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Abstract; Food, especially rice and seafood, is the major pathway of people exposure to arsenic in Guangzhou,
China. In order to evaluate human health risk of arsenic from food in this area, 26 samples of rice and 14 of sea-
food were purchased randomly from the markets and total arsenic concentrations of them were analyzed. Our re-
sults showed that the concentrations of arsenic in different rice were in the range of 0.082-0.171 pg-g"' and the av-
erage was (0.127+0.027) ng-g"'. Meanwhile, arsenic concentrations in fish and other seafood were 0.488 ug-g
and 3.44 ug-g”, respectively. In addition, arsenic in other food in Guangzhou City was also investigated based on
data collection from references. By combining data from references with our research results, daily arsenic intake
through food by adults in Guangzhou was calculated to be 5.08 wg-kg"' body weight-d"'. As a result, more atten-

tion should be paid regarding seafood intake in Guangzhou market, especially mantis shrimp, red shrimp, red crab

and spotted crab.

Keywords: arsenic; rice; seafood; Cantonese eating habits; human health risk

i — R 4 Jm e, A A AR A A7 A,
WG Y AR YR R A WEEIE AR
BE M TR S A6 T 4 B 45 A 2Ua T, od o e R R
PR AP R R R AR S XA L s AR = A 5
EVER, TS| R 08 B HS M RER S 51k, S
s rhEY, NBRERERE, YR
UNINGE S A UER S A YN T RCE T PN
K BREE | RS £ 24 AT 8 S BN M e B AU
DRI, SRy T ol e R XU, S 70 ) R b IX ol
T P R B T AT ) R R ARV DA B g S it
ZARN R BIbRE I 1 R S AR AR S
SZ B R TEA £ P A 78 B XU T

AIEER RN REEERERETAER
i, R B HOK ) 7 BURE B 85% LA 1P, FK
] (18 KRR A 5 e [ L O e, A R R 5 2
Ve &t 70~830 wg kg™, FEEEf 5 Y ™ Y
Hiu DX U RE AN, 7K R R v A ) B R 7 500
peg kg, & WHO HEFEK /KA & 11 750 4%, Hi4
FEK i 2 SRR HERY 75 57 RORAE N & i i 2
TR E BRI AR Ok B A7 2 [ N S E A
R 25 W 96 1 DX RO A A XU i 2 242
FRLEA X 255 e 7 o [X R K B ) & R0, % T
— i R KRB A LN 12 B 5T i B S
IR, o —J i, MRS e = fh P B 4, BRI
RIS S ] PR B G 53 AE) s DR
SR i B B e, DR A X S 7 R
SE— R B f BREXURS:, 1T RE X R A i AE o p
FEPOO ARG MK R T AR B B W, 452K
W AR, IR R A B B TR E

SRR b AR A R 2 B B A 2
S BAOSE 3% AR 2 %, BB AEAE BT
I H — SR 58 R B 7R R Lt 7= i b A AR
(CHz 3 5l I R S bR o) 21 TR AE X6 M
T B S A RS SEA TP B, o5 — A G
SURME S, SRSCARAEPTINT 2014 AR R ER
HR A8 ARG B XU B A T i PR, T T R
NBEREE R BEAE N 02~104 pg-keg' BW, HEEA
A L SURIH A TR ZUF B SRR A &
K2 23 (JECFA) B 1) TG HIL A 4 Jo] i 52 48 A i
(PTWI, 15 pg-kg' BW)IH 1.3% ~69% , 45 ) KA
JaE ERJRE £ i i G 10 % 8 155 100 B AR AL T 4K
- AHZE A FR B — 1 TS R BB R I O, L
HRETRE A PEKF-, MR 40 &
JEAKEA— £ SR JE s A AR ] | e 20K S50
BARAES,

Zi R TR T R R A R XU
ARWFFESHET T INTT T TR i 2 Fh s g
i PP ) P i [R5 G A Sk b At R A
G 5 i, B AR B B SR S R T M T T R
AR A H 118 2 R e B LA B XU

1 ##l57% % (Materials and methods)
L1 FESCREE S AR

TE] T 375 R AR AN ] i B ROK A i 3 26 Fir,
CLoT R4 11 Fp JTPE2 3 Fp ARJLHLIX 6 F U
JI3 R TP 3 A, RS B IOKFE S AR T,
FRRALRR R ok 60 B i, 2 48 % B A7 T T 1 28
.

