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266071; 3. WL EBHEASEHRERADRELEE IR F5

s & BT R RIS

E}HK 2,30 %5 E 1©

266237)

WE  EeBTIRaEKYEIE N IE F A —, B M X5 e T et AR R OB

R HTHHEERERESLBFERN, ERERRXENE LAY FHEINKIRT 10 # 144 5
aERR, ZTHAERBAFETRREANET 2 XNMANLL+E4LE Cu, Zn, Pb, Cd, Cr
As WEE; RALEFELEREE, WEZ RGP BEETMe BT LR B A TN TR —E4E
MELELRBEEFEI; RAGIBNENMENRAER BT T HBEEXEL BT LN AKN A
ZARNG, ARERER, @B XNAFTESE Cu. Zn, Pb, Cd, Crfr As W5 FH & EHH K4
(0.70240.680) . (9.697+5.279). (0.035+0.059). (0.029+£0.035). (0.093£0.091)F1(0.959+0.813) mg/kg.
EREH gL, BEeXELBLEATREAT. e XELBETEIFNERE R, Cd M
THLAs (As) Wi X EL BT LN EETE, WU T & (Liparis tanakae) % 2| & 4 J& 4 435 4
WEEERK. BANKTHEEREN, BLREaX W RN ELEF OB NELTRIEAT, IiA
ERMRE —FLEMEACELRENAFRABEY<, KA EFEREHE 2 LTS IH T H MR
ERNG, AFRERAY TR B s EWNES BT LRI, B REREA” &S

B 7 2R R E R,
KA

hESHKS X8204 XHkFRIRFE A

HE BN N B AE P FE SR Z —,
PR ELA v AR R R e, SSTE AR N BT
W B WAL, DT 51 A A ) % s 1Y) 75 e )
(Chen et al, 2022; Zhang et al, 2015b), ¥ E 4
J& EZER R F R IR HER . KRR I A SRR, T
H AR VR HE R 2 75 YR (Gao et al, 2014), F 4
JEEAMEKIG, — Ui 2R TR T, I
PR VR A AR T A KA 5 — &R0 W 2 T R AR R K
o, BRI, IR A IR N B R R4, i

EAE; ghiE; A, FRER AKREE
XEHE  2095-9869(2024)02-0039-11

1117 38 3ok £ ) B A AR W iR N i — 20 B R (Pan et al,
2012). MG EEA YR N Y E 48 & s B — KT
BF, FIRESIRAEKZEE | RMFEGSEAN R, H5
A RE S ERIE SO TSR R A kA, ATE & A
ot G R PV 7 AL 2 T I R R 0 S XU e
NI R (BB, 2022)

VT T o — ) 2 B PR R P, A S
LA s | SEMNTE RL RS 3 Mg, HAE
BRI TN . PR 2 U B A Tk Ak A0 ok

e K RIS B e K W 5T T AR 55 9% (20603022019007; 20603022023002) . L AR Ll A K T
(tsqn202211267)F1H [ /K 7= Bl 4 F 57 Be ARl 45 9% (2023 TD13) L R 98 B . 2547k, E-mail: 305682208@qq.com

O EEEE: £ #F, BIFSRA, E-mail: zhulin@ysfri.ac.cn; 2%

Weks HI: 2023-10-31, Weig ok H1: 2023-11-20

£, #HF, E-mail: liyu241@sina.com



40 ook B

545 %

AL HERR T, i A T R A A Jm R RS,
2023), WEFEERM], Ui A i b &R ) %
b SN o BN T IS U1 BN ST [ 1 e Sl ey
J& E A (Gao et al, 2014), KT
T 4 A M R R, AT B A 4 R AL A B
i, KAV Po iE A ¥l Fdb 8 09 R 2k
(Liang et al, 2018). H T2 E A N, #EKZ
B A ERe AR, Wik, #igE4E s n i H
o VR, I B 5 4 J8 15 G i FR S F 9T X S(Li et al,
2015).

