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Distribution and risk assessment of heavy metal in nekton of South China Sea

LIU Yang, LIN Cai, CHEN Jin-min, LIN Hui, LIN Long-shan, LI Yuan
(Third Institute of Oceanography, Ministry of Natural Resources, Xiamen 361005, China)

Abstract: To evaluate the pollution statue and health risk of heavy metal in nekton of South China Sea, 11
species were collected from June to July 2019. The concentration of copper (Cu), zinc (Zn), lead (Pb), cadmium
(Cd), chromium (Cr), arsenic (As) and mercury (Hg) were measured. The results showed that the contents of 7
heavy metals met the applicable national standards. Using single factor index, a descending order of heavy
metal levels showed as Zn>Cr>As>Hg>Pb>Cd>Cu, and some species were moderately polluted. Both the metal
pollution index and Nemerow multi-factor index indicated all the organisms were in pollution-free states. Low

risk of dietary exposure, little or none carcinogenic and noncarcinogenic risk indicated acceptable consumption

of nekton in South China Sea.
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Tab.l Basic information of samples

A PR I7 = ZHE/E HiEE/N MK /em 2Pk
S R R HR 4 L B KM R/ INBEE 2 A2, A 8 K IR
0, ’ o ’ ]2 ~ ] .
Priacanthus macracanthus AR 110°00 5%30 33 80 ~ 120 mifisf

J)\: ﬁ({( . S s YL L

FIIE RIR 10090 1s00  21-23 WKHR TR, A TR .
Saurida tumbil

Tk L

JEHE 109°30’ 18°00" 20~22  BEIRMIZ G, {8 TRMRIC X

Branchiostegus argentatus

ﬁ%%%ﬁ JEEHER 109°00’ 18°00 20~23  HUETI/KER100 m P AURD IR 1L
Pennahia argentata
Jeth _ 3
froee BIGR 100000 1800 115~14 BKPEAK BT R
Trachurus japonicus
g LM KT 110°30 16°00" 20 KRR KM )2, AETE, Ak B, W
Thunnus albacares NN e EY s
G . _—
MR FOEEE 1050 15700 26 AR K, A frh
Auxis rochei rochei
KRR fi5
ol Pap il 113°00’ 13°00" 24 INE P 2
Decapterus macrosoma
gAR U fi% " = o o
Jap AL 110030’ 11°00’ 12~ 14,5 BBKHE, T 7K ER200 mAy )2 K38,
Selar crumenophthalmus
il ) . . N
5 _ Pap AL 113°00’ 9030 20 ANESEESEHE, PP LR s,
Katsuwonus pelamis
ey s . . _ INBURES M, KK AR, iR e R
Symplectoteuthis oualaniensis ks 110°30 8730 2329 JZ ~ 20 m, JSAAT BH i 0426 LT 20
1.2 RS TR TR AT 7 15 S )P S 00 i 5 v R b AT 95 A
FES AT BE 7 v 2 MO E I ALE 58 A ().
6 W 5¥: AEHITRIIHT), SMHT 7 itk Qo p=Ci )
ARHEL 553 %50 R TR AT . Cu, e Sj% S
Pb. Zn. Cd. Cr. As 3% H JH & 46 85 1 i 1 . PTG YY) | BOTS YRR RG €O TS )

WL R IO AR My (10 e A R02 R, BE AU

s AR A LR 5 0.2<P<0.6 B, J@ 315 42K F; 0.6<P,<1.0 i},
A HT T SR 5 1 35 AT RE ST FIAT e RE WA 25515 Y38 80 (N. L. Nemerow) J&

ST TR R SR g By sy 0 UM T SR S R R S A )y
VUMM S BB IR (GBW10024) Fids 5 ISR AR IR ().

ALY A BT ARHE R T (GBW100S0) o 478 o \/<maxp,.>2+<avep,.>2 .
X 22K 0.20% ~ 6.62%, 354 2.16%, 754 " 2
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1.4 PEH {H; ave P o 45 B 715 P A8 B IME . 45 Pin <
141 7 FRIFAH 1, V5 PR BE S TJois Yy 1< Py <2, R FE T 3,

AR 5 Y48 B0k (single factor index, SFI) 2< Py, <3, WIS YY; Py >3, WE BTG,
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4 )8 15 YL 8 %02 (metal pollution index, MPI)
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MPI = \JC; xCyxC3x---XC,, 3)

K. G, hFE R n P E 4 JE Uk
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1.42 A& RPN

i £ 7% i AU DA LA AR B B i 5 it
BN 48 15 (daily intake, DI) HEFAFE AR, BF
il NS P2 T 4 T TS (005 72 i (O EEE N XU,
A (4):