[FREAE ) N B 2 AV 6 11 37 R AR i B A
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e AT B XGEAEE 14 Fl, [R)ISR AR (R TSR
it R VR (L 45 7= b A4 53 3R ) HEAT T T PR
[T, RAE A EERE S 25 i B kS KRS
HRAiK e 3 K, SRIERIENLIAL, T-20 °C T BUA TR
12 h J5, — 8T B2 B VR T HHL(ALPHA 1-2,
Christ, {8 &) N &% T4 72 h, 75— &85> E-80 CF
TRAF o
1.2 R

HEBAFRIBURY W I 1 RORAE i 0.4 g Sl IBO fif A
MmORE 0.5 g, THE 02 g), A 4 mL fiffRHE HE
EAn A TR (4~6 h), SRJGIMA 1 mL U4
IK , Z I i RS T A (Mars6 , CEM, 35 [ 14 77
fHF 1), MMBCEARZT 50 mL 50, bRy s
75 IR R 2N %, 46747 3

SEI R R FH ICP-MS(ICP-MS 7700, Agi-
lent, J& NI , SLHRIH 5% fiF IR 15 S A bR i
T, R B R v BEARALS, e o il 2 ) v S8
43514 0.0, 10.0, 20.0, 50.0, 100.0 wg-L"'. &
PGefEANFR(10 pg- L), LA, 5256 0 5 5
FrifE 2 AT 5 R BT TE 0.9999 LA F . 5E 28 A RE
(5% fSIR) , THH 11 YR SE(E 1Y) 3 A% b v i 22 e XoF
L 53 BIT 0 e A B SRy s i BR B AR5 i3
RENRLHBRA 0.093 pg L7,
1.3 IR S b

AN FE H BT A9 A 238500 2 R P G 4 s
ali, fii A9 217K B 47K #5(Milli-Q Element, MIL-
LIPORE, 2 ) #l %, K H K K tx #E ¥ &
(GBW10043, H [ [ bR Y AR5 o0y, ) VAR
FRUEY B (GBW 10050 (GSB-28), 1 [ [ Z An 4 it
T O, JE D) | bR EY) BT (Test Material 07225,
B SBR[ S0k U5 ik i A 1, ROk
FRIEY i &8 0.114 ng- g, MFARHEY) 5
TN 25 pgeg’, MbRAED TR R o 1.436
pg-g’ o SR RE S R I O = A S e, DU
FERK BN 0.0947 ~0.106 pg- g™, R EAH A

N 2.456 ~2.998 g g, fi R SR 1,179 ~
1410 pg-g", MR N 82.1% ~119.9% , % B AW
FEIITAS 0 S 96 5008 T Sk e

2 ZR 5732 (Results and discussion)
2.1 TR E ST

I SCER I M7, AR 2002 4F v [ R RS 3R
SRR LR A TR R R SRR
PSRRI REE , T LB AR EELIOK K
S b o 3 AT R ORI A E B
85% , ASHT N HE b oK B L o 1% 95.80% ., Uk
AMZHB X IR A I b i TR S KR, Hod
AR FIRE RO A48 e 24 R 4 [ AR 34 4%
A 2 £, B AR W iR I A R = T
ekt 2006 AT ARAE T T JE G A MR R
2002 4B KA 2 F5 LA 1B A £ iR A
firf 2 B AR TR EE ALY, BRI AR 2 R,
2.2 MR A S A W 25 SR RS YRR S b
2.2.1 UMW IOk RS

