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[(HE] BB THERTTES P, PPk EKT S RIEERHEKT LSRR . 7i& FIH
2018-20234F 51 P72 A 2 e W VBCHR, 25 620184 vh (78 37 SRR IR S 100 H 35 Bl i SR B3, R A 4R R IK
B A DO T Jo A i R R K T, FHE I 22 2% FR (B9 (margin of exposure, MOE ) X 22 - BE AR A= (1 4R U A
o (R JAB ) VBT LSS, (e | A DR AR GERE ) HEATITA . B5 R 7E4 90000 (R S, BURIAG: H 28 436.40%, P34 & /=
1 FR{E40.020 7 mg/kg, FBRAE70.023 4 mg/kg, FK S I Sl AT 24 B e, ER{E 70.098 1 mg/kg, IR N
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Assessment of Dietary Arsenic Exposure Levels and the Associated Health Risks in Chongqing City, China DAI
Xinghui"?, LI Mintao"*, CHEN Jiahui"?, FENG Ping’, CHEN Jingrong’, ZHAO Jian’, ZHOU Qianru’, LUO Shuquan’,
ZHANG Huadong’, YAN Xiaofeng’, HUO Jiao™**, LIAN Xuemei'". 1. School of Public Health, Chongqing Medical
University, Chongqing 400016, China; 2. Chongqing Center for Disease Control and Prevention, Chongqing 400042, China;
3. Chongqing Public Health Medical Center, Chongqing 400016, China
A Corresponding author, HUO Jiao, E-mail: lamarhj@126.com; LIAN Xuemei, E-mail: xuemeilian@cqmu.edu.cn

[ Abstract] Objective To determine the levels of arsenic in food in Chongging city, and to assess the levels of
dietary arsenic exposure and the associated potential health risks in residents of Chongqing city. Methods By using the
monitoring data on arsenic levels in food in Chongqing between 2018 and 2023 in combination with the local dietary
survey data for Chongqing from the 2018 China Nutrition and Health Survey Program, and adopting the 2-dimensional
Monte Carlo simulation, we made an estimate of the dietary arsenic exposure levels of Chongging residents. The margin
of exposure (MOE) method was applied to assess both non-carcinogenic risks (skin damage) and carcinogenic risks (lung
cancer and urinary system cancers) associated with dietary intake of arsenic. Results Out of 4900 food samples, the
detection rate of arsenic was 36.40%, with the average levels ranging from the median bound (MB) of 0.0207 to the upper
bound (UB) of 0.023 4 mg/kg. The highest average levels were found in rice and its products, with an MB of 0.0981 and a
UB of 0.0985 mg/kg. The daily average exposure to inorganic arsenic for residents of different ages, sexes, and places of
residence was highest in individuals aged 3 to 6, with an MB of 1.046 pg/(kg-d) and a UB of 1.116 ug/(kg-d), and lowest
among individuals aged 60 and older. Arsenic exposure was higher in males than that in females and higher in people
living in rural areas compared to those in urban areas. In terms of non-carcinogenic risks, the MOE values for inorganic
arsenic were always higher than 1 in various populations. As for carcinogenic risks, the MOE values were all less than 100
in various populations. Rice and its products were the main source of dietary arsenic exposure in Chongqing, accounting
for 69.97% to 74.37% of the total exposure. Conclusion The non-carcinogenic risk caused by dietary arsenic exposure in
Chongging is relatively low, but there may be a certain level of carcinogenic risk. Continued attentions should be given to
dietary arsenic exposure levels in young children.

