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ABSTRACT: Objective To evaluate the quality safety and health risk of arsenic in seafood sold in Guangzhou.
Methods Totally 10 seafood products samples from Guangzhou, China were analyzed by inductively coupled plasma
mass spectrometry and high performance liquid chromatography-ultraviolet photo-oxidation-hydride generation-atomic
fluorescence spectrometry for total arsenic and 5 arsenic species: arsenic trioxide (As(Ill)), arsenic acid (As(V)),

monomethyl arsenic (MMA), dimethyl arsenic (DMA) and arsenobetaine (AsB). The quality of seafood was evaluated
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according to the requirements of GB 2762-2017 National food safety standard-Limit contaminants in food. Hazard

Quotient (HQ) and Carcinogenic Risk (CR) were used to evaluate the people’s health risk. Results Total arsenic

concentrations varied from 1.45 to 42.54 mg/kg, 5 arsenic species were detected in all seafood products,

and proportion of non-toxic AsB was the highest (93.45%~99.96%). Among all seafood products, the total arsenic

content of shellfish was the highest, and the proportion of non-toxic AsB was higher. The total arsenic content of fish

was lower than that of shellfish, the content and proportion of AsB were higher, and the content and proportion of

inorganic arsenic were lower. The content of inorganic arsenic in seafood is lower than the limit value, within the

allowable intake range required by the national standard. The inorganic arsenic HQ and CR value in seafood were

below 1 and 1x107%, respectively. Conclusion The arsenic content in seafood sold in Guangzhou is at a safe level,

and daily consumption will not cause cancer risk and health threat to humans.
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fifi (arsenic, As)ZE—FHIE RS MNAHELEESR
JuE, HoRET 2z, WAy s Il A S Y
HFER X, LML M ER 5 (arsenite, As(IIT)) Al iR £
(arsenate, As(V)FEPERE KM, HAT S0 | S0mi i XU, A HL
A& — H 3L i (monomethyl arsenic, MMA) ., —. H & fif
(dimethyl arsenic, DMA) 5 & P4 #H XF £/, Al #if 3% o
(arsenobetaine, AsB)JEATER, 4k T A RIESh(R
i, B, LAl 305 S EOK A 1 h
B, X T A R R K S ™ B 5 e, Pan 250 7 B
PHVES | YT T AIERYL 1 CRR Y rh 55 B Rl 73531 ik 1) 820
17.6 #1 53.6 mg/kg. HF /KR A A2 35 A8 17 ok Al
DIRRY L, BoKAAYRE RS EYEARETR, X
7R AT BB o TR LT A i O AR A R A,
FWF5EFE B, & i 7 4 (Lateolabrax japonicus) F1£L
(Red snapper) N JCHLA & B s 2l 2.8~4.5 mg/ke!, B
Zifid GB 2762-2017 ( B & EEZEME &5y
PR ) et i BR A (FF 52 IR S TEALA < 0.5 mg/kg,
025 TCHLAN < 0.1 mg/kg). HPHR R 255V S0 6 258 I vk ko
Fof g o AR AR R AR FE AR5 e, Sloth ZE1S1% BN
SER(WER VORI B TTHLA & ik 8] 4.5 me/kg, T
GB 2762-2017 MUAE o 54T WFFE R — LI A ) I A0S
H As(V)YRBETT Bk 60 mg/kg . BRI, 3 S TCALER
75 LR B A A

YERN AR E BB S), W7 il 1 38 & 4 A X
NEAEE A %5 T — T, W7 5 ORISR A
1 BRI, Larsen %551l 78 & e WAL B WA
HIBE 90%K B T i o ST ICHLEIXS AL 2 HRK
fa s, Bk, 8BRS EA T e I R R I i R
[FITBAS, AR IREE TS 4L Wi, i BT R T R o &
RS )y I B R X, ASUIRTENG B REE . Skl
T AR EER 10 FiigT G P RR A BT e

