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(Pectinidae) . Il J& ( Pecten) , EEF=FF [ 1L
RS B GEIK AR SO T ORGE Kl
5 25, AL R DL PN (AR i, BRTEUTIRE ™ L
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BREEAM T VIS B B v R T 4 JE T 1R
FHLBIEFE T FAL I DL PR T 4 s Y ' AR 1 O

r#s HH#A:2010-03-24 f&E B HA:2010-07-07

SCERFRIRED : A

FERSHIFL B DL B T2 VAT 1R, A
B Z BRI S R AT R 27 Kl
T DURTE G ot b v i 1R A 2 A BERE

1 RPR T

1.1 HRNRESRE

FELL AR A 4 DY - L 5 3R X B i, 43 3 T
2000 4F 6 — 12 H 45 H R — UL DLRE &, I
XEFRA X (7K B U R TR Th A R T
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P EElAAE B 5 5 B SR AR HE T TR E R
2EWERIE) G DUAR HE o (B 500V R BT ) AR i
PERE L E I ( @47 mm Whatman ) \BP211D %
HL R OF (g4 i —FE R 24088 ( Bi) AR A
A)) R iR & S8 (K Milestone ) | AA80O
JE MR35 { (S5 [E] Perkin Elmer) .
1.3 {EMAE

RN R R A IR, A

P, =C/S,

X, POoNE R (TS YRR C N ESR i 1Y
KEE, S, N E AR | FIENERES

2 450

2.1 HABNMNELEEENEALER

DA DUBR o b ABOTT 3 G 00 A5 L Bt DL AN (]
HA P E 4 JE Cu Pb Cd 1) 5 &, K0 45 5% W3
Lo W1 ATLIE I, FFL R DR 4 4140 Cd %
HORE) NEE > REE > 2L, X 5401
222 S B DL R 4 Cd BBF eSS ie—3k. IIE
Hirh Cd & & dx i, o 30. 0 mg/kg, M7 ilrh Cd
Fra i, o4 5. 38 mg/kg; Cu & & (WRH) : NI
Al > P15 L > a8, 3y EA b Cu & i, N
11.6 mg/kg, 68 o Cu & &A%, 2. 08 mg/
kg;Pb Fig (M) : WAEH] > e > P5E L, (H 45
AU Po FHRIF LB EZET

x1 HILBNIARALHELSESE(RE)

Tab.1 Heavy metal content in various tissues of
C. farreri wet sample weight mg/kg

A7 site cd Cu Pb
AR AR AR 4140 whole soft form 13.30 2.56  0.233

1721 adductor 5.38 2.83 0. 154
PN JEEA] visceral mass 30.00 11.60 0.392
Y branchia 5.83 2,08  0.178
W DB A Lo 73 Lo
mussel Standard
UNCSEL 2

. 0.20 100.00 1.500
human consumption standards

1 IR DUARHE R AR HE(H Cd: (4.5 £0.5) ;Cu: (7.7 £0.9) ;Pb:
(1.96 0.09) ; S0y mg/kg, 2. WA I [E 5 T A: FlBE2E B 5T
s

Notes:1.Cd; (4.5 0. 5) mg/kg, Cu: (7.7 £0.9) mg/kg, Pb;
(1.96 £0.09) mg/kg;2. Formulated by Australian National Health
and Medical Research Council.

KT DA [F] A 20 4 T 2 AR 22 Sk
— s B YEAT T M O BB 5T, Bustamant 25

B Chlamy varia 53 SGH AN FIE R IR AILAL
AR KA R 4 R S R AT, A
T T AR AN S P AR SR A R R I
LA P R AR NIE S RORE , E s Cd,
Cu 15N ERAT A i 5 4R B KT 7 Al 21 41
1 SR, X AR B B S A L
GEMEHRE S ZMERA S, M H., 2Kz
GIEIGH, S E R R IEARN, RS S E 8
o HAR R B R AR S B < R B AR 1 4
o, S S G R R B 0 R N2 A e
Al in I RS DN e i o S AR [ IR LSS
RIEHE, SRR ERRER ™ o S8 1 | B A 4
HAM G BEE A & 2R, B2 B2
B, R, BEAAR N Cd | Cu KA AR AL
Fi DUR NI rh o 25 LU0 5 B T AR A0 OF TR W
E5o
2.2 HABRAMEEREEENNMEES