DI

_ FIRXC; 4

BW

K. DN ESE i oA REHHEANE
(pg/kg/d); FIRAE Mt N & (g/d), iR EC A E
HR A& 2H 21 (Food and Agriculture Organization of
the United Nations, FAO) Gt i %% , B AKIS hy &
A 9.8 g/d, 12 R HE N 36 g/d; C; R S 4
JB i BIHRIE (x10°°); BW W EIRTE (kg), AR
FHHA TA2H2 (World Health Organization, WHO)
HEFERY 5 Lo 1 60 ke

AL HAnfE % 25002 (target hazard quotient,
THO) AR EUE M A TN %l E 4
J NAREE N 1 5 o BRAEL 0% LU A AR SR IXURS: T
Wrdnife, AT 25 G VTAN B — B 22 b i 43 A4t R XL
B, THE AR (5) . EBUREFER B &G
yewy s RS 2z Fi, B S BARIER: 2% (target
hazard quotients, THQs) , 71820 (6) . 4
THO>1, i, /] % 8 N HE A7 A6 08 16 AF B0 fa FE X
RS, THO {H #R 3 WA 3 8 4 Ja XoF A4 B i

3 Eo KUK B 8, [ BEE T THOs'.
TH _EFXEDXFIRXC; 5
Q= RfD;x BW x AT ©)

THQs = Z THO; 6)
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Kb EFHEEZRBIRE(da), —HHh 3565
EDNIEE ZFENTA] (a), ZHL 70; AT N H AR AJH
- F i (d), Bl 365x70=25550; RfD; M 4 )i
i M2 NS5 5K & (mg/kg/d) .

4R T SR K At ()T,

1 —exp(—DI; x OS F;)

R; = 70 (7

A RAESE i B NEREZ AR
MANBUREINE; OSFNES R i 28 NigR
B AR F (mgkg d )70 AR THH
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2.1 VKA N E 4R i

R 11 FEYRIN Cu, Pb, Zn, Cd. Cr. As
1 Hg 19 R B 43 514 011110 ° ~ 1.91 x10°°
(¥518 0.830x10°°) . 0.057x10 ° ~ 0.774x10 (1K
0.272x10 %), 3.03x10 * ~19.0x10 *(Hf# 8.11x10 ™),
K~ 0.299%10 (I {H 0.0574x10 ) . 0.284x
10~ 0.442x10 *(#1H 0.352x10 °) . 0.325%10 ° ~
1.42x10 ({8 0.722x10 °)F10.0035x10 ° ~0.187x
10 (41 0.0360x10 °) (£ 2) ., T4 & & fH
1 Zn>Cu>As>Cr>Pb>Cd>Hg, 5§ I H Al 1 5
SR, FE AR S EIETICH R 25 5, RIE
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Tab.2 Concentrations of 7 heavy metal elements in different marine organisms and reference standard contents in this study

EriR/x107°
RS Cu Pb Zn Cd Cr As Hg
S e R HR 0.244 0.211 4.54 0.0143 0.304 1.42 0.012
EAusiiod: 0.161 0.353 4.10 0.0149 0.312 0.325 0.032
Byt 0.111 0.323 3.44 AAG 0.288 0.716 0.065
Tk AR 0.147 0.235 3.03 AH 0.284 0.795 0.027
(UES:! 0.486 0.365 5.85 0.0151 0.314 1.13 0.0072
Wl At 1.02 0.0571 6.01 0.0102 0.392 0.525 0.0079
XUBEAE 1.77 0.126 19.0 0.193 0.442 0.454 0.187
AR % 0.773 0.103 102 0.0152 0.408 0.444 0.014
BHR 1) 5 0.929 0.256 10.6 0.0387 0.396 0.679 0.0035
fig 1.58 0.191 8.96 0.0257 0.412 0.487 0.012
=rE5 1.91 0.774 13.5 0.299 0.327 0.966 0.028
AL A 2 0.12 0.13 1.42 0.16 0.670
FEEL R Sk K 0.19 0.10 1.65 0.09 0.390
JeEp 1.18 032 12.7 0.05 0.17
PN ACRE S 1.20 0.02 0.87 0.03
PN AL NI 7.28 1.20 22,6 0.96 0.45
@?@H‘\({E 20[7] 2[7] 40[7] 0.6[7] 2[20] 5[20] 0'3[7]
RIS rhR 100" 10" 250" 5.5 2P 52 0.3"

TE: RN SR A

2.2 TG YRRBLIEANY

s F ) SR A ) T A B A 158 AR o
XFE DL 2E, AR SCER A 25 B AR IR A R R 22
R, 5% (4 [E R RN IR B8 IR 25 5 R A ]
HUR T 0 QP23 W B KU BT ),
Xof S0 X G R N T 4 R VS YR LHEA T I, R
FIPEM PR IE LS 2, (HAERIE, £S5 F
FRUEH, As BITFM AR N TEHL As 5 /N T 0.5%
10°°, (HAS SCRT AR BT 1 As 2 B R AE W0 A 3 As
Wi VAR R NAREEPE A HL As o B3R
K, BT B, W DL ISRt 2R N TEHL As & i
£ 5 As SR 0.5% LLF, AU AP L RE
B 1% ~ 5%, B SCHTEHL As 54 As B
B 10% 152, B R 2 AG Asky U™ 2,

