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Kinetic study on the bioconcentration of six heavy
metals in Ruditapes philippinarum
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ABSTRACT Heavy metal pollution in filter-feeding bivalves has received more and more at-
tentions. With regard to the studies in this field, the two-compartment kinetic model is a new
mode for rapid determination of bioconcentration factor (BCF). With a mixed solution of six
heavy metals(Cu, Zn, Pb, Cd, Hg,and As), kinetic parameters of bioconcentertion in Rudi-
tapes philippinarum were measured using a two-compartment kinetic model. A semi-static sys-
tem was maintained throughout a 15-day exposure period in different concentrations of heavy
metals at 15. 5+ 2 'C. During the uptake phase, water was changed every day, sufficient to
maintain relatively constant concentrations of heavy metals. At 0d, 2d, 5d, 8d, 11d and 15d,
R. philippinarum was sampled, and the samples were frozen immediately for the following a-
nalysis. Kinetic parameters of bioconcentration were obtained from the two-compartment model

by nonlinear curve fitting, including uptake rate constant(k;), elimination rate constant (k;)
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and bioconcentration factor. The results showed that in the high and medium concentration
group the BCF of Cu, Zn, Pb,and Cd in R. philippinarum were 66.99, 18.49, 57.11, 25. 81
and 72.46, 35.72, 117.91, 41. 83, respectively. Hg, As, and the low concentration group of
Cu, Zn, Pb, Cd enrichment regularity was not obvious. The uptake rate constant and bioconcen-
tration factor decreased with the increase of heavy metal exposure concentration in ambient seawater.
The ability of accummlation of Cu, Zn, Pb, Cd, Hg,and As in R. philippinarum were Pb>Cu>Cd
>7n. y* and F tests for goodness of fit test showed that the fitting data of y* value were less than
0. 71 (critical value) , which suggests that the fitting goodness was acceptable. Two-compartment ki-
netic model could fit well the accumulation of heavy metals in R. philippinarum.
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R E W AT Ruditapes philippinarum , FJZ ARSI ] Mollusc, 5% 4 Bivalvia, %5 %5 H Veneroida, %7
W5 EL Veneridae /8 BRI I WF L )32 43 A0 76 38 16 VH 9 1 DX ph G AR G R PR L R B R B R LG P R A D
B O3 E YRR N 2R —

BEAE TR PR JE ISP R R R H BRI (BB H S 2002; X FHEF  2005), K
2000 4 R FE MR BOR a BV AT A2 0 77 A BE PR RO, L A L8 T 4 IR 3 R TR G WA R e Ak O BE I B SR Y 8 R
G . AR N E G W R AN 50 i slHE L DU RT B X AL A 7 A L O 38 ek B NN B N 2 g
By 22 B . AW s 5 250 (Bioconcentration Factor, BCF) 2 1 ¥ 1k 2% ¥y i 75 248 W 1k 1y 2 Bl #4 i o 45
b s BUAE BRI W 2R % 2 EESH, Banerjee 55 (1984) i3 HI B (F) A AL 3 1 — PPk &7 8 i) BCF
2 e, Z 5 VF 220 8 0 B e A7 ol gk, 4% 3 O0URE 3 S A Bl (Boisson et al. 1998;Kahle ezal. 20025 VE/)
VLAF 1991 BAEARSE 1998 BEAKLLSE 20010, I 0 Fl T VR AR W) i s 4R 520 . H il ] 9 R R RURE 3l ) 22 A
RIREGE DU T 5 4 8 o A 0 S5 06 32 B4R rh AE 41 W s DRI it S5 26 ) CE RN A5 20045 5K D IESE 2004 5 4%
EMESE 2008) 1 FE A TE A A7 X A A AR 3 ) 2 07 A AIF AR X D A T RS (2006) X 4 i EE 4
J& w B SR AT X B R A (1997 X AE A TR MG A7 2 ME S B T 8 45 L AELZ X L 22 o 4 i AN W)Uk B 2R R R AR IE
A7 X 4 B s RSN 1A SR SR D . AR WESR DU T ML IX Tz SR 1) DR s i A R 42
HUGE X 3 WRER T 6 FPE 4 JE 154 Cu.Zn Hg .Pb.Cd Fl As 7EJE B R IG AR N 19 A 0 & 45 i 30 F
FE s R RS DU 3l ) 28 B0 T JE R = R A1 %) Cu Zn Hg . Pb Cd F1 As 6 FiE & B & %3 /1% %
B, BTERGEHON B Iy 22 R L B8 X T 46 U 15 Gl 4 T RE 7 o S K 7 i A A TR G ) T DL IS T B
5 5 B2 AR 2 AR A0