ERIRE GG Y 2 — , L & 2 Fh B4
TRl A=Y 0= SN MR Y, I S J R4
7R AR K S B R A Jm T Y,
SR T 5835 XU 7 it B 2 4 TN A B DRI 1Y)
K, AW T 10 FhabraihEL)E
(Cu. Zn, Pb, Cd. Cr Hl As)Hy &4, sHHHTI5
YeFE B (single factor index, SFI) ., WP £5 615 YeH8
Hik:(Nemerow composite pollution index, NPI)Fl14: J&
15 YL $5 £ (metal pollution index, MPI)FFAf 12832
A ET YR B, [Ftiz 4 H 35 A 2 (daily intake, DI)

118°00" 119°00"

120°0'0"

1 H bR fEFE 2800 (target hazard quotient, THQ)IA4
i 0 2 B 2 A XURS: o BIFSE 25 1A B T IR T
e A ) 1 EE A TS RO, (R A AR B T K
P B A SRR AR

1 MR57EZ®
1.1 HmxR

PR T 2019 4F 12 7R HENE , SRAE XK
FUh A A 1 PR o A8 Rk ARG H I R AR ol AR
Yy, BEOLEECT 10 Ff 144 Sta2ipia, A K
A, X 10 Fh 5 UL £ PR FAE 3G FREEAS [F]
s, BAREMNATME. i ORI T
20 °C, HEH—ahELSE S, O
B i) (Setipinna taty) . # s 2 (Scomberomorus
niphonius) ., 4R fif(Pampus argenteus) . 7 ff1i(Trichiurus
lepturus) . /)77 ff (Eupleurogrammus muticus) . fiz
(Engraulis japonicus) . % W) £I ¥ fi5 (Cynoglossus
joyneri). 7% BB (Thryssa kammalensis). ZH 80+
ffi(Liparis tanakae) 1 77 [\ = 7 (Enedrias fangi) .
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Map depicting sampling stations for Bohai Sea fish samples

Fig.1

1.2 =ZE4HHh

R NLIA R R 4 R A LR M AR
R, SCsHEENIA AL, o b E4 R Cu.
Zn, Pb, Cd., Cr fl As B &, K REMHEARE TE

TR R, R 0 e O I 412, %
AR HE T AL T, BT R FJE2002, i)
Pt , SR INA FEA TR S iR T E, RS
RSO AR BE R . FREL 0.2~0.5 g BEAIRRURES,, WA
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2.5 mL & H,SO4. 4.0 mL #& HNO; #1 1.5 mL H,0,,
SRJE TR TR o TH At R b, 2 U0 1) LR A5 o
1] 437924 10 min (30~90 “C)F1 20 min, ¥ )5 HE
FHAB KA BE R 50 mL, 5 ff R i & 55 58 1R
JiHE{Y (Inductively coupled plasma mass spectrometry,
ICP-MS)(ICAPQ, £ [E)ill % FE 4 )& Cu. Zn. Pb, Cr,
Cd 1 As B & &,

1.3 FR=i=EH

ICP-MS il 7 5 4 J@ 1) br o T4 il 46 i) Ze ik 3
>0.999, FATRE S AHXT PR ER 2227 <4%, R DGR
H80%~120%. A T MR R 28 X0 S B 45 2R 1 T
Yo, BT a8 50X Ay e e 0 o G ) A

[ i NN R ol - DT e S N TR AN i s
BAAHXE, BRAIANIAL, HoAb A 5RANE

14 BXREREFTETHN

ISR EOE T - E L B
TR N TS Gu i DL (RS, 2021), 3 RanF .
G
R S (1)
Kb, POVESE | T I5 Y E 5, R —E
EEMIBEREE; G VELSE | &80 ENE
(mg/kg); SHNELE | MRREMEGEE ). —BIH,
P<02 NTI54; 0.2<P<0.6 HEEEEIEYL; 0.6<P;
<1.0 HHEISY; P>1.0 NEEGY,

*1 BXELESERE

Tab.l Limit of heavy metal content in fish

T4 )8 Heavy metal {5 44BR{H Pollution limit (mg/kg)

5| ¥R #E Quoted standard

Cu 50
Pb 0.5
Cd 0.1
Cr 2
iAs 0.5

(A FEERATFHhEHHEEYHERE) (NY 5073-2006)
(ERPBRYIRE) GB2762-2022
(ERMPIERYIRE ) GB2762-2022
CERPIT YRR ) GB2762-2022
CERPIT YRR ) GB2762-2022

TERFPEAE RN R As JCEF, AHL As
d UK, T B TR TCHL As (IAs) & B AT 5/
MO SCHRZERE 1As (5 B As I ELIEA T 0.02%~6.88%
Z IR PFT4E, 2018), AHFFT PEHE HUAE 6.88% KAl 5
Wi AR iAs 9.

