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Active biomonitoring of heavy metal pollution level of Wulihu area, Lake Taihu using
“standardized” Anodonta woodiana
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Abstract; A group of artificially propagated “standardized” Anodonta woodiana mussels were transplanted to Wulihu area of Lake
Taihu for assessing the spatial and temporal trends of heavy metal pollution. Meanwhile, the same batch mussels were continually
reared in an unpolluted pond of Nanquan Aquatic Base of Freshwater Fisheries Research Center, Chinese Academy of Fishery Sci-
ences as a control group. The period of active biomonitoring by transplantation was over 9 months. Mussels from the transplanted
and control groups were recollected, respectively, every 3 months to determine heavy metal (Al, Cr, Mn, Fe, Co, Ni, Cu, Zn,
As, Mo, Ag, Cd, Ba, Tl, and Pb) concentrations using an ICP-MS. The results showed that metal bioaccumulation were presen-
ted in both control and transplanted mussels. Arsenic concentration in mussels transplanted to Wulihu area for 3 months was signifi-
cantly higher than that of control mussels in Nanquan Aquatic Base for 3 months, while concentrations of Mn, Fe, Zn, and Ba in
the former were significantly lower than those of the latter; concentrations of Al and Pb in mussels transplanted to Wulihu area for
6 months were significantly lower than those of the same period control mussels of Nanquan Aquatic Base; and Pb concentration in
mussels transplanted to Wulihu area for 9 months were significantly lower than that of the same period control mussels. However,
concentrations of heavy metals (Cr, Cu, As, Cd, and Pb) in both control mussels and transplanted mussels were obviously lower
than national and international limits. In addition, metal pollution indexes ( MPI) of control mussels for 3, 6 and 9 months were

1.8, 2.4, and 8.3, respectively, and those of transplanted mussels were 1.8, 2.1, and 16.8, respectively. The MPI levels of
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them were consistent. Meanwhile, average synthetically pollution index of control mussels for 3, 6 and 9 months were 0. 0218,
0.0337, and 0.0560, respectively, and those of transplanted mussels were 0. 0289, 0. 0218, and 0. 0732, respectively. Their
levels of average synthetically pollution index were without significantly different. The results indicated that the background concen-
trations of heavy metals in Wulihu area and Nanquan Aquatic Base were in the same levels, and both aquatic environments seemed
to be without obvious metal pollution.

Keywords ; “Standardized” Anodonta woodiana ; active biomonitoring; heavy metal ; bioaccumulation; Wulihu area of Lake Taihu
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Fig. 1 Sketch map of “standardized”
Anodonta woodiana transplanted
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Tab. 1 Biological characteristic of “standardized” Anodonta woodiana

a0 FEAR%L P Mg, ek LI/ Sei/ WHE BHZ SRR/
n A mm mm mm g(fw) g(dw) %
CN3 10 2010 4 12 A 3 64.0£2.3 24.2+1.7 39.2+2.2 9.2x1.1 0.7+0.2 92.6+1.3
TW3 10 2010 4E 12 A 3 60.6 2.5 23.2+1.8 38.3+2.0 11.8+1.9 1.4+0.3 88.5%1.5
CN6 10 2011 4£3 H 6 62.2+1.3 22.9+1.1 38.4+x1.0 10.1x1.6 1.0x0.3 90.7+1.9
TW6 10 2011 43 H 6 59.9+2.8 23.2+1.7 38.5+2.3 12.4+£2.5 1.3x0.3 89.7+1.2
CN9 10 2011 46 H 9 61.8+1.4 23.3+1.3 38.5+1.3 8.5x1.0 0.4+0.1 94.8+0.8
TW9 10 2011 4E 6 H 9 58.0+2.3 22.4+1.1 37.6+1.8 8.0+£2.0 0.6+0.2 93.1=x1.5
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Prifidic B NY 5073 —20062 4351 50 1.0 Fl 1.0 pg/g. th T FATHRE /K™ i LIE#A AL Mn Fe ,Co,
Ni Zn Mo Ag.Ba il TI i FREEARAE, NILENTATTA.
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FHIM(P <0.05) ;5557 9 A A (R SR X BRZH (CNO) EAE 1 Zn  As Ba Hl Pb (195 f 45 CN3 20 (1% Wl 2 14
(P<0.05),1f Mn.Zn As Ba il Pb &% CN6 4 WM (P <0.05). 535 6 A M H BN 5EH (TW6)
AP T AR SR S TR 3 DA LB IR (TW3) TR #2555 (P >0.05) s 353% 9 N iy LB ]
I (TW) IEAE A Mn Fe Zn As Ba F1 Tl 598 w48 TW3 20 W F (P <0.05) , 1 Mn Fe Zn As fil Ba
i TW6 H B E 3 (P <0.05) (KR 2).
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BERTEE(P<0.05) ; TW6 giEREF Al Fl Pb /& 1 B &K T CN6 4(P <0.05) , e HEJE &=L
BFEZF(P>0.05) ;TW9 AL Ph (195 &2 B ELT CNO 41(P <0.05) ,MHEAE LB B LB EZES
(P>0.05).

