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Bioaccumulation Characteristics of Heavy Metals in Bivalve Anodonta woodiana from Different Habitats with
Different Pollution Backgrounds

CHEN Xiu-bao', SU Yan—ping', SUN Lei?, LIU Hong—bo', YANG Jian'*"

(1.Key Open Laboratory of Ecological Environment and Resources of Inland Fisheries, Freshwater Fisheries Research Center, Chinese A—
cademy of Fishery Sciences, Wuxi 214081, China; 2.Fisheries College, Nanjing Agricultural University, Wuxi 214081, China)

Abstract: The bioaccumulation characteristics of heavy metals( Al, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Mo, Ag, Cd, Ba, Tl, and Ph) in bivalve
Anodonta woodiana from Nanquan Aquatic Base of Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences (without
obvious exogenous contamination of heavy metal ), Meiliang Bay of Taihu Lake (suffered relatively serious pollution) and Cibihu Lake in
Yunnan Province(a very clean plateau lake) were investigated by an Agilent 7500ce inductively coupled plasma mass spectrometry (ICP—
MS). The results of present study showed that concentrations of Al, Cr, Mn, Fe, Ni, Cu, Zn, As, Cd and Ba in cultured mussels of Nanquan
Aquatic Base were significantly lower than those of wild mussels from Meiliang Bay(P<0.05). Moreover, concentrations of Al, Mn, Ni, Cu,
7Zn, As, Cd, Ba and Pb of wild mussels from Cibihu Lake were significantly lower than those of wild mussels from Meiliang Bay (P<0.05),
while concentrations of Mo and Tl in the former were significantly higher than the latter( P<0.05). Additionally, lower concentrations of Cr,
Fe, Mo and TI could be found in cultured mussels than those of wild ones from Cibihu Lake (P<0.05). However, concentrations of Cu, As
and Pb in the former were significantly higher than the latter( P<0.05). Similar metal pollution indexes(MPI) were observed between the
mussels from Nanquan Aquatic Base(1.8) and Cibihu Lake(1.0), while both indexes were obviously lower than that of the mussels from
Meiliang Bay(11.1).
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Figure 1 Sample sites of Anodonta woodiana
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Table 1 Biometry data( Mean+SD) of Anodonta woodiana collected

PR n AEHS/a set/em 58P em SeiH/em AL Eg HHNTHe THADEE
B R AR 5 3 10.4+0.3 42402 6.8+0.3 47.4+7.8 5712 0.12

MR 5 3 10.50.3 4402 6.9+0.2 35.9+4.1 4.8+0.9 0.13

YR 5 3 12.3+0.6 47+0.4 7.8+0.3 46.126.5 5.1£1.1 0.11
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Figure 2 Discriminant analysis for heavy metal concentrations of

Anodonta woodiana at different habitats
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Table 2 Heavy metal concentrations( g g dry weight) and metal pollution index(MPI) in soft tissues of Anodonta woodiana

KFER Al Cr Mn Fe Ni Cu Zn As Mo Cd Ba Tl Pb  MPI

ML 17256" 03:03°  1680+228"  342+47" nd®  48:02" 14020" 4.1:03" 002:004" 010.1" 159+26"  nd®  07+04* 18
(11-25) (nd~0.8) (1296~1843) (275~386) (44~50) (119~162) (3.6~44) (nd~0.1) (nd~03) (116~179) (02~12)

HERTS 2355177* 0.804" 642243025 1925+796°  1.8+1.3* 80+1.1° 400x183* 59+0.5* 02+02" 14+1.0* 829+380°  nd®  21x16* 111
(76~538) (04~14) (3553~10835) (1121~3130) (0.7~4.1) (7.0~9.8) (206~662) (52~65) (nd~04) (04~30) (426~1390) (0.6~4.8)

155+87"  0.120* nd® 10
(63~283) (0.1~0.1)

149+36"  15+14° 13202°  nd
(116~205) (nd~3) (12~1.5)