(Siganus oram) . 4:#E(Trachinotus ovatus); Ji$)Z2fm2: £
(Pampus argenteus) . fii fi(Lateolabrax japonicus) . fifl £
(Carassius auratus) , 77 £ (Trichiurus lepturus) il /)N % £a
(Larimichthys polyactis); DI2&: 41#J5(Ostrea gigas thunberg)#il
77 BE 45 XU B2 (Babylonia areolata); 7% 25 : B 35 A X4 I
(Penaeus vannamei), i 5525 A5 1% 1Y (inductively coupled
plasma mass spectrometry, ICP-MSEIE =S A Py 1Y a2
a7, N R RO €k - IR T 2Ot X (high performance
liquid chromatography-ultraviolet photo-oxidation-hydride
generation-atomic fluorescence spectrometry, HPLC-UV-HG-
AFSYKHI AR RIFEASM(As(II) . As(V). MMA, DMA il AsB)
TR, ST L M R R [T S 3 A
R, FEHAIH GB 2762-2017 CEdh i A HFARME £
S YR ) BRI it (A AR
SVEHEATIRAL,  DABOOT X B 7 A IS R XU, 0
RUSTAL, DA AT A J 2 4 it ™ T T 2% 20 IRt
g%,

2 MHEREE

2.1 SEIEHFRE

10 FhfE ™ S (BEFD IS 6 A A2 F )G S F T Ml T
BYPKAHT, AR 23°7' N, 113°15' E. SREEMA]N
2017 429 H, FHE-20 °C {47
22 X5

MK200-4 Jin#HAi (b JH B8 ek A 25 45 BR 24 7]); NexION
350X HL B A B BT (ICP-MS)(3E [ PerkinElmer
vr)); 3-18K i R O HL(EE Sigma /3 H]); Biosafer-
12A BRIV AR TR AP 28 A F); AF-610D2 30 A
{03 — 7 T3¢ 6I L (HPLC-UV-HG-AFS) (It 5 5 AR 20 #r
23 F)); CVE-3110 Jighe 28 AL R AP AL AR A Tl ) o

fifie . hme . AR SARER . BNEURET . AR
BT, MR RGR ), B BRIR AU | BT
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WEIR — S (G54, EE CNW BHEA R, MFREY R
VAR §H (NaAsO,) . iR 4 (Na,HAsO,- TH,0) . — I REf
[CHsAsO3(MMA)]., —H EAH[(CH;),AsO,H(DMA)] . fififift
SHK[CsH 1 AsOx(AsB)] (1000 mg/L, K[H Sigma 23 Fl).

23 BT @B WM ES AT . As(V) .
MMA. DMA #1 AsB)l=

TR B 2% Zhang SO IR Ky 2 gk
1To FHEBE NIRRT, HaiKEkikE,
BN, AT VR T 08 o S Bk 78 FH o MR AR BUKY
FREESD 0.1 g T 15 mL 2.0, A 1 mL HNO3(70%) %
TR #E 2 b, SRJEECA AR H 80 C JH R 48 h EIH MR
B, FIH ICP-MS BEAT B o HERIFREL 0.2 g R AE
i 50 mL BOE T, A 15 mL B EE-KER(V:V=1:1),
VKU H AT HLEIK 10 min, RS 10000xg 4 °C 5.0 10 min,
Wtk B, BAERRER 2 W, K AEBURIR e A
HEFR 4 mL, ABEAUKERZE S mL, o 0.22 pm JEMHE,
AR HPLC-UV-HG-AFS Jll&:, Al & S 3B
53 M 5 35 (R HE B 1 £ FH AR i 2 25 ) [ (standard  reference
material, SRM)#fitA . I L3R [ FE J7 2 45 B 4 4 £ 4 41
(BCR-627)#i5E AsB. DMA FLE A K EISR, SR IS =]
R T 08 (As(TID) . As(V)FT MMA) Y [EIICK
24 HHmP N RBIREITMN

ASCLL GB 2762-2017 { &b L EE R &5This
YuMIRR L ) Sk )R AR v 7 PR A A R TR,
MR ZARAEER, 52 RIS TCHLM B & 0.5 mg/kg,
R TR 0.1 mg/kg 17,

