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Distribution characteristics and consumption risk of antimony in
aquatic products in typically coastal cities of China
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Abstract Antimony (Sb) has received increasing attention in recent years due to its toxicity and
potential carcinogenicity. However, available data on Sb in aquatic products are extremely limited.
This study analyzed the distribution characteristics and consumption risk of Sb in 124 marketed
aquatic products from eight typically coastal cities of China (Yancheng City, Hangzhou City,
Zhoushan City, Ningbo City, Taizhou City, Wenzhou City, Fuzhou City, and Shenzhen City). Results
show that the Sb pollution in aquatic products was relatively low. The content of Sb in the samples
ranged from <0.13 to 37.8 ng-g™' wet weight (ww) with an average value of 5.70 ng-g”' ww.
Significant differences in Sb contents were not observed among the samples from different cities but
existed among species. The contents of Sb in shellfish and shrimp were higher than those in fish. Fish

gills contained higher Sb contents than other organs. The Sb content in aquatic products was less
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affected by individual characteristics, and only the Sb content in shellfish was negatively correlated
with the lipid content. The average estimated daily intakes of Sb under the general, recommended
and high aquatic products consumption scenarios (47.7—235 g-d™') were in the range of 0.002—
0.053 pg-kg™'-d™ for the residents in the sampled sites. The values of correspondingly target hazard
quotients were less than 1, indicating the negligible risk of Sb exposure for residents through aquatic
products consumption in coastal cities in China.

Keywords antimony, aquatic products, distribution characteristics, consumption risk.

BhIE TR AR TR B — R B m TR, HAE RS AR B AL S W s R I
JE Bk WP 2R GE LG LA RGB! Y, © S [ BRI AR 478 (USEPA)Y L2 BR A 31 b (It e 5 15
gy oAk, FE PR EEREDT AL (JARC) AN =S840 B m] REXT A AT Bo 1 1L BEAE B8 T R A0 HIAH
KBNS (BIANRAT | IGHRA A SRBERE IR | B 25 LA B 44 267 il CANBELASH] L 5 4L 2 =i 2
B B LE D A AUIR, B675 5 H g5 0L v AT 4 RSB, R B RO B A
295 A EREE BT R 19 90%!Y, FE A BREEHERL Tt 8E T . AT LEAR R, Bh TS QSR P E A R
Az Xk AT i B 22 43t B 1 AR KA 2,

S TS e B KA R B U B T R IR L T B LT Gl 4 T, K BRI v ) 86 T B s AL s 4R, 4K T
AR NN AR R, a0 F AR AR, 7K™ 2 R, JE T 3T e S £ A R LR
or, B BOA 5P [ K™ dh R BB TEATS 0 A BRSO R £ 7 7 il ML R K i A il

S AT TSR T VRS T K it P B AR BB XU, AR BIF T v ] 8 A ML T Y i
Sl GRS BTN T SR TR BN T AR T TR T K B S R AT
TGN, BT A B B (EDI) e H bR & R A (THQ) X i i B /K™ i BB 5 | A o 7 fekt B
DB HEAT T3 A, IR 44 2K 0™ o THQ Y BTk Ay i [l 1 o 3 i s AR AL 177K 7™ i T 9 A 1

1 #MBL5 )7 (Materials and methods)

1.1 AR RN 2

2019 4F 2 H % 2020 4F 5 H, N[ 8 A~ B AR g 38 o7 9 2 SR T S AL R AR T 124 A K7 b A b
(ERIRTT: 825 104>, DUZE 10 4>, R 1 A TN T : a2 16 4y, DL 74N, 0F 14 fRildi: a2 4 4, 0
FE 104, BF LAY T 2 44, DU 7 A4S IR LAY SN 2 24, DU 44 IR 1A iR T
A, DU RS IR 1A fRNTH: 2 6 4>, DU 1245, BF 1A BRINTT: f 26 4 4, DL2K 8 A4, I
1AN). b — A a2 ml DL 2K SRR i, SR 1—3 458K 1.5 kg 2247 1. SRAE MK 7 flhis 16 2 50 8
FJa, MR A, X TR SRAE 50 B — Fh IR S B D128, BEAILA L 8 A HEAT 4 BE N i, JROF- 3
. 2K E B R bR K= S R e v 45 2% B, Wi+ )5 O 26 il & FHAR 43 . R SR 1A, 2808 R gk
J& , AWTESHLAFES IR AT, i A7 T-20°C PKAR . ¥ Uk T MR 0 5 ARG A o 3 5 DT BRE oK 4. R SRR 105 &
MR 2 4 [E AR E (GB5009.6—2016) £ i Hh IR I B0 R 7 3 B0 gE AT 5 . X343 a2 1
HoAEROr (FFIE ., s, fa R | fokr) EATRRRALBE, 867 fa ik N i B A FRAE A5
1.2 stk