[ Key words] Arsenic Dietary exposure Risk assessment Monte carlo simulation
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fifi (arsenic, As) & —Fh i WA G JE, LIARLFIE
KA TR A, B KR e AR R
B AEAEIE 2053 S TCHLER AR HLAR, 76 Bl b ok 52
FE R TOHLAR (A FIAS™) FIH LR AL (F B iR . —
FHJEAPIR ) 5 7EI ™ S, E A HLER, Qna S o Fi
T

it () M 32 FOR AN T A B %, TR B TE AL
APEE RS TAPLE, =M sE s T M e . Xk
N, As,0,28 T EBEFI 100 ~ 300 mg, 2tk W 2k
FREE AT SR B LA A ARG, S B A O
BLEEMME R NI TR 22T
A HE KA JEAE L AR O AR B
WS FOBEIRAE™ oAb, o S 38 2o 3L 3 P 1 G 2 R
B, LR LL BRI . W seNG a5 . 20124F, FHFR
Je FEWF 5T LA (International Agency for Research on
Cancer, IARC) i & TCAHLEIAL & W0t 5250 Sy HA7 B S 7Y
Ve, DR 2 Ee S DR AR . R . s b
I, AN, R SR FNET S AR LS R 56, oL A
BV R 1 B0y O N BA B,

U3, — IO H PO R A i X I A Y
WF5E A B, BT S v 7 135 145,93 mg/kg
T3 — WOt RO AR T X A5 2R I, X S
PP RGO TR S R AU R AE AR K
LR, B2 A ) SRR PR AR, DT A4 (g
o X T M AR, B AR 7K S 4 it 74 32 2
AR EET I JOE R BTG i R 1 KU A F
5T, DRI, A it P i e 0 B S0 DA R AR 1 £
R FE NP B OCH . ARSI T AR KT 2R T
Py ek M 0 A A R DR T i PR R A, i
AT A VR RS A T AR S A0 I 12 2% G o A AR B0 KUK 5
BRI IEATPAL

1 #ARETE

1.1 #8
1.1.1 Arag 4%

i S B B R BT PR T R 2 A T FR
5:2018-20234F AL 2715 e W) MR I B o SR IRCEEPLAAE
Ji DN, 7 i DT 39130k XN SR B DR A, A il SR U Tk 55
J&SE R, Wi R T BT R EE M
JE) FIAARIA S o FEASRAE PG B Sl v . S
il A SR L SRR BRI L A L L FLACEL
il i o BSR M R L K S B i KR B
FIVRRRR R £ F B il 210 K254 900 R

1.1.2 ERH hE4E

R £ T B B E 20184 Fp [ {5 78 3R A
TH BRI AR . R Z 0B 2 PR,
FE R 6 X B (W HEILX | BRI, KEX, T E
TLHEIX , ZEVTIX) 96944 J BEFA TG £ [n1 5 4, gl &
7 1224 hN A BYE RO, AR TE R MO T 2, I
BN GGESES dAFAE . ZEEAERE T R R
NEEAE B CERS  HE ABa  FE b as) AR e o
FE SR EYIH TR W ES) . X T7H T
75% LA BN F AR G2 B B B B S MM B I 1O o
1.2 Fik
1.2.1 R du P A BN F ik RSB

£ TP R 2 IRGB 5009.11-2014 (& %
4 ) G A LA R TO AL (0 a2 ) S A & A R
TR HIGB 5009.268-2016 (£ i 4 4= [H i
B R 20 R MIE ) BB A BT I IR AT
ZIEE S BUA H FR (limit of detection, LOD) G Hll
0.0006 ~ 0.040 0 mg/kg, A5 Kl {127 4y Sk B

Y F P EE A AT IOAL, B H RS
A A B PEOF S8 B D, WA R 5 v F2 24 TC LA AT
R ) (R B T A T KU TP A o PRI AR I 5T i R AR
ok A, TR A 2 S A A TEHLR, %
EFSAFIWHOM & th JoHL 5 S 1) el 31 1544k, %
k1,

F1 AWROEYES B

Table 1 Averate ratios of inorganic arsenic to total arsenic in food

(Inorganic arsenic/

Reference Category total arsenic)/%
EFSA 2014)  Beans and bean products 70
Eggs and egg products 70
Fruits and fruit products 70
WHO 2011"""  Grains and grain products 84
Meat and meat products 100
Poultry 41
Milk and dairy products 26
Vegetables and vegetable products 84
Aquatic animals and their products 2

