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The characteristics of heavy metal accumulation and release in Ruditapes
philippinarum tissues and organs during the exposure of mixed heavy metals
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( Shandong Provincial Key Laboratory of Restoration for Marine Ecology,

Shandong Marine Resource and Environment Research Institute, Yantai 264006 )

ABSTRACT Biological accumulation and release of heavy metals in Ruditapes philippinarum have
been observed in previous studies. However the specific process in individual tissues remained un-
clear. In this study, we used two-compartment bio-concentration model to evaluate the kinetic parame-
ters of the biological accumulation and release of seven heavy metals (Pb, Zn, Cu, Cd, Cr, Hg, and
As) in different tissues and organs of Ruditapes philippinarum , including visceral mass, gill, foot part
and mantle tissues. In the experiments R. philippinarum was exposed to water containing all seven
heavy metals. The uptake rate constant (k, ), elimination rate constant (%, ), bio-concentration factor

(BCF) , biological half-lives (B,,,), and equilibrium concentration in vivo (C,,, ) of heavy metals
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were determined with non-linear curve fitting method. The results were summarized below: (1) Differ-
ent heavy metals were accumulated with a preference in major organs and tissues of R. philippinarum.
The C
gill > mantle tissues; the C
(C

tissues > visceral mass. (2) BCFs of seven heavy metals in R. philippinarum were significantly dif-

of Cu, Cd, As and Pb in R. philippinarum followed the order: visceral mass > foot part >

Amax

of Cr; visceral mass > gill > foot part > mantle tissues; Hg

Amax

) : foot part > mantle tissues > gill > visceral mass; Zn (C,,,. ) : foot part > gill > mantle

Amax Amax

ferent (P <0.05). Cu was the most accumulated heavy metal in R. philippinarum with a BCF range
of 1514.0 -4818. 0, followed by Cd and Hg with a BCF range of 104.5 -=975. 4 and 255.9 -447. 4,
respectively. As, Cr, Pb and Zn were accumulated at a lower level with the BCF values below 300.
The weakest accumulation was observed for As, and the BCF values in foot part, gill and mantle tis-
sues were 56. 0, 53. 1, and 47. 4 respectively. The BCF of Zn in visceral mass was 61.9. (3) After
25 days, concentrations of heavy metals in the major organs and tissues of R. philippinarum were still
at high levels, which indicated R. philippinarum had weak ability to release heavy metals. Although
the two-compartment kinetic model efficiently described the accumulation of heavy metals in R. philip-
pinarum with most fitting indicators (R) above 0. 9, it was not suitable for the simulation of the release
phase, for example, the R values of Pb and Cu were only 0. 110 and 0. 230 respectively.
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Two-compartment kinetic model
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Table 1  The background levels of heavy metals and exposure concentration
Cd Cr Cu Zn Hg Pb As
AR E
0.00054 0.00011 0.0034 0.038 0. 000055 0.0015 0.0015
Background concentration( mg/L)
0.040 0.100 0.015 0.500 0.002 0.100 0.100

Exposure concentration( mg/L)

SEG A N B AR RO A B BE, B AR B Btk AT 35 d, BB Btk AT 25 d, AN SR B RS 60 d, R A
TR TE RS Wk Th Y R OR B T AR B R IAT S GB/T 17243-1998 (falEH IR e sk ) PR 2K . &
AR SLIR TR 20 I U S R Y 1000 L 2R 2@k A6 Th kA T, KA it A 2 400 D ERR IR, A 800 L & AR
Ivi) B 4 A R 18 1) S 38 K, 8 R A K — U, I — 3 1 19 T 4 PV il T 4 R 1 i DR R A S R T i vk, g 4
W3 APAT, AR A SLE A 0.7 ,10,20 .30 35 KA M4 FATAUK AR h BEHLIGIE R AR 47 10 A4S, U H
HlRE . B AEBY B AU HEH S FH K VE VKA  FH R AT A 1 S Ml /K TR 9 1) 9 /KOG JE AR T2 M AT A T R
SRS, BRI K — I, HEAER LI5S 0.5 .10 15 25 K, WA AT 4K A h BEHLBGIEHE I 4T 10 4>, 24l
ZIGVE IR, XRRGIANIRINE &8 , B4R W N SR K ARME (2 1) B R R 5L 54— 2

