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Kinetic study on the bioconcentration and elimination of
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ABSTRACT In the present study, accumulation and elimination processes of two metals
(Cu,Cd) in Crassostrea plicatula were simulated by using the two-conpartment kinetic model.
A semi-static system was maintained throughout 36d exposure period in different concentrations
of heavy metals. Kinetic parameters of bio-concentration were obtained from the two-conpart-
ment kinetic model by nonlinear curve fitting for the two periods respectively, including uptake
rate constant(k,), elimination rate constant(k,), bioconcentration factor(BCF), and biological

half-life(B,,,). It was found that the metal concentration and elimination were well fittted to the
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two-conpartment model by using the goodness-of-fit test. The results indicated that: (1) In the
uptake period, the uptake rate constant and bioconcentration factor of heavy metals generally
decreased with the increase of heavy metal concentration in ambient seawater,and maximal con-
tent in the organism(Cy,..)at the theoretic equilibrium increased with the increase of heavy met-
al concentration in ambient seawater; (2) During the elimination period, the uptake rate con-
stant of heavy metals and the B,;of Cu in C. plicatula were decreased with the increase of
heavy metal concentration in ambient seawater (uptake period), and the B,;of Cd in C. plicat-
ula had no obvious trend with the exposure concentration; (3) The Cu bioaccumulation ability of
C. plicatula was higher than Cd; (4) The bioaccumulation ability of large-size C. plicatula was
stronger than small-size ones, indicating that the differences in size of C. Plicatula had no sig-
nificant effect on the elimination of heavy metals .
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Fig. 1 The bioconcentration curve of Cu in C. plicatula
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Fig. 2 The bioconcentration curve of Cd in C. plicatula
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Table 1 Statistical information to assess the goodness-of-fit of the two-compartment models
applied in the bioconcentration of heavy metals
' W RE "
T i | RE fr it g 9 9 F i
- Concentration R? X
Heavy metals Size df F value
(mg/L)
0.01 8 0.916 0.91 219.74
S 0. 05 8 0.965 0. 38 487.11
Large
Cu 0. 10 8 0.922 1.51 213.54
0.01 8 0.917 1.41 237.94
N
0. 05 8 0. 960 0.18 400. 62
Small
0.10 8 0. 959 0.07 321. 25
0.01 8 0.974 1. 68 537.74
S 0.02 8 0.969 0.41 435. 82
Large
05 8 0.981 0.81 568. 56
cd 0.01 8 0.973 0.03 534. 84
N
0.02 8 0.971 2.29 343. 86
Small
0. 05 8 0.983 0.58 693. 25

2.3 B Cu.Cd HESIH NFHME
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HE— 2P HE R HAl 3 /2% S8 BCF By, \Co e (R 3.8 4,



%55 G HEAE KB A K A b TR AR A B e A Sl ) S R 69

K2 WHEBINZRBAATEAGEANESERITIRUSRERE

Table 2 Statistical information to assess the goodness-of-fit of the two-compartment models apllied in the elimination of heavy metals

W
EEy HAK - H ) ) FA{H
. (mg/L) R? X?
Heavy metals Size . . df F value
Concentration
0.01 8 0.925 1.5 355. 44
x 0.05 8 0.982 0.63 2 014,97
Large
0. 10 8 0.948 1.33 1085.3
Cu 0.01 8 0. 927 1.17 405. 45
N
. 0.05 8 0.970 0.75 1 100. 45
Small
0.10 8 / / /
0.01 8 0.937 1. 04 2 671.25
x 0.02 8 0.923 1.56 667.76
Large
0. 05 8 0. 960 0.78 1993.58
cd 0.01 8 0. 887 2.03 562. 8
/N
0.02 8 0.951 0. 46 1 015.69
Large
0. 05 8 0. 965 0. 54 2 459.06
3 BEEMBEEEHN Cu.CdEEFHHNESH
Table 3 The kinetics parameters of C. plicatula at the accumulation phase
L4 i C Ca max
HeJE i)‘ﬂ‘% w £ b BCF A
Metals Size (mg/L) (mg/kg)
0.01 210.99 0.026 9 7 857.61 78.58
"
IR 0. 05 55.74 0.022 9 2 438. 89 121.94
Large
Cu 0. 10 41.17 0.026 2 1571.44 157. 14
0.01 336.13 0.054 0 6 224.63 62.25
"
AL 0. 05 122.92 0.058 5 2 101. 20 105. 06
Small
0.10 74.90 0.041 4 1 809.18 180. 92
0.01 48. 26 0.042 8 1 128.60 11.29
-
HHLHE 0.02 26.03 0.033 4 778. 60 15.57
Large
cd 0.05 18. 66 0.027 9 668. 88 33. 44
0.01 29.62 0.028 4 1041. 21 10. 41
"
MBS 0.02 19. 96 0.021 5 928.99 18. 58
Small
0. 05 18. 74 0.0350 535.10 26.75