HEEAW 19413 20+1.1°  1726+£1470° 2379+1611°  nd" nd°
(2.8~38) (05~34) (112~3184) (871~4707)
T B R UAF-BHE bR E2E GED R s nd , RKEH AHFZE PRI FR 2208 0.001 g g5 Co FI Ag PRGN H , BORFIA ; Rl—21 AR AR TR
BERR 22 FOKFE 2 (P<0.05) o
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XFE DU PN TR 4 J AR A 5 - AT =i %

(1) i EY RO RIEE 4 R ) 2ok
%[21_22]0

(2) DA 9 A8 R et K A v S8 DRI I WAV fi A 7K
H Y 4 S I I R BN A AT R T A
R E IR,

(3) 7K PR A 10 T 4 T A 1] RE 23l 1 1833 1
ZEI R R K IR N R,

A I XS 42 )8 (Cu Zn AT Cd) W ISCR
Sl KA B 4 S 18 5 O 1 S AE A DG, (IR A 5
R F LA Zn > Cd > Cu®e X5 =AML (Hyri-
opsis cumingii) XF Cu.Zn Fl Cd WS 1) i AR —
B ABFEARIR S50 A JC A BEXS CuZn FT Cd B
WCR AT BIE =AMLY 1.2.1.9 F1 1.5 52, 4wt
ABALREEARNZ G, RRIAZZ X e
FEA B R, 29 40%719 Al Mn . Ni.Cu.Zn I
As TLRTERL T 409% /247 1Y Fe . As F1 Ph WIF RAE
PO e, RS TG, 3 AR TG I i T 4R 1R R
BT Cande et WSO R R HE GHE % ) v S B, 18
AR T2

A SR IR A B SR FR R R K IR, 5 T
b A AN A TEHETS V5 YR, ELAE SR e AR R T
BOMORAR . FRPAIER N E 48 10 5o AL, A
{2 Al.Cr.Mn.Fe Ni.Cu.Zn.As.Cd Fll Ba A5 & i %
T RIS A 0 (5% 2), 111 H. Mn . Fe .Zn Mo 19 &
2 B AR AT L b K 5k B2 7R A b DL R > K
W RIFIESS (K 3), Cu A1 Cd s = 1
5y 8 LA I AR R I 2 AR A e (3R 3), B &
Cr.Fe Mo Fl TI & FAR T = Jad i v K AR G 250080 My
ABE(FR 2). MPLIRERES L5 I MUK IR G F 42 R 15
YLK Usero S5 MIFSY 42 BT Tt /K e Hp 052 D12 (-
Donax trunculus )MPI<2.5, 1M 5% 5 4 J& 15 L 7K 3k 1)
MPI= 4.5, Fg R FHIERE MPI(1.8 MK T 2.5, i —3k
BZK A 52 2 B B 4 )R 15 4 o Benedicto 251
PRSI AR 215 YK IR A 1 S R DL, A b rh e 1Y
123 A7 64 T E 4 8 W, 485 51 S /R i /K ek R =7
FU VAN Tl B K HE ) 500 4 S S I sh AR A,
Cd.Ni #1 Pb W) & 17058 1.97~2.11.2.18~3.20.3.1~
3.8 wgrgle BLAN, AL HE WA K B T JRAR BN
SEARE TSI K IR E 2 B E AR R, Anpa e
Fornells 7K H Ni 9 & i £ i85 1.2 pg- g™, Cala Tre
boluya 7K Pb 1 Cd & 535153k 2.0.2.16 pgrg™,
Cabrera 7K1 Cd H1iK 5] 2.58 pg- g, MNIMTAZE] 1 .

