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266071; 2. IIEERAEEAERE i 2013065 3. EHE M ARAR MG 265600)

HME KARKA XM REG S BB T &, T ERHELREANELEFT L FALHETL
A, RAFRHRHFRERENELBET LY., £RET, BN EREERANELBELENET
B, RHEMREFERTON, BRI HFREREZNELER Cr. As, Cd. Pb 1 Hg, 444
5 % 4 1y 2 4 5 £ B F(Bioconcentration Factors, BCF) . & M3 5L . 75 Jeds B An il dr 2 2 | Bl 45 4T
ik AT H e e B KRR R E A BT R4, KR4 R Y Cd>Hg>As >Cr>Po, ##, Cd
WA ES RS, FEaEXE, HRaXEMH*—F2NE T, &8 (Cynoglossus robustus).
W B B & (Scomberomorus niphonius) 1K ] #y Cd 1% & B # 5% # (Symechogobius hasta)k 1t As
BT HhaekEag, EE 8 NLERTIHATIME, RMERELN, EHMELLEENH Cd
BThelhmmydy, GRtdRER-F, W7 HIFN 7 E 07,
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&5 2014; FEW, 2012) A= WrEtEAEH (Diacomanoalis et al,
2014; Hirano et al, 2013) K 18 i) 7 ik (WR 5 R 4%,
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TR0 28 e A R BB AT

HHT, 56T 5 W s Ye My i o i A 5 22 i
TE/K B WM (Yan et al, 2015; F = iT1.%, 2013) , 55 K%
it WLl (Elbir et al, 2004; 1&72, 1997) ., 585 Wil
(Matamoros et al, 2007)% J5 I, 1 7E £ il %2 4k,
o HR K 7 il ST 22 4 A5 b 5 R R L AR
WEFE Y 2 H 12 R Z56 VR 7 20 v i it 16
A PP S W4 o 4 S EA T O A BT IE MY, K
B SCHRAG: 2R A A B T Vi VA 3 A1 2 v T 4 ) R TS
WEMPRAL | fa . BREAR SRR, B AR
TR E AT A8 F 0, ik th Fe Z O e kAT
WP P O E 4 R fa 3 -, DA IR
R BT 2 I R 2 B L i i i
M ) 5 T R A T B AR B A 4l A B S

1 M5
1.1 #RKEZE

KRG BUMIEBTR, A A 2y i
EHR . rhAE NRILRE AR ES . b AR
F DA A TA AL (WHO) . [E BRI EHLEY
(International Agency for Research on Cancer, IARC);
T 20 ARAY A ARBFFE R A5

SRS LI TS0 BB AR SR BUR N
B, A4 E N AP BURER T A AR BOBIEFE A 70 e
P P EE)SCH AR . PR BOESCBEE . '
(TMEREEE- S e =8 o X 8

KRG . EaR . BaR+E R . K
a+E R MAEEE . KRG R KA+
TR . M+ GRS

1.2 HEBSH

WAy A R BRSNS Qe R s v A A
MTEBLAGET . AHSGR T TRLE Ak 1t H 9 5ETH . K
7 il E 4 R TS S A R BGRAR R AT

AR T SRR B 0T - 15 Qe W O A R R
JEk B 1ARC; fi e 55518 2 5 R ARAC 41 21

S AR VB SR INRI & & K Z RS (JECFA) S
B ERE 7 d WTTHAZER AGL(PTWI); e et . HAh
FME . ARG E TR BT ok A SCHER (PR,
2008; sxlbe A%, 1997, 4244, 2009; FMFHFISE,
2014; RFEEL, 2011; XI#H], 2015; Govind et al,
2014; Baby et al, 2010).

1.3 HiEEE

XFIT 20 4F BYAHSC SCIRZEAT R 2R, WA 280t
(BLAE 1  SREERS ] . SRR | R Al RS e T
Yy k), R R AT o 8 B BT S it A7 A R K
Y

14 ZEEMNE

ZEA PPN IR R AT 0 i =X, 315 YL 46 b
HEAT X FTT AU Sy, FRRE 4% BRI A5 43 1EA T &
R h B — s e 28 B A55) , TGRS £ /0 it
TrHER, Ok AR TS e, DT K 21 07 2 AN PEA 11
H i (fE 2 TH4%, 2009), AHIF 5% R A P 45 (2000)
B R ORI e o e N P R R DR EOR R
(P15 ey &t R BRI . AR R () . FEMERLN ()
FAYE LT B), WatrfE R 1. % 2, LZa7F
M EY EAR AR N U=2xP+3%x0+3x[+2%B,,

15 HmFE

YGRS T 2016 4F 9~10 A 43 HITEIL TR L K
HLOWRAE . M. WME . g, HE . H M
H RSk bR, FRACREESINIKT 16 h Z iz &
SR, ZRBKUE B AR S R T AL 5T, R AEAE AR
—20°CIRA7, ELZDIFERTHCH o FF 5 Fh 28 4 45 7 iy
(Cynoglossus robustus) . {1 (Mugil cephalus) . 7% FE Z#RFE
1 (Synechogobius hasta) . W /5 T #88 (Scomberomorus
niphonius) F/IN& 1€ (Larimichthys polyactis).