H1& 3 AHL, AN T 37 KK v S ) o7 1k g
7(0.127£0.027) wg g WIKF=HKFE, )~ M
V2R A Hb DX 57 [ FOR A F 34  f IK, JLRJ2  ve
FERFOK VL VEAE 7 I ROR A -2 1 i e i

AT SCHERIE AT, 2% 3 a1 E AN ] Hb X K
SRR, Hrh b Rt T A T T 3 OK B R
%, FIEHALT 0.1 we-g!, UChRRETZ M
M) P s, & 240 0.1~03 pg-
g AE ARG I T 0 R VS e IXOROK A ) E
Zhuang " 7EAE R Hb X R 3 Bl ] i R R K adE
A7 RS AN, T 4585 S2 ) JOK iR ¥ TR B2 0.086 ~
0.156 ng-g", GAMFE P RILEREML, hIknT A
RN T S ROR A 5 A P (R 28T 3 v R X 8
o SR i R K AR HE(NY/T418—2000) H H A€ i
<040 pg-¢' , NCAHEMEE ERE, Ml
TR A 2 2l JE S £ ORARE

x1 MKHEHRD]

Table 1

Microvave digestion programme

PR RRIIF/W JETFif 8] /min HLEEC {5 F 11 8] /min
Stage Maximum power/W Raising time/min Temperature/C Retention time/min
1 1 600 6 120 2
2 1 600 5 150 5
3 1 600 4 180 15
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23 ] EWE L PUBEF 36 45 R S ee K
KA PN T 375 S AR B2 e 5 2% R ROK Aok i 24 7
0.07~0.11 wg-g ' ZiA7, BAHE T KK i ik B
%o FRUERT DL 7 PN T 37 JOR Ak 2 2 i Ak 1 v ]
AOF, RS AR TR/

2.2.2  JUMITTZ A AR Y

XA e ) i PR K EE AT
ez, i FeE: R M £ 2 B VR 7 gt AN SR B
BLEA T s E BT 5 B A, ARWESE 2 5 e
TV R TR v A v Y B A RS R
TN T iR ) S KR 77.09% ~86.20% , TR
AT &R EEN T 4~7 5K 4, |

A4 TR B RN SRS WG > 1
25, JBEIEA T A& & 0.0064~1.623 pg-
g IR & 0.082~14.683 wg-g™, B
SN 19287~19.722 pg-g” , ARl A i
0.541~1498 pg-g'.

SEIL R, e rh oK PR R BT IR K
o, SISO PRI T AR T i IR oK fa (P R fa)
HR (1 5 e 4 R — B L A ) 2 AR, 0.029
pg-g'), Jiang SECVRE I A5 B VT 95 A LA 0 S
A& 0.025~0.074 wg- g, ARl A & &k
0.194~0.657 pg-g ", A 1 & 54 0.393~0.657
pgeg! KT AMF SRR EINEE R . Zhang SFPIXHR

K2 HRERHBBHRRRERBTLETREBENE

Table 2 Grains and shrimps intake of Guangdong Province and its coastal region

fo 42152002 4F) TR (2002 4F) VAR ISR T R (2006 4F)
" China (2002) Guangdong Province (2002) Coastal city in Guangdong (2006)
WAR/(g-d") - - -
. ¥ ENEN Wi V2] JEREN i) Akt JEREN
Food intake/(g-d™) ) ] ) ]
Overall City Village Overall City Village Overall
K B HAHI A Rice and its products  238.3 217.8 246.2 346.4 290.7 3717 /
T S Al i Flour and its products  140.2 131.9 1435 280 480 145 /
HABZYZE Other cereals 23.6 16.3 26.4 4.7 9.1 1.8 /
fo iRk 124(f012% Fish, 57.4; MR8 125
296 449 237 51.8 70.8 )
Seafood Shrimp, crab and shellfish, 66.6)

RI JTHTHRKPEHSESREH MR REIMNEE
Table 3 Comparison of total arsenic of rice in Guangzhou market with other regions

KA

Rice sources

P E g g™)

Average As concentration/(ug-g')