IITVEAE . A oA I RE S 2 B A RO S K
IS E 4 JE V5 Y shiAS o, IR IL , A e R A R SR I Hh 7R
BT SRR AR A T 8 sl Wl BA T A5 A AT ek
FELRE Bl A= W oR 1 s 2 S 6 W I 25 SR g s
MRS H T D128 Wl vy AR SR 4 B A R ) S
B X BEH N FRA TIEAE 2P 0 i N T F FARAE
RS2 TG Y KIS R SR FURE AR AR R A
PERGVEE B S5 AR W R 3, TS e A 2R s A R], FE 4
JE T o AR AR AL R R I, DUIE N AR R
FASE IEAL 5 B AR “BRETS A G IS IF oA
FA RN TAERRAL T H AR

HF TS 22 AL R — A 1 AR | K AR SZ it
AR AE RO PR, AR R i an s G, 1%
G2 (AW AR AR VS 2 37 2 A ML S Y A
FRApv, SR A 5 K B 4 R U Y R AR ™
% . Z K AERE AL.Cr.Mn . Fe Ni.Cu.Zn.As.Cd #ll
Ba M9 & 35 5 T Sk, H Al Mn .Ni.Cu.Zn.
As.Cd.Ba Fl Pb W& & TR (R 2). Uk
Ah, Cr F1Ni 1) 8 7R BH 55 5 E % SR A L 0 T8
oA, Ph 9 St i TR TE L I R R 7K
(3 3) . i H I MPI(11.1)43 5 B SR b A 24
W 6 f5F0 11 52 2 (3R 2), kBl E AR 15 YLK
SFE(MPI=4.5)19 AMUANIE , PR RE P A8 As.
Ag.Cd.Co.Cr.Cu.Ni.Pb F Zn %5 8435 55 64,
4.2.0.93.14.2.155.144.79.8 .143 471 wg-g™, IR A K
W5 Gl die R B A DI, B4 TS L TR ok A
LT, BT TR T 08 R M PR T AC A, 4
£ 20.1 km, I FEE 30~40 m, R A A (HLIX
ANH39.9 1), Tolk & ik (HA Tolk Ak 2746 58, LA
T NNEIE NEER T R 1B [yl s e %
il PVC AR AT Zn . Pb FT Cd 1E A ERE
FSINGR , 4 H B ) 2577 HE KAL) CuZn T N 1T
B B 1 25 5 B Cr V5 Y, SR X 35875 /K A PR
BB PRI I, Tl K A 16 15 7K 4 i Ab R
B A BE E] 15.4% 1 33.8% , HoAx KR4 H 4%
HERL, FF AL 10 mPe s B3 E AHE R 281,

T ZEA IR = B R 2033 m, JE T LAY 5
WA, 7K BT 3 09, SR T ae A i ik = L HE 4w 3
1B  ASBIER B OO A TG FE R i A JC e A
T T, S5 R Mo M TI ZAMNHLAE SR
ARG, AOUEREH ALMn Ni.Cu.Zn.As.Cd.
Ba Fl Pb 1Y% it B F K THF RS, CuAs F Pb B9 5
I EMC TR (R 2), 1 H Mn A1 Cu &5
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AT E ST | RIS A A IR DL R 2% K
Zn F As & AT A H A /K SR I 22 K, Cd %
SONMIE T RS R A A O — 1 5 A LKL K
P22k 3) . Ak, MPL AR 1.0, I TiE
KR MPT<2.5 BYZKF-19, E— 20 37 e 28 A 32
FIEERIG Y, HAEERNE, MR+ Mo A1
T1 A A A R AR e s (323
XAl e S e A ad)E £ E", )29 Mo AITI /Y
B S A L, W SRR A R Mo
TI &Rk AR T 4.4.6.2 pg- g™,

