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HE RKE2014F8 AN AL AR N KRR GEESLL, AR T HRAREK, ARG L
Wkd 6 MELBNEEREEREN, X NAFARITHERESKNRIFN., FRE R, #BK
FELBEEENTEKA As. Cu, Cr, Pb, Cd 1 Hg; MR+ E4LEEEMNEZ KN Cr. Pb.
Cu. As, Cd 1 Hg; MEEKFELEEENEE LY Cu. As. Cd. Cr, Pb f1 Hg, £ AFHEHE
WNERERN, FERXBAKTELBECEHNF AN LEAKTME; MBNELBLEHNFAL X
RN REE; NEEY Hg, Cd. Pb A Cr AM A (R G ZAE R EL BT LR E),
CuffolXBFAEYFERE. WENELENE S NAF /MK Cu. Cd, Hg. Pb, Cr # As,
FEEFERINLEFH Cu, CdEEZEERE, HMWEFLEEERABENKK. EL4BEREX AN
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T XT A AA (it BREAS) B A T (W SC 5, 20055 AR
G, 2016). DUZRCHARZ PN TEHEFE AR T 5340
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EAERE S, B, V52 E R0 AE Y R iR
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8, 2013; ZERFRAE, 2015, TR, 2013; R ¥
45 2014; 5K F 445, 2011; Adjei-Boateng et al, 2011),
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HIZRA K IEFA K3k, FRAHIEAGK 25 J7 hm?,
VUZETRIE ) At i 25 3t o RIS L1 AR 2 3 D D6 R T
DXk A BRAR, HEHR 8 AN BA URNERFRIH XK, 73
BRI JCAE DTSRI X | T 7 ILETRAH X |
Dyt VLRFRAHIX | M0 5 3 DU IRAEIX | it AL it
DUZEFRFEIX | BRiREFL I DUETRAE X | 4 65 7 FH D12 5%
SN H PSR DL S TR A IX o 4 R X B 2B 7 A
KBRS 3 AN TR s LA 1 A AW i sl fn (8 1),

12 HEmR&ESHH

FrARERLT 2014 4F 8 A REE . AR5 X3 R AR
7T AKEE. 3 ADUUBIEER 1 AR, 8 A FRIEIXAR
PRI DL LE WL 53 3] R Ul (Meretrix meretrix L.) |
DU i (Mactra veneriformis), JE{ 5 #4 11 (Ruditapes
philippinarum) . 7% & U1 (Argopecten irradias) . A1ifL
B3 D1 (Chlamys farreri) . 4115(Ostrea gigas) . H [E 5 i

A RSRAE | iz | R i B AL BRI A R 5 9 44
W e DRSS ) G I REYE , 2007) MG L2
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Tab.1 Standard of heavy mental evaluation
in marine organisms (mg/kg)
ol B
Elements ey Cd Pb Cy orgame
Mercury Arsenic
PR s 500 15t 100 05t 200
Standard

a: GB 2762-2012; b: GB 18421-2001

T H AR W 4 R A (BCF) K 22R A Wy 3 BR B v

EEBIEERT, TFEAXGME, 1997)8
BCF =C,/Cs (2)

A, Cp Ry i T 28 mlo M B2 gt 400 o A A P A v 1)
JO 43 5 Ce R P IT 28 U B4 A ) S AE LA K (A BR
By R

T A B A e N L 2 e RS R A T TR
RN X (L, 2010)H -
:Cxlr 3)

Bw

A, ENCEMNIEE R FE G (ngke), CHIIZEH
HLJE S i (mg/ke); Ir A HERR; Bw A,

2 H#HR5WR
21 BARHPEERESERRRITM
AR A 3 3 AR A DX /K v o s 5 1 SO 4G 2R

E

mER2fR, WKTESE&ENEHCNAs, Cu,
Cr. Pb. Cd. Hg. HHr, @i m o &R
EOR PR He & s, DT IR S
BT . S PR Cd SRR, B AL
L L LR A s I AR H BRI L i L LT A
Pb rEicEr, EMNTOME . AREB P I ERAAR; IR
B R R A H PRI Cu SR, HA R AH
ZEARK; SFIMNBHY I As T ERe, EMNT
B ZREDB P AR s I T R AR R P IR
W ZR 2 5 A r &R 5 0 BH IR, Cr S s, 1WA
5 2R A R B A | e TV A