FALRR DULEAS ) A B Bl A B < i 119 5 4
FEAEZE5E 0 A I T A AR A B 5
1 AR RS A A (&L 1) Bl A= A i [R] ) 5
LR DR N Cd 5 BT B3 i, {H Cu (Pb i
HE AR I TR PR AEE A AE AT AL DA PR ) 8 T 35 A
B B A IR T, AR5 FL B DL A SR )
R ZEIAE AW R, X U HFL AR UUXF Cd )R
RN T HXF Cu \Pb (1R

14 —eCd
~o 12— Cu
\w‘q:'; —+—Pb
2 10}
E8
\2 8_
i 3
e 6
S E
#z 4r
b .’,/o/‘\.
2_
0 A A . o —A
3-5 12 18 24
AT 8] / month
growth time

1 AEEKMERLBERENESESE
Fig.1 Content of Pb,Cd, Cu in different
growth phase of C. farreri
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&E(THE) R 27.6 mg/kg, Pb 2k 20. 0 mg/kg,
Cd H1.11 mgrkg, 58 Hpizstim X b RZT
Yy b 4 8 & A b, B Cu iy & Ak
A, Pb R, Cd &5 3 W I iy T 3R J2 TR
Yih Cd & ik, B TRZVIRY) FZIEd Kk T
TICRER 1) 7 UKL R A BLAAR 5 4%, R I 3R J2 AR
Wy v o 4 J o S K A b B PR ) (A B R
KL LIRS ) b E 4 Jm & A Y, B I I 25
Bon, BIEY b Cd SRR T RZTURY T
Cd &5 6.4 5. HTINh, KFEZAIES , B
TEUERR b BB B UL A ML A1, I8 A TR AT
Yy, X UL AT RE 2 B T PRI AR ) R K A b B R
BESHTEFYTH CA AP S ESTE
JEUURRY R & i, R R Cu & A
R, BRYhEeRESETUHAXER:
P XM, + py X M, + psy; X My
B M, + M, + M,

:T:t:':f:' P %%%/%%qjﬁé‘z\ﬁﬁkg SP1i NP2i \Psié}%u
FONRIEORL ARG PRI A YR R
JRUTE ; M, M, M, 5357 37 2k P UKL A HL IR

x2

& ERR Y B (T o T M, AN M, + M,
+ M, B /NEY LB, T H py, B py, S TR v
A JE B AR PR A 20 AT DGR i R 2 f
p [HIBFNRIZVURRY H Cd S5 6. 4 %, ps, UK
AR S R TR, BP PR & A KRy Cd, AL
EEREMRE, NR2 AN, 7 H21 H 8 A
7T HA9 A9 HiRi s R AL E R S
4% ¥ ( Skeletonema costatum ) | F} & 4l T ¥
( Leptocylindrus danicus Cleve ) . = ffi ffi ¥
( Ceratium tripos ) . 7% 1 5 V&5 ¥ ( Heterosigma
akashiwo ) Fl Jx M1 J& B ¥ ( Prorocentrum
sigmoides) , UL HIX JLFP ¥ A REXT B 4 J@ Cd A
W L RE T, X Pb A —E 1Y & 4, X Cu iy
HEAUE ., WY EEE,8 H 7 HiXlE
B RS 8 224 000 cell/L, {H B YY)
o Cd AT 7 1 21 HFI9 H 9 HizlgiiE
YR Cd & &, BB AT RE B A% PR AN
FEEE =AM EEXS Cd s AR BE T R T ok i)
LA R, ST IR S R E &R 1 uE
ﬁ§[27—28] R