FEAE TR AA A3 P S 558 JE R | AN R DU 43 2 S IBURE: LA B A AR IBORE , A i B AR VA R AR AT
FRREIN . FE 2 B GB17378. 6-2007 (I W AR ) A= P4 4 7 4 T 1 DU 5 1% o

1.3 HEAESIENRAKE

H WU B 7127457 (Kahle et al.  2002)IA R, V5 G W) 7 A= W0 N 1) 4 ] AT (DL AR 25 Ye 0 7e A=
KR 2Z (] (WA o i B, Ho 42 HE AR il B — 20l Jy 2 B EA T4 a8, H X Tz 380 (%) 1 A A 57 ¢
% (Clason et al.  2003; FHEAHZE  2004) , FEHARM T (K 1),

L by A R AR R by R R L

WEC b, JOKERIO R A b, o WIR PR 2R 8 i ] Wi

C. ARG AL (mg/L) , €y Wy P 2 R 2 =

JE (mg/kg) o CRENE L S i Pl k)
KA dCy/de=0 (1 Fig.1  Model of two-compartment bioaccumulation
/:—E%M: dCA/dt =k C, - (kz + km)CA (2)
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EAEMB (0 <t <t™ 0" N & EBE RN RE)
Cy=Cy+ Cy 11 —e™) (3)
Cy NI IR TR I AN SR I & & (mg/kg T8) , C, H/KIRH E SR (mg/L) ,C, HFE
HEBTANESE S (ng/kg TH) .
HEH BT B (e>07 ) s
Co=C, (e ) o) )
I A(3)  (4) X & ERHEH S AR TP IR IR N 4R & B A0 sh SR 45 R kAT AR et LA, 15 5
ky Ky H
Y EERE BCF A (5) 15
BCF =k,/k, =limC,/C, (t—) (5)
B4R Y AR R R YR N & TR HEE — 21 & B sk a], A (6) 115
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B, =1;£172 (6)
&R AR AR ES BN S CL. AKX (7) A
C,. =BCF xC, (7)
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Fig.2  Accumulation and release of heavy metals by different tissues and organs of R. philippinarum under mixed exposure
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FAHELSHRIT, Cu (Cd As (Cr 4 PP 4R AEAFAE 0GP E L8 35 5435014 94. 32 8,98 ,12.40,10. 01 mg/kg,
BT RB 3 BIHE R 15.7.16.0.15.4 K 77. 6 5 TEAMNE RN S S i 5fIR, 4300 R 25. 32 2. 46 4. 84 6. 03 mg/ kg, 5%t
FRZH 3 R T 11.8 9.3 .13.3 K& 87.4 ff%, Cu Ml As ZEIEARIAFHE SNERIA S I 3 41gih it
SARK JE R 500 o 25.32 - 38.42 . 4.84 —5.76 mg/kg, &AM 10 K, As FENIE R AL b A B8 & &
(11. 49 mg/kg) , ZJG IR T K, B LA AN SGRBIEEAE (12. 40 meg/kg) o Cd TEFEAR BRI AS R U i) T 4
ZFWE (P <0.05), G LA Cd 7EAEH T2 UG A7 N & &40 10 0 W IE AT (8. 98 mg/kg) > 75 & Je k3
(5.20 mg/kg) > (4. 46 mg/kg) > HPEML(2. 46 mg/kg) , Cr FEFEF IR MR AF 77 L SIEAR TN b 5 L e 34
BN —30, WAL Cr &R 51510 6. 23 6. 03 mg/kg,