2.5 8/ miH RN RR X ITE

N ZES I 7 S T 2 0 £ R XU T4k 1) 8 R AR IR
$1JR(US Environmental Protection Agency, USEPA)XUK: {5
BLEEEMAS (integrated risk information management
system, IRIS)H AYEU K F(carcinogenic factor, CF)f1& %
5 it (reference dose, RID)HATIFAM . HH T E A4 H Tl
fiti $5 A3 (estimated daily intake, EDI)FI{G [ 4 %% (hazard
quotient, HQ)LL K JCHL i &z XU HE 2 (carcinogenic risk,
CRYIT AT fos:

EDI=Cicafooa™ [ACscatood/OW]

HQ=EDI/RfD

CR=EDIxSF
o, Cocatood HTFT MG R V1 5 f (me/kg, W),
ACcatood NS EER XTI ™ i 4R B (g/d) . FAO B4 438
pE R S T SR AE O 71 g, H ST
023 g), HFEMIZ29 o)A Kikk a9 gy% . Bw Xy
THPE MR (kg), ABFFE TN B8R H 58.1 ke,
RfD iy 0 IS 25203 pg/kg bw/d)!'3!, CF(kg d/mg)
R TCHLER A BOR AR (1.5 kg d/mg)!'™, Hirp CRAGMR

BN 1107 M4 24 4k ih ) CR AT UL AT, BERIXFA
AT SRR T 7 Xk NI B f i XU i HQU (B DR, 24
HQ<1 i, FBHME™ i A2 AN Jei i e ) A
Hh = TR R R O 41,

2.6 HIEALIE

SCH A B A B A RIT SPSS 19.0 Fif, ASCRT
A B R L REARHEZE FROR

3 HRED

3.1 WEESENGEERERRE

i 1 ff Fl BCR-627 K437 AsB. DMA FLEf [B1i
K, £ BCR-627 brfESZ Y rh, KilF] AsB ISR
91%~106%(n=6), DMA [HII{%H 91%~103%(n=6), . fHi[A]
BEEH 94%~101%(n=6), I inks EI SR RAT HA As
TEARIEICR, AsAIDEIE S 72%~98%, As(V)EIRE K
72%~105%, MMA [ [ETCH R 76%~108%, HIFERHIE A3
FIHEEAZ IR 25 RPN, 0 AR R S 30 0 e 50 v A 30
32 BEREAMAEE

N ICP-MS JWAREY 10 Fhifg ™ 5 B & m a5 8 an
1, WA BN R (1.4520.11) mg/kg(RE 32 HXTHR)F
(42.54+21.13) mg/kg(Jr BEZR RUIB)TE I 22 8] o BT W= fh
SIS E POE NIURSRC b7 (58 g W e 5 B S AU SR gy
5 Y /N f1(9.9543.23) mg/kg, AR IE T
(1.54+0.70) mg/kg 2 Fft D12 () A 3 2 349328 v 1 2 R
5825, 43 9 W5 (5.70£0.57) mg/kg 5 BE 48 XA
(42.54+21.13) mg/kg, MG E FRIERE X 20 7= g R4 T R
Syt HORA S SR O AR DS R R > )R
F>HIFA,

KTk aa e, KRS RS Tuzen" AR
G5 — B, 0T W EDE S R R Y
1.6~113.0 mg/kg, idAh 225 A3 2 1k | £ rE A B3
B N F g 1 AR BARE S 22 51T pah, A
WFFE K B = b BB & B S MBI REY), W
AR BEHET O IR DL S IR R b R, H
H L BRI S R B2 M 5~T i, RELH
X AR A BBRE S, X5 Wu U8R g R 3
Zhang ZEUWIESE KPR, JiK)Z 02 HLRIZ G RS T 4R
W ZHfH, Fontcuberta Z¢UN 1 i 53 1 & B 2 a2l L
A AE D) R B W 28 O A S s v B i, A S [ A2
=i E S B R AR N E £, Il 540
D LR, KA ESENEEES
e P B g 20

