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i EARYE 2007 450 2009 X AR LT DU VERIEER BT VL4 G ( Crassostrea rivularis ) . K41 (Crassostrea gigas ) 35 ZR
D (Perna viridis ) . 3ERR W4T (Ruditapes Philippinarum ) F13CHE (Meretrix meretria ) B WA FERE , 2047 T DU S H4R (Cd) (47 (Cu) |
5 (Pb) B (Zo) & BARE R 25 3R A ST R U285 5 H i Cd. Cu Zn Pb #1417 T KU 08T 53R, T 285 F
HIZEREE T HARA Cd.Cu Pb.Zn FRMZES , VLA H Cd.CuZn B & BIEER T4 4 #0128, SCEHE F A Cd .Cu Pb
B AR T A 4 Fp U2, D27 e Cd\Cu.Pb.Zn & BAFEA—EMETER, XTS5 KNEE E BAMASHEHT
BT ALAE R, SCEAFERMS KR P ERTA EVRIRERENBRREAA L, W2 fH Cd.Cu.Pb MEHEF 537K 65%.
67.7%F1 100%, 5 H AR DTS5 5 A TR 25 SR AH LY, IR U288 i Cd .Cu Pb.Zn (& BAL FIE B I ShEE N SHA TAA
LUBE ERAR AL R MEINAER S % RERSMFNE € BRI Z AR L, KE A5 355 00 D SRR R SC s 1
Pb.Cd WiE A R BERELTZEEEN, MEILAER Cd R B R R ERK .
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The Content Variation Characteristics and Risk Analysis for Cadmium, Copper, Lead and Zinc in Some
Species of Shellfish

WANG Zeng-huan, WANG Xu-nuo, LIN Qin

(South China Sea Fisheries Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China)

Abstract; According to the survey data on the shellfish of Ruditapes Philippinarum, Perna viridis, Crassostrea rivularis, Crassostrea gigas and
Meretrix meretrix collected from the coast along South China Sea in 2007 and 2009, the content characteristics and the seasonal variation of
cadmium(Cd ), copper(Cu), lead(Pb) and zinc(Zn) in the samples were discussed, and the risk caused by these trace heavy metals was an—
alyzed using the method of point estimation. The results showed that the contents of Cd, Cu, Pb and Zn changed with the various species of
shellfish with the highest contents(except Pb) in Crassostrea rivularis and the lowest contents(except Zn ) in Meretrix meretrix. There existed
some seasonal variation for the contents of Cd, Cu, Pb and Zn in the shellfish which was due to the changes of environmental factors such as
temperature, salt and dissolved oxygen in the seawater. Comparing with the other sea area, the contents of Cd, Cu, Pb and Zn in the shellfish
from the present survey fluctuated between the normal levels, which showed most of these trace metals were relatively stable and under the
control value issued by the standard of “Non—environmental food products—Safe limits for the hazardous chemicals in the aquatic products”
(except Cd and Cu in a small amount of samples ). The risk analysis results showed that the Pb contents in all the shellfish products were in
the safe ranges according to the recommended values of the Joint FAO/WHO Expert Committee on Food Additives(JECFA ), and the Cd con—
tents were also in the safe ranges except in the species of Crassosirea rivularis. Judged by the contents of the trace heavy metals, the quality of
the shellfish products from the present survey was in the edible security level, and just was the same as the products sold in the city markets.

Keywords: shellfish; cadmium; copper; lead; zinc; risk analysis
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JEREA®ER SMEITTR Sk SR
WS E IR AL R AR SZ BRI AL SR AR 2 [
FIHPERIT IR, FERIF VISR RE , ISR
BE LA R K IR B B BESTAE b 22—, Pl A
= BRSO A R 5 S
BRI A SO R I SERGE IR AR TP
I IRIEAE R = B, i B ANR R
FEV BRI A TS RS B ER, = fh R R R 2R
FHIEHI PR, F 2R E R BN R iR E S
JEIGRE WA, A SO AR T P R 2 I
K= i E R (C) i (Cu) H5 (Pb) ¥ (Zn) B
BRHEET TiHe, 3 XS 34T 1 204, US|
SR LT