SEFMHESREAE

Tab.2 Content of heavy metals in suspended solids

Boerly B (mg/L) T H(mg/kg) dry sample weight

PRI (cell/L) PEHFh

sampling date  suspensions Cu Pb Cd no. of phytoplankton dominant species
Ak Skelet ostat
721 9.10 34.9 23.35 1.06 39 952 "1 By 5 3% Skeletonema costatum
FIEAAERE Leptocylindrus danicus Cleve
H5¥I 553 Heterosigma akashi
8-7 9.14 19.2 21.7 0.451 8 224 000 RIS Heterosigma akashiwo
S W JEL 5 Prorocentrum sigmoides
AU Skelet tat
9:9 7.94 28.6 14.9 1.81 ogsa1e TIVEIE Skeletonema costatum
=¥ Ceratium tripos
VLR (8 =10
LA ) 28.5 16.8 0.173 —

sediment

2.4 WIBNWMESENSERY

AR RO A Wy 45 280 AW 4R R Ak
WAL R A AR BB LR ol R R, Rk
YR N S oT R Sk A W R S T AR A 3
Bz B R B LB, TR 4R K
45 R ORI ICRE T SR M BR E R

FiFLER DL B & R REL LT AT

Ax(FHEE B EERL) = L AN ES
J& & (mg/kg ) /37 5 K 42 )& 5 it (mg/
L) x100%

R FHRTIRBERL 2 A 51 /R B 21 F 1965 4F
Xt AR 2B AX) IRLAE , 24 Ax > 1 I, 1Y

ZICRAERTALR DA R A
X S PRI T K K ) M 25 SR SR W 4%
fi Cd Cu Pb [y & 975 G —F i AKOK Bbr i,
VAWK IR Cd Cu (Pb {9 & AR, e AT
VA 228 s g 70 Hh o < S RS LR DU 5 A e
LR, A £ DU Cd s 4 RO
25 495, %F Cu & £ RN 1 453, %F Pb 1Y & 4E
Z RN 258, X U] E IR G Jm e AL DUAR Y
AR IF HANEL R UL 4 e A AR A W
FEIE, B A R R, B R R BRI i
TAIFL R DU 3 2 8 1 I K b R i R ) RAT LR
JB 75 R RNl R B B %K o R Y e AR
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YERS, Rt BRI A5 R BZ O , B4R i K —
VR WA — HIFL B DL AR AR B . Fang ™!
WHFE 17352206 U1 (Perna viridis ) il id K (BE2E |
TIRYYRe s R ESR Cd, Rl i KiER s
Cd YRR Hoad o 3 2R BT R Y R A2 & AR R AL
B3 B9 EHANS RIS Cd &2
WA TR, NFE2 ATLIEH,8 AT
B E 4R Cu Cd. Pb [y W 25 R 754 (il
PR BT i) — 8 AR, 3 10 W 7E 7K BF 558 F IT0
BRI Z BN EH 4 w5 g o0, AL g3 DL
WNE SR Cd AR A B RS . T AL
LB BA KRR ERES) , I, RN B4 8 &
SO AWE S BT E A . B TR DR
W B SRR Y b Cd & B BCA AR A I XT
N F, PRI AT LR DU & B 42 R Cd Y AR 45
N7/
2.5 WHILBNAEALARE TN

M3 FTLLE ML DL Cu (Pb Y &5 &
FEEVENARAE, 5L DL AR 43 A R | P15
WURIIR R Cd B3 s Y T PR AR o,
WIEHT Cd & &2 bR HE(E Y 7. 50 i, FiL A DL
REARBRAR A Cd 5 AR E(ERY 3. 33 5. DX
W6 H B REEERNT DL b 4 PR A ]
BLE AR AR v R X AN (] DL 28 T 4 ) A
Gi— IR RLE . WEN R B, AN TR DU AR Py 4
JE I 25 AR K . M FIZKARIREE S50, 3 DL
i b 4w Cd s, M AARATAL B DU
Jah 3 DU Cd 25 i b A T v e DL, 3X T fE
S AT A K R A OG; KPP 4L W5 ( Ostrea
gigas thunbeng ) ¥ Cd & & b #8 4 W5 ( O.
plicatula) {5 3% 7] RE 5 MATHYME2E R A 6, H
‘BN 45 1% ( Sinonovacula constricta) | 2% {0,
W f 4 ( Mactra
veneriforznis) Fll L ( Mercenaria linnaeus ) 2 I
Jerpr Cd & BT B DUFIAE W , 3X A] fE 5 A AT
AR A G B, 34T DL 2R E XS A [A] DL
KrhEL R REMSE M E R BRI FETFRA
Wik
2.6 MWILBRNAKERRENTHRE