JEAR S A WA L T R 1 )2 i 28] LA IR £ ) B
4R, AT RE SR h TR AR FHE AR A B 4R K
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DURVT IR, 18 W LLIURR) o £ 10 DL RS J= £l R e 4%
W Wi R < S TE AR NN ' 45 T ELAS TR TR AR 0 B
Py rp i) Syl M RIPE A AROR 2251, — L8 #0 RBE RS i
XA TR AL T HLAME LA RRARRIAE AN BB e Ak
W5 DS s B e R R B M SR 45 5
MRE A P, X RRRYE, D1 O 2l A PR B
B e SR A Y 35 e B R A R, VR 2 G [
UK AT 5 A ORI L H IR T 5 0 & R |
B PG A5 A5 A L A 700 i b2 2 TE SR K
DU, REAEANTR] i DX b i 3, DRt AAITCRR 9 m o i i
SRR, B2 R 0 R R A
BWIFEARALE, DABCOLAR A 4 )8 & A X AR

33 BERARESHASIID. As(V), MMA,
DMA 71 AsB)& = Ftk 57

N Fl HPLC-UV-HG-AFS %7 i R Rl Sk &
YR ZE RANER 1, BRZSEREB AR N AR E] As(IID), 5 Flf
oA e At Sl P RE A 1) I SR OR TR S
&2 HEF IR K AsSB>DMA>As(V)>As(II)>MMA, JG
BN AsB B o -5 A XU AH DG A JE ML (As(II) |
As(V) & BEAEFTA M S AR . 7EIXSei ™ i AsB
SR E R T BEAR KU (43.41+0.20) mg/kg, HAKH M AE
F4(1.19£0.07) mg/kg. AsB SRS B0 5 Bah—5, [
S B JRCAT DL 2SS IR 2 > vh )2 2R e % . DMA
TE A Y A B (451 4(0.00£0.00) mg/kg (flfh)
F1(0.30£0.05) mg/kg(HL5). As(INFI As(V)AY & B AEHE ™
b A, SRR 0.00(BRBE)~0.03 (4 )mg/kg Fi
0.00(fil f2)~0.02 (5 T f2) mg/kg, MMA 7EiG LS 4LE

AL EAFEEER, TN 10 Al S b i
SRR E A AsB, As(IID)FT As(V)TEHE™ b H i & i 2970
%o FEAFFE RIS 3% B 2 4 p oA LR 2 i B IR F
AsB B, Li S0 R VD RE I S R VR 40 S A RO A
FEER BN, OIS EIE Y 0.22~1.24 mg/kg, 1M
AsB [ &8 Al 355 8.56~31.02 mg/kg, Peshut ZEBI75 ()
BB AR P JEHLM A i 0.07~0.24 mg/kg, Zhang 517
YR B TR R S G TR S, S5 R AR
7 TOAILA 0 E 45A1K(0.27 mg/kg) o

2R T 5 FMBIESAE WAL R b i LA
SAATEDL, JCEENT AsB 26 ITAT I 5 T84 o A R s A B,
HAVE RN 93.45%(H 17)~99.96% (/N # fi1), As(IIT), As(V).
MMA FI DMA fr (5 H ] 35 [ 43 ) 02 0.01%( /)N B
1)~0.58%(4EWi) . 0.01%(J5 BEAR KR )~1.51%(HE + ff1) .
0.01%(4R#8)~0.48% (4L W) Fl 0.01%(/NFE £1)~5.15% (7).
AR F HAh R S kUL, SRR MMA F1 DMA L4538
T, TR T B0 A EL BT As(V)e

SR A SR R, NEET R S g A S
AsB T 15 Fb ) 5 151 (93.45%~99.96%), TCHLER T (& Lt i ¢
k. s Rre HAp i P th A58 TIESZ, #l4n Choi Z025E
TR ERE 3 ANRBISITTE 64 RS IORIERS, 45N,
AsB(90.60%) 11 L5155 95 o SR F RV RE 5 1) 38 Ry g £,
KAKPH AsB B LHLBIATAF] 31.5%~47.2%0, (585 = S
fio MiAMITRI DMA FEARAEDIEN T EA—, HELTF
DMA, MMA T DARRAR ) Ee A7 AE T A N

AsB FEW = SR S R, I ICHLRPFE K AR AR AR
FEAE LR A IR R, v DLUESS AR 2 A, (1) #Etks

Wy H 4 2 B 1K (0.00(BE 1 £2)~0.03 (41 )mg/kg)

fEH) AsB Hy T H AR 1) A= 1 m] R PR AR 2 W08 o A 0 (I

®1 FERPEMANMESEEYEE(n=6)