2014 A A L5 R 5 EIEIES 1996-2005 4F 10 4F 8
SEGEEHMEMEE, Pb FEA L, HihE 4
J& R ZEANRK(ERTE, 2009), F5H XK PE
GRS ESTA T2 KK AR e o BRI N JC A i 4
Hg 15 348 50 55 (>0.5) , A7 1E— 2 IR AR KRS A1,
i S8 A4 2 o 4 T T AR AR, AR IUBS #/N, JK BT
RO R AT
22 MBYHPEEESERKEMN

7R 48 3T 5 SR X UL AR ) v o 4 8 o i SR
SR MER3IPIR, VIRY T E SR &8 s 2R Cr,
Pb. Cu. As. Cd. Hg. MIEHDTENR . 053N
W He & e, WMNIOEE . RE R A
T R E M . RE R P CdE BB

K2 BAKBTESESERRATEN(ug/L)
Tab.2 The concentrations of heavy metals in seawater and its assessment (pg/L)

I, Area Hg Cd Pb Cu As Cr
T Tk SEHIME Average 0.1130£0.0090 0.396+0.045  0.421£0.050  1.75£0.28  2.10£1.34  3.060+0.39
Wudi Binzhou P 0.57 0.08 0.08 0.18 0.07 0.031
BB S Average 0.0859+0.0185 0.283+0.060  0.408+0.053  3.38+0.39  1.36+0.36  5.240+0.410
Xinhu Dongying P 0.43 0.06 0.08 0.34 0.05 0.052
BRI S Average 0.0183+0.0103 0.708+0.065  0.708+0.135  2.47+0.13  6.38+0.64  0.419+0.060
Binhai Weifang P, 0.09 0.14 0.14 0.25 0.21 0.004
5 & 3 S Average 0.0445+0.0088 0.396+0.032  0.666+0.141  2.70+0.50  4.32+1.02  1.980+0.300
Laizhou Yantai P, 0.22 0.08 0.13 0.27 0.14 0.020
ke dis S Average 0.0411+0.0063 0.131+0.046  0.807+0.255  2.46+0.46  1.52+0.37  0.651+0.119
Beihai Weihai P, 0.21 0.03 0.16 0.25 0.05 0.007
B S Average 0.0369+0.0059 0.129+0.033  0.899+0.266  2.17+0.45  2.04+0.44  0.659+0.134
Rushan Weihai P, 0.18 0.03 0.18 0.22 0.07 0.007
£ & 5 FH S Average 0.0457+0.0456  0.540+0.074  0.742+0.123  2.64+0.32  2.85+1.43  4.050+0.430
Haiyang Yantai P, 0.23 0.11 0.15 0.26 0.10 0.041
H IR S Average 0.0241+0.0010 0.286+0.014  0.841+0.093  4.23+0.12  5.26+0.08  2.180+0.060
Liangcheng Rizhao P, 0.12 0.06 0.17 0.42 0.18 0.022
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Tab.3 The concentrations of heavy metals in sediments and its assessment (mg/kg)