WE5ER B, M AL B DL b A 4 R 2 2R
Cd, Cd ZxXF s AARA M E SR, #EANL
WETERT 28 &4 B MR, HEE T
JHFHE A, R A T Al T | P A 3 i 1 ik A5 i A

( Venerupis variegata )

HBEAMR,{H Cd AE Bl 1A IR A 174 3 280 4 2
T8, BB, FE AR, Cd BRI K
BT ~30 4, [ ERL S0 AR Z A BEX Z R E
HATE NI E . Cd BAEUENE, E PR AEnr T &
(IARC) {URIH N S —F AR B ; R E K
BEHA T4 (NTIP) o 48 40 A N R B0 9.
S A N N @ISR /2 A R ) BT e P -0

x3 WBRHPEZETN
Tab.3 Evaluation of heavy metals in C. farreri
BATIUS e B P
Cd Cu Pb
RARIRAR L L whole soft form 3.33 0.0512  0.233

A site

5% L adductor 1.35 0. 0566 0. 154
P H] visceral mass 7.50 0.232 0.392
g6 branchia 1.46  0.0416 0.178

PR [ 52 T2 A= Fl B 2 5 B 2 WL D
Jerpr Cd AR ShRED 0.2 mg/kg, A 1 Al LA
B AL DL 25 414 Cd 5 B8 T X —F
HEER Bl S A L A AR Ik B 2
XAKUALAT 3% ~ 8% BB, Hom Ko (2
95% ) 2 th ZEAE HE A A, B LA B2 AR HEAE
NPT 3% A B MU AN A LB P A o AR
PR FRAEMUE B o (5 A SO E A A it
BY—AEA Cd &= AN 0.4 ~0.5 mg,
WiLL 0.5 mg Sy AfE— R Cd BYER B {H, LA
5% NI Cd Bl R £, BL Cd S R
SR, AR — A S AP Ry

0.5

zpz m;

X 5%

M, =

P, Mo, F7R A Cd D FREE DR E N —JH nl & F 2
P PR (kg) 50, RRH i MR Cd e E
(mg/kg) sm; FrR55 i FEYII TR (kg)

R AL Cd Sy BRA A o L UG L B DL Ay o
— W, W SR A A DL, UK 13. 3 mg/

z i i
km%mﬁé%“EMAeﬁﬁﬁﬁmmmﬁ

E(E 0. 75 kg, LT 5o DL (55 0L7e) A (38
£)0.25 kg T, # B BB UL (55 DL 52) &R
3.0 kg; WA A &R DLT, IR II{EL 5. 38 mg/

z i i
mﬁﬁﬁh£J%EMA4%ﬂﬁmﬁMT%

i
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2% (H N 1. 86 kg, LA T5¢ UL (5 DL52) i i D
T0.1 kg 15, HBA B R DL (5 D7) 1N
18.6 kg HiIF I TLAIZU45 i AR i £ 9 JH
BA Cd B RERE N —HBAA &Y+ Cd
FAAEAN, R B A2 A AR T AT L
DU B AR SE PR ARV 2 /M 2
BRI AR T P AR E R T 5, BR T 5 IR
BYLRISL IR E 075 TR IR A3 T 15 LA
KR B BRI 2E 5

3 ik

3.1 HIBNWESENESE

X AIFL I DL A5 2 20 rp i 4 R o i g R
FiifL R D145 2 U0 T 4 i 1) SE A BB i 22 5%
A, NI X 4| Cu Cd B & 4Rk
F A FEL, mASFLES DA HZ0R Y P & B C B %
ZE5¢ . MiFLRA DUXT Cd 1 & SE AR ) B B KT H T
Cu . Pb (&4, MifLE DX Cd MEESHARK
JEI) 5L 25 IEAH D6 5 Cu  Pb Fifi £E K Bisf () 36 i 7
L DU P 3 e S5 TN i
3.2 WIBRERNEEENESE