Table 1 Concentration of total arsenic and arsenic speciation in marine products(n=6)

TE 2% it/ (mg/kg)

FEdh eyl
RIRTIZEN TR £ — I 2 - FH A TR
Wi 1.54+0.70 0.00+0.00 0.02+0.00 0.00+0.00 0.010.00 1.33+0.04
INH 9.95+3.23 0.01£0.00 0.02+0.00 0.0120.00 0.0120.00 9.81+0.52
R ER 3.57+0.89 ND 0.02+0.00 0.00+0.00 0.04+0.01 3.77+0.03
420 5.70+0.51 0.00+0.00 0.01+0.00 0.01+0.00 0.0140.00 4.58+0.31
fiyi £y 2.52+1.70 0.00£0.00 0.010.00 0.00=0.00 0.020.00 3.30+0.60
fi) £ 1.82+1.08 0.00+0.00 0.00+0.00 0.00+0.00 0.00+£0.00 2.19+0.20
Vo 5.70+0.57 0.03+0.00 0.02+0.00 0.03+0.00 0.30+0.05 5.41+0.26
J7 BEAR AUIE 42.54+21.13 0.020.00 0.00:£0.00 0.00:£0.00 0.02:0.00 43.41£0.20
T2 XTI 1.45+0.11 0.00+0.00 0.00+0.00 0.0120.00 0.00+0.00 1.19+0.07
i 2.20+0.77 0.00+0.00 0.00+0.00 0.00+0.00 0.0120.00 2.01+0.08

TE: ND #/R Joas R A
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Table 2 Proportion distribution of arsenic compounds in seafood(n=6)
TIBZS EL B 53418 /%
FEdh
DIRTHIZEN TR ER — I 3L T R TSR
By 0.27+0.01 1.51£0.22 0.07+0.02 0.80+0.10 97.360.24
/N 0.010.00 0.020.00 0.01£0.00 0.01£0.00 99.960.00
] 0.02+0.00 0.4440.07 0.01+0.01 1.0240.19 98.44+0.13
4B 0.08+0.01 0.26+0.04 0.12+0.01 0.22+0.07 99.33+0.12
fiyi £ 0.12+0.04 0.2240.02 0.06+0.01 0.53+0.07 99.06=0.09
)51 0.12+0.03 0.06+0.01 0.14+0.03 0.06+0.03 99.62+0.07
an.] 0.58+0.08 0.3440.09 0.48+0.06 5.15+0.85 93.45£1.05
BRI 0.06:£0.00 0.01:0.00 0.01:£0.00 0.040.00 99.89+0.01
ESROEN 0.14+0.04 0.18+0.03 0.38+0.01 0.19+0.00 99.10+0.02
i 0.14+0.03 0.14+0.02 0.1120.01 0.44+0.10 99.18+0.11

24 | AR R P33 Maher 25 P01 1 BF5E A [FTE 245
bSO DT R R B, AT HARE SR, AsB 1)
H BT B BB 3G . A o R, AT ICHLAR,
2R Z2 5 AsB K H REERN D, (2) Wt
S W R B AT 2 TO MR 2o 52 2% (1 A 0 A A A
BEMA DL LA W) T & SEE MR D, AR X AL 1 7
PR BT DR 5 R 1) AsB 3% B VAL Wy i BLAT ok
FER AR BEHLA o
34 BEmMPIAEABIRE

8 Zhang SRR 575Kl HPLC-UV-HG-AFS
F1 ICP-MS 43Xt 10 Firifg ™ s AN Rl T 250 3 = A 00 2,
L% 1, 4 GB 27622017 &S e EFARE &5 5
YupR R ) 2SR, HSE IR TR 0.5 me/ke,
R THLBIR RS, 0.1 mg/ke!"Y, FITEZSKMIZE R ILE 1,
ST W= S A BT WL AR LA .
3.5 ANEBERME T

