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Abstract; To understand the pollution status and the health risk level of heavy metals in shellfishes, six typical
species of shellfishes were collected from Dongshan Bay, Fujian Province in November of 2016, including Chlamys
nobills, Ruditapes philippinarum, Haliotis sp., Paphia sp., Saccostrea sp. and Perna viridis. Pollution index of heavy
metals in these shellfishes and the related dietary exposure and human health risk were all evaluated. The results in-
dicated that the mean content of copper (Cu), zinc (Zn), lead (Pb), cadmium (Pb), chromium (Cr), arsenic (As) and
mercury (Hg) in these shellfishes were 9.69, 0.19, 43.5,0.65,0.21,0.010 and 1.69 pg-g', respectively. Compared
to the standard limits for the primary category of marine life quality, the excess rates of Cu, Pb, Zn, Cd, Cr and As
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were 16.7%, 833%,33.3%,333%, 16.7% and 100%, respectively. However, in terms of meeting the allowable
standard limits for pollutants in food, except Cd in Chlamys nobills exceeding the recommended value, all the other
heavy metals including Pb, Cr, Hg and As met the standards. In addition, the average contents of six heavy metals
in shellfish from Dongshan Bay were slightly lower than those from the eastern and southern coastal areas of Chi-
na, and the pollution index of heavy metals in oysters did not change significantly from 2010 to 2017 (quality in-
dex of aquaculture organism was less than 5% ). After calculation, the total carcinogenic risk of shellfish in Dongs-
han Bay was R,= 1.65x107*, the total noncarcinogenic risk was R, =0.94, and the risk of heavy metals in diet ex-
posure was lower. Therefore, although the health risk can not be excluded, the general quality of shellfishes in
Dongshan Bay was still acceptable.

Keywords: heavy metals; cultured shellfish; health risk; dietary exposure; the quality index method of aquaculture
organism
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1 ##57% (Materials and methods)
1.1 MR S

2016 4E 11 AEZRILITE(11745° ~117.60°E ;23 65°
~23 90°N)F3 iR AR AL 5t MifL B D1 (Chlamys nobills) |
JE 3 52 W4 11 (Ruditapes philippinarum) . ) ( Haliotis

NG DY (Perna viridis) %5 6 Fh i 7K 3% 5 D1 28 #¢ s
2010—2017 4F, &F4F 9 A AR TEAR IS 17— R A i
AR R AR R AN 1 TR, RERE SRS
3 kg LA b, BT B SR AR | LR A I A 3 24 e R
(GB17378—2007 V7 Wi By M~ BR P47
1.2 FRESHT 5 04

12 B GB17378.6—2007 VE Wl H 1 ) V40 58
(8 DT A Y16 B T R T2l 43 S e i v
5 (Cu) H5(Pb) B (Zn)  §5(Cd)  #4 (Cr) | 2R (Hg) F
B (As) Y & S EA TR B[R] 20 3 o i 2s 1
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Fig. 1 Sampling map of Dongshan Bay
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JHEARS: 5 R, >1, 2% B A AR K AT B4 ) A A fd B = A
S 5 R >10 , 22 B B 28 6k A fadt B s 1 gl 1, 7776
PEPERENE

GBS P

HoE K 1A XA R, = ADDXOSF, 2 #; OSF
RGN O BUERPE R F(mg kg™ -d7) . A&
R <1x107° /R U 7= b B4 815 e A 2%
A B s A 508 XU 5 1 x 107 <R, < 1x 107, B
JRUBS P B Ah T AR AT 42 32 S R 5 R >1 107, R B
FIREAFAE 5| A& J 0 1 KU K 7 b 42 )8 (% RID
FIOSF ¥l FF 1,

FIAT A= Py R i b B 4 )R i DO i (g
g "), EIJE R A Origin 9.0(% Excel 2010) % Sufer 8.0
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2 ZR 54 # (Results and analysis)
2.1 DIRRANESEGREY S E
RIS 325 DL SR Y Cu Pb Zn . Cd . Cr Hg Al
As B EE 2 BIAE 1.02 ~37.6 pg-g ' (BI1E 9.69
pgeg').0.10~037 pg-g ' (MIMH 0.19 pg-g™').8.46
~184 ng-g ' (HMH 435 wg-g').0.044 ~294 pg-g'
(31 0.65 wg-g™').0.097 ~0.53 pg-g ' (F1H 0.21
pg-g').0.004 ~0.021 pg-g '(FU1H 0.010 pg-g " )Al
103 ~245 ng-g ' (BIMEH 1.69 pg-g), Al Nk
W 4R o AR 7 REGEFETE 36.8 ~ 176 Z 1],
o] 22 S WY 4. (] e D 2K AR PN A [) o 4 i s e W
7R S REAE 157 ~213 22 0a) , F2 W DL i5 4L