Pb Fl Zn fEEE IR A SN & BB —3 S HELEHAT, P Ml Zn ££ 75 & KIHFRA L1 & i f
e, HLUOR I IE TR BEZH 20, FESME R b (1 & 35 e SEREERIG A7 X Ph R AR & AL RE ), B AR TR
I, 78 2 S I SRS 4 L2 Ph S 4o 17.36 (11,12 8,26 3. 012 mg/kg, FXF B 43 42
i T 652.6.475.2.550.7.83. 0 £, Zn fEFEEEEEMAATAR DN & R, B LS A, 75 R SIS L Ik AT AT A
B4 HLD Zn F 550500 68. 48 .52. 36 ,60. 12 45. 361 mg/kg {H i TAEREIRAFAA N Zn A JRIEHR R , Ft
R BRI T 5.2.2.2.5.4 J 4.9 4%,

AR 10 K, Hg /3 BIESEHE A1 78 I M IR AN 1 21 bk B & i, 70 9k 0. 740, 76 me/kg, 22 )5 Bl
FHIFHAE K, Hg & 24 AT K, & S 45 i, & 4140 Hg & &840 40 Ry 75 2 S 3636 (1. 14 mg/kg) > fi
(0.70 mg/kg) > HMEEE(0. 60 mg/kg) > PMERT (0. 58 mg/ke) , B EH S04 5 1 44.0.57.2 31.5 [ 10.7 1,

R ERIAAT AR LU 7 i 42 B R CRF R R R AR, 4% 2H 20 o 4 T 75 i B R S HF 1] ) S22 T i 20>
T BN I WA HE R R AR HE T R RS . RO 25 R, S A AP E AR & i B
JITBEA, 055 % B AH E AT 46 15 72 48 3 1 7K o

22 RERBTIHEEERFRAANTHESEREESRMINFESH

2 WAL, BRIV IEATRS As 5 SR SR U5 FE RN (0. 611) A AL ZRT 7 Fi e 6 J A ' S LA
5B Bl g S B R B, U XA 80 7~ R W] LU 3 i B TR 5 2 5% B AR iR AP X R s
PR TERE B B, 25 LU0 H 4 i (0 RO 5 0URA B A R 0L B2 W AR T R B B, R R T i -
AT Ph Al Cu B REOLARE-15 0UR 8l 1 2 B UL5 A 0. 110,0. 230, WURS 311 7 22 R 5 AN BE 15 2 i fff
R 258 20 T AR TR IR A7 X 5 G A RO o

H1 & 2 AT, 78 35d 5 AR SEIRAE RN, SRR MR 114 ZH GV 7 b 4 Ja 1) WSO AR AT BT 22, 1HL v R s 3
Ao AR XU Bl ) S AT LT SRS TR B8 )2 28 SR IR 2 P BB ERIRET,
Cu ,Cd \As \Pd 7EAHAZE M0 (C) FHRHER] > 55 SR > 8 > SMER, &R RE(BCF) LA >
TR S HETR > W8 > SN, FER IR AT A AU B X Cd Pb BRI (B, ) W > 75 1 SRR > SN > N
HEV, %S As =321 (B, ) HHNER > 6 > 75 1 R > NAERT, XF Cu BRI (B, ) 9 7% i S HE > il >
WREAT > SMEE . Cr FEBEFARIRAS T, A AR E S 00 (C ) AIER] > 8 > 75 2 KRR > SME I,
HEZRB(BCF) ANAER] > 6 > 75 1L XE > SVE R, BB B Cr B 1 0 (B,,) HMERE > WAk >
i > 77 R RHEER . Heg Zn S HAD S Bl 48 25 S BOR , AR IR A7 77 /2 MR 1 2 ) A0 v 7 Lt 4 41
(P <0.05) , BEFHRRAS , He 758 AR B I & 00 (C o) FFFRERIETR > SMER > 6 > AER], & 4
FBU(BCF) ]y 75 e AT > SMENR > 88 > WIEMT, Zn S0 A0 (C ) R FF R TR > B > SME R > WRERT,
B AR RE(BCF) Jy 55 e B HETR > 8 > SR > IERT