122 ARETHE

T SR A TR DR T S P22 R B A ) B 5 7K
-, AT AR RN R P, AR S0E HTKG ERRAR 2L/
A T A 4041 (Food and Agriculture Organization of the
United Nations/World Health Organization, FAO/WHO)
HEER BRI (. IS5 3% (monte
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carlo ) BBE4UL, LAAH 55 5 B8 Ry 2 5 70 6, A [R) 2RA AHEAA
HANH 2% 5o 2R R SRl A T ) 2 R R o)
Ais o FFR LT R S 75l DA 5 B 5 dh 9 2l B 5t
FBEHLAEE100 000K, fr i pRIAR 2 L AR Tt £ S A v U
(akaike information criterion, AIC)YE N HIWHKYE . -4
B NS TR TOHLA 2 3 R TR A 2
S (FixC))
BW

EDI =

(1

AR (D) A, flith H A & (estimated daily intake,
EDT) 2y 5 AR R A0 A4 B 1t B 1) 2R 68 AT, B R
ug/(kg-d); FoA R A ifp W 00 1 2% i, PR R g/d;
CEBFEY P& &, A mg/kg; BW LML
PR, B0 kg,

1.2.3 APRS R4S

20104F, & N B A & 5K Z2 5t 2 (Joint Expert
Committee on Food Additives, JECFA) {5 T JCHLAH
15 g/ (kg-w) i o B JAl i 32 $8 A it (provisional tolerated
weekly intake, PTWI), HRTICH 1) TCHLAR TS F(E",
H i TR s G BURY, SRR F 2 88 BR
% (margin of exposure, MOE ) 1Ak i £ i 25 25 %) A
it B XU B 52 e . MOEBSE B K, 2% W s 78 XU B
N HHEAL ()T

PoD
MOE = —— @)
EDI

AP TCHLAR ) F LR R B e
HEAT AU PPAT, BT 2280 B R, J5 & 2N MR 2R
GrIERE IR o AH I ZC SR GR 2 (point of departure,
PoD) Ay S I £ 3 T JECFA 201 LAEAYR A, 6% R4y
TR T IRATI AR AR, i T B AR5 . IR R G0
i I s 9 R 1 1 0.5% 1) 61 77 & F B (benchmark
dose lower confidence limit, BMDL) 435 &5.4, 5.2
3 pg/(kg-d)"o ASCHE IR H R T R i AR R
A — B DRI Rz JER 453407 ) RIS IXURS: (i . 6 IR R G i
i) o A EARBMDLIAAR G NS GAT i = pEFE 4 R
A DA AN AETE R ) R RR N 22 57, DRLIGTE AR TR 0 5 rpos
FHEBUE MRS, MOE <1, TA R i 1o [ (i f Ffe XU,
S 22 e 5 IR 5 A0 o 20 P RS, 18U M 100
124 %itFF ik

X R SR B /N TR FR (LOD) 19840, 2 BBWHO
FNEFSAXS T2 M < it i 4 ab 07 vk —— & ik, 7y
511172 LOD, LOD{E H1 R (median bound, MB) . |-[}
(upper bound, UB)"*", i HSPSS 25.0 8K {44k 4 744 5t
TT53HT, @RISK 8. 28K {1 AT 547 R ISR Je 22 4]

2 #R

2.1 HEEKE

HI 2 AT A, 7E2018-20234F Wil 194 90073 A% i v, A
P-4 H R 36.40%. 192 B, FOK SCHAI A L 4%
PRIEE IR AW B | IR SORFS | H3ER
B 2R A =, 4390 89.87% . 75.78% . 52.73%. 52.17%.
50.13%, B A JE A SLSHSRAG T FRAIR, 23R 16.42%
14.89%. 10.26%. JTA EHY2H 09 G124 75 5 40.020 7
(MB) ~ 0.0234(UB) mg/kg, H:rfF-2 8 B f i 1= ROk
K HA G, 90,098 1(MB) ~ 0.098 5(UB) mg/kg, HEH:
RN P S A A 2 ) SR 43591°40.060 3(MB) ~
0.0614(UB) mg/kg. 0.0507(MB) ~ 0.0521(UB) mg/kg, -
B8 i I 2 3L & L L 250.004 2(MB) ~ 0.007 3
(UB) mg/kg, HARE i S5 541 7°0.0043(MB) ~ 0.0283
(UB) mg/kg [H].
22 BERTREREREMEZEKE