(1) BRI IS BE 1 55 DU S A TS Ye 2 A 56 HL
ZSBE, BN, WIHE YN E £ 2
Zn>Cu>As>Cd>Cr/Pb>Hg H#a %, e 5 ML B3 DL %t
Cd, 4tWixs Zn F1 Cu A 1 B 1Y BE P, & &
A3 s AT DU S R Y 4.16 ~65.8 7% .5.11 ~20.1
150 433 ~359 1%,
2.2 I5YRRBLAHT

W 2(a) i 7, i BE U 8 A ) o 2 — 2R of
(GB 18421—2001)", A (L4 6 Fh 77 4 W S (R P &
4 J 5L PR 715 AR B NP K VR R Hg<Cr<Cu<
As<Pb<Zn<Cd,{{ Hg & ®&¥IFF &5 —RBIHEEY
Tt ARifE, Cu Pb . Zn Cd .Cr Hl As FYFRZ43 5N
16.7% 83.3% .33.3% .33.3% .16.7% 1 100% ,
W G Zn B R RV TR AR W AR SR 4
W5 Cu &t A U Cd & 845658 = 25hriE, Hav
PRI TG — 28 bRk R ER |

Fbds 6 PR gE DL LR A5 Yok ol . 4 TR HR 4L
MPI JE[EIAE 025 ~1.16 Z[H(FMH 0.60), 15 Y FEEEH
RIS AF <R i <35 3R D1 <fifi <A S AL D1 <
PRI 2) 5 HLPH 5 Y P8 S04 (H 9 I 7E 0.60 ~3.43
ZIHE 1.51), Uy R HEEF =G A7 < AR s <35 7%
IEy DT <fifd <5 <A S AL RS DL (18] 2(b)) s IR 25
FEEL PAETEREIAE 093 ~ 107 ZIH(BMH 3.72), BRAE R
FHiFL S DURA W75 YU R B S o 5 Yedh , Higr D25
YREREY N ICTE YL ~ R IET5 YL T R <3530 D <
ELE IR <TEAR RS AT < <AE ST HIFL B DL(E 2(b)).

®1 KFRPESREZOBANBENERTRSENE

Table 1 Oral slope factor of heavy metals in aquatic products by ingestion way and reference dose
TEHLHI(As)) T PER R U
, Cu cr(VI Pb K n vOROK
Inorganic As (As;) MeHg Origin
2 NS %F|HERMD)/(mg kg™ -d”™!
BANBRMD)mg kg™ -d7) 3x107 1x107 3x10° /o ix10* 03
Reference dose (RfD)/(mg-kg™ -d™")
E /e ZM.D
s A B N B2 C D
Carcinogenicity classification Oral: D IRIS
Z O BUERPR T /(mg kg™ -d™!)™!
Oral slope factor (OSF) 1.5 / / / / /

(mg-kg™" -d7")™!

2 RIS S 36 25 A U5 B R S8 ; BOR IR A S CRI AREOEY  BI AR T BRI AR EOR S , A\ IRBOBIESR AR B2 vl RE A A A0
Yy, S BURAIESE 7253 ; C AT RERY ANARZBUEY) , sh I BUEIESE AL ;D N AR AABUEY

Note: IRIS stands for Integrated Risk Information System; Carcinogenicity classification A is known human carcinogen; B1 is probable human carcinogen

based on limited evidence of carcinogenicity in humans; B2 is probable human carcinogen based on sufficient evidence of carcinogenicity in animals; C

is possible human carcinogen; D is not classifiable as to human carcinogenicity.
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4 £ 5 P TS Y W) BR B bR ME (GB 2762—  EEBARGEIR 047 £5), 15 48 BUN E IS YL 4h 6 Fh3E
2017)" I BE5R DL R R & 8T, JCHLE DL R FE DK Hg & *i’%&?ﬁémﬁlw,Pb\Cr FTCHLH
HIH 10% 70720 F S,<0.2 W b 4, KI5 WIS YR EUE TR Z TG g ~ BRTE KO (K 2(a)).