FR A5 A 8 22 4 B F AR 1 (GB5009.137—2016) £ & FP 4 5930 72 5 220 BEAT K 7= i b 86 6 )
. B TR: BRI 0.2—0.5 g B TRES TROBTHEMRED, A S mL A8R . 1 mL i3 S A0 &0 PEF T I 1 .
BHEG, A 20 mL 7K, INH#GERR % 0.5—1 mL, ¥R B 2 10 mL 8P, Haike m 2205
B, B 5 mL AL, A 1 mL 882 (30%, 7/V) I 1 mL FE 557 (10% (M/V) BilR+10% (M/V) PRl
fiz), M B 75 2 10 mL. # & 30 min J5 il IR T 26615 (AFS-9750, 6 50 AR A BR A 7)) Kl
1.3 U il

E ZE AR 5, B UL MR e B (GBW 10024), W4 T 3-8 R4 A58 b, FH T3 A A8 T 5
T AE R ML A AR S AT R I 1 B DL B B R B R (16.11.32)ng-g !, I S
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14 ng-g'. 53 Ab %t B i 2E 470 AR R SE 5, 100—200 ng-g ™ AR K R, 86 i AR Bk R 1E
85%—98% i [l . ZK 7™ it th g B 4G BR (LA 3 A% (R MR L3 ) o 0.13 ngrg . FERFHLFE S o3 At #e v, 3
BT B EAREY T SEATRE L bR ESCR T BRAE AT, B B YN BR S . BT AR O R (A A A
X FRUEIR 2206 (RSD,, _ ) ¥/N T 10%.
1.4 {aRRE XU PFA

Sk VA 3 2 B FH K o B B X A AR (e = A (A R AR, X H 4 A PTEA & (Estimated daily
intake EDI, pg-kg™'-d™") #47 78, iHE AKX (1):

EDI = Z(CXIR)X 107°/BW ¢h)

K, CFRA B S (ng g ), IR R i B HEEA R (gd ), BW FoR MK (ke),
P 60 kg 1 Ry BN F- S0 . R [R) R 7K ™ S B A i 25 SR, AR SCEE A 2020 4F b [E e AR 4
o E B 48 B P UL Gulkowska 45 BB 55 P49, 8 TR 40 A — R AR (47.7—75.6 g-d ') | HEFRA R
(75 g-d) . EH#EAG (235 g-d "), I-KF Gulkowska SEF 5724 W R [ 2K P~ A 5 LE (Fa2 . DL
WRE 300 R 44.7% . 32.3%. 23.0%) W F 13k 3 R A s, DAED T 5 R 14 PEA .

K1 H bR e £ 5 (Target hazard quotient, THQ) Tt £ 22 &% i AE 20y UK. 2R THQ<1, RHITEAL
00 H X R VA W A % B RURS: . AR THQ>1, TUIRFAN T H X AAAAE 7 A7 VB A et B IXUIG: , 7 SR B
P it . THQ 8 i B R 2 22 7 KR BuUE M /e 3 A vl REME A . THQ T A0 n=t (2).

THQ = Z(CXIR)XEFXEDX 107 /(RfD x BW x TA) (2)

0, BF BB (365 da™h), ED R ER I (70 @), RID Sy 1 RS2 7 i, TA AR S0 0 P-4
Hefuh it 1] (ED*365 d-a™"). JEEFRFEIR I % (USEPAYMLE 86 H IR Z %511 0 0.4 png-kg™'-d'™
L5 BdEgeit ot

K H SPSS 18.0 A4 X 5L 56 B H8 #4782 1153 1. Kolmogorov—Smirnov ¥4 2 B, H FrEHE AT &
IEZAS . R, SR Kruskal-Wallis H S 36 K DFAG 6 1% 7838 i sl i 0] 9 4 2 22 S k. 86 & A7
TE 8 3% 22 50, £ ] Mann-Whitney U K5 56 28 i /2 41 18] 19 22 5. i Spearman AH ¢ P40 BT 48 05186 & &
SRS RRHE (KRB Fi KRN & &) BIOCR, 2 P<0.05 B, 2257 BA Gt 3 S0 A SOk
i B BE S B LI E T AR b BARY) & LT R, DL o AR, TR R ge it o .