1 HE 5%

1.1 ##

1.1l S£mAY

SEIG I HE A AR A LR, B K 34,05+ 1. 74 mm, FE 5% 23.20+1. 13 mm. & H 7. 30+
0.98 g, SLEHETINFR 7d, EHAEK B AP B AED MR AT 25
1.1.2 ;K

SIS K BB T 5 K SER K A UTTE 8 e R (24h DL JE . KB g R pH 8.0
~8. 2; R 30. 5~30. 83 MR A KT 6. 0mg/L; & A 0.010~0. 040mg/L; WA§ER £ 0. 030~0. 050 mg/L;Cu
2.51 pg/L.Zn 4. 54 pg/L,Pb 0. 21 pg/L.Cd 0.32 pug/L.Hg 0.02 pg/L.As 11.30 pg/L, L E45 R4 EHE
GB3097-1997 — 2 K b v B3R
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L1.3 &AEHNE

S AR VALY SR SO | SR B A R gk 1 Oy b [ 2000 T A B a3 A AR a0 A
7K ¥5% Millipore-F2BN 43517C R 2l 7K 25 B il £ AR 26K o 23 A o H Sz 25000 B st W73 6ot B2
i3 PF6-3 AR B 19O T 56 YSI556 12 DhEK Bt X

1.2 MixAE

1.2.1 ZHEFES5H5 %

2011 4 9 H 7 B K F= Bl 2 B 5T 58 5 0 2K PR A 5 BT K PR SR AR 0L S G o E AT AR SL I, L SR R WA T
B B ROIFEKF GO A 121 SAIRAH 48 MK, IFA 100 M EEREIRF. L& K3
AR PE AN 1 A28 FOA IRAL, A 5206 4 38 P A7 4L Hoh R 4351 R 0..005,0. 050,0. 100 mg/ L, Bk &
435154 0. 020.0. 500 A1 1. 000 mg/L, 8% #e BE 4> 5] 0. 001.0. 050 F1 0. 100 mg/ L, 4% BE 4351 & 0. 001.0. 010
F1 0. 020 mg/L, R BE 4> 514 0. 000 05,0. 000 50 F1 0. 001 0 mg/L, ik B 43 5 A 0. 020.,0. 050 F1 0. 100 mg/
L, JIr i il A8 AN [ o B S 06 Vg /K B B 7K v 6 il B 4 8 A A IS AL

SEEG RS 15d, Wi EE KB EE S 15. 5422 C, RS 30.5~30.8; pH i 8. 0~8. 2, H A WLk L 7
AL S 3 A I K PR R AR TE 6.5 me/L A EL. RL EBRE AR T 07 £ 00 F 19 5 00 & E 1R, 2R A
DAFEEMELE TR A 24 h 4 1 W TR e BE (0 SE 500 K DR R K b & JB W BE T e e A 3950 . R 09 ¢
00 & H MR /NEREE o0 T AR KR T 4 @ VR B K SRR =G A7 20 0 U 20 B & A /N ER B R 2 IR B
0.5 h, 233 F4 0.2.5.8.11.15 KM AL R H 9 HIEFEIRAT R K B % &0 .
1.2.2 2By