P,02<S,<06 I HHRT5%,0.6<S,<1.0 His,

S>1.0 JyFEi5 Y

7] ;:I:

TIEA, BRAE SR AIFLEE DL Cd 5

Mﬁiﬁﬁn JERINEFRE N K2 —ERENE SR
IR ERGELY & =98

*2 FUEFENRFNEEESERRENRAE
Table 2 Concentrations and guidelines of heavy metals in cultured shellfishes in Dongshan Bay
Cu Pb Zn Cd Cr Hg As MPI
Apg-g™) Apg-g™) Apg-g™) Apgg™) Apgg") Angg') Angg)
fitl Haliotis sp. 9.14 0.11 116 0.18 0.18 0.012 1.03 046
Pt AESEMIFLIE DU Chlamys nobills 1.86 037 30.1 294 0.53 0.021 245 1.08
i i $t45 Saccostrea sp. 376 025 184 0.57 0.12 0011 2.13 1.16
Shellfish EAEYE Paphia sp. 147 0.16 109 0.091 0.17 0.004 126 030
species IEH MR Ruditapes philippinarum 1.02 0.10 8.46 0.044 0.097 0.007 2.13 025
520G 01 Perna viridis 7.06 0.14 16.0 0.069 0.16 0.006 1.11 038
H{H Average 9.69 0.19 435 0.65 021 0.010 1.69 0.60
Hi— MG Y i bR e
The primary standard category of 10 0.1 20 02 0.5 0.05 1.0 /
marine biological quality %)
. GRS L
) i The secondary standard category of 25 2 50 2 20 0.10 50 /
FRifEE o s
o marine biological quality ['*
Limit
5 =20 AE Y B AR 50 100
standard
The tertiary standard category of (w5 6 (w7 5 6.0 030 8.0 /
marine biological quality ['*! Ostrea 100) Ostrea 500)
£ T YA PR T 05 05
/ 15 / 20 20 /
The limit of pollutant in food ") (MeHg) (As;)
H: MPL R 48 15 Y8 4L
Note: MPI is metal pollution index.
(a) (b)
16.0 0 B LY FULRIE A 45R 18.01 « p 1180
. The result obtained by the primary standard category of marine biological quality
14.0 [ o frbteis g kbR 45 16.0f 116.0
The result obtained by the guidelines of pollutant in food 14.0F 114.0
120 f - - shfisfi ‘ '
100F Median value 12.0r 112.0
8.0t 1001 110.0
- 8.0 180 =~
u 6.0 “ 4 3
4.0+
N sof 30
0.6% i 1 i 1 20F 120
| ol g 5
0.2 0 - 0
it A SEATAL %Mﬁ (e[} *Eﬁ—ffﬁe" 5 2208 0L
Haliotis i1 Saccostrea Paphia Wi Perna
Hg Cr As Cu Pb Zn Cd MPI P sp.  Chlamys  sp. sp. Ruditapes viridis
nobills philippinarum
2 ?Em%%ﬁ'ﬂ\ﬂéi?ﬁ%?ﬁ*ﬁiﬁm

TE: S, FoR B Fi5

BEC, PN NGE GR35 i‘ﬁl

Fig. 2 The single factor polluted index of cultured shellfishes in Dongshan Bay
Note: S; is single factor contamination index; P is Nemerow composite pollution index.
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TCE AR B BAR RS B P A e,
ALK X 3 TR AT 2R R TAL

A N R R B K 60.1 ~81.2 g &
PN T HEZK SR 58 DU = 24 o5 K™ i B 1Y 48%
WA DI 2 i 29 39.0 g-d7 ' (VA fE i), i G
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57022 .044 0010 F1198 pg-g™'. mtal %0, &1l
5 6 FhIE5 D1 25 S804 Pb 525234 F L (MOE)H
999 ; TCHLAHI (% S A 10% TH)MOE {H M 27 4, JiE £ 2
e LA TR K- (MOE>1),, Cd B H A% E,,
739 ng-(kg bw)™, AR 5 LI (WTO) e
%7 € B H i 52 5 (PTMI)IF) 29.5% ; Hg Y & HE A &
E, 730037 pg-(kg bw)™", i WTO HLE 8 & 5
it 32 T (PTWIHY 2.34% , 5 AXUS 484K