2 iR 54508 (Results and discussion)

2.1 KRR A A

K HE P8 A ML R VIR I T A 124 03 T B K 7R L RE S OB 00 K SRR 64.5%, i Y [
9<0.13—37.8 ng-g ' (XM 5.70 ng-g”', H{H 2.89 ng-g), (kT HEFHREYB L (&EARFE S
i) FLGIRRHE (B 04 B o BR A (B R 1000 ng-g )P, 3 B vl [ 1 1A 30 T 7K ™= il ¥ e R I L AR 15 T K
7 il Ak ARG T 245 R TR A A1 2 B 922 T Ve SR T 98 7= o oA A 7 L BB BE [ Y AR v B T
YA i B AR T T AR PP e X0 72730 S5 e iy [ 9 e U, 0 AN A A L, R i B L
W RHEH, MR B 25 )35 15 ng-g7'(59.8 ng-g! T8, LA 75% /KR F) O, Z Ry 15
JL B RgAE Olifants i) A 8 4 PN 856 10 B e 7 B B J2 5138 28600 ng-g ' P, 6375 /5 T AR YR 9% fa iR v 8 1) i
A (7.40ng g ).

AN TR 3 7 T B K = s B o A AN 8] La 7R, P38 8 o ph v B HE R S AT (127 ngeg ).
TUTT (102 ng-g"). IRINTT (6.94ng g ). IRIITT (6.84 ng'g ). EhITH (3.59 ng-g ™). #EMITH (3.21 ng-g ™).
HMT (2.42 ng-g™"). BT (2.27 ng-g ™). 45 Kruskal-Wallis H 856 & B4 T 22 1] 7K 7 5 mb 4
I TR E 225 (P<0.05), X5 2 Jij ¢ T3 26 b X 7K 7= i A oR A 4 A0F 98 4518 — B0, X — g mT I
T 2R 2, 45 (1) B P AR T 32224 P e i A ) ST B /K 7= i 2 o0 A T334
7, AR R TR R, X T e ) SR R (3) WV T AR G P BB R R 2 A0k
(4) — oK A AR M RO B R AR 1455, BV RAE ML A2 BN TS Y, A A b vk B th nT REARARRD.
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Fig.1 Concentrations of Sb (a) in aquatic products from eight coastal cities in China,

and (b) in three categories (fish, shellfish and shrimp)

AN TRV K 7= ot v B A EL A W 2 R B A DL SIS TR v A G 23R 53 301138 98.5% Fl 87.5%, T
i S RN 16.0%. A FPERRY & & (P14 0.57 ng-g ") B A F D135 (9.40 ng-g ") FIEF (7.30 ng-g™)
( 1b), X o] e 5 AR ALY BB R R EFEALRE 1 . AR 38 > M K B IR EE A 6. B B et ot 30, B ik
FE48 86 0B FRAE F B AE WA T R S AR AR 32 DL 25 ) [ A I ISR 2 L a2 2 34 i) D1 28
X 55 1 R A WG A RE ot mT BE Fb £ 2858 . IR A 9 %86 i SR RRE 7 L TR A s Y, DL ZOR 2 R T
FRIETTRRY , DU DR T K @ MR 4 )R, DS T 45 b i o 4 i U AR e 8. 7R DL
W, RSB S B (FIIME 13.5 ng g ) m TSR (8.57 ngg "), AT REJE H T M2 2 LA 2R B XL

SR AR AR K e BRI S, AR SR BHRRRIE (KL L KA RIS
i) #5471 Spearman AHOCHE AT WKL 2 Fitzs, AHE DU NG & 5 55 86 & it Z RIFAE A I B 19 R A O
£ ()=-1.5856x+15.9793, N=66, R*=0.12, P<0.05), J- A J& B8 7t ML A B (R FR1E 22 0] 77 75 25 40 ¢
P, 6 EH AR B R ARAE X 7K ™ i B R R A s i ).
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Fig.2 Relationship between individual body characteristics and concentrations of Sb in the aquatic product samples
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2.2 AR EIERAL B

