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Speciation analysis and health risk assessment of arsenic in seafood from Jiaxing markets
GE Miaohua, ZHOU Ying, ZHANG Xiang, WU Xiaoqiong
(Jiaxing Center for Disease Control and Prevention, Zhejiang Jiaxing 314050, China)

Abstract: Objective To understand the speciation of arsenic in seafood sold in Jiaxing City, the health risks of arsenic
exposure due to seafood consumption were evaluated. Methods Total arsenic levels and arsenic speciation in 105
samples collected from five seafood categories were detected by high-performance liquid chromatography inductively
coupled plasma mass spectrometry. The health risks of inorganic arsenic exposure caused by edible seafood were analyzed
based on data for the consumption of aquatic products. Results After testing 105 samples, the average total arsenic
content in the five major types of seafood ranged from 0.85 to 41. 85 mg/kg. However, it was primarily in the form of
nontoxic arsenobetaine or arsenosugars, with organic arsenic accounting for more than 90% of the total arsenic content.
The detection rate of inorganic arsenic was 45. 7%, with concentrations ranging from 0. 008 to 1. 169 mg/kg, and a median
value of 0. 011 mg/kg. Seafood products with the highest levels of arsenic were mainly seaweed and crustaceans, and one
sample exceeded the maximum limit set by the National Food Safety standard GB 2762—2017 for water products by
0.95%. The results of the margin of exposure health risk analysis indicated that the health risks associated with consuming
seafood for residents of Jiaxing City were relatively low (margin of exposure values significantly higher than 1). The risk
level was slightly higher for urban residents than for rural residents and slightly higher for females than for males.
Increased seafood consumption increased the risk level. Considering factors, such as overall dietary exposure, cooking
methods, and transformation during consumption, the risk level would further increase. Conclusion The health risk
caused by inorganic arsenic exposure in seafood is relatively low, but long-term intake of seafood (seaweed and chitin)
with high inorganic arsenic content should be avoided.
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iy A ) B S AP R B R ARG, DB
A & (LD,) i, 2 B 28 09 8 M K/ 2y = A
[AsCID) 1> H A i [As( V) I>— H B fiff (MMA) >~
LA (DMA ) > it 52 5 (AsB) >t fIH i, (AsC) >fif
B, o AsC L AsB BORE B O IR s T
DAL A 2 5 BV AV 5 AT 7 o i R ) it R XU,
SRR R UL P S B RO A o A B L A5G e R
B4 A K JEAT U A 20 A o B 2 4 XU T
fhiJ& 4 & 15 e i G B KR ) e AN,
T HEAT B — o 78 KU E A, 2 B 2 A iy il 2 &
it 2 4 B VE L AR E DL B ik R BR B 4 v 1 L
WA

A G LA o 80 3% - H SRR S B A T
T I FH AR XS 58 24T 408 B bR LAY I
195 G 1 000 AT W DU 43 A I E T 5 R 105 AN i
A FE R A S AR T HLAR [AsCID) (AsC V) [ R AL
MIROX (I 5P M) . Carbsone (R L) L AsC . AsB .
DMA MMA ]9 B 25 55 4 o0 A1, JF 455 i Rk ™ iH
BRHE BEAT KUK 43 BT, S AR T G B2 4 1 9 2
AR A AR

1 MHR5AFZE
1.1 FEAES 50

NEXION 350D Hi & #i & 45 B F K T 3% A% .
AltusTM A-10 75 850 AH (15 A (36 B 40 4 /R B
Al ), MARS6 T i A (£ B CEM A ) , H2lik
A4 (Milli-Q, 3£ [E Millipore A #]) .

bR : AsC I ) (1. 011 wmol/g, GBWO08666) | As
(V) (0.233 wmol/g, GBW08667) \MMA (0. 335 wmol/g,
GBWO08668) .DMA (0. 706 pmol/g, GBW08669) . AsC
(0.374 wmol/g, GBW08671) . AsB (0.518 wmol/g,
GBW08670) . fifl . 5 R Fr #E ¥ W (1 000 mg/L,
GBWO08611) ¥ 1g [ 1 [# i1 5 F} 2% B 58 B , Carbsone
(100 mg, 99. 8%, H [E £ #h 24 i K 2 AF 52 e ) , ROX
(0.25 g,99. 6%, TMstandard) , ki D1 #} (GBW 10024,
b 3k B b 3K A 27 B A B ST T ), A A £ 40 2 v i
JE 25 b5 B 5 (BCR-627, BRI AR E SR ), i sl AH A