1 #BE57FE

DUERALRH LN AT 1 F7R o ASFAEH R E TR
(50 A~), VLA R F FHYC (10 4> ) 564 (10
AN VBRI (30 ) B3 (30 ), ST SR 4E T5 1 (40
A, IHRIGIURETILIT20 1), IR RE
THMIE (30 1), RN I FASER IR T 2059 F
2007 4F 6 A 9 A& HHAT 1 YORSE , KF-HEALYG R
TLATHFFISCIS 43 5 F 2009 4 5 AF0 9 H4&3#47 11k
REE(FHYL R4 T 2009 4F 5 ARE 1 1K) A
FEMBIRERAR T i, B CR ShE rh e T,
IR B SRR DRAF o B R A 1 i B O e
DRFE) (GB 17378.3—2007 I MLE HEAT o Hf A 2]

S E R MR VSR HR (B DA R TR 7 R PR AL
43 Y(GBIT 5009—2003)" #i5E M %E Cd.Cu.Pb Fl Zn
KSR, FTRMYES N H 37 Z-2000 B 228500 7%
Wt MEg R LB ERR.

BAE MG TH43Hr R A SPSS18.0 #A43#4T, A
D25 Cd.Cu.Pb.Zn & & 2: 5 H Tamhane 52 & AL
ke, TR EBRMZETZEFRAMIEAR ke, K
JELA Surfer9.0 #4271,

2 HFREWE

21 MEAHERELERLENSENE

W 27= i Cd.Cu Pb.Zn MTRELE RS F3E 1.
ME1TEEFTES, ARIIZEHH,Cd.Cu,
Pb.Zn MEEEFMBKR, EILAHHEFH Cd.CuZn
) B R T HAE SRR RIS T IR LRI ST
5,8 3 R T HAE AT A5 Y & (P<0.05),
SCHARES P Cd. Cu .Pb W& B BAC T4 . TR,
FEREWAT R & & (P<0.05) JG A YN ES B
BEIUET IR FEAEYRNESE, MXERNE
B B R E S B B, HIEA TR E]
HIRER IF H A ARAZ 1A IR, A5k,
S A WD RE S AR YR VS K 115 YRR A A
AEARIRBL, AT 5| XS B 48 I BCR A1 B E AL
O RFER IR G, e T HEANESRE TR
BHES,

VLA WER A Cd.Cu.Pb.Zn {5 & 51K
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1 SRAEFuE{LE
Figure 1 Sampling stations
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W B DA S 2 82 B ) 2 IEAHE , Cd\ Cu Zn ML 1A Py
He B 2 K, A XK R Cd\Cu Zn Y
BERRG BRAL, SRR, FEE IR T mIE R
TG DX Cd /Y& 4 RBOE AL TRV AT YT Cd B4E
Y EEREW, ERIFN B CuZn JFETHKP,
HARWE CuZn SZETRHE; JEREIGFAE Zn F1
Pb & FE5150/N T 100 pg- L7 H1 32 pg- L7 f9HEKH,
Xf Zn 1 Pb (A REAKS, KARWG/K H Zn A1 Pb A3
JE 3 H R T X — B0, B I SE A=A {7 XF Zn 1 Pb
1 RFEEAG. FEARIAT I53R A DRSO X HEA
R Cd.CuZn AWHES , FBOX LT R RN
FREM; MITTATEEY Cd,Cu Zn FB i BT,
HENEGER., WESBEITR ZRRANES HE
YL Cd Cu.Zn Y8 B o T IR RIS 1T
FERIG I SCHA 3 MRS PSR

Rl NEFRESETRAIEE(ng kg)
Table 1 The contents of heavy metals in the shellfish
samples(mg-kg™)