1 Area Hg Cd Pb Cu As Cr
TR TeAR SEH4{H Average  0.0183+0.0044  0.380+0.010 12.10+1.39  4.30+£0.60  5.21+2.09  13.60+1.35
Wudi Binzhou P; 0.092 0.76 0.20 0.12 0.26 0.17
REHF SEYIE Average  0.0037+£0.0062  0.317+0.087 27.50+5.38  14.2043.71 7.2240.42  30.50+6.10
Xinhu Dongying P; 0.019 0.63 0.46 0.41 0.36 0.38
Y D i SEAMH Average  0.1060£0.1040  0.087+0.032  8.25+2.13  2.32+0.63  8.79+4.09 21.60+1.76
Binhai Weifang P; 0.53 0.17 0.14 0.07 0.44 0.27
14 JEM FEPIE Average  0.1580+£0.0440  0.288+0.115 20.10+0.80 16.20+4.20  4.20+0.51 26.20+2.62
Laizhou Yantai P 0.79 0.58 0.34 0.46 0.21 0.33
AL FHIH Average  0.0373£0.0013  0.163+0.047  15.70£1.70  20.70£1.10  11.80+0.80  29.40+4.90
Beihai Weihai P; 0.19 0.33 0.26 0.59 0.59 0.37
oL T Average  0.036540.0012  0.153£0.006  13.00£1.70  22.60+£0.60 13.0040.60  55.70+11.50
Rushan Weihai P; 0.18 0.31 0.22 0.64 0.65 0.70
1 & ¥ BH SFEPIE Average  0.1110£0.0130  0.270+0.015 30.70+2.39  14.10+1.22 1.68+0.06  24.30+3.87
Haiyang Yantai P 0.56 0.54 0.51 0.40 0.084 0.30
H RE % SEYIE Average  0.0263+0.0006  0.242+0.002 11.00+£0.20  10.20+0.20  7.01+0.09  24.50+0.20
Liangcheng Rizhao P; 0.13 0.48 0.18 0.29 0.35 0.31

=, DT R AR s Ll AR B AR R B A 5 T
PRI SE P & i f i, MRS B RAL; ILR
e B AR AR B AL . R FLILESER Cul As
B, SRINTLHED I . G P AN IR
B R ERFL LI Cr e, U N o el
i, HAbHEA2Z A K, 2014 4E A 45 5 2012,
2013 4RI ARG R IR R 2 VTR 4 8 & A A A
KAERHASE, 2015), SHEED HEE KBS, 2007)
KT T (EAT 145, 20094 1, As F1 Hg & 5 A4H
ZAK, Cr. Pb Ml Cu FEKM, Cd 5FHEE Cd
MILEE, SIURILE Cd A AR, 3258 XU

HESBYAE 1 RIGEFEITRY RERfE. He(l &
SEM | MG | HEDTE) . Cd (EINTTHE . MG SR
MHAHE) . Po(HG M), Cu (BESLIL . BUFILIE).
As(EUEFLIL . BRI . Cr (BUEFL LTS5 Y4550 =
(>0.5), FAAE—E MIBARIRUE .

23 EYEhESESERKLITEN

IR AR 3T 5 7R 0 X DL 2 ikoh 8 & R & 2 SN
SR nFAPOR, DR E SR S &N B A Cu.
As. Cd. Cr. Pb, Hg. F&EAEY) bR AEXT
FENEhCu =Y [ 2SN 10 mgkg; B M EZ2EFK
FRUEXT WS 2K 7= i Pb ., Cd, FIEESR . JCHLEH AN
Cr 5FhE 4@ By BR & A0 40 A 1.5, 2.0, 0.5, 0.5F0
2.0 mg/kg. WA IR IR X KK CufF G 1 20
HAY B EbRE; Cd. POHICHH & (B ELEERK

PR S de IR ) (2012)FRiE, A UIE A E
MR MR B i, EOR S BTG R E B E 2 E R
W RORBR S AR, PL, DS Arp B LR & R A
A PR AR o AR YRR A I R R, IR
R TC AL RN A A S 1Y 5%—30%( F
4, 1983), MR ITCHLAER & S R 30% KT,