A= YR b 4 R A M4 B GB17378. 6-2007 B Jy A HEAT o A VHY AR I R TG AN TR RO 4y o
L BN A SR KOHE R I A3 D o i L SRR R R T U e ik

K,
1.3 BUERE -
KRR Bl 712445 B R A0 T TLAE & J il ofe i — 28 B i A, R F

4 002 0 B ESE « 0 B 0 0 75 e A U 15 4 T 2 ) ¢ g
A S A IR R ARt A 3 A W 3 S S R 08l e Bk, L L Ly S B 50 1 B
FEHGRIE 1 FR. Fig. 1 Model of two-compartment

T 4 B 762 WU PR B B S RHE L S L 7E T B ) 2 BB 5T P R
FHUUR 8 1 2 A0 5 — SR 3 3 2 7 VR MY . FUob s 4 T 4 S 05 e WO B K AR S o — L A ) M Ay 55—
FH(Clason et al. 2000; Ritterhoff et al. 1997).

bioconcentration

XA L =0 (D
t

dCy . ,
AT A L =0 C— () C )

APk Oy A ) A T A B e DAy A O R R e, S IR R R e g A O A AR T R
B Co R R R W (mg /L) s Coa g AW PR A B 2 J Wk B (mg/ k) o0 oy SE B AT 9 I [E] (D

FT T 5 6 I [ 5 i 228 W K AR v 4 JR U e I A AR A R B A R AR, BB ey BT R BN L 1
TR (2) HEF A4

Ca=C,+Cy %(1—[*‘2’) AR O<<<<t) 3

C.=Cy %(ﬂzu—f — HEH R () 1)
2
.t HEEMBRERMWRE(D, C BEBIFIHRRTAEIEN 4B & E (mg/ke) . B 7R ) HI(D X

&M AT AR LA TSR By ks
BESEAPIRES R BCFL AT (B, . B A (5) . (6)15:
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S S O .
BCF—/QZ hmcv (t—>00) (5)

L4 HENMNSREKRE

AW FE I 1 R T KR 45 G P E R R RO VP IZ AR AU R IR SR T G 6 X A 7 R A £ g 3 P
AT . DL 56 TR OUR 5 R0 JE A T2 0 Aok F < i 1 2R ) R AR IS B T AT

2 BR5®

2.1 EERHENEERER

ME 2B S EAPESE Co.Zn Pb,Cd 75 JEHE R 00 A4 P9 0% &5 12 b6 & A2 0 8] A 3 m w5, 2
BB SE R, CulZn Pb.Cd 19 BE & SRR Ky 6. 260,32, 870,4. 250.,0. 570 mg/kg. 43 Bl & % BE 41 (0. 570,
17.850.,0. 180,0. 150 mg/kg) ¥ 11.0.1. 8.23. 6.3. 8 fi%.

HYREA H CuZn Pb.Cd FEFF R EIST AN S RESEM B 2 H RS HREA s A R
FI TF0) P9 6 00 77 A 88 AS DT 14 0, & SR AR B 25 R B, Cu Zn  Pb, Cd Wy ¥ BE & JEAKIK R 3. 650,30. 780, 4. 120,
0.510 mg/kg, 23 5|52 % BB 41 (0. 570.17. 850.,0. 180.0. 150 mg/kg) ¥ 6. 4.1.7.22. 9.3. 4 %,

Rk IR G E B R mdith Cu Pb.Cd fEIER B IAF RN & £ S EMRAN. Zn T EES 2 RAIAFH
B RV, O 19. 170 mg/ kg, EXTHRZH (15. 110 mg/kg) [ 1. 3 fi%.