2.3 EREERHNTHESEEERUNESR

HIP 3 0T LA, (RSB 2 SR W Y 7 b e G R K BRI vp SRS s A 0 A TR T 5 8 1) 4R R B (BCF) 77
TERFEZS(P<0.05)  FEREEUGAF 78 R S LAl SR AN 3 U200 7 R 42 Jm A9 AR e MR — 2L, Cu
B AR SUP Y AR R 2 D d ey, LT A R 00 22351, 0,1896. 01514 0, YR He B 1, W 4 R 4L
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Table 2 The kinetic parameters of bioaccumulation and release of heavy metals by different tissues and organs of R. philippinarum
oy . FLEHBE Accumulation FEHBE Release
Heavy 4141 Tissues ! Cy=Cy+C,(k/ky) (1 —el7h20) Cy =C, (b /ky) (e R271%) _el-hny
metal (mg/kg) (mg/L) pe wor P pe b
Cu PIFEM] Visceral mass  16.490  0.015 0.978 4818.0 72.27 0.693 61.1
% 8 K Foot part 2.561 0.015 0.980 2351.0 35.26 0.641 209.4
1 Gill 0.894 0.015 0.777 1896.0 28. 44 0.230 139.5
HMERE Mantle tissues 2.143  0.015 0.983 1514.0 22.71 0.637 40.1
Cd PIIER  Visceral mass 0.563 0.04 0.973 975.4 39.02 0.734 60.2
F R IEFB Foot part 0.184 0.04 0.932 131.7 5.27 0.838 91.9
fifl Gill 0.308 0.04 0.986 105.8 4.23 0.416 241.5
HNERE Mantle tissues 0.263 0.04 0.980 104.5 4.18 0. 836 85.9
As PIFIER  Visceral mass 0.807 0.1 0.611 84.0 8.40 0.672 41.7
PR IEHR Foot part 0.122 0.1 0.933 55.1 5.51 0.363 82.3
fifl Gill 0.363 0.1 0.965 49.5 4.95 0. 454 101.2
HMERE Mantle tissues 0.600 0.1 0.942 41.6 4.16 0.595 117.7
Pb PIIEHE]  Visceral mass 0.023 0.1 0.999 285.6 28.56 0. 868 34.8
2L I Foot part 0.027 0.1 0.954 159.1 15.91 0.626 45.7
fifl Gillo 0.015 0.1 0.915 72.1 7.21 0.110 238.2
HMERE Mantle tissues 0.036 0.1 0.999 57.4 5.74 0.788 38.4
Cr M Visceral mass 0.129 0.1 0.996 111.8 11.18 0.794 110.7
2L Je 3 Foot part 0.050 0.1 0.965 76.1 7.61 0.778 73.5
1 Gill 0.043 0.1 0.988 80.9 8.09 0.744 97.9
HMERE Mantle tissues 0.069 0.1 0.997 73.1 7.31 0.593 217.3
Zn PIFEA] Visceral mass  23.340 0.5 0.995 61.9 30.93 0.413 453.0
% 8 K Foot part 13.260 0.5 0.929 13.4 6.70 0.734 38.6
i Gill 11.080 0.5 0.994 103.9 51.93 0.816 113.6
HMERE Mantle tissues 9.350 0.5 0.998 90. 1 45.05 0. 850 69.2
Hg PER] Visceral mass 0.055 0.002 0.972 255.9 0.51 0.792 84.0
%I Jo BT Foot part 0.026  0.002 0.810 447.4 0.89 0.905 31.6
i Gill 0.012  0.002 0.788 298.8 0.60 0. 880 35.2
HMERE Mantle tissues 0.019  0.002 0.971 333.9 0.67 0.763 86.2

533 447. 4 298.
AR ROYAE 200 LD, As B TR 7R 2 ST B AN 3 AHAUR AL R BURA, 735008 56.0.53. 1 47. 4.