AR Cd Cu Pb Zn
JEAEERIAMT  0.32:027b  1.1420.07b  0.25:0.08a 9.86x1.12b
RSN 0.29£0.05b  1.44:0.17b  0.33£0.05a  8.75+1.10b
JEITALEE  1.86£0.30a  144x61.8a  0.20£0.09a  409+214a
KFHATEE  047£0.11b  12323.53b  0.3420.09a  50.4x4.50b
Sl 0.16£0.03¢c  1.0020.16c  0.1020.03b  12.9+1.65b

E:F—F AR TR R R E 27 (P<0.05),

R G4 R (% 2) R W, R4 G Cu
B & B, ARE VA Cd.Cu Pb (& &, JER RIBT
Cd.Pb W& B IRIH BERNFNH 2 F(P<0.05);35
RME DL ASCIA RS Cd.Cu Pb . Zn S ENZHERF
AEE HMNENESETERBNIEEYHETE
BRI, AR EA JBE R DL ORI
B ELSBEITRMTEY,

TSI, 2K R B B FHEEBEEFRER
O, R R R, AR A P iy
A FRIE B, B EE 42 TR U R IR, K AR A 4
943 Fs P(0,)<4 kPa B, Tt W% Cd f iR ke LA B 2
A0 A FRIY, 35 2806 DU MRS Cd Bl s Hose
ARE R, ERELNT , EEREKALS WY B
Z W RFOK R GG SRR, -5 HALAR SRR
K2, RS, K IR B AL RE s D 2R A=
HVE o, BB E 4B ML ST A G, YR th 2
ER IS E 4R BRMEZE T I XHEM#S Cd
MR 2 BIRE A KBRS, 7E 15~30 CX Cd

P B MAC I 1 o T P s LR R M WX Cd Y
W, DR AR B AR A iR 1 HACBIHLAED . F351, K
2R B BT R AL AL, KRR A AR fE T RERY
MK AR G mOTRAIEAS, DT R M He A= w1 A
Mo PR TR JRE S FNE R, B
ARERN T DR A2 BRALRE , T2 Wi o) 2 T
RPN R, 18 0128 5 Cd\.Cu Pb.Zn i
HEREAFTHEERD,

R2 MEFREERETRSENFNER(ng kg)
Table 2 The seasonal variations for heavy metal contents in

shellfish samples(mg-kg™)

A At cd Cu Pb Zn
Bi 58  1.90£031  142#58.7  0.19£0.04  499+80.6
98 200£038 186+61.7  0.15£0.03  486+90.3
AW 5H  015:004  0.98+0.19 <0.08 11.9+1.29
98 0.18:0.02 1.02:0.11 0.10:0.03 13.9+1.33
YLl 58 026:0.03 1.53:0.15  0.33:0.04  9.43x0.62
9 032:005 135:0.16 0.32:0.06 8.07£1.07
MW 5 039:0.04% 9.48:1.02% 0.28£0.03*  47.8+5.50
9  0.56£0.10% 15.1+2.80% 0.40£0.08* 52.9+4.08
BM 5H 1861024 150£23.6%  0.18:0.02  655:114
9  1.92+0.13 186£26.1* 0.13:0.03  629+98.6
WARE 5 H  0.53:0.24*  1.16:0.08  0.18x0.03*  10.8+0.53
9 A  0.12:0.01* 1.11:x0.06 0.31:0.04* 8.92+0.67

o RFNHERR B (P<0.05),

NN EESB RN BHZHER RN, H
R BE DL T LA SO 5 YR L AR Ak, AR SO
RIS B DL 2 R ES R TR S B
17 (3R 3). ki, FER RIS (T1ARN Cd. Cu,
Pb.Zn W& 85 B 1R _1 )| 5 G A7 RE B R Y
ERBHE, 353G DA SCIEFEF Cd. Cu Pb 1 & EAK
FHERME , PP WA AR Cd.Cu . Pb & EETH
UIERER PSR, T4 RN Cd.Cu B &K
F 2008 FFERM PR LS R . {HE T 2008 4 ik 1
2007 S H U R TEA LR, T4 WA Pb SR E
PORHREGR . AETORIEEEST, BB 5 KIEE R
YL TEIRARIT , | RIS TS M A VS 5 R A
FIFEARIE SR . MUEMR B, BLRIAA DL27= 5 Cd.
Cu.Pb.Zn )& B SFORIEERMLL, ATEE® MFD)
WHEN, RAAEEENESEEMEERE RS,
{BEEALREFFXTERE
22 MEF=RREHIRE ST