P11~ 1813 0 A [) NHE— AT 2 A s 7 9% (P95 ) Y fi
MR TR . EARRAFERA T, 3 ~ 6% 41fif %
ARG B e, HOF 2 268 BERIPO5 25 B 1.046
png/(kg-d)(MB) ~ 1.116 pg/(kg-d)(UB) F12.789 ug/(kg-d)
(MB) ~ 2.875 pg/(kg-d)(UB), £54F- i 41 i T LA H 15
T 5 T AR BN A BT R ZEME N ZH , Bk P
Yoy 7 8 1t M P95 JR i w0 W 5 T oMk, S MR R Bk
40.412 pg/(kg-d)(MB) ~ 0.467 pg/(kg-d)(UB), P95H
1.115 pg/(kg-d)(MB) ~ 1.153 pg/(kg-d) (UB), Zc i 255 K
SEXI(EM0.410 pg/(kg-d)(MB) ~ 0.441 pg/(kg-d)(UB),
P9540.999 pg/(kg-d)(MB) ~ 1.040 pg/(kg-d)(UB); 7 1E:
Mo a2, AR AR A H T3 ZR 8RS RIPOS AR R i T
BT, AT AT 88 K- (B 0,525 pg/(kg-d) (MB) ~
0.560 pg/(kg-d)(UB), P9541.283 pg/(kg-d)(MB) ~
1.320 pg/(kg-d)(UB), 3l i A H¥F % 88 K- B {E Ky
0.388 pg/(kg-d)(MB) ~ 0.422 ug/(kg-d)(UB), P95H
0.956 pg/(kg-d)(MB) ~ 0.981 pg/(kg-d)(UB).
2.3 ERTERERMHRENKEFERIA