1.6 #W7i*E
R it A0 B i A N 2 R S v A T ik

1, Pb. Cd 1 Cr & A7 s sl ok, ol
fifl . P R ORR ATV (3 I T 2OEE .

® 1 SRAEROT O RECTREF-AF, 2000)
Tab.1 The score principle of pollution index (Jia et al, 2000)

4r{H Score 75448 %1 Pollution index 15 Y« 2% Degree of pollution
1 P;<0.2 IEH & R{E/KF  Normal background level
2 0.2<P;<0.6 %54 KF  Light pollution levels
3 0.6<P;<1.0 Hi5 YLK Medium pollution levels
4 1.0<P; EI5YKF, HEFR  Heavy pollution level, exceeding standard
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x2 BREENMEVESRETFITSIRAEJEE XS, 2000)
Tab.2 The score principle of exceeding standard
rate and BCF (Zhou et al, 2000)

IMH HRR AW E N T
Score Exceeding standard rate (%) BCF
1 ©»<10.0 B<10
2 10.0<0<20.0 B<100
3 20.0<»<30.0 B<1000
4 30.0<w=<40.0 B<10000
5 40.0<0<50.0 5>100000
6 50.0<w

1.7 BIEZKIHW

iz Ffl Excel 2013 F1 Origin 8.5 #4347 $i 4 &b BR
FI

2 HRE5HW

21 KiEmPEERETRYHEA

o 4 8 bR — R R [ e R
HZ—, AMUGEIR T R R A B A, i H
TIREEMH O8RS LA, JRWEE SRR
T4 £ 45 (Rapid Alert System for Food and Feed,
RASFF)il % 1) 3% [ £ dh 48 42 [ 8 £ Z R R A 2
RS 5T RS | 2B B RRZEAS IE AT
Horp, H 48 MbR B SO OR T8 i A —
K, HAAREEILE 1, WE 1] LUE H, 2007 4F
) 4 8 bR F O E s e 2, ik 50 . i
5 4, RASFF B3 E & 5 E 4 8 Hbr 5 298
18 HL/AF, {UTE 2014 AFMEAT G N o 48 4 2 1A 85k
PR (R3] 2016 4E 9 A 21 H), 1996~2001 4 #
ViV 7 PR P 4 S ARSI B SRR 9 RS 23%,
2007~ 2011 4 5 38%, 2012~2016 4F 4 31%, Myt
LA AT K b B 4 S i G &2 T
., 2002~2006 4F H 4 J@ 1Y O B AR, Al e

A R] K = i 25 ) 5% B S0 &, T 2005 4F ) fLAE
FLEEEE . 2006 L 5 b5,

HAR AR E S B AH 45 b, FREGTS YL Wi 3= %
XM ESJEA Pb, Hg, Cd. As. Cr, Cu. Zn,
Mn. Ni, Ag %5, iEad & ik i fa S vh 5 4 R 1A
AR | bR DL BR AR 3 T8 brxd 8 4 Jm A
HEATER S, AE ] b S i AR N RERN [E T AR
B4 E ZhRE(GB2762-2012)(2013) . M3 3 i if
DLE 1, Mn FlAg FEAAAE N 5 4 8 15 Y R kil
Cu. Zn, Ni BARARINESE, (5 E VR s AN Y
FREEPRIE, AXTFEAT 4T, i DL 5o A, B
S E 4SBT A Po, Hg. Cd. As il Cr,

22 FHPMNEFHIEDIRE

R IRV TPAR g i 0], R 800 A AN PR G4
e S . RREstE . BustE . BgErE . B
L ER ARG F TR, 25 P IR 43 (DL R DR
45(2015), FIraEE LK 2, MK 2 TRIEH, Cr.