AR DR N AsTS YR E<1, f76 (BMEe
B Zbn e B 5 b i Y B ) TS AL A B A 1
(2012),

24 NMENBELEEMEERR

ARt ESR SEKTESESENE
Al DL A iR i K P SR E R RE ) . EAEJR
TE DL P 1 4 2 A DL 2898 B ifg Ak b LS IR
AAFAE Y T 4 Jm sl B A2 AT ML RN AT BLASORL 2 1 114
4B A (PMNETE S, 2010), AR VT IR X
DX 4R A E RN 5 FoR, N2ExTE 4R
M= #ERE ST K F)/N R Cu, Cd. Hg. Pb, Cr. As,
Cu. Cd BERKE S, HAbE )8 &8 R0,

IEBEFEFEXNENESBREERNS
DNEENESE S S 3 WA ES)R
S — )75 A YR I S AR B AR G, 5 — T
W52 g K i 4w B JE KO B . DUZRIR N Cu %
i, AEN Cu BB A EMUTRNITER, &
YIRS TC R ) SROILRE 1143 B . (Sun et al,
2004), DR IMRZE W FEES Cu ImiEE A, H
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Tab.4 The concentrations of heavy metals in organisms and its assessment (mg/kg)

2% Species Hg Cd Pb Cu As Cr
Wi Meretrix meretrix L. # 18 Concentration  0.015 0.135 0.066 1.13 0.151 0.104
P, 0.030 0.068 0.044 0.113 — 0.052
VU £ 14 Mactra veneriformis % i Concentration  0.014 0.747 0.739 4.976 0.820 0.0747
P, 0.027 0.374 0.493 0.498 — 0.037
JE B A AT & & Concentration  0.009 0.213 0.099 0.550 0.350 0.188
Ruditapes philippinarum P; 0.018 0.107 0.066 0.055 — 0.094
W5 F5 Dl Argopecten irradias ¥ & Concentration 0.043 0.875 0.076 1.220 0.639 0.195
P, 0.086 0.438 0.051 0.122 — 0.098
F5FLI 01 Chlamys farreri % Concentration  0.023 0.110 0.060 6.080 0.160 0.440
P, 0.047 0.055 0.040 0.608 — 0.220
#1475 Ostrea gigas ¥ & Concentration  0.024 0.130 0.150 7.980 0.130 0.430
P, 0.048 0.065 0.100 0.798 — 0215
1 [E 84 5F) Mactra chinensis % i Concentration  0.039 0.454 0.087 2.360 0.547 0.140
P, 0.078 0.227 0.058 0.236 — 0.070
£014 71 Mytilus edulis & & Concentration  0.017 0.032 0.092 1.240 0.409 0.139
P, 0.033 0.016 0.061 0.124 — 0.070
SEE Average % Concentration  0.023 0.337 0.171 3.190 0.401 0.214
P, 0.046 0.169 0.114 0.319 — 0.107
x5 NEAWNELEMNEERY DT 298 T W AL o A U K P B A R JBARE S i DL 5
Tab.5 Enrichment coefficients of heavy metals by shellfish FECRIAG R, X Cd By it hnss , M f L
fi% Species  Hg Cd Pb Cu As Cr KAL) Cd A AR R4 55 (BT 4%, 1996). L
A ST » PN . =
fﬂcj:etrix el 135 341157 646 T2 34 HCHED, Cd AT RETE IR i — P s 4. K,
e ’ FRBE iy Cd % DS £ 0 4 UM B K, %0t
=] S —1 — S =
Mactra veneriformis 159 2640 1811 1472 603 14 %I@Eﬁzﬂgi%ﬂo IE]HTJ" Zilﬂm\%Xj“Eé‘z\}%Eg%%ﬁl
A FETERNI 225, DUAIGXT Cd 1 Pb HA B & 48
R da f 486 301 140 223 55 449
Ruditapes philippinarum YERT, #EUGEXE Cu A1 Cr BAA B B & R AE T, 15
;Q@‘F%‘E%Ul rradi 971 2210 115 452 148 98 DUXF Hg HABEMEEEH, # Pt PR
rgopecten irradias Do NN 2 Vi ey Lk
#%%n (1998)RIFFE 45 R AR —, 31T b5 A Yl 2 Gi 34080
C“hla rfy é\farreri 567 840 74 2472 105 676 BENG X,
L7 Ostreagigas 656 1008 167 3677 64 653 Kenage(1980) A 58 IA N, A M 40 R B0k L
F [ i 1000 B, A B BB AEY ZREE . HES
856 841 118 894 192 35
Mactra chinensis Al PRI DL AR N Cu, Cd MM 4E REGE T T
L s ] i i 2o SN
£ Mytilusedulis 689 112 109 293 78 64 1000, ErHEECHUIE . Hfb 4 # 48 He. Pb. Cr
SE-H{E Average 565 1036 336 1266 165 253