WHED LA TG A B A T M ELE WG
YK, RENE T A 4 ) M 2 e £ A 52 7 4 8 T Y 1
W(ESCE4E 2019), ARWF .

Pu =/ (Pag +Paw) /2 )
K, PN S LB 15 YR 5L, Pag N — T
A HEERITCE BTG YAEBOV A, Praw W HE— 112
JIT A 5 4 i 0 2 BRI YR B0 KA o PEAN A oA [
BRI Y AR
&I T5 Y BUA T T R E AR IS RS S
TR (NS4, 2018), THEAR R
MPI= {[C, xC, xCy x++-xC, (3)
K, COMFERTPES | R E 4R IR E (mg/ke); | N
P TCE AL

15 aXgRZEHIEN

R Y VA 32 A TR i Gt AR KUK, ARIESY
FIAEE H BRI H 5L R B PG 1A

DI P44 T8 H A s g Wi A E 48 & i
(Copat et al, 2012), HEAX T .
DI, = FIR xC, @
BW
Kb, DL HESJE | W8 H & AR [ug/ (kg d)]; FIR
B H AR, RIEEZRGI RS
i, 2018 AEFK FE P AR M2 20 g/d; C Rl
KPP EAJE | I (mg/kg); BW M AREF-H A,
AR SCR P AL A 2 2 (WHO)HE #1055 L A 87 3
{H 60 kg
THQ /2 i 3¢ M H KA B 37 ] (USEPA) 2 i
{18 — i FH PP Ah A A e B v A XU 1 D i, e I
XY TR AT YW T R o e T R T g
WV R 5 | R 1 R B0 WS KO, BRI GE B2 R
(Chien et al, 2002; Storelli, 2008; A% K%, 2022), &
a1

_ (EFXEDxFIR xC;) <10°3
(RFDxBW x AT)
KX, THQ A HAnfaH ZR4; EF J 2%
(365 d/year); ED J&Zx g2} [1], LIS 7540 70 45315
Ci &Rk P 8 48 (¥R (mg/kg) ; RFD 22 %5 &,
Cu Ht 0.04 mg/(kg-d), Zn HL 0.3 mg/(kg-d), Pb HX

THQ; (&)
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0.004 mg/(kg-d), Cd Ht 0.001 mg/(kg-d), Cr H
0.003 mg/(kg-d), As HZ 0.0003 mg/(kg-d) (USEPA, 2016;
ESCHAE, 2019); AT J23EBUE Y 1 F 1 4 fi b5 1)
(25550 d). T3 BE 48 1RS]S 3R
FHEE o T R AU 7] 43 AR TR 464 : THQ<1,
15 YL 2 1R ANHEICA B R (B THQ>1, f77E
faFRE M A, H THQ {HAK, 5 45t A5 XUk
#i75 (Sadeghi et al, 2020).
ZMESEZRE THESGERBAZHMESE
JE&E) THQ ZF1, IHEAXUT .
THQs =Y THQ, (6)
K, THQs HE G EEIEAEH RE; THQ N —&

2 ZER59H

21 #HiEaXBELESE

i A B | W T T ARER | Al il A
51/ FAR N R 7 N B ey
WLAH Cu. Zn, Pb, Cd. Cr Al As W5 & II{EH 7]
7 (0.702+0.680) . (9.697+5.279) . (0.035+0.059) .
(0.029+0.035) . (0.093+0.091)F1(0.959+0.813) mg/kg
(K 2). HoHp, Cu Ml Cd 43357 7 i Fn4n SO+ L
Wrp S, Zn TER S DB, B ANSOi T
TR HHNLA B = B &, Pb A, /NiF
AW H SN ARSI &E, Cr ETRE
SR RE ML E B TP B R, As EEWLE
i R 2 FUL PR H S R e

