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ABSTRACT

Objectives: The purpose of this study was to evaluate urinary arsenic concentrations by arsenic species and to
identify related factors among local residents near abandoned metal mines in Korea.

Methods: Among the subjects of the Health Survey of Residents Near Abandoned Metal Mines for 2013-2017,
664 people were enrolled in this study. Urinary arsenic species analysis was performed using ICP/MS.

Result: The geometric means (95% Confidence Interval) by urinary arsenic species were 0.15 (0.13-0.17) ug/
L for Aslll, 0.64 (0.55-0.75) pug/L for AsV, and 1.21 (1.05-1.40) ug/L for inorganic arsenic. The geometric
means of urinary MMA and DMA were 1.58 (1.35-1.86) ug/L and 77.93 (72.61-83.63) ug/L, respectively, and
that of organic arsenic was 83.15 (77.80-88.88) ug/L. The concentration of inorganic arsenic in the group using
groundwater as drinking water was 1.36 (1.13-1.64) ug/L, which was statistically significantly higher than the
1.00 (0.80-1.25) pg/L in the other drinking water groups. Regarding rice consumption, the concentration of
inorganic arsenic in urine in the group whose consumption was more than half rice produced in the residential
area was 1.32 pg/L, which was statistically significantly higher than that of the 1.12 pg/L for the group whose
consumption was less than half.

Conclusion: In the analysis of the factors affecting the urinary inorganic arsenic concentration of the residents
of the abandoned metal mine area, the use of groundwater as drinking water and consumption of rice produced
in the residential area were considered related factors.
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Arsenite (Aslll), Arsenate (AsV),
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(inorganic-related arsenic species, f-31H]4x(hAs)E

242t 2247 Aol

2. A Az ZHH

A A g R FEs5 A0 A 2 A
Z}+= Korea National Institute of Environmental
Research (KNIER)®] ¥+ A& 53159t 2 A
g+ YAI=Z & Urine cup (PolypropyleneyS A}
g3lo] TS Ay w2 duslolZAFH L
e WSS ol AR AANF 2 BPEL
%) 10mL ol A% 9, AApIRos ol A
A aoco] RAFAG. & F Ik F Be) BAE
18 %8 Conical tube (15mL, Polypropylene)ell
SmLA ko] #4 A7 —70°C] AT
Ao Bkt

3.8 ANz 24 2

3.1. #FEd € A

®FEHZ Arsenous (1), Arsenic (V)= Sigma
Aldrich (St, Louis, USA)E, Dimethlarsinic acid
(DMA), Monomethyl arsonic acid (MMA):= Chem
Service (USA)S A8-31%1T}. Single stock solution
< 1,000 uyg/mLE AZ3ke] —70°Coll RAS T
Ammonium carbonate (99.99%), Trizma® base
(99.9%)= Sigma-Aldrich (Sanin Louis, Mo, USA)
£ A83 3L, Ammonium sulfate (99.5%)= Junsei
chemical (Tokyo, Japan), HNO; (Ultrapur)= Kanto
chemical (Tokyo, Japan)S ARE-3}ITH.

32. A & A=A

Arsenous (III), Arsenic (V), Dimethlarsinic acid
(DMA), Monomethyl arsonic acid (MMA)2] 7 &4
F=E single stock solutiong 1% HNO,Z 3]4]3}
o] 1~50 ug/LZ Azt Aol AL8d S/
= 182MQ FFEoE AAE 33} FHRTE ARESE
Ak B ASS Sl F5U5EZ (Certified
Reference Materials, CRM)= No. 18 (Human urine,
Japan)S AR&-ste] ml ZHAfeioh W] HEds
gusigon, R A T2 IO 2 G-EQUAS
(German External Quality Assessment Scheme)oll o]
sto] ZAte] Aedat AlEds A5kt
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Table 1. LC-ICP-MS limit of detection

As(3+) DMA MMA As(5+)
pg/L ug/L ug/L ug/L
2013 0.108 0.100 0.100 0.109
2014 0.148 0.253 0.273 0.164
2015 0.293 0.143 0.062 0.144
2016 0.100 0.022 0.078 0.164
2017 0.073 0.182 0.054 0.246

Year

33.4& F £¥

NA| Az viE T v ed e Skt 2R
(HPLC/Inductively Coupled Plasma-Mass Spectro-
meter; Agilent Technologies 1260 series/Agilent
Technologies 7700 series ICP/MS; Agilent Technologies,