—a— EHEF % Mycotoxins
—— 4> J& Heavy metals

—a— 15485748 Pollutant migration .
—v— HZh5R74 Residues of veterinary medicinal products

—o— FRZNIEHS Labelling incorrect
., 180}
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Fig.1 Thefirst fiverisk factorson
Chinese food safey in 2000~2011 notified by RASFF
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Tab.3 Tested frequency and exceeding standard rates of different heavy metals

gE| % 7 el il BE fif il ki) XK 1
Items Cr Mn Ni Cu Zn As Ag Cd Hg Pb
Pk
& x 66 0 9 73 61 65 0 97 68 96
Testing frequency
b 10.9 0 - - - 12.3 0 165 0 32.3

Exceeding standard rate (%)

— A HATEIE T AR S B R B B As TR, O T I AOUERR R, T B S AT T AL
HEATHREE, TESCHRZORT, As (5. As BY L {E & 0.029%~6.88% (MUfioz er al, 2000; T Ei%:, 2014), T A5 IE T4l i 7T 45
MLt NSRRI RS E A BT, Bk LA 6.88%

— meant no data; * most of the data were tested according to the total As. In order to be accurate, we converted the total

arsenic to inorganic arsenic. In the literature, the ratio was 0.02%~6.88% of total As (Mufioz et al, 2000; Wang et al, 2014). In
order to ensure the reliability of the evaluation and food safety, we chose data that included all risk assessments and the selected

value was 6.88%
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o PEEEICE Median lethal dose

w3 HAbFEM: Other toxic

= BAEREM: Genetic toxicity

&  Af&fEEYTRl Information on human hazards

o
1

HUHEM Carcinogenicity
| = RS R Hea

W
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(=]

BRI R F 1543

Score results of toxic effect of heavy metal
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H 4 JBFJE Heavy metal species
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Fig.2 The scores of toxic effects of heavy metals

As Hil Cd WY EUR MEAR 2 fe i Y, B T E2lpIA
KEUEY); MBI, As, Cd. Hg BYTEIER
s MBI RTE, Cd R Hg 135 500 fc ik

23 EHEEFEFNAEKEESRSRYHIFE
M 20 4F 2 i o 7 0 R N B J o 0 0

HAE SRR ROCCHR 113 /s, AR 535 1>, XA
) 3 4 -5 e . HARR . RO . B AR
FBUEMG S, 2008; PGS, 2010; FEfEER, 2013) K&
CEOVEr AT AT, AR SCHR AT, 45 A TR D
SRS T A TS Y IR BT Y R R A L
WEFE I (E 2 R 120, NFR 4 ATLIFE Y, Cd MZE5 T
Iy, HRAET A Cd> Hg> As > Cr> P,

24 EHEBEBEARAEFANREREECRETEY
HY 07 ik

TERE B R RcdlE b 0 Hh T R 22 Y 5 b
i, srplJe i, it or RESREM . A S
ANEAE, B ZEA PP IE X AT I R A R TS
ey i R UL 3. K 3 rTLAE T, ARGEAS I
W A5 0 SR, 54 30 00 4% (A PN 4 TR Y
LAV ME, Pb WZRETFTE b MR N ik
Ay 5 S SR/ N B AR N Y 6 Tl R 2 8 £ 5 P AR AE
BIELLT , A T e iaia il & e, i am i
R Cd AP R E BUR kN As S EE R T
120, J& FARSCiiEmTs 5.

x4 AYEBBFNEESREIERARGRTNER

Tab.4 The heavy metal contentsin fish in the Yellow Sea and the Bohai Sea and scores of the comprehensive assessment

bEE L7 s TG G A AL R A RN EENT ZEA TS
Pollutant species Average pollution index Exceeding standard rate (%) Toxic effect BCF Comprehensive assessment
#% Cr 0.375 10.9 33 3 115
o As 0.987 13.8 33 3 117
i Cd 0.578 16.5 35 4 123
# Pb 0.780 32.3 24 4 98
X Hg 0.085 0 35 4 118

% Pb IPf As" E94 Cd

140
£ FEEH 4% Cr (IR Hg =
8120 —¢& __ N £
2 NE NS
2100+ NB £
SE | N -
5 80 NG £
= . = =
dr § 60 N £
%5 = £
7 40 = =
Fi £ -
S 20 VAR =
o — —
g 0 H H H

5]
@
\‘\)ﬁ & %" RS
%@;& A Q;Q\\' @&&\0 o 0*\\‘\\
<0 N G N
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4125 Fish species
K3 RREfENESBLGSITES

Fig.3 The scores of the comprehensive assessment
of heavy metalsin different fish species
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AR AAB AR 5 X5 2 1 7 5 50 43 0 A4 31 5 A e it e
(Cd>Hg>As >Cr>Pb)H) 4. fatkpy As. Pb. Cr fil
Hg B & 38 T 1E 5 15 S E(P<0.2)yu [, #ifk
F o, HE I A0 ) 4 O e W I S
Cd>Hg>Cr>Pb>As, X5 2 Fif i ik H ok i 15 e 3
AR—5, BARZERILE 4, K 5, fEARDFIE PN
WAKHAs, X5 IR (2015) . 1 8755 (2003) 1
W78 25 SR — 2L