22 HBEXBEEREITRTMN

i R LA A R B T e fs B L A
FANE 3 iR, Cu. Pb, Cd. Cr fl iAs [ Ti5
YLFE B Bl 73 51 0.003~0.056, 0.003~0.165. 0.021~
0.767. 0.017~0.085 F1 0.059~0.373, fift . J& W) <% i
MR B0 1As BT 15 A8 BON RIS 4, 50
Ihfg | R SR RN SO F i Cd B TG Y s 5k
SRS RS YRR TS G, R TG
TG

WA B 10 R NS 25505
PAGE Py Horp, AHEUNT- 1Y Py (1.210)(E 05
Sk EE T YLK 5 BRI S i Py (0.193 T 0.185)
WAk, MEEYRE . &85 5550 MPI Su
0.022~0.097, W s EHEL | 41 SO - FA RN G W) £1 7
MPI {EAH T H & T HA A,

23 HiBBERARETN

AWFFE L)L DA THQ R Ky it fa 2 B F 42 21
Febr . BN A D 10 M, X TESJE Cu.
Zn. Pb. Cd. Cr FliAs i DI {03 2 FiR.

PEE 4 v, i R W T AREE
MWifn N B EWIALE . AR R dnar
Wi~ 48 17 [C 2= 63 9 THQs {823 319 0.087 . 0.099,
0.102. 0.061. 0.076. 0.200. 0.245. 0.092. 0.096
F10.197, 10 Fi KA —F 4 )8 Cu. Zn, Pb, Cd.
Cr fl1 iAs ) THQ FMIZ R 4 J& THQs <1, A [HHE
& JE X THQ, BTk A BR 22 5, i THQ ¥
8 & % 4 Pb(0.002 9)<Cu(0.005 9)<Cd(0.009 8)<
Cr(0.010 5)<Zn(0.011 3)<iAs(0.073 3).

3 it
31 HBEXEEEAIEKT

WFIE L5 WoR | i A28 48 1Y & B KOP A7 7E
RS, BAKMIT, 16 10 FaiLN R, Zn B9
HHEETHAICE, i Pb Al Cd ZEMEHLALH LY
PR SR RIL, X5 Salam %5(2019)F)F 5% 45 J LA
— 3. MBERAAFES BT EERFRLR, X[
pid iRt RE 7N A NI I Ve S Rers s &= I PN
XL 4y 7E T i IR R o B T A
HWEGAKREN Zn, Wik, MRBAN Zn TRER
Fom (B4, 2017, Liu et al, 2023), I4h, Zn
WHRRHLFEILRZ—, S 50KHHECEE R, M
R R (R AR A, 2023), As 2 —FREE
WS BITE, W TR YIRS BB, AR
FENFR o AR IS 1 As i, XA fEJE
T ARG EERE D E & As oR, DIk
HBALHIX As TTRBAA —E MW, NS EILAL
I As B & SR (PINEESE, 2012), Pb Al Cd e ff
W EE 4 A i A T AR, 3XT R R R i
Wi P Ml Cd M BB, ABBARAR, I
4, Pb Ml Cd RAELE, W= RNREN,
TR A A B AR LR HERR X 2T R, IS
B AT B AR P B S AT R IR G B4R, 2022) .

Kl 2 WoR , 54 AN R P AR B R Y 7 e
WA AN, SR S D Cu A R R 2 A
WS IR T G B X Zn AHRINFLEAE Sy, i
FU/NHE X Pb Fe B A2 9B R AE 1, 4nguiii 1
Xf Cd AR RRETT, Jr Iz iR W) 41 i
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Fig.3 Single factor pollution index, comprehensive pollutlon index and metal pollution index
for heavy metals in fish from the Bohai Sea

XF Cr A& AR RAE ), WY LL T S X As A4
SRERRRE ) o X AR TR MR ARSI Y)
PR FAA PN 4 S 5 ™ AR R o AN R R B £
AT T SRR PR LA B e 4% EAF 22 5 o