M, Cu HEAE# e, HAE DR N Y
R ] T HAL R G EOLR, iR HE )R
AR R RBUARE, FEOUAANR Cu F VIR
TH A G S (T SCMESE, 2004); [FS, fEok
Cu F a8, WIIKRN Cu & & e ] Be 2 K
Cu LM AT BN AETESE, 2010). DIZEIRN Cd &
HAA Y, (UKT Cu. As &, HEHEREUL
KT Cuo WFFEEI, Cd RFAF AL E TR0
T R IU R BT (FVAERE A, 2010) Cd B A
5T LR —Ca ARG BRI 2 PR, K

1 As 76 DURIR N IR 48 R B AN TS, 76 107 B 2%
LN, UEHHIX 4 Fh e 4 7 0 98 T 4 DL AR I 1
PR,

25 EERRERENKES T

5 T AR 20 4/0K 5 R A ARl 21 8L (WHO/
FAO) I £ i BRI kA & 5 22 5t 22 (JECFA)HEE 1Y)
Cd. Pb. As. Cr Al Hg ¥ &JA i 32 A KE(PTWI)
SRk 7, 25, 15, 152 f1 5 pg/kg. B% 2002 4F 5
I 9 75 0 SCHK VERH R G L 20000 T HE L4
2006), REESENGED AR LB AL, AR L



%4 P AR R4S R DL S SR A X o R PR B AR L % DL 22 4 KU 73 B 123

{4510 60 kg A1 30 kg, & H DIRG9 2 HHL 20 g,
TR R T RE R 6), HiEk 6 Bk, Ltk
N SR LB, 1R A8 3T IR0 X DL {5 Fif
AR NG SRR BAL, VU A S MRS B 0L h
Cd 7EJLEAMEE 2T PTWI 1Y 50%, HAh
FAEEERER Y JECFA AR LHIAE/AN, b
TR FEEN o [FRBFRE R, K280 WPk A Y
EEEGESTHIENESESE, PS4 2 654
CAIEESR, 2005)0, PR 4 @ UG R B AR A B,
ANUE RIEEE A=, RE RN EE .
*6 NAXELEMERFZEE(ug/ke)

Tab.6 The diet exposure of Hg, Cd, Pb, As and Cr in
shellfish samples (pg/kg)

IS PTWI Hg Cd Pb As Cr
Species (ng/kg) 5 7 25 15 152
paA B Adults 0.04 0.32 0.15 0.35 0.24
Meretrix JIES
meretrix L. Children 0.07 0.63 0.31 0.70 0.49
DY £ A M Adults 0.03 1.74 1.72 191 0.17
Mactra JLE
veneriformis Children 0.06 349 345 3.83 0.35
T emsir MU Adults 0.02 0.50 0.23 0.82 0.44
Ruditapes L
philippinarum  cpijgren, 004 099 046 1.63 0.88
TS B M Adults 0.10 2.04 0.18 1.49 0.46
Argopecten JLE
irradias Children 0.20 4.08 0.36 2.98 091
EIN D B Adults 0.05 0.26 0.14 0.37 1.03
Chlamys farreri oy
v J,LE 0.11 0.51 0.28 0.75 2.05
Children
G M Adults 0.06 0.30 035 0.30 1.00
Ostrea gigas o
99 J.LE 0.11 0.61 0.70 0.61 2.01
Children
o ] e B Adults 0.09 1.06 0.20 1.28 0.33
Mactra JLEE
chinensis Children 0.18 2.12 0.41 2.55 0.65
e B Adults 0.04 0.07 021 0.95 0.32