E B E (g g
Concentration range of As/(pg-g™)

J" A H 7™ Guangdong origin 0.126 0.082~0.167
VLG 7= Jiangxi origin 0.152 0.131~0.171
T o
Z54b i 7= northeast China origin 0.116 0.084~0.152
Guangzhou market (n=26)
DY) Sichuan origin 0.150 0.137~0.167
J7PEH ™ Guangxi origin 0.121 0.084~0.131
)M 3% %K Guangzhou market 0.127+0.027 0.082~0.171
Jb5 173%™ Beijing market™ 0.097 KKt ~0218
W1 R A5 Y4 X ¥ Hunan polluted areas!! 0415 0.157~2.885
P %M Xining market!!! 0.054 0.014~0.097
VAR P (T AR (0502
0.230 0.111~0.372
Guangxi agricultural products (Nanning, Guilin, Baise, et al)'?
T 4% Fujian market!!?) 0.105 0.003~0.813
PHPEZF 14161 Spqinl14-16] 0.14~0.53
EEEU617] T digle-17] 0.028~0.54
£ F IS UsAlE 0.34
N U8 Bangladesh!'™! 02~03
Z& [ ¥ Thailand!"®) 0.07~0.11
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Y1 /K 55 DX ] KA A B £ R AR, S ep L
PRIZH it () & 1 (T2 40 310 1.04~1.86 pg- g™
F12.59~785 pg-g ', GAMF I £ 5 R LB
MIZERAAUL, F35b, Leufroy 2R T EIE A AE XS
2% 5 b T 3 v 1% v e b R R AT S S A
TRIN B SRR E M EE—2, Muioz
S COTRE Xt M v ) e R AT R A
fifi & )35 102.03 pg-g (T ), B M T [F] AR
AR 5 i

PRI, A LA T PO A MR e i ) T
SR AL T [RIKOF, B AN 3 B i, HOR SRR
ROZFE AR, &M & A —, —
Vi fef e 0 22 /0 5 R K IREE P ) T ek
WA O I — 7 TS BE BB 5 2 O, AL
B KN, BN B P e R S RS TR R E
i, KA b/ s R R K&
2.2.3 TN A S b 0 R A

S5 LRA BT )N T B LR i b X ROK i
i B KRG EY AR, WNEYIR
BT LAF Hh FE B ORI ] i 7 e i 5, FLUOR:

B ISR ISR A iR, T LR
M RS 10 T 3 e e AN R B TS G )
B AR IE(CE ST e B ) (GB 2762—2012),,
2.3 TN TR RO S AR A (g RS DA

HRAE A5 LA K SCHRUSCAE 1)) M T = 22 St A
KB T OAMT KRB TEE LR gs 1L
AT B A R R A v A B R A R TR L &
i e A R, T DA M T e
AP 2 B, (B T 2, AR 5% v R
R LT HF | 2788 RN A8 S A Y B e e i iA 19.722 pg
gt Bk A BRTL— AR s W R ) (GB
2762—2012) S AH G B i BR i 20K, B X R T
BEAM RS R K, ZEH L) M 2 SRR
MBI 5 AT AT T R S aor, & 90E R
H R e fa MR B R B 2 s pe PRl B f0 XPoR S
PR A ) 56 DAL A T B8 DL 2K rh e (1 XU 3
W BRI T ANACE-2 45 BT S AT S AR e
ARG e it fa R A 5 70% , HoAth
F 1 30% ; AR DI XPUE FEFER G 5 70% , 5
215 30% (3 5, 6).