— S £ 243 W] BB T i [ T 2R AR AE R X B RE
FIAE, DI 58 TV 7E A0 B 4 Je T e i i HoAth £
] e PR AE R T 0 K S AR S RN SR, PR A
N 48 & Bk (Zhang et al, 2015a),
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*k2 AEAWMSAXAHBENEEZENE
Tab.2 Daily intakes of heavy metals from Bohai Sea fish consumption
£, Fish H ¥4 A 4 J& DI of heavy metal/[pg/(kg-d)]
Cu Zn Pb Cd Cr iAs

P Setipinna taty 0.263 3.869 0.007 0.009 0.040 0.491
W 5, . Scomberomorus niphonius 0.816 9.368 0.025 0.018 0.072 0.344
£ E Pampus argenteus 0.093 2.940 0.003 0.001 0.021 0.712
£, Trichiurus lepturus 0.314 2.269 0.050 0.003 0.061 0.258
/N i Eupleurogrammus muticus 0.209 4319 0.045 0.005 0.073 0.336
fi Engraulis japonicus 1.687 7.270 0.006 0.011 0.022 1.194
S W) £1.75 18 Cynoglossus joyneri 0.246 5.476 0.036 0.007 0.081 1.627
I A% B Thryssa kammalensis 0.253 4.465 0.007 0.015 0.028 0.515
AN WFF 4 Liparis tanakae 0.414 6.258 0.028 0.046 0.060 0.298
5 K= Enedrias fangi 0.306 8.714 0.001 0.011 0.102 1.187

025, I Cu @M ZnmmPb Ir

[ Cd =3 Cr 1 iAs FFAEMRFE RS Health risks
o0 N = T e o]
0.15 B

R R
Target hazard quotient

B

’ﬂﬂj
oI
-

_ﬂ]Dil
“HT_]
il
I
g1
1]
I

¢¢@@®

o¢

& @ @ iAs THQs
,&_&s \9 ‘ooq/ & Q Q) O‘QO@G ﬂ‘\ \0‘\ \0&#@&@ lﬁ: E ItemS
3 v@» 4
@- % 4 v&&
/&/ R ‘\*??z ) 5& #%\ ,68)
&&% @
442K Fish
K4 w2 4R HirfaH 2
Fig.4 Target hazard quotient for heavy metals in fish from the Bohai Sea
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Fig.5 Comparison of heavy metal contents in fish from different sea areas of China
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KT ARG XAREY T ESR T ENZES,
BEAHIF 57 () 45 55 HA v [X A0 28 0 5 4 i 5 gk AT
FLAE (B 5). Z5REH, REAREXAKPESE
TEKVFE —EER. WiEaIEh Cu. Zn F1 As 1)
B KA e v, RS 2 Cd A Cr i ¥k B2 A
X, MimiEah R RTELZMN P, XS
ATUEHETFRLR LA 0 B 5 KR IE B 52
— B XA T Tl AR B 1 R M X T, 2R g
A B B v B 4 R V5 KA, T S B 2 A
W B4 £ 1 4 )@ (Rahman et al, 2012); H KA
BRAERR R, Ban, KR . EhEER pH HAER E AT
fiE 25 W) 5 4 s 0 1 i 58 R AR T R R s T T
T AR O AR B 4 8y A TR 25 5% (R A
45,2015); AN A A X My fh 22 S R, — et
A ) TS FEREE TR X, T ATEAS )R X B 4R TS
PRI R B AR A R] , TS R £ 2
Py howt 5 4 8 1) B 4R BB ) AEAE 25 5 (BRI SC AR, 2017).