2.3.1 FHEHBEAEY S Cu.Cdwyg EahhFiit

DR 85 %8 Cu Cd A WSO 3R 8 ey B /KR Hh B <5 s 5 8 A B2 00 008 R T /0 o 8 A 0 o Cu 9 1R g i
RERE T Cd,

2) TR T AR o 5 K B 4 R R B VR P T B OGS R R X Cu (9 BEMOE R W H0m T Cd.

WX Cu.Cd 1 LE Y 5 2 5 BCF Btk M b 52 4 Jm % B e 2 1038 R midi /. #8405 %t Cu 9 & 4R
FEORT Cd, R WX Cu M EERR TR T Cd,

A4) R PR P BPR S TN R LG A N 4 B B A Co v BE AR K M T 55 R % R R B ) Y i T
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Table 4 The kinetics parameters of C. plicatula at the elimination phase

HEJE A% Cw

k k By (d
Metals Size (mg/1) : : vz (d)
0.01 207. 93 0.033 44 20.73
il
KRR 0.05 19. 07 0.027 01 25. 66
Large
Cu 0.10 25. 02 0.020 56 33.71
0.01 232.75 0.030 74 22.55
il
R i 0.05 64.57 0.028 23 24.55
Small
0.10 / / /
0.01 12. 95 0.010 9 63. 42
-
SR 0.02 13.11 0.0215 32.19
Large
0.05 7.81 0.016 5 42.09
od 0.01 15. 63 0.019 0 36. 54
il
ARk 0.02 12. 25 0.022 2 31,27
Small
0.05 6.71 0.016 1 13.16

2.3.2 BEHBEABAEYG S Cu.Cd g ED N FHE

DR 45 % 8 42 g Cu Cd A W WS0H 55 50 &y B & A B Be Ah K AR Cu, Cd 2 58 vk B2 1 35 R Tl /)

2)FAFE WX H 4 Jm Cu (8 HE 3 6 B ko B A 21 5 AR B BN BB K AR e Cu 28 88 ok B2 9 385 KT osi /), Cd 11
Heth R HHS Cd B vk B ¢ R T0 U] g R .

IFAFEWE A Cu WA W) 2= 2 W] B, B S AR B Be /MK M i Cu 2 88 vk B2 i 185 KM E 4K, Cd i 2R W) 2
PG Cd ZEEWR ORI AR, R AN Co iAW 2 = W R T Cd, 3% UITRE 4 W5 X 5 43 )8
M HE I BE T Cu>Cd,

2.3.3 ROPAKABHEY 3 Cu.Cd W95 £ H FHELEK

B AR B B R HAR R W %t Cu B MR SC S 85 50 Ry AAI T AE I I B2 20 (%) /N FLAS 8 A 05, R RIS A8 4 W kb Cd
F1R) W2 WA 4 30 B A 125 T AH I W 85 L ) /N RS R A 5 R A 5 AR RS /N X R A 5 6 Cu, Cd ) 6 i 3 2R 8 4
by TGN ZEFEMR . KHAR R 405 0. 01mg/L F1 0. 05mg/L ZH%F Cu 1y BCF K T #H R /N HEAS 41, A48 T 4 °F- 1l 4%
P T B Ca o (B R RIS K T/INEEAS S TTAE 0. 10 W B2 215 50 0 5 2Z A8 5 s KA R 4105 0. 01mg/L A1 0. 02mg/
L 0% Cd 19 BCE /N TR R ZNEAR 20 B A0L 6T 8 V-5 2500 T 18 Coa o (R RIS KT /N BLAS L T AE 0. 05mg/L
P AL 0 5 2 AH I,