JEH IS AF R Y Hg & 5 Bl 48 B[R] 0 38 i ik B0 5e 38 5 Rk ka5 . vk R 2 AE AR R IR AR Y He 1Y
R EZE0.027 mg/kg, XTI 2H (0. 003 mg/kg) ) 9. 0 &% ; F ik B 4l JE R =G AR N He S K& &2 0. 040
mg/kg. & XF B2 (0. 001 mg/kg) 1Y 40. O i 5 IRk B AL AEFE B 0 X Hg 19 8 SR ROR A W] 8, 3 Al G /2 By T 57
TE IR B 4 Hg 1) ¥ B3 i AV BT 38

HAEJE As 760 AR 3 VR EEA T e AR A S IR AR N I s AR AL TR I 7E A A5 A I ] JE A S A A
TR As 195 B 7E 0. 350~0. 440 mg/kg Z [A], AL R BEAR /N BT HE AR AR A7 X As s RIF A RIRII B, X E
FRHT As 2—FN TR SESEZRMNEEE, 54 8RR AR, w58 oA HUE S i HE A
WM.

2.2 EEREVMESHERHHBEUE

33k I OBUR Bl 7 A B A AT AR g 2 R T A M R S B TR B AR A R G AT AT Cu,
Zn.Pb.Cd T4 @ & ERCRAH T, HX & PN R EA LR 4 R T ERER A (B 3~E 6), MELE
Hg As 75 IR 3 MR BEA s SRRSO I AT 8, LA 3 I R

1 A&, ARG ESE Cu.Zn . Pb.Cd WY & 5% 8 )1 2 S804 I F Rtk

1) JEAE T IS A X AN (7] F 4 Je 1 VR S o e B e B A /D B K AR o 63 TR % R Ak B 1) 3 K 02 5

2) JEHE T AT 0 A [ T 4 T 00 HE L 5 R R B TR K A v 4 e B R M R R G R T G

3) BREASN  AEHER IS AFXT Ty Ah 3 R 43 1 AR s AR R A BCF SRR Bl 4 A0S /K A ok B 1) 485 T sk 2> 5

) JEAER UG AP Pb A Cu (& 488 1 B B3 X Cd Zn & 8 1. % 4 B & R 10 & 47 38 88 K
WH WA K Pb>Cu>Cd>Zn, ik BEZH Ky Cu>> Pb>Cd>Zn. MK EFAH & £ RS T .
2.3 HEMMERERRK

TE R E K a=0. 05 N y" Bl SHE R 0. 71, A A B * (EX/NTF 0. 71, Ud B iy BUA 15 70 45 3] 11
T EL 5 S TG S 2 e LA L R A, F G AE S 7. 71 A VR F AR T 7. 71, R HEH

TR AP 4 B B JE A AR R AT A DU AL, & A LS M ) E R R RPAE 0.89~0. 98 Z ] L5 FE
JERAF . Zf B RTIR XU 2 A RE A T AR S IR CuZn Pb.Cd 4 FHEERIAY EEGE 2.
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Fig. 2 Bioconcentration and elimination curve of six heavy metals by R. philip pinarum
2.4 itig
ABIE 5 B S AS 0 WS R Ry AW AR R BCF A2 R fa 3 5 25 22 5 55 (2008) X 8 it = 4 5l
JIEMF R A R AR — 3. B AE5E (1998 199D FEMFFE I VLA Wi %) Cd Cu Pb Fl Zn B & LR PERT LI, K

TLAE XX 4 P 4 8 09 & £ 68 J1 T A Zn>>Cu™>Cd>Pb; J7 BRAKEE (2006) il 5% HH & B . JE i B R 7 X 8 4
J& @ HERE Iy He>Pb>Cd>As, LI B SARLIE A Ir 2257, X Je T A D2 5 48 1Y & £ ak
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Fig. 6 Bioconcentration and elimination curve of Pb and Cd by R. philippinarum at high and medium concentrations
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Table 1 Kinetic parameters of bioconcentration of four heavy metals at different concentrations by R. philippinarum