32 HBEXEEEITFTMNM

i £0 25 4 @ LR TS YR BOT A 45 R R
Ehig G Yl W EH AR N Cd R As, X T RE &
H T — 77 1H B 2 B T X I 28 B B sk R, Tl
ftiz & 4 JR HE e 2URIBS n, SECGHE L Pb.
Zn, Cd ¥ 2RI (Duan et al, 2017); %5 —J5 1,
S Bt b, i K MR & 2K 4R
As TR RN LGS, X 5 1 g
AT % V) B (Liu et al, 2023),

MR E 25515 YRR, B i RN A S e i
RTLERIEYSN, Ktz s ZMELSE NG S
V5 Yy, eSS GO T £ 18 A7 1 25 A TS e i
JrE, WD ESAE . &G R,
WA S EL A | YN SO0 RN ) 21 a7 s YA, X
AT RE A f T [R) 0 28 A R BR824 S X T 4
BRI R A T W R (BRIR A, 2017), #5
MOEChREN, FEEEe/NIME, DEliesk e
RS2 MBI &, LURHEsh#
FRUE Sl B &Y FW)LE R Wik,
FEREZBEMPRE, FHEETREME. sk
B, PR LA P A B4 R Sl e T e
025, ORH TREHORERYHE T TR ESE
%%, 4R BRI T B W BE N TR SR E E AT
RN (BRI AR, 2017) 0 7341, M 4E Liu 45(2023) A4 A
7%, iR ZUIRYH E RN & B2 S T K E
SRS R, KREHES RS RN E YL
i, HI, KRMRARERESGBAKRZNESE (Y

etal, 2011).
33 BAZREENSH

DI X4 HEERAMRAKSHEME. K ERK
HLUFAO) M WHO XF Zn 1 Cu 4 H e K R iF A
AW 0~500 A1 300~1000 pg/(kg-bw-d)
(JECFA, 1982), Pb. Cd il iAs A% R KM 521 A&
Ay50R 25, 7 I 15 pg/(kg-bw-w)(JECFA, 1989, 2000;
JECFA, 2011). 3£ H E %K W 58 & 5t £ (National
Research Council, NRC)Xf Cr )4%: H I K AR IF A&
4 0.83~33.3 pg/(kg-bw-d) (NRC, 1989), HRIEAWIFE
WEARZE ST, & e rii A 10 Ak, E4
J& Cu.Zn.Pb.Cd.Cr il iAs 1) DI #{& T FAO/WHO
I NRC Fr e i H i R R A & . BIVRE H it
B it R KU ARG, iR &4,

Cu. Zn M Cr fEN AESFTHILE, 5 AKiiLLr
FEEA R BRI M, FEEREA; Pb,
Cd 1 iAs NAELTEICER, XM= A i b v Bk
2 Cd S mE M . 5RO IS . IR
45, st Pb S ANARIR AR . 3 s KR S
W25 (Briffa et al, 2020; Zhou et al, 2022), AW A
BRI A ) THQ {H¥<1, RS M
R X T B0 B KA R AR . X5 Zhang 45
(2016)XF i#hifF 4 Fh AR 45 BE MW . XA
AR E SIS, ¥ aEA RT3 THQ (HHEF
4 iAs>Zn>Cr>Cd>Cu>Pb, £ iAs [)E FH XU (H B
15, AR T R B R £ FH £ 2800 7= it o AR (B HL AT v
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Heavy Metal Pollution and Risk Assessment in Different
Species of Fish from the Bohai Sea
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Abstract The Bohai Sea, which is China’s only semi-enclosed inland sea, has received
significant inputs of heavy metals from the rapidly industrializing and urbanizing Bohai Sea
Economic Rim. Because of the limited water exchange and self-purification capacity, heavy metal
pollution in the Bohai Sea has been intensifying, making it a focal area of heavy metal pollution
research. Furthermore, the Bohai Sea serves as one of China’s traditional fishing grounds, acting as
both a spawning area and foraging ground for various economically significant fishery species,
thereby providing abundant seafood for urban and rural communities in the Bohai Sea region. Heavy
metals are considered one of the principal pollutants in the marine environment of the Bohai Sea due
to their high accumulation and resistance to degradation. They accumulate within organisms and are
subsequently transferred through the food chain, resulting in pollution of marine biological resources.
The issue of heavy metal pollution in the Bohai Sea has raised concerns among researchers regarding
food product safety and human health risks.