FEACHIEGE 5 2 DI 7™ i v B JBCA 25 o 1)
AN TRIZE I 7 i v S A RN G ML f S 357 B S R R 31
2 3 BRSS9 HQ {E LA K CR 1A,
) FH R LA E U A SR TSR, ORI
HQ {EXMET 1, SR UIZKAY HQ YL FIRE 2.37~17.69, i
KF L HLIICHURAE R i 2 s AR I, Jorh By
AR HQ I/ T 1, CRAE/NT 1x107, RIHIE %

NBEAN L2 32 B3 77 ity v T HLA A et JXURE: LA B 500 IR
T A i A 2 e 25 1 TR JEER A, (1)JEATG DL ki g i i
FRRE I T HE b o ()M R A 2R T
T AsB(93.45%~99.96%) 41 A, #5145 i i e LA AT
LU A % (0.03%~1.78%), BH T+ 3% [E IR EE {47 2 $2 4L 1 X
WS PPA 7 2 A S i JCHILE Oy S, BT A 20 7 v
FATTER DL S A R RS, 00 5 SR S e Ao LA TC ML A A
AR HQ fE. P, YA SCHF 5T A Sh A
ST 10%AE A JCHLAH A B A T KU PEAL B, &5 SR mT
B2, FTRASEF LA S ah Be, Fexdig ™ b1 7 i
T A R XU PEAG B, S JOHLA A i S TR B

FEABEE R, AT N ATE 10 FheEs WA ™ S A
PR S AT T A SRR AR A I 2, I F R T
TR R . T A R R 3 S i TOHLAAS H
WHA G, i RIS 5 7 B4R KU IR A TS
IR G o= W (E Bl i Sl R Wl el
GB2762-2017 { B E L EZArME &5 YR ) 1)
BRI R VSRR S B I B S AR
RA A RGAAETRE, RTINS P RS a2k
o e KM e 1S 2, 45 R v N —Se 4 8 B T
PREGE S 0 R FR A, R T B 3 BORAR 28 TE ML AG:
R TARME I, YT 5 JCHLES Y i RS,
HEI A S5 1 7 b JCHLARG I o, R R RS TR L
ffi R A T M RN 5T
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Table 3 The related indexes of health risk assessment by different types of seafood
B g i HEBAR A MR&F 5 f R i SRER(107)
/(ng/g) /(ng/kg-bw/d) /(ng/kg-bw/d) /(ng/kg-bw/d)
S
JR)Z 0.46~2.49 3 0.02~0.13 0.3 0.08~0.43 -
W= 0.38~1.43 3 0.02~0.07 0.3 0.07~0.25 -
LIS 0.36 29 0.18 0.3 0.60 -
JRAR D12 1.43~10.64 29 0.71~5.31 0.3 2.37~17.69 -
TeHLp
JR)Z 0.00~0.03 3 0.00~0.00 0.3 0.00~0.01 0.31~2.09
L W=SEE S 0.02~0.03 3 0.00~0.00 0.3 0.00~0.00 1.16~1.94
LN 0.00 29 0.00 0.3 0.01 2.99
JRAR D12 0.03~0.05 29 0.01~0.03 0.3 0.05~0.09 20.96~38.93
R [3] Pan K, Wang WX. Trace metal contamination in estuarine and coastal
4 & i

X H HPLC-UV-HG-AFS #l ICP-MS &l T ) M i %
AR 10 FREFE AP AY As(ID . As(V). MMA, DMA
M AsB 5 FpElE S G W LK SRS R, R
GB2762-2017 { B L L EF A BT ITRYRE) f
FTCHLAN R SR, I bt O AR AR o Rl &5
R U7 BEAR RUR AL WA S h e e S R RS, BRE
HTCEM AsB, EHA SR Bp g, Mg &t
AsB B5m i A= ] R R PE 2 IR 9 = L9 AsB AEAE TR
M, fmZd 5 Fap by & f 00T & & b oyLappR 2
3R(0.1 mg/kg)o Al XU IFAL 45 5 BoR, 2l dhh
PLTCHLER A R 8 ARET, B i S i) HQ (E3iE/N T 1,
CR fH/NTF 1x107%, FHTIG ™ 5 op B AR 2206 30 2 47 335 A
TRTEERR 1 DA R B0 UK o

PN
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