Y R ]
Metal Concentration of metal(mg/L) b ke BeE
Cu 0.100 7.70 0.114 9 66.99
0. 050 7.39 0.102 0 72.46

Zn 1. 000 3.43 0.185 6 18.49
0. 500 5.82 0.162 8 35.72

Pb 0. 100 4.41 0.077 1 57.11
0. 050 7.35 0.062 4 117.91

Cd 0.020 2.58 0.099 9 25. 81
0.010 3.77 0.090 0 41. 83

X2 NEINELEBTHERERFESREVEENUSGMERRER

Table 2 Summary of statistical information to assess the goodness-of-fit for the two compartment models

4 HEE e % (mg/L) 2 fH F{H
- b ke 1 i i df R? t
Group Metal Concentration y* value F value
Cu 0. 100 7.70 0.114 9 4 0.96 0.18 126. 94
R Zn 1.000 3.43 0.185 6 4 0.98 0.29 27.46
High
Pb 0. 100 4.41 0.077 1 4 0.97 0.21 513.09
concentration
Cd 0.020 2.58 0.099 9 4 0.95 0.01 100. 40
Cu 0. 050 7.39 0.102 0 4 0. 90 0.25 38.55
e Zn 0. 500 5.82 0.162 8 4 0.98 0.18 27.33
Medium
Pb 0. 050 7.35 0.062 4 4 0.94 0. 24 193.19
concentration
Cd 0.010 3.77 0.090 0 4 0. 89 0.02 91. 35

S A SR AR A AR B — A G W B B R R A B AT LU BT B AR AR R S TS R R B AT L i
TR 8] FAR AL B ST R DR B A A AE L AT T <G e A A AR P Y AR SR RORE L A A A O
e B R 2 82 R 0F N ROT T4 I 8w 2 ) B9 B AR P [R] 435 P05 S A BV 0 15 T 6 e JE A s g AT
PRI B B AR 15 e B — (b & W) & 42 B 2% (Kargin et al. 1999). 78 H AR KA H AR L HE 4R F
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A7 AT ST IE 2 i 1 22 Fh 4 J 1R 5 2% S SC R R B AU TR A SR MR AT AR A AR RO T B R i s R LA T
LR R A B . He o As PRV EL G Jm 75 S A 15 Y 45 10 1 BoA W i w5 S LA . AR B0 B M B AR MR AU 11 2 &
TR R AT T EER He As AV RN I BUR ALt 207 78, HO A fr i — 298 18 A ARIFBE P 0
15 QAR A IS —Fhis Gy T b 2 R0 75 QWA B O 1 B A O 3t 5 W R M 3000 A 25 3 85 19 75 e AR O ik
TR AT RN T HaE R R R RO B A+ B L,

3 it

D) & B S 25 ) AR = AG AT 0 = R EE AL Cu Zn Pb A Cd (94 4 ' 45 R 500 il J2& 66. 99,18, 49,
57.11,25. 81 fi1 72. 46.,35.72,117. 91 ,41. 83, %} X JLFh 42 J& (-4 & £ 6E J1 A Pb>Cu>Cd>Zn,

2)i@ X CuZn Pb.Cd (LG LR I A 7R W& K «=0.05 T @ik A * W& 8dE/h T
FLIG A #5241 F 30065 5000 00 i S8 35 KT i (8 15 W el SUAR A5 70 75 1) g 390 D 5 S A TG 8 3 1k 22 % 0
B R

DRA BB FFHEEIRATAEWIRN CuZn Pb Al Cd fiz & & & B & S K vk BE 19 TH v i 3 K, Hg
() SV S S e B B T As FE R R IR 3 MR AL R A AN,

) XA ) I BT RE S 48 R FE AL R G AP AR & 2 8 45 T Cu.Zn Pb.Cd 4 Fh a4 )& 19 £ W s B et .