CA, USAYE o]&slo] st

4. SAEN

FAEAE SAS (Version 9.4, SAS Institute, Cary,
NOE o83t & & H|4&FE F=7F oA

2 JeE Ko tHE & geometric mean
(GM), 95% confidence interval (95% CI)yS AH&-3}
At 72 AEEA w2 8 F HATE TEE
Hlwahks o o] 59 4% 2 2AHEA (ANOVA,
analysis of variance)S AAISIH BE AL &

o 5%stollx AAE AT

Argd|

T SR A+ 2193 (IRB)EFH
1S WLt} Chung-Ang University Institutional
Review Board (IRB No. 1041078-201805-HRBR-
103-01).

5.
=

of¥
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m.a =

1. CHARLY by 54

HgARse] Nt 542 Table 29 2t} H+t
AL 68.4x11.24|2 Ha AF7ZH 47442324
° 2 61 o) AFAE A1) 31.8%, 41-60 A
FAE 33.2%2 iF-ol] 404 o) A5 Ao
ettt AFAZE AR Hd 1.29+41.16 km
Rom 1km oW 25 AGel| AFshe A=
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Table 2. General characteristics

Characteristics n (%)
Male 294(45.7)
Sex
Female 350(54.3)
Mean+St.D 68.4+11.2
<59 144(22.4)
ggr‘; 60-69 176(27.3)
70-79 227(35.2)
>80 97(15.1)
Mean+St.D 4744232
) ) <20 121(18.9)
Period of residence 21-40 101(15.8)
o 41-60 214(33.2)
>61 205(31.8)
Mean+St.D 1.29+1.16
<0.5 138(21.4)
Distance from mine >0.5~1.0 150(23.3)
(km) >1.0~1.5 129(20.0)
>1.5~3.0 90(14.0)
>3.0 50(7.8)
Mining work Yes 120(18.9)
experience No 515(81.1)
No response 118(18.4)
Month income <50 283(44.0)
(¥10,000) 50-<200 170(26.4)
>200 72(11.2)
. Ground water 387(60.1)
Drink water
Other 254(39.4)
current smoker 75(11.6)
Smoking status ~ past smoker 114(17.7)
never smoked 454(71.0)
currently 250(38.8)
Drinking status former 68(10.6)
never 326(50.9)

A 44.7%2 ZAERY. F AFdorE Agr
U ZhodrEs S8k A 60.1%E A4
stal st F oARelld e FATel 11.6%, 3
AgAe] 17.7%, ¥lFA°] 71.0%5 A8l 3o
2ol 9 A & oz Yehdt 18
U =5 A @A ST 38.8%, AASTA
7} 10.6%, Bl SFA7} 50.9%% 2527 FdAkl
Hs) vgo] w2 Zloz AFFUL
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2. 2 T HA 55 EX

HFE534 104704 3 AY FH9 sl
8 F ¥4 55 B¥ Z3E Table 33 2ol A}
gAENA 8 5 BlAe] T 718 (95% Al
F77He ASIT 0.150.13-0.17) ug/L, AsV 0.64
(0.55-0.75) ug/LeIRaL, F71H]4E 1.21(1.05-1.40)
ug/Loltt S AHEE A, AsV BF £
472 LOD mvte g yeltt) a8ut Asve] 95
WELT= 13.87 ug/LE e, FrH)4 o
Al 2016 ugLE =L T FFE HITH & F
MMAS} DMA 5%+ zH} 1.58(1.35-1.86) pg/L,
77.93(72.61-83.63) ug/LOl 3L, 710l & Fi
83.15(77.80-88.88) ug/LE UEFTH §718] &
DMA?] &% H]Z0] o 90% o] o] 95 E-¢
TE 262.02 ug/Lelth. Aslll, AsV, MMA, DMA
el fallE] A (hAs) TEE 89.45(84.09-95.15) pg/L
o] AT}