To assess the status of heavy metal pollution in fish species from the Bohai Sea, we randomly
selected 144 samples from 10 different fish species collected during a fisheries resource survey in the
Bohai Sea region. All fish samples were stored frozen at —20°C until further analysis. The collected
samples were thawed at room temperature, dissected to obtain muscle tissues, freeze-dried, and
subsequently ground into a fine powder using agate mortar. Approximately 0.2 to 0.5 g of the
homogenized samples were digested using a microwave digestion system with 2.5 mL of
concentrated H,SOy, 4.0 mL of concentrated HNOj3, and 1.5 mL of H,O,. The concentrations of heavy
metals, i.e., Cu, Zn, Pb, Cr, Cd, and As, were determined using inductively coupled plasma mass
spectrometry (ICP-MS). To estimate inorganic As (iAs) in fish muscle from the Bohai Sea, we used
the highest reported percentage of iAs in the total As, which was 6.88%, as observed in the literature.
The study assessed the single-element pollution and comprehensive heavy metal pollution in Bohai
Sea fish using the single factor pollution index, Nemerow comprehensive pollution index (Py), and
metal pollution index (MPI). To evaluate the dietary risk posed by heavy metal-contaminated fish, we
introduced daily intake (DI) and target hazard quotient (THQ) as assessment indicators. DI represents
the daily intake of heavy metals from fish consumption, whereas THQ indicates the potential health
risk of ingesting heavy metals.

The fish samples collected for this study belonged to 10 different species: Setipinna taty,
Scomberomorus niphonius, Pampus argenteus, Trichiurus lepturus, Eupleurogrammus muticus,
Engraulis japonicus, Cynoglossus joyneri, Thryssa kammalensis, Liparis tanakae, and Enedrias fangi.

The mean values of heavy metal concentrations in the muscle tissues of Bohai Sea fish were as
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follows: Cu (0.702+0.680) mg/kg, Zn (9.697+5.279) mg/kg, Pb (0.035+0.059) mg/kg, Cr
(0.029+0.035) mg/kg, Cd (0.093+0.091) mg/kg, and As (0.959+0.813) mg/kg. When we compared the
heavy metal content in fish from the Bohai Sea with those from other sea regions, our findings
indicated that there are notable differences in heavy metal levels among fish species in various sea
areas of China. Fish from the Bohai Sea exhibit relatively higher levels of Cu, Zn, and As. The
single-element pollution index for Cu, Pb, Cd, Cr, and iAs ranged from 0.003 to 0.056, 0.003 to 0.165,
0.021 to 0.767, 0.017 to 0.085, and 0.059 to 0.373, respectively. Some fish samples displayed Cd or
1As contamination, indicating that Cd and iAs were the major contributors to heavy metal pollution in
Bohai Sea fish. The Py for the 10 fish species in the Bohai Sea ranged from 0.185 to 1.210, with
lionfish exhibiting the highest Py value, signifying severe contamination. The MPI ranged from 0.022
to 0.097, with bluefin trevally, lionfish, and tongue sole having similar and higher MPI values
compared to other species. The results of the dietary risk assessment showed that the daily intake of
heavy metals (Cu, Zn, Pb, Cd, Cr, and iAs) from consuming Bohai Sea fish was relatively low, and it
was below the maximum allowable intake levels established by the Food and Agriculture
Organization (FAO) of the United Nations, the World Health Organization (WHO), and the National
Research Council (NRC) for Zn, Cu, Pb, Cd, iAs, or Cr. The THQ values for single heavy metals and
THQs for multiple heavy metals were all less than 1.0, indicating that consuming Bohai Sea fish is
unlikely to pose health risks to consumers. Different heavy metals had varying contributions to THQs,
with the average THQ values for Bohai Sea fish species ranking as follows: Pb (0.0029) < Cu (0.0059)
< Cd (0.0098) < Cr (0.0105) < Zn (0.0113) <iAs (0.0733).

Our findings contribute to a deeper understanding of the heavy metal pollution status in Bohai Sea
fishery biota. Additionally, they provide a crucial scientific foundation for ensuring the safety of seafood
products from the Bohai Sea. Furthermore, this study offers valuable insights for consumers, enabling the
provision of more informed dietary recommendations.

Key words Heavy metal; Bohai Sea; Fisheries organisms; Pollution index; Human health