F4 THTHENESHEE
Table 4 Total arsenic amount of seafood in Guangzhou market
-2 5 4/ T34 5/
(pg-g' TE) (ng-g )
75 F U5 FE 2R FKE Y% Average As Average As
No. Origin Samples Moisture/% contents based contents based
on dry weight/ on wet weight/
(ng-g™h) (ng-g™h)

BRE(N T.3%58) Zhuhai (breeding) 82.73 5.533 0.956
1 FH (N T.3#58)Qinghai (breeding) % 52 fi(Scophthalmus maximus) 80.16 8.177 1.623
FHF(N T 375H) Qinghai (breeding) 81.26 5.901 1.351
5 %?ﬁ(ki?%gﬁ) Zhuhai (breeding) B Blotchy rock cod) 79.05 2,614 0.548
¥ M (A T.9%4H) Hainan (breeding) 76.34 4.649 1.100
3 MU (AT F754) Nansha (breeding) i £t (Mesoclupea) 80.54 2224 0.433
4 MV (N T.3754) Nansha (breeding) filfl £ ( Carassius auratus) 78.12 0.032 0.0064
5 BRI (EFA:) Zhuhai (wild) N 86.20 43.753 6.039
6 WEYT.(#F42) Zhanjiang (wild) WAIREF(Oratosquilla oratoria) 85.52 67.280 9.745
7 Bifg (7 42) Zhuhai (wild) £T ¥R (Solenocera melantho) 79.52 71.709 14.683
8 BRifE(HF A=) Zhuhai (wild) X ¥R (Fenneropenaeus chinensis) 77.09 1312 0.301
9 BN T.3751) Zhuhai (breeding) FLF R (Metapenaeus ensis) 81.23 0.367 0.082
10 BRIL (B 4:) Pearl River (wild) 41 1% (Birguslatro) 83.64 117917 19.287
11 BRIL I (B 4:) Pearl River (wild) AL (Portunus pelagicus) 80.00 98.624 19.722
12 At T 5%5H) Beihai (breeding) J3 Il (Escallop) 84.20 9.484 1.498
13 T (A T.3%54) Zhanjiang (breeding) H Wi (Ostrea gigas Thunberg) 85.08 3.624 0.541
14 M5V (N T 3%4H) Nansha (breeding) 1] (Clam) 85.16 8.325 1236
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Table 5 Total arsenic of main food in Guangzhou market
o i B A IEVEE JCHLER R AR
R fpg-g) lbg-g") (bg-g")
N neg-g ng-g ug-g .
jeEs]| Lot s . ik
o Average As Range of As Limits of
Food category Sampling time . . Reference
contents contents inorganic As
and location , 1 .
Ang-g™) Apg-g™) Ang-g™)
PN 2013—2016 4 JH TR T A5
. 0.127 0.082~0.171 0.15
Rice Guangzhou market and supermarket (2013-2016) This study
i 2010 4EABIX FE3EH
. 0.0208 ND~0.0594 0.05 [36]
Vegetables Vegetable field in Guangzhou suburbs (2010)
P& S 2009 AEAL A AT A
) 0.0178 ND~0.0498 0.05 [37]
Fruits Guangzhou market and supermarket (2009)
T il i
2000—2002 4F 0.108 0.001~0.400 0.1
Flour products N )
W JUARRHRSE T Sk RIIN )M
; Guangdong Province 0.024 0.001~0.014 0.05 [38]
S
&8 (Shaoguan, Zhanjiang, Shantou,
GES Shenzhen, Guangzhou) (2000-2002) 0.037 0.001~0.220 0.05
Meat
S 2016—2017 4 M i Ak i
. 0488 0.0064~1.623 0.1
Fish Guangzhou market and supermarket (2016-2017) PN
LIS 2016—2017 A& JH i1 I A i This study
344 0.082~19.722 0.5
Other seafood Guangzhou market and supermarket (2016-2017)
®6 I'NMTEERANMRES
Table 6 Arsenic exposure doses of main foods in Guangzhou City
i 4k H &M ERSITE PN ERSITE N
eS| ug-g™h) WA/ /ng 5% e
Food category As contents Daily intake Daily intake Percents of As Reference
Aug-gh) of food/g of As/pg intake/%
KK Rice 0.134 290.7 38.95 12.36 AHF5E This study
#R3% Vegetables 0.0208 3138 6.53 207 [36]
JKER Fruits 0.0178 70.1 125 0.40 [37]
[i il /i Flour products 0.108 48.0 5.18 1.64
fif & Eggs 0.024 27.6 0.66 021 [38]
R Meat 0.037 208 7.70 244
0125 Fish 0.448 574 25.72 8.16 AHHSE This study
ABETY
This study
HAP i PRAR LTHR 2108 AL
S H SRR A SR 735100 157.68
LINNES
3.44 66.6 229.10 72.71 293.37,385.35 F1394.05 pg
Other seafood
Daily intake of As from Oratosquilla
oratoria, Solenocera melantho,
Birguslatro, Portunus pelagicus is 157.68,
293.37, 385.35 and 394.05 pg
FEAE AR
315.09

