% +F2F Y 5 9t} Blust et al,
1992). el Wkl ¥ F=7} 0.01 psu ¥ FollA 2}
4 £ o] (AghH)S 90% olAelt} (Hogstrand and Wood,
1998). &3 B Aol Potamocorbula amurensis®)A
FIEFo] FeAeR 29 FeaaTt 7 40 W =4 5
A RAx olg FAlsh: Ang Bt

31k 2.5 psudlA 29 A 3o 5 psudllA 2t @A
vehd 94 AR AEE 293 A3stE 8218 ¥4 2
#jsijo} 47 7V53ich. Potamocorbula amurensis’} A4
7h53 9 H91E ¥E 05904 30 psu® - QAR AA)
2t 2 deg Hol: A JEHMAE 5904 20 psu
Azz 4A ik wEld 25 psudlld ARE P
amurensis NAEL AQELR A7 Aa 2225 ¢
ok 7HsAde] 9la olol wel #& (clearance rate) % 2
o] 3% F48o 9FE WA 5 & ATH Ae] A4
A3 5 psudllA ARG AT B2 29 T4 2
the 80| 7hssict ot 593 9% H3l 9E st=w
580 & E4ed o A 29 AL 2 7
Q¥ W3yl 23 sfe g EAFH diEl nxe GFel H=
7] el Ao Rt} &, Frlvkhe] o] gk /1
& o), 2.5 psuclA 5 psu® F7FSHE B AL 29 A5
AgCI’9] ulgo] 294 AgCIP$} AgCls™ 9] ul&o] $7leh=
Wl FlEge] A4 Cd* el W&ol £3 CACl'$} CdClLee
Hlgo] F71e Ao dAEE), o9 & g¥ WHalel w
£ ZAPe 9] Wz} YEol45e vlx= G Aol
ugo] ZHashe FlTgel QoA o F Aex FAd.

ojuflF MR FUH FFEEL A Al F5HA
dx A el HEY gu Aol SAAAL T3 w2A A9
2 uiEsy, 1 o)%F 13 £59 FF& wEHAL 14 A
32 T o] /bt (Fig. 5). 282 £7)90 Al
Yol 3557 @ $359 wiEd 3o AW 552 55
9] wjgo] A2so] 1 A9 Aoz s”o] rhesict. 1Y
2 d3e Axe 2/pER 3719 wige] Ee= o Yehy
o} 24 13 A53eE o83 FRE 3] diEed T3t
Ack. £ Q79 AN 27) wED 3] wiEe] WHAE

= olullulF £E52] AAQ turnovertt AE oA
o340 By 53 g FEFEY F 5o4d FE5 o
g x&7)7ke] &< v} (Cutshall, 1974).

Potamocorbula amurensisst Macoma balthica®t 7o|

A XA AN s oiislF A B AHTe] o)
=BT 2L FEA S QB o3 B 2B AT} o
Ax M3 HEAE HrlE] e olE T FE5 F5
oy wjEgo] $AH o ZAx=|ojo} g} & AT A
2 npto g Aol 45 FE49 £E, 233 o8]
Hal= S A AAE dolA] aAez e gEAL] 54
AL Hrlsta 0|5 FAEE 71EE AAE = A Ao
o} 2222 goRe 47k ofF oluisFe 3 A&
22| A} Aol digt B} U2 oHE HHA AT =
+ A3 $20A9 Q7 dA=ejof & Aojrt.

|

O
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