22 EEREREMAXMERENX

AFEEEE AR EA LA EESRHEZ
B A AH DG LR 40 R IR FEHL TR I Fe—Zn . Fe-Cd
Ml Zn-Pb Z[A] 2 8 3 1EAH 5E (P<0.05) , Al-Cd .Cr-Mo
J Fe—Pb Z [A]4k 5 2 IEAH G (P<0.01) o MRV Y AR i
Mn-Cu.Mn-Cd .Mn-Pb .Fe-Ni.Fe—Cu.Fe-Cd.Fe-Pb.
Ni-Pb.Cu-Mo .Cu—Cd .Cu—Pb.Zn—Cd .Zn—Pb F1 Mo—Pb
Z I8 5 8 25 IEAH 92 (P<0.05) , Mn—Zn \Mn—Mo \Ni—Cu .
Zn-Mo Mo-Cd VA Cd-Pb Z A4 B IEAHE (P<
0.01) . HEEEF A1 Cr-Fe .Cr—As \Mn-Ba .Fe-Mo F/l
Mo-Ba Z[i] 52 I #F1EAH X (P<0.05)

T o A5 RN A AR B 4 R R W
#&, W R Eah Fpk s AL R T S A E SR, Jo
F(EEE) LR, BN Z BT8R
HAMY B G, SR A SRR A R ST
LRSS G, IAME EFEYE O 4B T KL T RES
AR B T R o B e, [R]E, DL 2R 2siE
HEEmENNGS &R e LA S
U SRR LT PR AR N AR SR B 4 e e,

I, F AR O A AR R A R A DG PR A A e,
TEAH OGB4 22 [RIEAE HAT AL BRAL P 57, O L
TE S A 38 2 A0 9 A Al R AR R A T Qi B P Ak
PRI R S5 5, AWETE A B ESR AR [R] K0S £ TG
W R A R L ARG [ SR A 2R A i Je bk
ZE5WIN . BRT Fe-Cd Fl Fe—Ph £ R 5 S 54
IEEEREh S B Ah, o BB A OG5 R 7
T R L, A % VR I = A R N AR ] (3R
4) T H, B AR s A K 0 B 5 A
Hu B A JCA B Ni-Mn .Cr—Co J2 Cu-Cd Z [ &2 .
F IEAHSE(P<0.05) , A = L1 £ 7K 3087 A= 0 Cr—Mn
Cr-Ni Fl Cr-Cd Z B 1 3 IEAH5C (P<0.05 ), S AiF
FEH IR B R S AT DG 22 S L R R R O AR
W4 R R R A OCIE PR B B C R 559, 1M
FEZ RN FOK A A R T 5 R AR

WA, T SR L A % VS R A A A o i A
6 X .20 XA S XM E AR Z E R IEHK (R 4), X5
=K TG YRR BEAHVE I (36 2) o EI-Moselhy 55/
FEAL A BRI () R 3, 5 00T ¥ e P Ak iy e a0 2 Al iy
(Paphia undulate /WKNF 36 X H 4 )& (Ph-Cd .Cu-Cd .
Cu-Pb.Zn-Cd.Zn-Pb.Zn-Cu.Ni-Cd .Ni-Pb .Ni—-Cu.
Ni—Zn.Co-Cd.Co-Pb.Co—Cu.Co-Zn.Co—Ni.Cr-Cd.
Cr—Pb.Cr-Cu.Cr-Zn .Cr=Ni.Cr-Co .Mn-Cd .Mn-Pb .
Mn-Cu.Mn-Zn .Mn-Ni .Mn-Co .Mn—Cr.Fe-Cd .Fe-Pb .
Fe-Cu.Fe-Zn .Fe-Ni .Fe—Co .Fe-Cr.Fe-Mn) 512
[F] 52 3 AR OG Tt B 7 YL IR A i Jn SR ( G afrari—
um pectinatum) VRPN IUAT 18 X 4@ 2 ] 5t i 2 AH G
(Cd-Pb.Cd-Ni.Cd=Co.Pb-Co.Cu—Zn.Cu-Ni.Cu—Co.
Cu-Fe.Zn-Cr.Ni—-Co .Ni-Cr.Ni—-Mn.Co-Fe .Cr-Mn

K3 ARAKBERLAEESESENER (ug g TE)

Table 3 Comparison of mean metal concentrations( wg*g™ dry weight) in soft tissues of A nodonta woodiana from different geographical areas