Xof AN ) B 4 J 7E AN [R) A0 A P G 5 e 1 0 i AT 4%
GV, R UE 5, MK 5 XL B, & A
MBS Cd 48 TR e AR i Bk, 7 L s 4
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Fig.4 Thedistribution of contents of heavy metals
in fish in the Yellow Sea and the Bohai Sea

#Pb N M As =34 Cd

Buof g g or MMDRMe
élzo s _ i
§1oo N i NE
S = SHIIINE
££ 8078 = =
& & £ =t £
& § 60T ||
5 |8 =HlI NS
}gm g = =
E £ = £
= 20 NFH = B
g = NEHIN\E
8 0 1 A /i H —
& ww & e

% 50\*3 & @Q\& @,‘%&\0 &%,‘@ﬁ\o“

0‘ vao %@o% W)

£ Fish species

K5 Bt A o B R AR 2
Fig.5 Thetest results of heavy metalsin fishin
the Yellow Sea and the Bohai Sea

Privos, FRESEAANT As 8 T chiisfe
BTG53y, BB B i 25 5 AN 45 581 L I s 25 5 P
(EA, 5 R s Wi ds s 7300, BB Be st o,
5 A iR N As AR T HEERIVER . © A
DIFTFERWT, As X ARBIfE TR, XA HLAS 1)
BEVEVRO M HAFAER L, I, W7 RN As i
ARG ATy 5 I A ST o ASWIESE 45 R 5 D st o A i
B SEIEHEA — 2, YEWIA G 27 i iy nl A4, (HR
ARSI T 0 2 1 75 e BRI I o 00 4
ES ISR € o

3 itig

As LA N TCHLRTE LR, Ho, JopLah
FHAIHE As(T)FT As(V), kN A HLI 3 ZadE
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AsC>AsB (Gong et al, 2002), ik K As FELUA
VLB TR A TE (22 T4, 2011), A HLEH TR PRSI,
B RPN E TR, I AsC. AsB(Gong et al,
2002; Wu et al, 2014), {HITAERAT5T LB, A HLARAT
DLl A AR SE R ) 3R, BOA a4 55 v A0 B0 1
(Mauro et al, 2016); A MFFE LB, FHAL =Mt
As(V) M 5K (Petrick et al, 2000), [@]E}, Cullen
45 (2016) & BE, H I AR ] Al L As(I) i) B PR
NP N [ KR N LR R N (= R N I 3
(2007) W5 3R, RN As A As B ELBIH
0.29%6~3.4%, 75 T3 44 (2010) 75 XT3 77 i A 9 TE L
R, MRN As i As [ 0.8%~1.7%,
Mufioz % (2000) i/ 55 & B , 15 7™ fa {4 PN TC AL %) EL 3]
 0.018%~6.88%, T Hi4(2014)fH 5% o, ik
N CHLA L A 0.59%~1.13%, 1F £ & 2 4 iF
i, BOZACFTA G MR 1T % 18, AR AELR AT
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Hazard Analysis and Screening of the Prior Heavy M etals of Priority
Pollution in Fish in the Yellow Sea and the Bohai Sea

HAN Dandan*?, ZHAO Feng*, MU Weili®, ZHANG Daoxu®, ZHOU Deging""
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Abstract With increasingly serious heavy metal pollution in the aquatic environment, the pollution
status in fish has affected the food safety and attracted much attention. It is urgent to know the condition
of heavy metal pollution in fish in the Yellow Sea and the Bohai Sea. It is also crucia to know different
metal pollutions in one fish species and to identify the prominent type of heavy metal. Here we analyzed
the status of heavy metal pollution in fish in the Yellow Sea and the Bohai Sea based on the literature and
historical data, and compared the different situations to determine the prior pollution. We analyzed the
exceeding standard rate, the detection rate and the limitation standard of heavy metals and found the
priority order as Cr, As, Cd, Pb and Hg. The prior pollution in fish in the Yellow Sea and the Bohai Sea
were determined using the comprehensive evaluation method with the bio concentration factors (BCF),
the toxicity effect, the pollution index and the exceeding standard rate. The score of Cd was the highest,
and the order of scores was Cd > Hg > As > Cr > Pb. Different fish species had different prior heavy
metal pollution. Cd was the prior heavy metal in Cynoglossus robustus and Scomberomorus niphonius,
and As was the prior one in Synechogobius hast. Then we conducted the validation experiment with
samples including C. robustus, Mugil cephalus, Synechogobius hasta, S. niphonius and Larimichthys
polyactis that were collected from eight coastal cities along the Yellow Sea and the Boha Sea. The results
of the validation experiments were consistent with those of the screening method, therefore the screening
method should be reliable.

Key words  Yelow Sea and Bohai Sea; Priority pollution of heavy metas, Screening; Comprehensive
assessment
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