e e

O
22

3. CHAXE LY S40 e 2@ 5 H|A S5

HEFEAE 10048 93 A9 79 9hky &
Aol WE @ F H|A FEE Table 494 7t} 7]
vl Ao 79 A2 Yo 49 1.55(1.27-1.91)
pug/LEA odA4d2] 0.98(0.82-1.18) ug/Lell Hlal EA|
Aoz folsHl =skor, AREEE= 500 olst
1.78(1.32-2.40) ug/L, 60tH 1.42(1.09-1.85) ug/L, 70
th 1.00(0.78-1.29) ug/L, 8Ot ] 0.83(0.59-1.16)
ug/lLE dA®ZFo] S7HEEE 8 F A 5=
7t AAadte AR #FEUY. AFTIEEE
20 ©]3l7F 0.87(0.63-1.20) ug/L, 21-40d 1.37
(0.96-1.97) ug/L, 41-603 1.20(0.93-1.55) ug/L, 61
3 o)At 1.37(1.07-1.77) pg/LEA iAoz A
717ke] AFE 8 F F7M|A $ETF 2o 73
S BATH FArOZHE A7} 0.5 km o]kl A
1.97(1.47-2.64) ug/L, >0.5-10km 1.51(1.14-2.00) pg/L,
>1.0-1.5 km 0.84(0.62-1.14) ug/L, >1.5-3.0 km 0.62
(0.43-0.89) ug/L, 3.0km &3} 0.90(0.55-1.47) pg/L
2 FrozRE Ayt HoASFE 2 F FUM|A
ot Ak FElg A Bk FAET A
o] d&= 7 2.22(1.61-3.06) ug/Let AHo] gle &+
1.05(0.89-1.23) pg/Lell = -] gt zfol7t UATt. 7+
Aol F AFE AsE ol8sh= ol 1.36(1.13-
1.64) ug/LEA] 71 £]9] 245 o]-&sk= - 1.00(0.80-
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Table 3. Distribution of urinary arsenic species concentration in participants

(unit: pg/L)

Selected percentiles

Urine Arsenic Meanzstd GM (95% CI) Median (range)
P75 P90 P95 P99
T AsGH) 1994795 0.150.13-0.17)  0.05(<LOD-104.96)  0.15 427 937 4229
I“"famc As(5+) 3.346.10 0.64(0.55-0.75) 0.64(<LOD-76.05) 435 991 1387 24.86
’ Subtotal  5.28%1.53 1.21(1.05-1.40) 138(<LOD-132.29) 601 1287 20.16 62.19
. DMA  108.01£98.14 77.93(72.61-83.63)  95.63(FLOD-783.50) 144.57 1947 248.12 47622
Oriasmc MMA 573320 158(135-1.86)  3.07(<LOD-20634) 68 1159 1725 62.19
Subtotal 113.74+101.17 83.15(77.80-88.88)  98.83(1.58-989.84)  149.37 206.41 262.02 53133
Sum As 119.024104.15  89.45(84.09-95.15)  100.34(2.64-1063.35) 151.68 208.84 273.82 578.83

LOD: limit of detection; Substitute value of LOD/2 for all of them; Sum As: As(3+)+As(5+)+MMA+DMA

1.25) ug/Loll Bls] =4
Hu 9 7Y, &
8 F T4 = FEish xjole TAEA] it
Fr71u12=0] 73, o4 ellA] 89.80(82.01-98.34) pg/
L& 94 75.88(68.84-83.64) ug/Loll Hlal EA2
2 FolsAl wekom, A% 50t o5} 60.28(51.49-
70.57) ug/L, 60th 84.94(76.15-94.75) ug/L, 70th
90.66(80.68-101.87) ug/L, 80tH ©]2F 99.22(84.30-
116.78) pg/LE dAEZo] S7HTE 2 F f7IH|
2 FE7F FoEA ST A7 RS 20
W o]&l7} 70.80(59.83-83.77) ug/L, 21-400 75.11
(63.08-89.43) ug/L, 41-603 93.95(83.87-105.24)
pug/LO = AF77k wet & F f7¥A FE7F
Z7¥sle oIt 61 olAtollA 84.85(75.97-
94.76) ug/L= ThA] 7hAsilon SAF R 9]
St zo|7t STk FAkeZHE ATl 0.5km ©]
3loll A 69.53(59.06-81.86) pg/L, 3.0 km %3} 71.67
(56.96-90.19) ng/Le=2 Azl ete] dAde A &
Ao el 2 £]9] 54X MMA 5%
Frolg zpol7t g1, DMASL] 739 34k
A, E 7Y o] W+, BlE AT
oA 23|H &2 FFolAUT
AT A Wl ALAE AF vEl mE sk
H|A F=9] H|WE Table 59 7t} 7
AT A U AitEs AL dhk o
7% 1.32(1.03-1.64) pg/LEA Ayl n|
3= & 1.12(0.93-1.35) pg/Loll HIs|] EA4)
EQkou} A o]e] AE AFH
8 F F7MAe] FSig 2ol Y