B2 #% (AR, [ 25,30 mmol /L) -il§ iR 4% (AR, [# 2} ,
30 mmol/L) ,pH 8.5, i sl #H B: ik R 4% (AR, [ 25,
1 mmol/L), Ji 8l C: I EE (g al, 36 8 R A ) o
1.2 FEARRRAE SR

BE B SR B2 % 4 TIT S8l Bl N 45 ok S T 3 T A
B R LR T 2 (Gl f N R ) 0
) HAEZE IR I R T IR S B (SR I
AR ) AR (BHER JUARER LSS4T HF 45 ) 18 28
(BT 58 S, B g 2 ik &3
EIEE- 98

1.3 SERT5k
1301 B iy e

2 WA (R 22 4 T F AR B b B K ML
B9 5 YGB 5009. 11—201417" v i FR I % 1R 2
Ja B9 RS 0.300 0 (G A 2 0.000 1 ¢), A 5 mL
iR , A 3 mL BUEUK , a5 2, % H F 190 Cig
P % 25 min, I A 50 UG 2 25 3 50 mL, & vk EE AR
it 1 0. 15 mol/L fi B2 # B¢, 1ICP-MS #4705 -

S 3T ICP-MS XA 280 : RF 3.1 300 W
HBETFIRSR 16 L/min; IR :0. 6 L/min; 546K
1.1 L/min; & 4% . DRC(NH,) ; RPQ: 0. 25; 5+ #F
Ji . AST,
1.3.2 #EAR &

Z: MR 80 - P, SRS 6 45 8 A JB 3 56 1
FE UG o 8 B AR A ) HEAT DU E Y . BR HURE
1.00 g, A 20 mL 0. 15 mol /L 2 , T 90 “C i ik
£ HL 30 min, i 0.22 pm € % )5 L HPLC-ICP-MS
ME As(I) As( V) AsC.AsB.DMA MMA .ROX,
Carbsone AFIEZ, TTHLE A As(TT) JAs( V)Y
Pz M

WIS 70 HT ICP-MS {250 RF 3.1 300 W
FE TS 16 L/min; 546 : 1.1 L/min; £ U £
3 :STD; RPQ:0. 45; 43 17 57 5 0 : AS™, WUE S 70 By
HPLC a8 44 W3 1.

1 OBE R T

Table 1  Gradient elution procedure

B[] /min - i3 /(mL/min) BN A/% JREIAHB/% B C/%

0.00 1 5 87 8
1.50 1 5 87 8
2.50 1 92 0 8
17.0 1 92 0 8
18.0 1 5 87 8
20.0 1 5 87 8
1.3.3 455 F 4 5l

1E 0~200. 00 pg/L A BA T 28 b v 145 0 Ik 1
T, BN E Y A AE Bl ZR 18109 5 2 Y=0. 000 93X+
3. 605, % 2%k r=0. 999 98, GBW 10024 f Dl it 45



AR AR

—1470—

CHINESE JOURNAL OF FOOD HYGIENE

2023 44 35 %45 10 1

P UEY) BT 6 YN & Y9 My - 3. 53 mg/kg, RSD K
5.42%,6 K& RITES Z A BN (R 2% 1(E .
3.6+0. 6 mg/kg) , B B A A 5% R A9 165 7™ & v St
() TCP-MS A I 7 2 o 0 B8 o, 445 SR T 4

43 ) T WM 1.0.2.0.5.0.10.0,25.0,
50.0.100.0 pg/L 5 As(Il) \As( V) MMA . DMA .
AsC . AsB i R4 FIVE 2y 2.0.4.0.10.0.,20.0,
50.0.100.0,200.0 pg/L i Carbsone ROX #5 i &
G, 8 B % 2 Ak A W 0 £ 1 06 N7 T AR 56 R
TR 2 R XRR HXERBEH KT
0.999 0, 2l HPLC-ICP-MS i 3 3% {5 L (S/N)
FIEXF N PG e 204G H BR (Limit of detection, LOD) ,

PL 10 A5 S/N T XF g (4 e B 31 58 5 i F PR (Limit of
quantitive,LOQ) JTEFEREE N 20 wL Bf,8 e S
AW IR Ry 2. 95~11. 35 wg/kg, = F RN
9.83~37.83 pg/kg( LA As i), L3 2.