@)FEE U KU

Fie VUSRI 5 42 8 AR B2 Je N 3470 3 K Ft
B REERAR SAEBUE R R, A 0.94, KUK K-
ANTE L AR A AR 3 R RS, , L LA Cd
Cr,Hg F1 Zn 1Y 57 Bk 2 4 5 4 39.0% 263% .
251% 5.70% F1265% ,As . Cd Fl Zn & 35 19 XU
JCE ., W 3 Fios, A LS 50 D2 2 Fh o 4 Ja 1
A B AR B0 AU HE R A >0 > 35 JR 0 D1 > 5 AT
FLES D>, o & G RS (0 R 4 R R R R
ZOR0, X DY B A IS R A B0 AU BT kR i 1
95.3% , 3 3B PR R G 19 2K,
5 TEE 6 Fh DUSSIE B LU 97.4% |, i AE S AT AL
A DUE Cd & AR & T H A DL 2 Fp H i T A
H 1 27K -, X fdt B XU 1Y ST RAR /D

B)BUE AR

FRITNORR RS = e PN =GRS E ¢ )
1.65x107*, Horr | 41 g JRURS: 48 ke i, 0 1.27x 107
(DTHRIE 77.0% ), NETE 48070 i B H A (9 4728 5
AR HEARIGR DL AR B A AL B DL XURS: F8 B IR
H322x107° 291x107° 1.57x10°° Al 1.10x10°°,

10.

0o me Be Do 06

3 FEFEREERBANIESERKE TN
1 R, FRAEEUE XS ; OF IR Haliotis sp.); @F/R 1 SH
FL I DL (Chlamys nobills); @R 41U (Saccostrea sp.);
@FRIG ; @FRIFRNG I (Perna viridis),
Fig. 3 The noncarcinogenic risk for ingestion of
cultured shellfishes of Dongshan Bay
Note: R, is the noncarcinogenic risk; (D is Haliotis sp.; @ is Chlamys

nobills; @ is Saccostrea sp.; @ is clam; & is Perna viridis.

R 22BN

DUy TEALA (5 A i ) B85 2R A G
W7 L D12 Rl 7 M R BR 8 T e R AR A
KB S B 10% (1 FL B R4 T T AL S Y vF
ol fig i WA T XU K SF-. W Krishnakumar
SR Sy DL S NAT B 1) £0 25 1A PN TS ML R A v
Z IR A, HICHLER 5 HA R (<1.84% ) ; Pe-
shut S 045 H VR DL SR (R Y TEHLAR 5 & 22
A 0.5% LA UG AP RIS 2 1%
~5% NZ5IE . BEFE MIEA B HR I & R 5 ik,
TR (03 - T 2 66 1% 1k (LC-AFS) 3 3 AR £ 1% - Fia
SRR & 55 By 7 R BT 1 v (LC-ICP-MS) 19 i T, AT LA
O Y T R TG HLARR 14 R XU

3 132 ( Discussion)
3.1 1HHURGLITFAN

FI R, % D026 PN 5 4 I V5 Ye W i 0 9 2 R
TG YA BTN (R IA TG R 45 LR ) T b
Xof AR ) 75 Y 4 14 IR B (1 A — B0, et o Vg 3l ol
Ty BE A1 BN 55 4R B 0 < P AR W R = b fE (GB
18421—2001)"" H i 55 — S b Ml BR (6 15 FH T
Wl kIR K FRIE X 4 Cd IBRE(E N 02 pg-g™
(ERE DL, T 3% 195 Ye W 7 T 6 FH A8 40 b SR e
R & KR '/ fh TS e BR R AR fE (GB
2762—2017)" rf1 . Cd YFRIEAE R 2.0 pg- g™ (W5E
HE), HM2E 10 £ XS Y e BT TR A
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Fig. 4 The change of the pollution index of Saccostrea cucullata in Dongshan Bay from 2010 to 2017

Note: RfF3 is the annual average of pollution index in short term for three years; Rin is the annual average of pollution index in long term for eight years.
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