FoH(p>0.05).
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AF A Ul AatsEls 2L A ol AFse
2oAMe] 8 F 719 A T 100.39(92.14-109.39)
ug/L=A], ARk vkg A3 sh= 739 70.93(64.52-
78.03) ug/Lell vlsll BAH SR FolshA =AU =
gk & o]9] FRH(ENE o] 99.28 pg/L, Ay o]a}
77.28 ug/L), FHCAW ©)4 98.16 ug/L, Axt o]3}
74.30 pg/L), AA(ERE 0% 87.59 ug/L, Ank o]3}
78.13 ug/L) A3 Hl&ol wet ol Zjo|7} vhehsitt.

Iv.o &

2 AT A=) el (hAs)e] 78R3 gk
2 89.45(84.09-95.15) ug/Lolit}. Zeks A7
G YZAHENNS, 2006-2007)2] #-318]4x(hAs) 713}
Bt 3.75(3.61-3.90) ug/L'", B R A73 AL
(NHANES, 2015-2016)¢] f3lv]a 71813+ 4.41
(4.17-4.67) pg/L?, vttt =R17179 $2AH(Health
Canada, 2016-2017)%] -f3llH]4~ 7|31+ 4.30(3.50-
5.40) ug/lL?, 5 o5 87 ZAKGerman Environmental
Survey 2003-06 (GerES IV))2] #3iu]& 7|5t 3
4.40(4.24-4.56) pg/Loll'Y ¥ste] 2 AT t)dAte]
fralvl A& F=rt wlg- =2 ol ol A}
ole] 91L& xgtx wlx, Jhutt, 5UO] 119 3
AHE AH R Zbz) 2429, 12.33, 15.17, 11.22kg/
capita/yr?] HHH 3H=191& 3562 kg/capita/yrZ 34t
E A%l i =3, SI2FE A8k +4E
s}ok do] && Zlow FAdHnS

T % Chung 52016y #HF4%3 XY

oo

i

=
=
TR 11970l g 5t 2ARE AAjsisien 2 &

frallH] 2 (hAs)e] 7158 a2 138.69(112.72-149.23)

2
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Table 4. Urinary arsenic species concentration according to general characteristics of participants (ug/L)
. Adjusted GM (95% CI)
Characteristics ~ n(%)
As(3+) As(5+) Subtotal DMA MMA Subtotal Sum As

Sex
Male 294(45.7)  0.16(0.13-0.20)  0.80(0.63-1.01)  1.55(1.27-1.91) 70.85(63.79-77.95)  2.05(1.64-2.56) 75.88(68.84-83.64)  82.77(75.18-90.48)
Female 350(54.3) 0.13(0.11-0.16)  0.53(0.44-0.65)  0.98(0.82-1.18) 84.42(76.29-92.29)  1.28(1.01-1.62) 89.80(82.01-98.34)  95.47(87.71-103.66)
p-value 0.183 0.01 0.002 0.015 0.003 0.013 0.035

Age (y1)
<59 144(22.4)  0.17(0.12-0.24)  0.91(0.65-1.30)  1.78(1.32-2.40)  1.17(0.82-1.68)  56.69(48.28-66.56)  60.28(51.49-70.57)  66.38(56.89-76.29)
60-69 176(27.3)  0.17(0.13-0.22)  0.72(0.54-0.96)  1.42(1.09-1.85)  1.63(1.20-2.21)  79.81(71.33-89.31)  84.94(76.15-94.75) 91.78(82.91-101.33)
70-79 227(35.2) 0.13(0.10-0.17)  0.57(0.43-0.75)  1.00(0.78-1.29)  1.66(1.27-2.16)  84.43(74.11-96.20) 90.66(80.68-101.87) 97.36(87.95-107.71)
>80 97(15.1)  0.11(0.08-0.16)  0.41(0.29-0.59)  0.83(0.59-1.16)  1.99(1.32-3.00) 93.40(78.82-110.67) 99.22(84.30-116.78) 102.98(88.03-120.34)
p-value 0.211 0.018 0.003 0.263 <.001 <.001 0.006

Period of residence (yr)