R 11 FRKAE IR 7 P 4 )8 & 1
% F H ZAn A, PE N Zn>Cr>As>Hg>Pb>
Cd>Cu, H, WEEfEHR () Cu, Zn, Cd. Cr, Hg
1) Pific 5, Pb 1 As 14 Pyt e (B 73 ) B R AE AT 3

o RN KRR . WUEAEER Y Zn, Cd. Cr, K4
[ 6219 Zn, Cr, JEHR Y )5 65 ) Zn, %) Zn, Cr,
SRR 85 1 As, 4R 7k fa 1 He FIAT 2 1 1
As, Bk B2 515 YL oKOF; DU AE B 1Y) Hg ik 5]
5 YK (8 1a) o

FL 45 A= W 25 515 YR B (& 1b), Pt
AINTF L BT TETE YR A, He b e R WU A
2 (1) 0.480, FARME W KRR I 1Y) 0.128, A{E K
0.199, MPI N 0.153 ~ 0.657($1E H 0.290),
I e (5 S AR S 7 25 5 R RSk AR i e
2.3 (RS PO
231 BRAFEITE

AR SCHE B A R 28 R R LB 8 K
A (ESE W AWNE = O S DRI G = S
Ui, H5 e e & BB AR 56 . A
159 H Y5 B B RR T, AN TR FE SR IX A A
FIHLE . ARSCS %3 3 bR, T 11 Fisg i Ui vk
SR N E 4 R I TG B R IEAL . S5 R,
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Fig. 1

Single factor indices and integrated pollution evaluation indices for heavy metal levels in different marine organisms

®3 BEEHISYBNBEAESEHRRAITEAE

Tab.3 Daily intakes of the marine organisms in the South China Sea and recommended maximum tolerable daily intake

. DI,/ pgkg d”
Cu Pb Zn Cd Cr As Hg

S e R HR B 0.146 0.127 2.73 0.0086 0.182 0.854 0.0072
Z W i i 0.0967 0.212 2.46 0.0090 0.187 0.195 0.0192
5 0.0664 0.194 2.06 0.0019 0.173 0.429 0.0390
TR 1 0.0881 0.141 1.82 0.0019 0.170 0.477 0.0162
Pr¥étn 0.292 0.219 3.51 0.0090 0.188 0.677 0.0043
HIE AR 0.613 0.0343 3.61 0.0061 0.235 0.315 0.0047
XUBE 1.06 0.0759 11.4 0.116 0.265 0.272 0.112
KA % 0.464 0.0621 6.15 0.0091 0.245 0.267 0.0084
HEHR M1 5 0.558 0.153 6.33 0.0232 0.238 0.407 0.0021
filt 0.948 0.114 5.37 0.0154 0.247 0.292 0.0072
5 0.311 0.126 221 0.0488 0.0534 0.158 0.0046
AR SCHRAE 500" 1.20" 1000 1.00™ 33.3"7 3.00" 0.714™

7 M H# 4 JEICE (Cu, Pb, Zn, Cd. Cr, As il Hg)
DI T2 % e, Rl 45 LIS W 1 fek
FRERBEARME, it 4,
232 BN

A HbREERBGTAE P EHNE 0 S%
I RfD, W7 47,

x4 ESREOBASERNERZOBEMNERT

Tab.4 Reference oral doses and oral slope factors

2R Cu Pb Zn Cd Cr FhHlAs HHHg
RfD/ mgkg “d" 0.04 0.004 03 0.001 1.5 0.0003 0.0001

OSF/(mgkg )"/ 00085 / 038 / 15 /

& 2a A 1, X T #—FE 42 )&% Cu. Pb. Zn,
Cd. Cr, WA AWFER) THQ ¥t /NF 1, Ui I

W5 ol —E 4 J o AR AR B0 R R XU AN
. RfDARUET Y Hg i HJE Hg, A SCLLH S
Hg FEAZEH G R Hg 19 71%., 163k 26l 72%
AT, #4290 He 19 THO ¥9/hT 1, Hirp,
WEEMEEE He () THO e, 58] 0.797, AL, &
FH R 2 T 3500 T Uk B o N RER B A R BURE
TR . £ EY THO YA R Hg>As>Pb>Cd>
Zn>Cu>Cr, WWHIRFJCER THO 5 THOs W11
FLAE (& 2b), As(43.5%) KT Hg(30.2%), As Fll
Hg M & H{E S A5 THOs 18 70% LA |, S KU
(1) EZE DT
ZiATTieF— A E SR ) THOs, B W
ﬁ W 4h (THQOs=1.09) , HoAx A=Wy () THQOs 37N
1, B AT 0L, KB 2 P L 2R 2 55 AR W A
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Fig.2 The noncarcinogenic risk assessment results for the nektons of South China Sea
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