TR A AT A M P 2 200 4 Ja 0 AR R S A ZH SV B 22 57, INJIEAT X Cu B 70 4R R B 15 4818. 0,5

9.333.9, As.Cd.Cr.Pb K Zn 5 Bl 3 Jm 7675 i S B8 AN IR 3 20 40 S AR

o T AR A, R Cd B 7,

L Hak

Bl >

J\IE Cd %H Hg

B, % As Cr Pb Hl Zn

ZEON 975. 4 % Hofth 5 Fh 4R E A R B, Y7E 300 LU
T, Hod Zn B e N IE A E R R BURAG, U 61,9, ZE BT, SRR REIATA AL Cu
B R RO I

BT E R R R
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Fig.3 The BCF of 7 heavy metals by different tissues and organs of R. philippinarum

3 Wig £3 BUARRETESREFRRBRFEHNELEASE
Table 3 Theoretical maximum of heavy metals in R. philippinarum under
3.1 EEEHEIFEEERMT water quality standard for fishery
ERERI 6 TR KR (/L) . T Lt (e k)
AR TEA WA 940 Heavy Water qua]iily standard BCF (k) Limit value of heavy metal
TR [ F JE B2 0 metal for fishery D A
ﬁZﬂﬂéﬂ@W\]E’ﬂ%%Eﬁ% As 0.05 57.54 2.88 1.00 5.00 8.00
5 B i%ﬁ%ﬁ{&g Cd 0.005 329.35 1.65 0.20 2.00 5.00
~,Br Hg F1 Zn B 14, H Cr 0.1 85.47  8.55 0.50 2.00 6.00
ﬁl_i',S ﬁi%)ﬁﬁﬁ\]ﬂﬁrﬁﬂ’ﬂ Cu 0.01 2644.75 26.45 10.00 25.00 50.00
%’%ﬁz&*[ﬁﬁ%?/ﬁ\@éﬂ Hg 0. 0005 333.99 0.17 0.05 0.10 0.30
%E{,AS\Cd\Cu\Pb %%T{% Pb 0.05 143.55 7.18 0.10 2.00 6.00
@Eﬁ%{?ﬁimﬁﬁ ( CAmax) Zn 0.1 92.32 9.23 20.00 50.00 100. 00
O AU N BIE AT > 75 0 K Co s BT A FRRME A T |7 B0 4 72 3 B0 A 0 0 U FRAE K A, € =
L S > MR, Cr B BOF <MK ERME  BCF A5 17 6 MR 1 3 4 R e
A (Co ) A AR Bl A 4 J BR A - GB18421-2001 HLAE 1) =24 A W) Jo ik 7 4 Js B 4

HEPA > 6 > 55 2 LR > SN, T He A1 Zn 8 7R E IR G A7 78 i SRR 4R R 8 i, TE N E AT Hh st
ERBUT M ERAR, 1 (C ) AT 0 75 1 ST > AN > 6 > PER, 57 2 I3 > B > Shas
i > IERAT . WEFERNT, AEATE (2 E Y 2000) MR (ZREFSE 1995) B (Canli et al. 1995 ; FM-FBR5F
2003) DU (ZESLATAE 1999) S5k A AR W PR N H 3 T i AR A SR B 0L, AT B 4 R ) e AR RE T B e s L
PISEZHEY, IR AT /K A A 4 32 22 A 2 AR 88, AT LAPR R R 4 R A 2 11 (MIT) T o 4 Jm A5 LR
% M (Chandra et al.  2003) o SEAEFETRIGAFAIIPIR SR E , BA 2058 iR BT R 5K A7 50k, Rtk
82 S B <2 i B0 LR AR (T3 3C5F - 2010) o H AT H A AR 1 A A B 5 Ja 2 A K A AR W0 WP 28 ) B
JETE A RIS RIS YN B B TR AN RT , o5 AR T A A A, LS A RE T RN B
PGB IEA A A (BRIETAE 2010) 0 772 JERR SMEBAE LA L0 i & Jm iy & D, %
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SIER RIS A C, B mIEAEYIRIE a2 NI & B W, LA— s 1907 20 H 3 P AT
i A B, LU G P BE AT P B R AR, A S IR I LA SRS (T 5eAT 1996) o AR SEH B SR 450, Hy
I Zn B FAE 7 B AR i & B TN IE LY, — 5 T A] RE R AR SE S B ER VR T, N IERT X Hg T Zn
BTN E R B A, ARSI He Zn 851, KRR S R 2 558 I I IR AL Srp . Iy — D7 il RE 2 i T
SEGAEIR S B ER A T AT, B T Z AR AR I BT RN R, S EE SRR IA N R
FRETOA AL 352 %% (Kargin et al.  1999) .