2 % X M

EBEM, DIEZE, ARH4E, B WI. 1998, I TE PR WAL A A W R I AR XF K PR TS YA ML AR R DU B AR AL T TR
AR (B AR . 28(2): 299~306

Ewems, R, KA. EBAR 2004, FRuixd G R ALY E LI ER O, RSN, 24(5): 1086~1 090

Fepohk, LW, R 5, KRB 2006, FERBIAFFRFUKMAR D 4 FE &8 2 2R E M. BTV E B IR (AR D . 25(1):5~9

XN, KIERL, k2, A, AR, XA, 2005, o [T i 0 43V A0 K 4 IR 4 A TG MR BE A RS TR AR, 27(2) :54~62

XN, dhAeA, . 1997, FaJIEE TSR A 2k . Bk, 16(1):50~54

/ML, SPRE, £ 1991, LY £ R RN E . B, 1004) :44~49

dkAR. PN ML RAZF. FRENL 2004, BN (Mytilus edulis) X 4 Fha 4 )8 194 90 & 4 8h 1284 MR o8 . W FE 500 . 35(5) :438~445

G, hER S, BOE R, BB, EE UL, Mk, B S, 2008, YRR 4 R0 AR YR R B ok KRR, 32(4) : 592~600

R AE . R . B0k, 1999, ITVLERAEXF P iy RAEIHE S, IR EERR . 18(1): 33~38

Rl A S0, R EE. 1998, JTVLALWEE N EE 48 Co J5 Qe MM A DS, WA % ,17(2) :17~23

R A 35S . R R 1998, ST VLA W5 15 S i E T 4 R 4R TS Y AR R A I WE AL R EDK R, 5(2):79~83

Rt A IS . TR R 1998, S VL AL WG 1 S R I R BTG Y M I A . P IR B AL, 18(6) :527~530

BERKZL, Ph M. BBk, 5K A 2001, 5200 DU A e i 4R W AL 3 1 S 800 I E K R BFSE . 22(1D) - 32~36

A, B, BFe. ® B, X SR 2002, BRILAOKIBMAEREE SRR A, B EK TR, 9(2):172~176

Banerjee, S., and Sugait, R. H. 1984. A simple method for determination bioconcentration parameters of hydrapholic compounds. Environ. Sci.
Technol. 18(2): 79~81

Boisson, F., Cotret, O., and Fowler, S. W. 1998. Bioaccumulation and retention of lead in the mussel Mytilus galloprovincialis following uptake
from seawater. The Science of the Total Environment, 222(1-2): 56~61

Clason, B., and Zauke,G.P. 2000. Bioaccumulation of trace metals in marine and estuarine amphipods: evaluation and verification of toxic kinetic
models. Can.]J. Fish. Aquat. Sci. 57: 1 410~1 422

Kahle, J., and Zauke, G.P. 2002. Bioaccumulation of trace metals in the copepod Calanoides acutus from the weddell sea( Antarctica) : Compari-
son of two-compartment and hyperbolic toxicokinetic models. Aquatic Toxicology, 59(1-2) :115~135

Kargin, F., and Cogun, H. Y. 1999. Metal interactions during accumulation and elimination of zinc and cadmimum in tissues of the freshwater fish
Tilapia nilotica. Bulletin of Environmental Contamination and Toxicology, 63(4):511~519

Ritterhoff, J., and Zauke,G. P. 1997. Bioaccumulation of trace metals in Greeland Sea copepod and amphipod collectives on board ship: verification
of toxicokinetic model parameters. Aquat. Toxicol. 40(1):63~78

Roesijadi, G. 1994. Behavior of metallothionein-bound metals in a natural population of an esturarine mollusca. Mar. Environ. Res. 38 (4) :147
~168

Zauke, G.P., von Lemm, R., Meurs, H. G., and Butte, W. 1995, Validation of estuarine gammarid collectives ( Amphipoda: Crustacea) as bio-

monitors for cadmium in semi-controlled toxicokinetic flowthrough experiments. Environ. Pollut. 90(2): 209~219