23 ]y H PR AN [A] R IR & O HL A 2 i KUK 7K F o
AR, £ NFFi 5 2 10 A 20 XU b T 1 H e F N
(MOE>1), {H 355 AU 8 1 ] 45232 i [, MOEfE <
100, W it N B A7 AE AT Be 0 B0 KR o (EARTE =Y
JE, MOE(HBEAF IR KA —E M N REtaH, 3 ~ 65 IR K
JURABA7 | g | WA DR R Ge i hE Y MOEAE 45 2H S IR EL, 1
HY L3 R i i 1 | b 0 IR, A= E 80 XU L HAt
NS, T BT
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Table2 Total arsenic levels in food products sold in Chongqing in 2018-2023
_ P5/(mg/kg) P50/(mg/kg) Mean/(mg/kg) P95/(mg/kg)
Category n Detection rate/%
MB UB MB UB MB UB MB UB
Eggs and egg products 530 2491 0.0020  0.0030 0.0050  0.0100 0.0164 0.0186 0.0677 0.0677
Beans and bean products 91 47.78 0.0010  0.0020 0.0050  0.0100 0.0113 0.0139 0.0593 0.0593
Grains and grain products 869 64.79 0.0010  0.0020 0.0320  0.0320 0.0624 0.0637 0.1725 0.1725
Rice and rice products 464 89.87 0.0050  0.0090 0.1070  0.1070 0.0981 0.0985 0.1833  0.1833
Wheat and wheat products 314 33.12 0.0010  0.0020 0.0050  0.0100 0.0131 0.0156 0.0711 0.0711
Other grains and their products 91 71.43 0.0016  0.0021 0.0050  0.0100 0.0507 0.0521 0.2100  0.2100
Nuts and seeds 46 52.17 0.0034  0.0050 0.0063  0.0100 0.0261 0.0283 0.1176  0.1176
Alcoholic beverages 48 27.08 0.0050  0.0010 0.0050  0.0100 0.0140 0.0177 0.067 1 0.0671
Meat and meat products 807 18.22 0.0010  0.0020 0.0050  0.0100 0.0079 0.0108 0.0152 0.0152
Pork 262 14.89 0.0005 0.0010 0.0050  0.0100 0.0030 0.0112 0.0130 0.0130
Beef, lamb, and rabbit meat 60 26.67 0.0010  0.0020 0.0050  0.0100 0.0108 0.0138 0.0208 0.0208
Poultry 201 16.42 0.0005 0.0011 0.0050  0.0100 0.0067 0.0099 0.0169 0.0169
Livestock and poultry offal 284 20.77 0.0010  0.0020 0.0040  0.0047 0.0080 0.0105 0.0161 0.0161
Milk and dairy products 115 18.26 0.0011 0.0021 0.0040  0.0080 0.0042 0.007 3 0.0080 0.0100
Vegetables and vegetable products 1383 35.36 0.0010  0.0020 0.0050  0.0080 0.0119  0.0139 0.0420  0.0420
Leafy vegetables 393 50.13 0.0014  0.0027 0.0050  0.0100 0.0159 0.0177 0.0650  0.0650
Leguminous vegetables 39 10.26 0.0010  0.0020 0.0040  0.0080 0.004 3 0.0074 0.0100  0.0100
Root and tuber vegetables 319 26.33 0.0010  0.0019 0.0020  0.0040 0.0101 0.0120 0.0514  0.0514
Other fresh vegetables 632 32.28 0.0010  0.0020 0.0050  0.0080 0.0108 0.0129 0.0265  0.0272
Aquatic animals and their products 72 34.72 0.0005 0.0010 0.0050  0.0100 0.0223 0.0251 0.0947  0.0947
Fruits and fruit products 489 18.81 0.0010  0.0020 0.0050  0.0100 0.0080 0.0109 0.0295 0.0295
Special dietary foods 450 75.78 0.0023 0.0045 0.0500  0.0500 0.0603 0.0614 0.1500 0.1500
Total 4900 36.40 0.0016  0.0025 0.0125  0.0163 0.0207 0.0234 0.0673  0.0674
MB: median bound; UB: upper bound.
0.163 MB 2.789# 0.217 UB 2.875#
50% 50%
0.6% 0.6%
0.1% 0.1%
e = Lo =
%09} P %09}
Egg- e Egg_
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Zoaf i — 18-59yr. goaf i —18-59 yr.
303+ g - =60yr. 503+ g = =60 yr.
O 0.2} 9 # P95 O 0.2} 9 # P95
01t = 01f =
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Fig 1 Dietary arsenic exposure by different age groups
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Fig 2 Dietary arsenic exposure for different sex groups
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Fig 3 Dietary arsenic exposure by place of residence
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Table 3 Risk levels for exposure to dietary inorganic arsenic in different populations in Chongging city

MOE (Skin damage) MOE (Urinary System Cancer) MOE (Lung cancer)

Population groups " Mean Mean P95 P95 Mean Mean P95 P95 Mean  Mean P95 P95
(MB)  (UB)  (MB) (UB) (MB) (UB) (MB) (UB) (MB)  (UB) (MB) (UB)

Age 3-6yr. 31 5.163 4.858 1936 1.878 4.971 4.678 1.864 1.809 2.868 2.699 1.076  1.043
7-17 yr. 113 8.438 7.837 3364 3.261 8.125 7.547 3.240 3.140 4.688 4.354 1.869 1.812

18-59 yr. 399 13.740 12.796 5902  5.690 13.232 12.322 5.683 5.479 7.634 7.109 3279  3.161

=60 yr. 426 13.953 13.012  5.794  5.666 13.437 12.530 5.579 5.456 7.752 7.229 3219 3.148

Sex Male 432 13.107 11.563  4.865 4.696 12.621 11.135 4.685 4.522 7.282 6.424 2.703  2.609
Female 537 13.171 12.245 5405 5.192 12.683 11.791 5.205 5.000 7.317 6.803 3.003 2.885