Overall intake
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A% 6 nl AL N T BB SR A RS H R EE
TR 315.09 g, oA i 0 U1 B A B AL A
%2 H¥ M 2291 g, b 72.71% . HRE KK, H
150 3895 pg, 15 12.36% . P EARRESHT
W) s RT3 62 kg, T T
WGBS H AR R R 5.08 ng-kg' BW-
d*, IR AR 58 Fe B MR DL rfr 3 PR AR | 21 0F | 21 8
FAE B v B vy, MR i AL Y R A Bl 7R T AR MR D
KV HEEAN 66.6 g, 456 706 A, Wi IR AR |
ZIHR 218 RN A% 8 S5 A 0 DL B K HE A 30%
WA H MR A X 4 FlOfE 6k 19.98 2(66.6 gx
30%), 08 4 H ¥ a5 A i 43 5 o 157.68,293.37
385.35 1 394.05 wg(F 6), #5515 2 38 1o H 4
H 3% AR A0 91 8 2.54 4.73 622 F16.36 pg-kg'
BW-d", XUE: 34 K, (HAIK F FAO/WHO /A i (1) B fif
4E H B fR1F A (TDMI, 50 g -kg”' BW), A&
WFFE LS SRR B I i s A GE A B 5 B SRR
R R A X 22 4

SESCARSECIIH AR I T AR A FOK MK AR
PRI A 2 — IS )£ il A 5 R e, L Pl K £ S
IR, R O ROK SRR G AHAT 1 X AR
WFSE T AT T Bt 4 A RURS , 25 R R A AR 25
SR T AN SRR A R TR R, N
50.30% , H: ¥k A 7K 77 2K (19. 69% ) il B 3 B 8 2K
(14.82%), 7EHE, Y EE, HBAR K, M
T A IOK 25 5 B R DRI ROK 2 £ it i
e A WD W DO ES T BNy ST DN
FUA I B ek (R R R 1 T R85 HP I B 25 ) R K
AP ESE FIL N R R SR R
FEMFEERIAOK 4R HHR A 3 12 55 v A% 1A% (2
ENGENEIN TS INAR AR ¥ PR - NS R &
FIER AT JRURS: RGP M 2% 0 e A
IR PN N2 o (1R B N S T AP A
TN T R RSk, s H R A R 2B A 5 1 R 40
N, A % 2R KU AT 5 B O

g b RORFNE 2 T N T B £ i 2 57 1)
FEIRAE, TN EROGE &SR A S
5.08 wg-kg' BW - d™, il 1 #F DL 2B A AR R
I 72.71% , KRN 12.36% . 1T M i
(A6 PR AR 2T 0 S 21 % A6 rp S B i, e
AR 19.7 pg-g', H IR T BRI 45 i A H IR DL
KREA R, BITEERME AR ES
FAO/WHO A7 [ S i (9 &5 H $5c =5 Fe 7R A i X

FE T T BN S £t B T 1 A
LA,

AHIFEAR T TR IA B i A LA Kl ik |+
S ST v NI N i S e = ot IN
i DAL, i g 6 XU ATS A AR R AN B E 1

BITAEEE 221979, B, x5 A 2+ SRR
WP, E BRI G A E TR ERE A SKE RN, £
RIRIRIEARR A T] R AL 30 2%, L SCIlkF# L
18 &%,
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