2 HREAL” A IO B U R A F i (peg/g(dw) ) 7
Tab.2 Concentrations of heavy metals in soft tissues of transplanted and controlled
“standardized” Anodonta woodiana(pg/g(dw))

HER CN3 TW3 CN6 TW6 CN9 TW9
Al 25 +11 62 +30 68 +24 18 +5.6 37 +15 53 +50
Cr 1.5+0.2 1.5+0.2 1.4+0.5 1.5+0.4 1.0+1.2 2.4+0.3
Mn 6051 1667 3146 £753 4260 + 1455 3338 +506 9326 +2906 5886 +1349
Fe 2367 +626 1196 +322 1708 £761 1422 +263 2973 £ 1936 2444 +451
Ni nd nd nd nd 0.8+1.3 1.8x1.1
Cu nd nd nd 0.07 £0.2 nd 1.0+1.2
Zn 312 +68 201 £32 290 +65 214 £27 519 £ 115 377 £83

As 0.06 £0.1 0.6+0.4 0.6+0.5 0.6+0.4 4.0+2.3 4.9+0.6
Mo 1.6 1.0 1.6 £0.2 1.5+0.2 1.4 +£0.04 1.7+2.4 4.8+0.3
Cd nd nd 0.004 +0.01 nd 0.1+0.2 0.09 0.2
Ba 803 +187 412 £90 540 £173 424 + 60 1275 £364 742 £174
Tl 0.2+0.02 0.3+0.2 0.2 +0.03 0.2 +£0.006 0.7+0.8 1.9+0.2
Pb 0.7+0.5 0.3+0.3 0.9+0.4 0.1+0.2 3.4+1.9 2.3+0.3
MPI 1.8 1.8 2.4 2.1 8.3 16.8

# Co Fl Ag TEFTAREA P ERAE Y OIS s nd 7R A0

T 4 R AE DL A A 0 B R 5 i 4 80 A T A AR A T R AR A 4 A IR A L A 3t
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e, DA% LIRS S AL RE P Mo Fe Zn As Ba 1 T1 27 i 25 50 10 50 S 1 o, 458775 62 A1 i 25 B ) 1
KAE SR P A A W AR B PG 75 A1 T0 14 e X B 4 T LA 0 v i AL B RE . R A BF St RE 8 B IE i —
NS AR I Cu Zn il Cd B WM R 43 0 2 = A WL ( Hyriopsis cumingii) 5 1.2.1.9 #1 1.5 4%
TEARTE (92 B b, HAR 41 Mo Fe ,Cu Zn H1 Cd f 55 5543 512 KE T 0 UL ( Dreissena polymorpha)) {71 .3 |
7.6 A3 AEY AR TE R AR, AT R AR AL A M TR 2T T 9 AN RIS TR [ B 2 (H R
IR IR Gy R A i AR B AR XK (R TR IR L (Miytilus edulis ) v o 43 @ A9 B 22 ] 58 52 Bk i)/
FAT IR X TR R0, T 2 2 W] A, L AR R o As Cu Fe \Mn Pb Al Zn Y & & 76 %
3 &0 AR PR T Regoli A 355 5 A 247 4 i DL HER L 74 567 . 35 G 1 0o — it
3 IR B B I TE R R AL ZEHE R A S R, FRATT Z B R A R B L - 4 AL AL Cr (M Fe | Ni,
Cu.Zn As Fll Mo (355843 34 60 .0.5 417 .180.0.9 .17 .78 .5. 0 F1 0. 02 ng/g(dw) ™. fER 5 “ b7
WEAL” 75 #11 TC Uh SeE HEAT 3 50 M 00 A e T R R BRSO &0y B L B g A ) R 4 R A
SN, WCTI S SR AT 1 7K BRI 1) B 4 SR 75 e 6 1] 30 A5 R

FEBRLEE X 0 /K PR 42 7 40 B A9 S22l W, e T A 6 T D0 25 1 A 4 W A 0 T I A W R R, O
B T — R 50 BRI BT T HE R 5 ARHIF ST R AR PR B < bRifEAl” 15 ) To i i vh — 2o T 4 J 2 f R 9
W 2. Ho R A R P As (0 AR, T SR M BRI RE P M Fe \Zn \Ba Al Pb (15
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i HLI S F G Wik R 42 )8 Zn (Cu As (Cd HI Pb & 43 510 418 113.5.9.0.4 A1 1. 1 pg/g(dw) (ARIEE
IR A T oA ) A E A, LIRS AR T TWO 4LBEREH Ph(2.3 pe/g(dw) ) i & i i,
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Tab. 3 Comparison of average concentrations of toxic heavy metals in soft tissues

of “standardized” Anodonta woodiana with national and international limits

EaEEE/ (py/g(fw))
Cr Cu As Cd Pb
EN IS CN3 0.11 nd 0.004 nd 0.05
W3 0.17 nd 0.07 nd 0.03
CN6 0.13 nd 0.06 0. 0004 0.08
TW6 0.15 0.007 0.06 nd 0.01
CN9 0.05 nd 0.21 0.005 0.18
TW9 0.17 0.07 0.34 0.006 0.16
R GB/T 2762— 2005 2.0 — 0.5 — —
NY 5073 —2006 — 50 — 1.0 1.0
[ B ECD — — — 1.0 1.0
FAO®@ 1.0 10 ~30 0.1~5.0 2.0 —
# nd TR ARK .
2.2 EEBTLAERNTL
R SR X B2 CN3 \CN6 1 CNO B MPI 4350 1.8 2.4 F18.3( £ 2) ; H4JE Cr .Cu As(TEHL) |