TE T B Be KBS R AL Wi X Cu B BECH R W8 b, 522 W B 5/NVAS R WA % 25 5% . &
BH A A 0 RAS S /N F AR N Cu i HEHVE T 2 AR B 8 . 0. 01mg/ L ¥R B 20 KHLAS #8 41 Witk 9 Cd 1 By,
R R AL /N AR A A oAb A 25 R K, HEA DRI &R 58 5 &8 i i 1 45 & R & f o i 1R 1E
FH 5 HE AR N A9 4 8 ) 4 B AR 1 R 45 6 B 0 D DL 2K 0 T 3 O HE R v A R el i R 1

2.4 itig

TE VL A 2% 55 (2009) WF 5T A AL WG X Cu 19 5 45 5 BEHORHEAR BT 2 . %) Cd 1y 5 46 5 RO 5 AR IF 5026
L EAERGBE SR Cd 7ERH W R N 2 LT 3 72 B By Be L Cd % 2t [ I 1] B9 28 4 i IR . 3 X — 22
S A9 i DAL T A R S 56 BT M BB AN [R] I R, R S 56 R 14 Ak B R SR XA Bl g SA R

A IO P OBURE A5 TR0 AN [ DL S B 4 J 14 R 3l 122 BE e v e BEOAS [ DL 2 et 1 4 Jm s SR 5 1 R AT — S A AR
P AR S RRE S AR ZE S . DRI R PR G | SR R DL | R I A5 DL 26X G s i BCF B W S0 =R 4
B Ry FEAS TR B HD K PR T 4 S T L B 1S ORI AD L AW ST A S B 2 R S A e A — B, RV [R] — R
Yy %3 AN T B9 T 4 J AR AT S R ) AR AR AR AR P AR BN R TR B A R S R AR RS T R A T R
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M) & SERE J1 o Cu>Cd, M AEXT IR Tegillarca granosa FH:WG Crassostrea virginica WM, —H N E4&E
()& B BE 1 R Cd=>Cus B 4105 () T 42 8 BERE 1 o8 Cu>Cd, T 8 M ) 3 P b 3 42 8 9 HE 1 B ) Cd=>Cu,
TS (6] 0 50 6 P 1) 52 36 A W EL R P 22 S S0 0 o KO R B 4 i vk BE U L B A S 0 R I B S R R
[ o AN [ VR 255 10 FH RURE 3l g 2 B8 T O R] S DRI DA 2 4 AN ) 52 36 25 R 459 20 1 & 52 30 1 2% S 80U AN TR)
X5E 2R Z 18] v 4L A8 1 e B 9 MR Al » AN [R) T 5 v 07 P XSURR 65 B i 45 28 W) o 4 3 ) 2 S80I 36 5 (2= 2 i 4%
2008;Lim et al. 1998;5K/MF4E  2004; EIEARSE 2004 FR EAKSE  2006)

£S5 FRANELEMNEEERENEESH

Table 5 Kinetics of heavy metals in various bivalves (fitted by two compartment modeling)
W Iy Wy AR C. or )
Bivalves Heavy metals Methods Fitting method (pg/L) : e
N 10. 65 457. 33 39.4
U it . TN N 0 ’
Tewillare ] Cu =N EINEES 47.80 1078.7 49. 87
esriarca granosa 97. 65 657. 82 44,43
.
Crass .Jri%, leheri Cu 5% 73 B (R4 1.28 8 000 /
“rassostrea belcheri 1 26 3 100
TE A N
| BEEHE Cu 5% S B R AR 1.26 7000 /
Crassostrea iredalei
dTE4 . N
| piEnabE Cu B 4B (RO 0.70 9 300 /
Crassostrea iredalei
N 6.32 1873 91. 26
A . . - A ) - .
Tegillarea ¢ ranos Cd =B HLFEDES 32.20 1250.5 3.59
cgritarca granos 67. 10 724.5 68. 63
10 783.4 22.62
L s [j] . .
y ;’% i );, B cd % PR EICEeS 50 924. 4 27.05
yitus edutns 100 851.3 73. 54
. 10 986. 3 33.18
c j_t.{t(ﬂw)-j : Cd E B e i 50 969. 4 43.27
rassostrea grgas 100 880. 6 42. 45
A EIAAT -
Cd = 1 A I A 10 378 23
Ruditapes philippinarum F B REERS
0. 086 2 600
> W37 52 56 Sy B G R '
$WE Crassostrea belcheri Cd PR 37 52 56 B CE ) 0. 083 1300 /
H W5 Crassostrea iredalei Cd P17 5L 5 OB CE ) 0.083 4 100 /
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