Residence  Urban 501 13918 12.796  5.649  5.505 13.402 12.322 5.439 5.301 7.732 7.109  3.138  3.058
Rural 468 10.286 9.643 4219  4.060 9.905 9.286 4.063 3.910 5.714 5.357 2.344  2.256

24 EXTERERTHMEENSESARME

B R CHE B e R £ 5 3 1) DR R WL R4
i P AT 28, SRR B il it ) ik oo vy T M 9, S
[RGB R R 1Y F2ORIE, 5 BB R R 1969.97% ~
74.37%. HUIE S EE SR HA A 4 K L 5 435
i R SR R R 194.89% ~ 8.85%. 3.25% ~ 5.04%, HiAEr
PR ST N T 5%

3 The

ABIFFERT2018-20234F 5 K117 4 90043 B WAL A B i
ARG T, ARR Y, b R
L FEI240.020 7 ~ 0.023 4 mg/kg, K5 % 436.40 %, L T35
K45 (0.030 8 mg/kg) 1T PEALE FIA1X.(0.061 mg/kg) ™,
X5 TR ] - e rh A i O A DU RE AR — B0, BT £
A B AATE—E A A 22 5. TR &)
R e, RS ARt R R G AR 44 B e dR s,
T°4189.87%7#110.098 1 ~ 0.098 5 mg/kg

JRE £ 2 R PPAR 25 SR W, AN TR AHETC AL 8 5 1
kR T Lo, RS T, RS TIEEN . 78

AR AFRE L R, 3 ~ 62 4T3 R R 1k . POSTR R ft fie i,
JERUE N2 ~ 34, X —F 5T 45 SR S5 EFSATE20094F
20 T44F X RRYH £ i P 35 i 2R B8 DAl 1O TR R 45 2R A
AR—F Pt A T R R R R T
% R, A AR T H O35 B8 8 it LR N s . B
X —ZE IR R, AR AT, 4L EPRA
R 3ME, FBURE T IR ) B R,
Ab, B LA R Z LUK A R, 23 3 80X 1 B
R . ZHENGAE R E AL st ML BT ro g
VAL A IS R TO ML 2% 5% o Oy, X AT RE S AN R
PRI | BT 5 R R R BN IRI A OC . KOK S
it PRI 2 iR HL ) w8 R0, 72 AT TP 9 £ 22 88 sk
FN[1K69.97% ~ 74.37% X FER AT N 4 2
difr, ORI, 35 R S RO B HL Al b
X BRAI LT = HE AR e

HRAETECFA I E B BMDL, e HH33 5 P e R 2
5 M AE B0 AU A B0 KU, & B4 ARE I MOE(E 1Y
KT, AEBUm A KUSAR, 53T AR 5726
WFFELEE TS, AR TVLIGAE . P95t Tl 7 S5l X 7
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I“I B Rice and rice products

B Leafy vegetables
II ® Wheat and wheat products
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II B Root and tuber vegetables
= Pork
II ® Other fresh vegetables
Aquatic product
¥ Beans and their products
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II ¥ Poultry meat
Edible offal of poultry
I|I ® Milk and its artificial product

¥ Legume vegetable
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Fig 4 Contribution of food groups to dietary arsenic exposure (the contribution is calculated in MB)
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RGBS s — R R A QR A B 2 I 2 Kl P R
7R —E I E P, 1] RE S EOAR AR A s il =2
R AR O T 7T E 23l ok — 5 B AT E P, BN AN[R] B9
RIAURG | AR B LA BARAE N BT 62 S B AAGI
ZE5 i BRI 2 B T A 3R 24/ N 18 4 D7 AT RE

SR — B AR B D I A R

£ TR, H P £ oL g R T SO AR U X
WS 75 42252 (496 TRl P, (EL TG ML iy S50 PR 2R 8 JidhE 01 il
JERIMOEE /N 100, FRH] 244 i RAFTEVETE Y B0 A
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