Mytilus edulis JLE

. 0.08 0.15 043 191 0.65
Children

3 #it

INZRAR I 5 DL 2R 9758 X IR 7K H Hg . Cd., Pb., Cr.
Cu 1 As 38548514 0.0512.0.359.,0.678 . 2.28 .
2.73 F13.23 pg/kg, MWKHPELE S EHMFE T2KE

AKOKFThR e, ARG AL, AR/, K
FURGL R &5 DU T Hg. Cd. Pb. Cu. As fl Cr
SRR 0.0621, 0238, 17.3. 13.1, 7.36 Fil
28.2 mg/kg, VIRYPESRBIMAE 1 206
J bR

DIZEIRN Hg, Cd. Pb, Cu. As fil Cr F¥& =45
514 0.0230., 0.337. 0.171. 3.19. 0.401 F10.214 mg/kg,
D26k Hg, Cd. Pb I Cr £54 (& 544 EH bk
BRI BRE ) dridE, Cu A 1 KT R
HhRIE

DLZN} 4 B 1 s 4R RE I MUK EI/N A Cu, Cd.
Hg. Pb. Cr. As, Cu. Cd H§HEREK m, HAESE
JE B R BT R AIG, TE 4 B AR 5 M s DL 2 A Y 1)
EHRUE I A,

EEFEFEL LN IR, N2 Ed cd,
Pb. As. Cr fil Hg (B & B # E 8L, b TL 2
W, AR E M.

Bt BodbEMN TR NN, RETE
5 RSP B T RS s
b, G TRFERTUERNTIRT . BT HELE
A WSR2 s BRI A BRI W N FRAR o A A
AR BAT 09 ¥ o R 5 b7 TAE

£ % X W
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Status of Heavy Metal Pollution in the Shellfish Culture Area of Shangdong
Province and the Risk Analysis of Heavy Metal Elementsin the Shellfish

SUN Shan, ZHAO Yuting, WANG Liming, YOU Liping, TAO Huimin, GU Weili, ZHANG Xiuzhen”

(Shandong Marine Resource and Environment Research Institute, Shandong Key Laboratory
of Marine Ecological Restoration, Yantai  264006)

Abstract

In this study, we evaluated the accumulation of heavy metals in organisms, and discussed its

effect on the quality and food safety of the shellfish. The status of heavy metal pollution was analyzed in
the seawater, sediments and organisms in the major shellfish culture area of Shangdong Province in
August 2014. The contents of heavy metals in the water followed the order As>Cu>Cr>Pb>Cd>Hg; the
order in sediments was Cr>Pb>Cu>As>Cd>Hg; in organisms, it was Cu>As>Cd>Cr>Pb>Hg. It was
found that the contents of heavy metals in the seawater met the second seawater quality standard, and
those in sediments complied with the first marine sediment quality standard. We also found that the
contents of Hg, Cd, Pb and Cr in seashells were below the limit according to the standard for the toxic
substance in the non-environmental pollution aquatic products. The level of Cu was lower than the limit
according to the first marine biological quality standard. The enrichment coefficients of heavy metals in
the shellfish followed the order Cu>Cd>Hg>Pb>Cr>As. There accumulation of heavy metals in the
shellfish was moderate. Based on the evaluation of the heavy metal pollution in the shellfish, we
concluded that the food safety risk of the shellfish in the major culture area of Shangdong Province was
relatively low. However, we highly recommend the removal of internal organs of the shellfish before

consumption.
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