X} BCR-627 1Y 4 46 £ 5w 45 Fn 1 ) o 47 6 1K
AT I E , AsB I E ¥ A 3.91 mg/kg, RSD K
3.14%; DMA | & 4 {6 24 0. 155 mg/kg, RSD K
7.12% ,6 W25 B BTE 5 42 2 IR Y0 [N (AsB 2
# Al : 3.90+0.22 mg/kg; DMA £ % fi . 0. 150+
0.022 mg/kg) . %5 H % Wk A 55 () HPLC-ICP-
MS A6 0 g 7= i A O 28 4 T, B BT I
B ORE5 BE RB AR R A TR

K2 SRR W) B LS A R

Table 2 Linear parameters and detection limits of 8 arsenic compounds

4oy [ )1 77 Fit BT Y LR/ (ng/L) G i B/ (pg/kg) PR/ (ng/ke)
AsC y=38 800x-6 730 1.00 000 0~100 9.15 30.50
AsB y=41 600x-17 900 0.99 992 0~100 5.25 17.50
As(Il) y=35 400x-19 700 0.99 996 0~100 11.35 37.83
DMA y=40 300x-20 800 0.99 983 0~100 3.25 10.83
MMA ¥=36 200x-7 880 0.99 996 0~100 2.95 9.83
As(V) ¥=37 300x+79 000 0.99 987 0~100 4.60 15.30
Carbsone y=34 400x-37 500 0.99 938 0~200 9.65 32.17
ROX y=32 700x-5 290 0.99 972 0~200 10.55 35.17

| N
14,1 7 5 TCHLEE AR RPN KR
A SCRLCR il 2 4 1 S pm i B TS Qe IR
) GB 2762—2022" g J T i X ¥ 7 it o iR
A BT, B THLE RN 0. 1 mg/kg, H
5o BRI VF RS CHLMR 258 0.5 mg/ke.
14,2 U7 S8 e 1 JCHLA g BRE XU 3
X 9 77 it T B A R A R XU DAl SR FH U
B2 R (European Food Safety Authority, EFSA)
1E 2005 R R BN B3k (Margin of exposure,
MOE) *" o 7 SC3 aof ) A5 1 7 i v T AL 1) 35 ok
V-, B A 2 R ROK T A B e DL A
A7 TC ML 5 8 XURS: PE AL, MOES<T, TA A { BRE XU 75
SR SCTE S 2z ) fedt e XURS: 3L A1R . MOE £ {8 K,
2 WL A XU /)N

CxM .
CDI = BW 2~ (1)

BMDL .
MOE =C7DI°-5 AN(2)

Hovp e BMDL, ;4 0.5% 4 i 7K F £, 10 5] &
0. 5% 3l 4 BH P4 S 0 4 e AR 4, BB TR AR A1 4L/
T 5 T A A 20 S I R B 5 & K& B2 (Joint
FAO/WHO Expert Committee on Food Additives,
JECFA) % Y i JE LA 5 34 5] &5t R BR B (BMDL, ) 53
WK 0.3~8.3 pg/kg- BW-d>"; CDI 2 A BE 4 H 52
P 7% &% 1) T AL K SF , mg/kg- BW - d; C R 7= fh vp

ToHLAR A A i, me/ kg MR R P A AR H T
i ke/d; BW i BSF IR & ke
1.5 GeiteEar

BARSET% FH SPSS 20. 0 S8 it22 30k, A4 1l
A6 A B R A T A 2H 21 (World Health Organization,
WHO) 77 19 & A0 R K E U 1/2 LOD #4758
e, B s 4 ¥Rl EXCEL 2019,

2 BR
2.1 ZEBE P R e O R A

AR SCRE R W T 5 2% 5 01 (e 2k
s GRS AR BRSO M RS T T
W SE , A A i 09 B - 241 {E 2 10. 36 mg/kg, 5 Fil
TR P i 0 R T 38 YV BN 0. 85~41. 85 mg/kg,
FCr ity 0 26 O S IR, O 0. 85 mg/kg s M
KEBFWMEBEE, N 41.85 mg/ke; IBIFR & &
SEHIME N 7.23 mg/kg, B 1 4 AU MRS ok B S 0k
124. 47 mg/kg Z b, Hoax 19 3 BF 09 & &35 [ R
0.06~8.81 mg/kg, ¥ ¥ B 1.06 mg/kg, 45 H
W 3.