<20 121(18.9)
21-40 101(15.8)
41-60 214(33.2)
>61 205(31.8)
p-value

0.13(0.10-0.18)
0.13(0.09-0.19)
0.16(0.12-0.21)
0.15(0.11-0.19)
0.719

0.46(0.33-0.66)
0.81(0.55-1.20)
0.58(0.44-0.77)
0.74(0.56-0.97)
0.119

0.87(0.63-1.20)
1.37(0.96-1.97)
1.20(0.93-1.55)
1.37(1.07-1.77)
0.156

0.92(0.62-137)
1.11(0.72-1.73)
1.94(1.48-2.56)
2.08(1.60-2.69)
<001

66.98(56.33-79.63)

70.60(58.98-84.50)

87.33(76.83-99.26)

79.61(71.02-89.24)
0.047

70.80(59.83-83.77)

75.11(63.08-89.43)

93.95(83.87-105.24)

84.85(75.97-94.76)
0.018

75.97(65.09-87.81)
82.02(69.84-97.60)
100.37(90.75-111.30)
91.43(82.12-100.89)
0.112

Distance from mine (km)

<0.5 138(21.4)
>0.5~1.0 150(23.3)
>1.0~1.5 129(20.0)
>1.5~3.0 90(14.0)
>3.0 50(7.8)
p-value

0.17(0.12-0.24)
0.13(0.10-0.18)
0.12(0.09-0.16)
0.11(0.08-0.16)
0.13(0.08-0.21)
0.408

1.06(0.76-1.48)
0.83(0.60-1.14)
0.47(0.34-0.66)
0.32(0.22-0.48)
0.42(0.23-0.74)
<001

1.97(1.47-2.64)
1.51(1.14-2.00)
0.84(0.62-1.14)
0.62(0.43-0.89)
0.90(0.55-1.47)
<001

1.99(1.41-2.81)
1.61(1.18-2.19)
1.24(0.85-1.80)
1.10(0.68-1.79)
1.42(0.79-2.54)
0212

64.76(54.91-76.38)
69.04(59.64-79.92)
80.91(67.34-97.21)

69.53(59.06-81.86)
73.74(64.13-84.79)
87.43(74.86-102.10)

76.54(65.89-88.87)
80.17(70.79-90.69)
93.18(80.45-107.72)

101.02(89.22-114.39) 105.63(93.41-119.43) 108.86(95.95-121.83)

67.72(53.49-85.75)
0.004

71.67(56.96-90.19)
0.002

75.38(60.21-94.60)
0.153

Mining work experience

Yes 120(18.9)
No 515(81.1)
p-value

0.16(0.11-0.22)
0.15(0.12-0.17)
0.992

1.37(0.94-1.96)
0.53(0.45-0.62)
0.006

2.22(1.61-3.06)
1.05(0.89-1.23)
0.001

59.50(48.96-70.54)
82.26(76.20-88.78)

0.014

1.97(1.43-2.72)
1.50(1.23-1.79)
0.324

63.80(52.82-75.30)
87.71(81.58-94.02)
0.033

71.82(61.13-83.11)
93.45(87.43-99.88)
0.064

lx £ 099

rH

el

>
rat
]

Olor
09
ol



/310°yasy mmmy//:dny

999-559 :(9)9% ‘0Z0T S YieaH uonAug [

Table 4. Continued

(ug/l)

Characteristics ~ n(%)

Adjusted GM (95% CI)

As(3+)

As(5+)

Subtotal

DMA

MMA

Subtotal

Sum As

Month income (¥10,000)

015(0.12-0.18)

0.17(0.13-0.23)

0.16(0.11-0.25)
0.074

0.46(0.37-0.58)

0.64(0.48-0.87)

0.48(0.33-0.72)
<001

0.92(0.76-1.14)

1.31(0.96-1.75)

0.98(069-1.42)
0.238

89.14(81.29-98.03)

81.45(70.27-93.57)

68.07(54.97-83.97)
0.01

1.44(1.14-1.85)

1.68(1.19-2.33)

1.12(0.67-1.81)
0.193

94.03(86.14-103.35)

88.09(77.38-100.14)

71.41(57.63-87.88)
0.01

99.47(91.65-108.54)

95.10(83.84-107.20)

74.89(60.75-91.47)
0.019

0.16(0.13-0.20)

0.12(0.10-0.15)
0.051

0.68(0.55-0.83)

0.58(0.46-0.74)
0363

1.36(1.13-1.64)