PR W25 SR WY, M FL Bt DL B VEOR AR ) 1
TFFE YT Cd A AR = 1 B AR A%, X Pb A — 3 1Y
BT, X Cu MEEAIE, ZidiK—1H
BRI W) - FL s DX — A= PR G A, 6
FLa DIXS Cd (5 5 Rk 25 495, %) Cu iy & 4E
FECH 1453 % Pb & S R ECH 258, i ik
A BAEMALE VAN S L ENESENE A
W1 R FEE, Cd 1 & 5 R 8, P I E R R
B, BB THRE L EGENIER
2 B KRR E 4R 15 UGG BT T
B R HIBIESR , TR 7K 5 it 55 AR A P %) 3 46
() S 22 (B A A SR A 2 0 o
3.3 gHRZR&ITM

IR 24 A7 R E, B DUAE Lo £ 3 {4
R4S, W BUEY I, T A Cd & &
A A B 1/5, BRI ok A 1802 FE A L B DL R
AU, D ESA TN BRTS E XD
4 B (R A 25 AR K, 98 EE X DL 26 h i
4@ Cd (PR 2 R Y 4 f, & A AR 2
B DRI, AT DL bR v X AS ] DL 2 b 4 8 1Y
PRI — L R B R TR IRARIE . HFRA
[v] DY 280} B 4 T 1) s AR WLERAIT 5%, 5708 45 Fh DL 2%

AR T B b o 2 H R 5 A DR B — 00 B
TAE.
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The research of heavy metal enrichment in Chlamys farreri

MA Yuan-qing* , ZHANG Xiu-zhen, SUN Yu-zeng, JIN Yang, LIU Yi-hao, SUN Shan, WEI Xiao
(Shandong Marine Fisheries Research Institute ,Yantai 264006 ,China)

Abstract: An in situ experiment was performed at a Chlamys farreri culture zone of Yantai Si-Shili Bay to
learn more about the heavy metal concentration in the tissues and the food organisms of C. farreri at different
growth stages and to carry out food safety evaluation on C. farreri for human consumption. C. farreri samples
were monthly collected from June to December in 2009. At the same time,the heavy metals were monitored
in sea water,sediments and suspended solids( SS). The method for monitoring heavy metals in sea water and
sediments complied with The Specification for Marine Monitoring ( GB 17378—2007 ). By filtering 2 -3 L
seawater with microfiltration membrane ,the samples of SS were obtained, which would be digested together
with filtration membrane after desiccation, while doing a blank determination. The monitoring method
complied with The Specification for Marine Monitoring ( GB 17378—2007 ). The C. farreri were tested in
conformity to Methods of Food Hygienic Analysis( GB/T 5009—2003 ) ,and 200g samples were respectively
obtained as whole soft form, adductor, visceral mass and lamellibranch. The results showed that there is
significant variation and selectivity of heavy metal concentration in different tissues of C. farreri,of which
the enrichment coefficient of Cd is as high as 25 495, the content of Cd in adductor muscle being 1/5 of that
in visceral mass, while the enrichment coefficient of Cu and Pb are 1 453 and 258, respectively. The results
indicated that the enrichment process of Cd was positively correlated with the growth cycle of C. farreri,
while the enrichment of Cu and Pb is in a faint-correlation with its growth cycle, which may be elucidated by
the comparatively higher enrichment coefficient of Cd than those of Pb and Cu in phytoplankton, the main
feeding source of C. farreri. The results from quality appraisal of C. farreri showed that the content of Cu
and Pb conforms to the evaluation criteria, while the content of Cd exceeded in whole soft form, visceral
mass ,adductor and lamellibranch. The value of Cd content in visceral mass is 7. 50 times greater than the
normal ,and in the whole soft form it is 3. 33 times greater than the normal. In addition,a preliminary study
on human body consumption standard was performed in the paper, and reference intake of C. farreri for
humans was put forward. If it is eaten wholly,the weekly reference intake of the fresh will be 0. 75 kg, i. e.
3.0 k g including the weight of shell;if just adductor muscle is eaten, its weekly reference intake will be
1.86 kg,i. e. 18. 6 kg including the weight of shell.
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