2 TBAE i I TE 35 0 B 45 4R 7, Carbsone \ROX
E NGl i I T S el T AT B N B
6 B L A4k & W0 ¥ A R R B (G 1 b L TE
BEMY AsB O . 48 Oy BE K H TC HLA CRS 3 BR Ry
0.015 mg/kg) , £ th %y 45.7%, £ th B & Hl
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0.015~1. 169 mg/kg, *F-¥I{E A 0. 048 mg/kg, H i 1 4y
FE S ) JC LA RS 1V o0 1. 169 mg/kg, #8 i
GB 2762—2022 H1 /K 7= i (1 TG LA PR &, 8 bR R
0.95% . /N [FIFP 2 (0 7= b JCHLER & A — 2 1Y

255, W EE R i 325 (0. 161 mg/kg) > 762
(0. 052 mg/kg) > #f 1125 (0.016 mg/kg) > iff UF 2
(0.005 mg/kg) > iff 8 2% (0. 004 mg/kg) , 45 5 UL
# 4.5,

ER IR GRS SR G EUE SRIEE

Table 3  Detection results of total arsenic in seafood

e BE A/ S B TR/ (mg/ kg) S A B B 6 B/ (mg/ kg) SR i E ) (E (me/ kg)
I FEk 21 0.47~2.61 1.73 1.77
RN 30 0.11~2.65 0.52 0.85
LS 20 0.06~124.47 0.39 7.23
A2 15 2.65~15.32 4.87 5.66
R RS 19 27.88~62.59 41.68 41.85
24 Mgy R T AILAT A 2

Table 4  Detection results of inorganic arsenic in seafood
BE 2 FES /By Kl 2 /% TCHLE & L/ (ng/kg)  JEHLA & 8 A 080/ (mg/ k) TEHL O &I/ (mg/kg)
I FE 2k 21 95.2 0.015~0.195 0.034 0.052
HREES 30 30.0 0.015~0.045 0.010 0.016
RS 20 20.0 0.015~0.019 0.009 0.005
RS 15 20.0 0.015~0.027 0.008 0.004
R RS 19 63.2 0.015~1.169 0.094 0.161

25 W PR SR A R

Table 5 Detection results of 8 arsenic forms in seafood
BE 52K AsC/(mg/kg) AsB/(mg/kg) As(Il)/(mg/kg)

" FHE P R T s 1 1 i T PR 16 1 i
ek 0.063  0.032 0.009~0.599 1.436 1.332 0.350~2.458 0.024 0.006 0.006~0.122
a2k 0.012  0.005 0.009~0.058 0.505 0.349 0.005~2.390 0.010 0.006 0.006~0.027
HE A 0.016  0.005 0.009~0.090 6.111 0.342 0.041~103.938 0.006 0.006 ND
RS 0.041  0.014 0.009~0.407 5.158 4377 2.244~13.432 0.006 0.006 0.006~0.019
gk 0.006 _ 0.005 0.009~0.031 37.770 38.635 23.501~55.552 0.012 0.006 0.006~0.078
FE LRk DMA/(mg/kg) MMA/(mg/kg) As(V)/(mg/kg)

" T P Kt 3 Pl T s ot 3 Bl TR s Kt 1 Bl
ek 0.044  0.041 0.022~0.091 0.003 0.002 0.003~0.018 0.033 0.034 0.002~0.072
T 2k 0.013  0.002 0.003~0.087 0.030 0.002 0.003~0.137 0.009 0.005 0.002~0.310
HE S 0.005  0.002 0.003~0.043 0.008 0.002 0.003~0.098 0.006 0.003 0.002~0.019
TR S 0.024  0.024 0.003~0.044 0.033 0.029 0.003~0.179 0.005 0.002 0.002~0.027
IR ES 0.885  0.686 0.274~1.791 0.047 0.042 0.003~0.109 0.155 0.089 0.002~1.115
TEND A H
2.2 Mg R TR 2 0 A R E MMA