Tl A sef/em  Cr Mn Fe Co Ni Cu Zn As Mo Ag cd Pb  ZFE IR

L E S 10.4 0.3 1680 342 nd nd 4.8 140 4.1 0.02 nd 0.1 0.7 AW

MR 10.5 0.8 6422 1925 nd 1.8 8.0 400 5.9 0.2 nd 1.4 2.1 AHE

i 230 12.3 2.0 1726 2379 nd nd nd 149 1.5 13 nd nd nd A
L 13.9 13% 418  59% 0.4*%  1.1% [4]
H4FEHE 9.9 0.09 13415 2418 0.8 0.8 6.4 1.0 [12]
K= ISk 102 nd 11237 4287 nd nd 19 1252 15 0.3 0.5 22 2.8 [6]
I LK 8 11.1 nd 5921 2069 nd nd 18 677 12 0.7 0.3 23 0.1 [6]
T 7K 3, 9.7 nd 11886 1977 nd nd 0.4 661 12 0.1 nd 0.1 nd [6]
PPN e 9.3 nd 8328 1386 nd nd 8.1 912 15 0.2 0.6 2.5 nd (6]
2% Lichenskie i) 4400 1050 160 550 0.6 4~6 [25]
P42% Licheniski 1] 3000 1000 300 580 0.6 4~6 [25]

T end , AAGH 5+ b I E R BEAR IR 2 AR AL T HMR L
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Cr-Fe .Mn-Fe Z[8] IEAH5¢ , Mn—Pb \Mn—Zn 2 [&] 1 #H 3 g
S ). BT BB ph T e B T K A R Tk
LK A T R R R 2 S e T4 i (1R T P T OB B S 5 T
R R R A R S AR R T AR TS YR R ARG ARk IR TR o
KBRS A ST 95 A1) T U I IO 2T DL B P PR T

R4 BRALTEHEESLEZE Pearson HXRE

Table 4 Pearson rank correlation coefficient of heavy metals in soft tissues of A nodonta woodiana

RS Cr Mn Fe Ni Cu Zn As Mo Cd Ba Tl Ph
Al ns ns ns ns ns ns ns ns 4% ns ns ns
Cr ns ns ns ns ns ns +H* ns ns ns ns
Mn ns ns ns ns ns ns ns ns ns ns
Fe ns ns +% ns ns +% ns ns %
Ni ns ns ns ns ns ns ns ns
Cu ns ns ns ns ns ns ns
Zn ns ns ns ns ns +*
As ns ns ns ns ns
Mo ns ns ns ns
Cd ns ns ns
Ba ns ns
TI ns
MG Cr Mn Fe Ni Cu Zn As Mo Cd Ba TI Pb
Al ns ns ns ns ns ns ns ns ns ns ns ns
Cr ns ns ns ns ns ns ns ns ns ns ns
Mn ns ns +7% 4% ns 4% +% ns ns +7%
Fe +* +* ns ns ns +* ns ns +*
Ni +H* ns ns ns ns ns ns +*
Cu ns ns +% +% ns ns +3%
Zn ns % +* ns ns +*
As ns ns ns ns ns
Mo A% ns ns +7%
Cd ns ns 4%
Ba ns ns
Tl ns
iz Cr Mn Fe Ni Cu Zn As Mo Cd Ba Tl Ph
Al ns ns ns ns ns ns ns ns ns ns ns ns
Cr ns +* ns ns ns +* ns ns ns ns ns
Mn ns ns ns ns ns ns ns +* ns ns
Fe ns ns ns ns +* ns ns ns ns
Ni ns ns ns ns ns ns ns ns
Cu ns ns ns ns ns ns ns
Zn ns ns ns ns ns ns
As ns ns ns ns ns
Mo ns +7% ns ns
Cd ns ns ns
Ba ns ns
Tl ns

1+, I #P<0.05 , #%P<0.01 5 ns , FIEPEARS B3
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