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Heavy Metal Pollution Status and Health Risk Assessment of Shellfish along the Coast of Huanghai Sea
XU Dao-yan,ZHANG Yue, YU Cai-fen et al
Abstract The pollution status of Hg, Cd, Pb, Cr, As, and Cu in shellfish organisms in 26 regions of Huanghai Sea was analyzed, and
health risk assessment was carried out using the human health risk assessment model proposed by the US Environmental Protection Agency

(National Marine Environmental Monitoring Center, Dalian,Liaoning 116023 )

(EPA). The results showed that according to the contaminant limit requirements of “National Food Safety Standard Limits of Contaminants in
Foods” (GB 2762-2017) and “Limits of Toxic and Hazardous Substances in Pollution-Free Food and Aquatic Products” (NY 5073-2006) ,on-
ly the inorganic As contents of shellfish in Miaodao islands exceeded the standard. The health risk level of Cd and As pollution in the 26 regions
of the Huanghai Sea does not exceed level Ill, which was far lower than the maximum acceptable risk value required by the US Environmental
Protection Agency. The health risk intensity of Cd and As pollution was acceptable. The pollution risk values of Hg, Pb, Cr, and Cu were far
lower than the negligible risk level stipulated by the Netherlands Ministry of Construction and Environment, the risk grade was the level I stand-
ard of health risk assessment,and the health risk intensity was negligible.
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Table 1 Detection methods of heavy metal contents
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Item Analysis instrument Analysis method Method basis
Hg PIEFI He A R B GB 17378. 6—2007
Cd T IIAE TR TEIIAIET WAL GB 17378. 6—2007
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L2 BERKEIFENHZE RIEEEAERPFREFON B
BT, 3 A S5 A2 o Gt 5 DRSS DA AR S50 £ 27 ) T £t D, =Q,xC;xa/W (3)

REREG PR

Bom AL AR R AU PR

R =[1-exp(-D,xq,) ]/L (1)
A, R NEUEAL YR @ i B ARSI N BUm AR
JRUSE , Tt 205 D, S BURAL W) 5T 1 38 5 B AR AR A B A
HH R (mg/kg) 5q, WEURLEYIIT | 28 ARAE
AU S R R 2) 5L 9 NI -2 77 4, R4 2018 43k
] T A fRRE Il & R e A ) A A BediE , 1) 2018 4F, 3
[ NI 755k 77 %, IR sE LICT7,

K2 HEUFMFCRERY

Table 2 Intensity coefficients of carcinogenic chemicals
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Table 3 Non-carcinogenic chemicals hazard reference metrology
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Table 4 Evaluation of carcinogenicity of toxic chemicals
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Chemicals Hazard description 18 Data source
evidence

Cd i85 e Bl Chemical databases'*’
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Note: A. Determined to be a carcinogen; B1. There is a small amount of

evidence of human cancer; B2. There is sufficient evidence of car-
cinogenicity in animals, but insufficient evidence of carcinogenicity
in humans; C. May be a carcinogen; D. Not classified as a human
carcinogen
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Table 5 Criteria for health risk assessment
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Fig.1 Hg content of shellfish organisms in 26 areas of Huanghai Sea
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Fig.3 Pb content of shellfish organisms in 26 areas of Huanghai Sea
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Fig.4 Cr content of shellfish organisms in 26 areas of Huanghai Sea
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Fig.6 Cu content of shellfish organisms in 26 areas of Huanghai Sea
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Table 7 Limit standards of Hg,Cd,Pb,Cr,As,Cu in shellfish organisms mg/kg
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No. Standard name .
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1 LG A FhRE A S A GB 2762—2017 0.5 2.0 1.5 2.0 0.5 —
2 JLAFE R KA R F YRR NY 5073—2006 0.5 1.0 1.0 — 0.5 50
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WEE TR GCAZ T S ] U . — A R
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X N AR B T, TCHLAR e A i i R SR B AT e ph 22 3
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1 FURR AR 7 BE TR PRI, T I SO R SRR Tl

THALIE 5 0 R R S E R . Cu R AE AT T b 75 19
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AU BRGUREAE , HBUNZI R K RS ARSI A A