0.08%  As(ID),
DR NN S B SR S 0 o T (5 s
RIS S AR AE , B 1~5 S 5 R T B P A%

FhOE A0 4k & ) 7 vk B 5 SR Bk B A 4y =SB
Fbo 5 R = i i R TE 25 0 A B LA E Y AsB mDMA
T, T 89%, IR & A 99.55%, As :%;
() . As( V) . MMA .DMA .AsC . AsB & Y945 A [a] F2 i

BE AR, Ho AR 2 gt 2R ) LA [ AsCIT) | 10.04%

AsCV ) 15 LA e L 43 B 3. 28% . 2. 30% , H BT SRR 25 5 A R A

fih 3 KT 1.00%. A4 B4 SCHk % R R, Figure 1  Speciation analysis of arsenic in chitin

AsB LA AT RE A 53 Ah— B AR AL 5 W -B0ORE , 45 TAE BE-SO, B 308 3 S W LURREE -OH i -PO, JE 5K

SRR T S B BERE O T A BB -OH A AsB 7R B
P A e 3 Y W [R] — B0k 0 S Ol i
BB T A e R DU R -OH D o
X 7 V5 N T A 58 3 T A R 43 B B A
J5 ik A5 Wi £ LURORE -OH (B -PO, Fl A

O E AR B 5T W dh P AsB Al AT RE
2.3 I S TC LA A KU 23 B

AR A [ K 7 T S T PR s K A ) 2014—
2020 4F 4 [ B B AT i RN 42K ™ i T 9% 4
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Figure 2 Speciation analysis of arsenic in marine fishes
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Figure 3 Speciation analysis of arsenic in sea shrimp
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Figure 4 Speciation analysis of arsenic in sea crabs
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Figure 5 Speciation analysis of arsenic in seaweed

WA K= I B R R 0. 077 ke/d R AT R
I 0.058 kg/d, 4= HB 105 434 5k 1 JCHL RS I 45

HAp (2804 0.011 mg/kg, 5 P 1 L 1k 19 SF 1 4K B
T4 69. 6 Al 59. 0 kg (Fp [ JE R 37 512 1R %
RO 2020 IR F4 R JECFA (ARUE, TCHLA Y
FEvE 4 B (S T IRAE (BMDL, )0 3 pg/(kg*BW+d),
KA T RA R 2 TR & 0 T R
B TG HILA B A AU, , 45 S % MOE {3 KT 1,
it 3 JRURS: I, (H 2% J g 7= il B TE LI A AR 2
R B P — A MR SR T P R A A
A RE AT 58 B4 (2009—2013 4F ) , Wi VT4 JE Rk
PR TCHLE A TTER 2 & 3. 2%, SE R4 A XU

S 3G, b XURS: R B I W T AR 2 M
T 59 U T T A 30 BE B v KU R 4
R T,

RTFEILTE R AR b

Table 7 Residents’ exposure level in Jiaxing city

PN EE STV S v BMDL,/

gl MOE
R (kg/d) ks (ug/kg'BW-d)
. 3B 0.077 69.6 3.0 247
b
R s 0.077 59.0 3.0 209
% 0.058 69.6 3.0 327
RHRER i 0.058 59.0 3.0 277
3 #ig

XF 5 24T E A S KT 105 41 77 #F
A T SR R RROR A AL A AT TR, 25 A R B
SR A Y5 A 0. 85~41. 85 mg/kg, TCHLAR 1Y A6 1y
M A5 T% K A 0. 015~1. 169 mg/kg, i
{H 0. 011 mg/kg, H 1 #Edh & T GB 2762—2022
(R 7K 7= BR A, BB AR R 0. 95% . 7= & R fL & 9
B L 5 e Ao S A AL AR,
90% LA I . 454 2014—2020 4F 4 8 K4 L A A
S BN E K77 i T 2 i i K I A SR
FH 7= & 1 JC AL B A RURE 43 A, 285 2R SR 5 %l
S BB FH — 0 7 5 R ) JE AL 22 4 KU AR A
H%E Y BEEE N R 4540w ZE™ ik
IR AR R B S AL, KR E A SFE
— A B AU, T R 4 B A 0 A R T
A R R e T LA R s I .
F 5% 87~ X R it 2 AT T Ok T B AIE 509% XU 2 B
I TE £ TC AL B 5 5 A 8 18 9 7 i N, X T 7
HEAT BB | bk R 2R A, AT R AR R A TG AL
8 IR <
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