3.2 IREERFXNFAREERERRUNER

BRI IR PN R 2L 2R A 5 4R HAT W] R A e PR, TR SE RS s A1 0 A ) B 5 8 i 4R R oA
TEWI 225 (P <0.05) . SEHRRFGEUSE T IR Co B 75 R o, S R RUGE DY 1514.0 -
4818. 0; ik 2 Cd fl Hg BT, B E R BGEFE 4352 104.5 =975, 4 255.9 —447. 4;As .Cr .Pb Zn B T/EJEREE
WAV A SRR AL, U R R B E 300 LUR o AT SEAEAE MG ( EHERRSE 20045 5KEESE  2012) e
(FFRkUT  1987) (S (aklRLl  1997) A (FRIEFAFSE 2010) AT il . GRS Cu Cd A5 4 R 805
15 9300,1600, 37 5 TXF As B 1(56. 7) BB 5, PRSI B AR B X Cd BT E 4 (6 -3148) 3 TXF Pb
BTHIEER(S -51) , SRR, SEMNAE(2012) BRI _EFSE AR T2 A A1 0 A [ 3 4 4R R AL
ZESEIT R B, B A Ph BT E R RS T Cu B 1, GBI S . 7 AL Ak 22 55 0 BN, — T T el e e
AT BORERR LA R SR Y, 55— 5 T n] -5 2 BR kP 22 57 5 o Rainbow (1993) 45 H | MR A= W) 8 4 J Y ' 42
SEPn LR T A R A AR B i ok R Y 2 S S S R A X S AR ) AR A, T S B AR AR A 22
5o BTN ER B 00 R AR AR RBE A A B ViR B Y T i T AR, R e v AU AT X S R TR R AP
(S7. 1) fI&TF Cu (66.99) B 1, M A LR Ph B AR KON 117. 91,1 F Cu (72.46) B 1 (SENEYH A5
2012),

3.3 RERBEHBTNHNFEEIERE

TRA 25 240 AR TR IR Xt 7 PP G 00 s SE ML OB AT 5 XU 3l 1 2 A {H AE A i A X T
(R RETBCR A 55 XU 31 ) 2 R BE AR, NG ZH 0% Ph AT Cu 855 M REICS B, & B2 0. 110.,0. 230,
TEREMCT BE , ARSI G Ja 5 1 B I [ A SE A T R, (ELT B B8 G, B PR I 25 L U B B 2 s
A IRAER AR R 00K, B AR R T IR A s s A N O B G S N AR MEHE R . A TSR e AR o dE LA
HEH EHE AR E R , B i R AR W A A B R Y, T o G S L A AL A LA S B (R TR I 2
2008) o WURH Bl 1 2 AR T AFof S RS R 1) — R0 AR Y YR A W) b L T 22 DL B — B R AR 1 TR Y
HEESBME IEOE, Sk Z IR G R AT R AW AR AR T AR R IE . AR, XUR 2
Ty BER] UG U IR S R 2R MF T, S AR AR IR AR A B SR LA (L TR S R ER A F T,
G Z RSTS84 LU G SR B AR R AR AR S L ) 25 D 2K e A A ) R R TAOIL EAS AT  A  flA XL
B 2R LG B B S B R 2R IF T, AR s A 0 B e A R ORI 1 o

3.4 FERERFEFEKREHERLR

ARG BUR B g 27 B A L A T2 A 00 A () B s 1) o 4 AR, T DUt , 7 BA T el K b e 2 F
7 MEE RN E R EIE R TR (C) (K 3) o Bk Zn B 141, Hflh 6 FhE & Jm fe AR 52
e VAR A RS B R 5 B R B — S A ) TR R R 20K, P, Cu (Hg B 58 28 A W i bt , G A1 P
A 1A SR R AR IE . — 5 T AT LAHEDN BUA T A ) S AR ME XS Cr A Ph i FREEZER AT RESE T4, 75—
7 L Wil K AR R KA Cr (Phf) BREE BERUE AR T SR , BT ML K bR v RE 75 I JE R TR IR A7 45 K AR
A I S B A ARG A
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