2018 436 [ B i 26 b X 1 2 Heg ,Cd . Pb Cr As . Cu
TEERR XU AN 25 SR 7R (3R 8) , BUE AL 244 Cd V5 Y XU B
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TR A B AL R EOR (AR T B MR B OR3P R Aoy 2
TBEFNPREE R e o [ 52 R b 2 S ML B2 3R 1 i R T 4 52 XU
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HRYEA E B , 2R RS B2 SR MR R
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Table 8 Health risks of Hg,Cd,Pb,Cr,As,Cu pollution in shellfish in 26 areas of Huanghai Sea

o Hg cd Pb

s KX - oo . %5 - %9
! Level ' Level ! Level

1 TIE IS DA v, 9.34x107"° I 2.46x10°° i} 2.58x107"° I
2 PRI R 135, 1.10x10™° I 2.40x107° I 3.01x107"° I
3 JERTIFGY3ITS:) 1.13x107"° I 4.04x107° i} — I
4 T TR R 2.95x1071° I 6.75%107° i} 3.78x107"° I
5 KEEFI 3, 2.49x1071 | 4.38%x107° i} — I
6 Jei S TR S 30T AR 8.78x107"° I 3.21x107° i} 8.81x107"° I
7 SEEE AK AL ER T HETS AR e 6.20%x107"° | 1.00x107° I 2.92%x107"° I
8 R ST R 2.34x107" I 6.58x107° i} 2.01x107" I
9 T 5 T 1L v R 6.09x107"! | 1.92x107¢ i} 7.28x107" I
10 KA 6.31x107" I 2.37x107¢ I 9.06x107" I
11 2L AT 8.54x107" I 2.88x107° I 9.17x10™" I
12 JIE M 7 v 1.10x107"° | 6.57x1077 I 2.73%x107"° I
13 2R A ] 6.07x107" I 2.77x107° i} 8.33x107" I
14 AR A O 6.49x107" | 2.79x107° I 8.90x107" I
15 b s HES SR 5.10x107" I 1.89%x107° I 6.64x1071 I
16 575 /K Ab FE T HEYS 1714030 T 358, 7.27x107" I 2.33x107° I 8.61x107" I
17 INZE By m K AL B HETS D4Rk 9.12x107" I 2.47x107° I 7.86x107" I
18 B X PEAR TS V5 KA B HEYS AR IR 5.73x107! I 2.54x107° i} 8.63x107"! I
19 T R LSV, 5.75x107" I 2.90x107° m 1.00x107"° I
20 KA A 1 8.20x107"" I 2.81x107° I 8.01x107" I
21 H BT FR5E X 5.55x107"° I 2.08x107° i} 5.16x107"° I
22 TN TR 1.90x10™° I 1.50%x10°° I} 1.11x107° I
23 VLI AN 2R 7 10 A T el X HES 11 40830E i ) 1.87x107'° | 1.28x107° Il 5.30x1071° I
24 i % 3 6.58x1071° I 2.05x10°° i} 1.29x107"° I
25 2R R R 7.12x107"° | 4.04%x107° I 1.98x107"° I
26 Jot R0 VR — I 6.57x10°° i} 1.10x10™° I

o Cr As Cu

‘ Level ! Level ! Level

1 TIE RS AT — I 2.89x10°° I} — I
2 FHARTTIT 5 35 3.88x107"° I 2.71x107° i} 9.16x107" I
3 T 3.25x107"° I 6.40x107° i} 1.22x107"° I
4 T TR R IR 8.69x107"° I 7.45%x107° i} 5.25%x1071° I
5 KRG R I 1.73x107%° I 5.24x107° i} 6.11x107"° I
6 Joh S B T R VA I 5.31x107"° I 2.03x107° i} 7.41x107" I
7 B KA BT HETG O 4R TR 6.32x107"° | 3.18x107° i} — I
8 R YT R 1.36x10™° I 1.16x107° i} 1.49x107"° I
9 T SR L R 1.90x107'° | 8.06x107° I 6.05x107" I
10 KA 1.92x107" I 9.90x10° i} — I
11 EHINO N3] 1.76x107" I 9.22x10° I — I
12 Ji s e 2.57x10™° | 1.02x107° 1l 6.40x107" I
13 ZERR A 1.64x107'° I 8.14x107° m — I
14 TEIATL AR 1.97x107"° | 8.96x107° I — I
15 Vo 1 e s HES 11 4B iR 1.43x107"° I 1.03x107° I} — I
16 575 /K AR BT HEYS 171405300 1A 358, 1.73x107"° | 8.28x107° m — I
17 INZZ B 15 KA BT HETS AR TR 2.03x107"° I 1.19x107° i} — I
18 B X YR ARV V5 A AL B TS 11 403 vk 1.99x107'° I 1.16x107° | — I
19 T RS 2.74x1071° I 9.20x107° I} 8.57x107" I
20 A 1.98x107"° I 8.86x107° I — I
21 H HGE A X 7.35%1071° I 6.07x107° i} 2.02x107"° I
22 TN VIR 3.36x107° I 5.32x1077 Jii 2.01x107"° I
23 TEIAE ANZR i Ak Tl XHETS 4R3I T sk 1. 14x107"° I 7.82x107° i} 4.88x1071° I
24 Pt 7.50%x1071° I 1.26x107° I} 1.02x107"° I
25 NZR T — I 1.20x107 | 8.39%x107"° I
26 Jot AR iR — I 3.09x10°° i} 4.63x107"° I