RIEEFME (RF= ISR E TAEKE R
FAER)(GB 18406.4—2001)2 X T /A E K= i



55 30 5% 6 i

DI S 1211

R3 ARBEAXTRPESCRTRESEL R (ng-kg)
Table 3 The content comparisons for heavy metal in shellfish

samples from different area(mg-kg™)

RS Z R cd Cu Pb Zn s
FEEERIT 032 1.14 0.25 9.86 AL
020 140 019 154 2005 &[]
033 114 024 — 2003 LJi|&m

Bl 0.29 1.44 0.33 8.75 A&

0.70 9.29 0.22 — 2003 Jijigum
1.66%  490%  0.96* — 2003 @R
1.38%  296*  1.08* — 2003 3EIEm

S 0.16 100 0.10 12.9 3
0.26 139 0.08 — 2003 1Jij g
FOEREAWE 047 123 034 504 A3

0.28 476 0.22 — 2007 B
ETHEE  1.86 144 0.20 409 ARSC

1.68 99.7 0.15 — 2008 535>

2.10 263 0.19 — 2008 4R HHP!

1.46 95.4 0.21 — 2007 FHEM

S TERRBIBE,

BEA YR B R REER, Lk A2 2R
Cd.Cu.Pb B R 53HIH 1.4% .67.7%.97.2% ; 1R
WRNATARE (EAFERER KT EFEEEY
JERRE)(NY 5073—2006)2 X TN FEKF= A TA
FY PR K, Mk D27 A CdL Cu Pb (& 4%
BRI RIHR 65%.67.7%.100% . FAHRAERT Cu FIFR
BEESRAR, WX Cd.Pb R EHEERAMHE,
GB18406.4—2001 X Cd.Pb (¥ R &8 73 51 H A a
0.1 mg-kg™ FIAHIT 0.5 mg kg™, ARHEBA X 7K™
TR IR RFEATIX 43 . NY 5073—2006 % Cd.Pb AFR &
K= SRR E T AR R R, X1 027 5
Cd.Pb R EEX AT 1.0 mg-kg™'s RPN
PRERTS Cd . Pb A EAR., HFINRNELE

TCR M EHE RS = T MK =R, X DL S P
Pk AR AT AR HE R A58 .
DRI S e B M E K= Rl THE N
AR T] BB R ARG, ] BB B A 5 . A
XoF PR A PR D= T B R R E SR
ERT D2 R E R SR P ISR
PR R, X IR D254k Cd.Cu . Pb.Zn HyHZE LR,
5HaummENR-RELSE TR S EIHTHE,
GERYF R 4. WKTEZ T VLAY Zn B8 BT R
FrommERES Zn &R, HAM D2 Cd.Cu Pb.Zn
B E BT R T & R i & & R K
WENRKRESESESTERHREEAR
HEAFE Y EERBEENEBRAMZEBAR
B Al TR, 2P Cd P B RS R E
S RGN TR 5SORIE E B &5 3 I sa Fnis Ye ik 2
B4 30, CuZn RAE A T BEARBR A NAE A1 75 4
TEbR, BALRFEAT AN AR ), IF 5 5 AR 2 4 /8
AEREMRLVHAHEHBMANREEREZRAS

R4 MEFRPESCETREELR (ng-kg)
Table 4 The content comparisons for heavy metals in shellfish

samples(mg-kg™)