H T LE PR ) B A2 00 2 TR A WS L VR | A AR A AR A TR ), BT AR TR A8
SRR AT B 22 k. ISR 1 B, FE R 2 BORE bl v, fBE R B A0 4G Hh A0 5 i sy, LR R T
HIEFTALIAL, £ B2 R fORF Fp B8 JOAG Y . X — S5 R 15 Je iy i I T 4 R — 250 ) e A 6 35 1 v 1 LA
arE L X AT AE S AR R VE A OC. th TS SURmAUR, S R T shis AL, i AR
KPR 12 i B R, R SR AURT LI IR B, S Al AR SR O A AL BeAh, s B R R, 2%
BUEZ B P is B rp UL S TR R SE R RN R L, M i ) B ER AR, il ) S
Y PR T A T AR O O AR AR b, i BB R B R, LA AT A A A RS B
HARME CRZ TR R ), 7R BT o8 e 5 A B6 Y 2RI AR ) B e i1t MR Bl BRI
TR

R PR AN RO 8

Table 1 Concentrations of Sb in different parts of the marketed aquatic products in China

vl ftitind B R/(ng-g ) i iilfiva B E/(ngg")
Species Parts Sb concentrations Species Parts Sb concentrations
P LA ND. i £ WA ND.

JHEE 2.47 JHPAEE ND.

R ND. ) ND.

£ 6l 14.7 fafi 353

£ 3737 LA ND. fi £, LA 1.60
Ji ND. JHE ND.

i ND. i) ND.

0 fif 3.77 ffifl 14.3

Hiff LA ND. S LA ND.
JHE 1.84 JHAE 2.37

0} ND. fil e LA ND.

ik 25.9 ) ND.

e, WA ND. ok ND.

JHFIE 7.32 B WA ND.
R ND. ) ND.
fUFF ND. iy ND.

*ND (not detected) Fn A .

2.3 KB

[ 8 AN I I T R A 24 EDLL THQ. K faZs, DUZRORER X THQ A9 AHXT 5T ik b7 b LI 3.
3 FfK 7= B K SF TR SR RE 38k T R RBS 14 SF- 34 EDI 43 1A 0.002—0.014, 0.002—0.017, 0.006—
0.053 pg-kg'-d!, AT 1 36 E AR E HLE B 1 RS % 75 (0.4 pg-kg'-d ™). [RIA, 4437
ROTE 3 FPIE PR 9 THQ /N T 1L i g5 SRR W, RO Z K™ b s B A NTE, 91 G i B, 38 23 7K 7™ i
TH % T 7 A 04 2 R XU ] LA Z AN T, AARMRERAN 232 815 . Aede R ZBCR T, 2R H
B K BN B THQ 32 2 ot Bk Ok U5, 7 bL ik B 39.4% —88.4%, i FIUF Y o5 L 43 il £
0.4%—13.7% F1 2.71%—55.2% 305 [l . PRIk, 7625 s/ i ok 2 K ™ S 3 A R BB IRE, RIS 20 D
R, BRI, XA EE T R RO, K T TS ek A T A FRE DL A, BT LA
OB, AN K™ il v i B 2 R AU
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Fig.3 (a) Mean estimated daily intake (EDI), (b)target hazard quotient (THQ) of Sb from aquatic product consumption for

3

residents in sampling cities in China under general, recommend and high intake consumption scenarios,
and (b) relative contributions of fish, shellfish and shrimp to the THQ

2518 (Conclusion)

ABEFE 3T T A 8 A~ ST I IR SR T R A i R B A 2 A R AR B FXUR: . BRARAE R 2 KT

BT REAS AGLIN B B, (EL B 15 il AR 5 23 1) DI PR 3R A RIARAEAR LE, Wb, A= 356 >0 P R A
SERBE R A B i FR R A B E AR L A b B R, U] R R 0 28 SRR R T AR,
(e A 165 78 B 40y 2 o O A i A EE B 1 T AR AR Al B KRS DA 4 SRR W1, o SR A ot DX B K™ il
I S A B 2% 8 XU R LA 22 AN T, A N, 25 B BB 2 0 T A AR kAT, B s PR TS
GBSO ™ B, AT BEAFEE SR K bt P B 5 A AL LI P A O A B XS
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