" R R DA AR PR T R S AR, AR BEAE Y, P AN BRI B TR, (HXU S LB T %

Note;“—" indicates that the content of this element in shellfish organisms is extremely low and cannot be detected,so the model cannot be used for evalua-

tion, but the default risk level is level 1
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I UAR, B AW 5 250 5005 Y v B B , 5
T T TR T AR A SO R, J SR A K TS Y BiiR L 25
AHIA NN R AR O, 3 20800 b 55 Y HE i, a0
VAR R T CGRE i i v A S SO @ AT g o &
(2016—2020 4F) YK FRIRTT ARG YL BTG TAE I 58D , FrEh ity
HASIELRY BRI AR RSB K Rk
e W AT AR S S B R E R R AR IR R, B
B ST G IR B BE AR I, 4 A T SR I 18 T
#,2017 AEWEINZE R R, 3R [ B0 07K Hg (Cd (Pb
Cr' As S T 2ok BbR i RAE ™ BT T
R M7 B 100% SRRSO IT-A 45 SR th )2
LT H AR E BRI Hg \Pb Cr Cu 75 B2 UG, Cd  As
T Y RS Ak T T2 R

TN Ik T AR TR 34 75 4 LSO ™
PR HBRA RS SHORME YR R EC LA E A
K AR A T2 G HE S T MEBUE A T B
TR R AR FH EI PR RR e e, XU S8 G4 SR FH I B %
BIUREHEAR (1) XU A PR o [ 1, T BEAS 58 4238 Pz o vh
FRIE B0 26 A~ HL X 1 SEBR G O, AT FEPE A 25 51 1 0] BB A7
E—ERE, I, Hg Cd P Cr As Cu J5 L) M4 2 E ik
B NN Y Z 2R A 100% W1, 7T BE 25 5 S XU 1B T
1, UL ORH e MR R AT g & R BUT I 45 R A HET,
ATyt 2B
3 it

(1) #4526 A~ Hb X U1 2% Hg & 76 0. 29%x 107 ~
0.10 mg/kg,Cd E&7F 0.02~ 1. 20 mg/kg, Pb &84 0. 02~
0.26 mg/kg,Cr & H7E 0. 06~ 1. 68 mg/ke, As &&= 7F 0. 13x
107 ~2.25 mg/kg,Cu E87E 0.39x107 ~5. 16 mg/kg, IR
(BEMZEEZREE R isEYRE) (GB 2762—2017) F1
(EAFRMN KA RGEAFY R &) (NY 5073—
2006) f 75 YLy R SR AN 5 1 B 30 R TR B TC ML A
R o

(2) FR = BRI R EUE 2= W) Cd 15 Qe KU (B 7E 6. 57%
107 ~4.38x107° | As 75 44 KU {EAE 1. 20x 107 ~2. 03% 107,26
UK Cd | As 775 Y U SR8 AN T, ik T 25

IBE DR B R A IR AT 2 U, Cd | As T e e KUK

SR AT . AEBUE ALY Hg (Pb Cr Fl Cu {5 QKUK E

I3HFE 5. 10% 107" ~1.90x 107 6. 64x 107" ~ 1. 11x 107

1. 14x107"°~3.36x107° F1 6. 40x 107" ~8.39x 107", ¥Jim %k T

AR RR B AL T 2P KT KU R 4

A R XURS IFAT TR v , A R XU 558 82 T L 220
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