Cd F1 Pb ) I {54354 0.0260 ~0. 0651 .0.0. 0015 ~0. 0720 .0 ~0. 0052 F1 0. 0518 ~0. 1768, %f HH Y {E )5
CN3 .CN6 i1 CN9 20 i AE il 224 5 Ye g8 43519 0. 0218 0. 0337 F10. 0560 ( 3 4). 1 B AL/ 4] TW3 . TW6
1 TWO ZH I AL MPT 4355 1.8 2.1 #116.8(3£2),Cr.Cu As( TE#HL) .Cd F1 Pb 4 T {435 H 0. 0773 ~
0.0863.0 ~0.0014 .0.0214 ~0.1170.0 ~0. 0062 F10.0103 ~0. 1587 ,TW3 . TW6 F1 TWO ZH A5 AH W 14 ¥ {H
LEA TS YLFE S A 0. 0289 0. 0218 F10.0732(F 4) . 4 Wilcoxon 52 F-HRA U, CN3 5 TW3 41,CN6 5
TW6 2 LK CN9 5 TWO ZHIERE =[] 69 MPI 1 R IE LA 15 YLt Bz Wi 22 SR L35 (P >0.05) .

MPI RERE IR 3 T 4 8 25 5 T ekt . R 26 W) 3205 Y K U o SR ARL 35 ) JE 147 Ik 1) MPL
O 1.8 TG 5 Yy PR K AR P S A TE s R g MPL g 1111 AR BESE & B CN3 \ TW3 .CN6 Fil TW6
HIERER MPL S 1.8(32) , RIS Bt 2010 4F 9 A—2011 4F 3 F 101 ] pig 55 6 i 01 7 FELIA /K PR 32 51 )
IS RIS YL. HLAh, AR CNO I TWO Uk RER) MPIAE 11. 1 2o 47, (E45E T K 0 18 1L Kk S5 1 4 0k 14
MPI K- (14) , HL BT SAR T 30 0 M L I8 0 = 1y 8 /K 38 b 35 40 JE 1 ik 9 MPL KSE (43 31 20,24 Al
34) 7 g5 TR AE 2011 4F 3 2011 4F 6 F 0] 7] 1 55 JE i T HLI A 7R 40 A R SR A TR K-

I AL 15 Y5 BRE 5 A A0 e 1 AR W v T 4 (R 2 £ T MR 0 T 4 ) PR TS e R . —
BN T BTG YR 585K < 0.2 Al LN IEH 15 5K, 760.2 ~0.6 Z i) KR T5 4L k¥, 7£0.6 ~ 1.0 2 fi]
IG5 YK T > 1.0 W TG ek F 2 A BF5E s CN3 \TW3 ,CN6  TW6 ,CN9 Fl TWO ZH i RE) 1 {13

O EHHZ G 2 B P e RO B R, 2001
@ MEAUHRARALL MIERUK G A Y R R i, 1983,
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i, S5 5R RN

1) “BRAEdl” 35 A JC A e 0 o <5 J AR R A4 N 18] 3l 2532 BK RSB, 72 9 D H BIWFFE s fie v, p 2 ik
HoXT BRLHBERE T AT Mn Zn  As Ba 1 Pb LR 7L HUBIRS SHZHIEAE h Mn (Fe Zn As Ba I TI 595 i R B
BRI R B 4B (Cr.Cu,As Cd A1 Pb) By& TS T3 B K B _E A AR

2) FEFH " ARUEAL” VT A JC A S BE S AT O T Bl M K AR T T A AR . e SR R o T 2 R L 3
B EAELERE IR 3.6 19 A e B E G 8 15 YAt MO AL THAROK -, B 4 )8 5% B 1 ORI (i 28 a5 e
RO T I SR K B s A T L 2 250 S K 5T e, T LR g AR R M K A R 2
FIW B ESEIY.
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Tab. 4 Heavy metals residue index and average synthetical pollution index in soft tissues

of “standardized” Anodonta woodiana

2051 I, e, Lcem ™ Ieq Iy, WEHLE A 15 YR %L
CN3 0.0555 0 0.0015 0 0.0518 0.0218
TW3 0.0863 0 0.0239 0 0.0345 0.0289
CN6 0.0651 0 0.0193 0. 0004 0.0837 0.0337
TW6 0.0773 0. 0001 0.0214 0 0.0103 0.0218
CN9 0.0260 0 0.0720 0.0052 0.1768 0.0560
TW9 0.0828 0.0014 0.1170 0. 0062 0.1587 0.0732

# Iy oy S WK DL ZERE T I DU 21 b TE ML & ik 5 Sy 17. 3% 17731580 k.
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