FER AR cd Cu Pb Zn b3/
FEEEIBF 032 1.14 0.25 9.86 AT
0.26 139 — 7.05 I
1.01 — 0.56 — e
FERIE I 0.29 1.44 0.33 8.75 AL
171 9.29 — 422 JopHeE
0.52 — 0.74 — e
s 0.16 1.00 0.10 129 ASC
1.08 — 1.00 — Figes
ETALEE 1.86 144 0.20 409 A3
1.44 118 — 183 Il

®S5 NEFGRC. P HBAERREE (ng k')
Table 5 The diet exposure of cadmium and lead in shellfish samples(mg-kg™)

Rt A Hh a P
C A Cm C A Cm Am
FEEEMSAT 0.002 2 0.001 1 0.007 5 0.003 7 0.001 8 0.000 9 0.005 8 0.002 9
IR 0.003 3 0.001 6 0.0110 0.005 5 0.002 4 0.001 2 0.007 9 0.004 0
SinAkan.i 0.013 0 0.006 5 0.043 4 0.021 7 0.001 4 0.000 7 0.004 7 0.002 3
F5R 0 DT 0.002 0 0.001 0 0.006 8 0.003 4 0.002 3 0.001 2 0.007 7 0.003 9
pa 0.001 1 0.000 6 0.003 7 0.001 9 0.000 7 0.000 4 0.002 3 0.001 2
WA 0.007 0.025

W CoJLEH A AR ; Cm: JLEEARFRIE ; Am: UAFH R FRIE
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(JECFA) #3798 5 18 JA Tt 32 A & (PTWI) L %%
R, NI F Cd.Pb S ENTAR
KEEGP TR S BRWEARTFHE; WK=K EH
TH SRR 30 g, MR FRIH SR & 100 g; TH 28 & 73 0 L
BB 2 4, REBUES ) 30 kg F1 60 kg, D12
AT 2 B A T SR 2 IR 2002 4F SR £ 8 2 F1 3
HRGEAL 2

RIEF 5 MR, ILEEFETAYR AR Cd
MBI HEARAE , AR A& AL TLAT R A Cd ik
WA . eV REE BRI S BB T, L&
BBRSCUE S FCA 4 Fp L2 AR Cd T &
DR 5 BUAF A VAL WG A A Cd 33 2 19X
o TEDIRAMRBRIESRED T, JLEFSAEAXT Pb
AR IRTHERME, b FLETER A

MRYEXT ) AR IR T & R A, A (R
KB Cd W RBERE RIS 0.006 mg-kg,
Pb fy45E BB R K 0.019 mg kg, G563 5 WEUE,
JLEMBA Cd # B e R E R d JECFA
FIHEFAE , FE7E Cd BB RS MR . 78 I AR BR
HIREDT , A Pb ) B ER R ELT JECFA #E
FAE . LE Pb (M B E S R B E T AT JECFA #
FEE, BEIRE ) LE ] BEAETE Pb 288 5 I s i KUK o

3 #ig

AR 7™ dh i, Cd\Cu Pb Zn B & B 2 R 1R
R, ETCH Wi Cd\Cu Zn B8 Bm T T 3EH
FEIAAF R DUAI SOl P A R, B R TR
AP Y U R R Cd\Cu Pb S B
TFALYE 6 D SRR T i Er . AR D285
M BRE T HANESRITR ST RIER . ARRME
Z4y, N2 Cd Cu Pb.Zn K& BdRBLH —
TE M2 S, XA BE S R N TR R A K

BEYREE, DU Pb T BT RAEK
P B RARERBRB(E, T Cd.Cu BI& AR
BH 65% 67.7%, 5HAMHEH I RE )R & EAM
e, HRIEE RS TIEF KM STEE N &
JECFA #3708 R 1 A TR AR A B AT PR, DL &
dh P MR REEEA TR EWEN; BRTTTAT G
b, Fift 4 A UK Cd E R REE BT X2V
W TEB B IR FRIEOL T, ST P Cd IR R EE R
WA TFREEE N ZEERSWHAY . HiXF
Cd.Pb WRERE, HEINRMRER,CI.Pb K EE
BB R R E—E XKL
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