1.00(0.80-1.25)
0.037

1.80(1.46-2.21)

1.30(1.00-1.68)
0.052

75.16(68.29-82.71)

83.02(74.84-92.10)
0.166

81.01(74.15-88.51)

87.26(78.85-96.56)
0.285

87.457(80.97-95.28)

92.54(84.33-100.74)
0.856

<50 283(44.0)
50-<200  170(26.4)
>200 72(11.2)
p-value
Drink water

G‘;‘;‘;d 387(60.10
Other  254(39.4)
p-value

Smoking

status

current

smoker 75(11.6)

past smoker 114(17.7)

never

0.13(0.09-0.20)
0.16(0.11-0.23)
0.14(0.12-0.17)

0.965

0.56(0.34-0.91)
0.54(0.39-0.77)
0.68(0.57-0.68)

0.303

1.15(0.74-1.73)
1.04(0.76-1.44)
1.26(1.07-1.49)

0.712

70.88(57.50-85.89)
84.69(71.97-97.06)
77.47(71.32-84.71)

0.581

2.06(1.34-2.99)
2.08(1.42-3.01)
1.41(1.16-1.68)

0.281

75.30(61.38-90.86)
90.46(77.35-103.94)
82.71(76.52-89.65)

0.641

8081(66.79-96.52)
96.09(83.16-109.85)
89.27(83.09-96.29)

0.67

smoked 454(71.0)
p-value
Drinking
status
currently  250(38.8)
former 68(10.6)
never 326(50.9)
p-value

0.15(0.12-0.19)

0.17(0.11-0.26)

0.14(0.11-0.17)
0.339

0.64(0.50-0.82)

0.53(0.33-0.86)

0.65(0.52-0.81)
0.677

1.21(0.97-1.52)

1.07(0.68-1.66)

1.21(0.97-1.48)
0.49

75.5266.79-83.52)

76.25(61.45-94.33)

80.93(73.28-89.32)
0354

1.38(1.07-1.82)

1.73(1.03-2.84)

1.76(1.39-2.21)
0.046

80.68(72.39-88.77)

81.71(66.22-101.04)

86.22(78.20-94.89)
0326

86.52(78.14-94.59)

87.28(71.22-107.31)

92.88(84.81-101.56)
0.296

Adjusted GM: least square means (geometric mean) by sex, age, period of residence, mining work experience, month income, smoking status, drinking status, drink water; Sum
As: As(3+)+As(5+)+MMA+DMA;
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Table 5. Urinary arsenic species concentration according to intake of locally grown food

(ueg/l)

Adjusted GM (95% CI)

Urine Arsenic Rice Grains other than rice Beans Vegetables
Half or more Less than half p  Half or more Less than half p  Half or more Less than half p  Half or more Less than half p

AsGH (0. 1(;-1521) (0. 101-1()3 16) 0.04 (0. 101.-1()5.21) (0. 102-1(;‘ 17) 0729 (0. 101-1(;‘ 17) (0. 102-105 18) 0468 (0. 101-1(;1 17)  (o. 102-1()5 18) 0946

lnof: e A (0.5(;-6384) (0.5%-603.77) 0.113 (0,4%—6(?.91) (0.5%—606.80) 0.798 (0.5(;-—607.87) (0.501.-6(;‘.77) 0973 (0,503'-606.82) (0.5(;--6;.81) 0375
Subtotal (1.013.-312.64) (0.913.-112.35) 0.028 (0.811.-112.54) (1.017.-216.50) 0.904 (0.902.-117.49) (1.012.-213.48) 0.583 (0.92}(382) (0.91§-213.51) 0679

DMA (86.121%713073.20) (59,25;%.48) 0.001 (83.9983-'5(;}4.71) (66;5;5(8).17) 0.123 (84.0?)2-715082.03) (62,2;);;2.46) 0.019 (73.2871-.879.91) (66.2;2?).99) 0.527

Oriasnic ( .729.-223.78) (0.9]5.-] 18.48) 0.047 (1 9]2-6293 nH 219-5 13.86) 056 (1 .4]2'-826.34) (1 .311.ft 11,73) 0.346 (1 317-723 14) (1. 112? 11.79) 0725
Subtotal (92.:2%33.39) (64;2;3233.03) 0.001 (89.2939-.12180.11)(71.6797-5??.230 0.168 (89.694%.11067.84) (67;;‘;2(1).33) 0.024 (80.223;22.58) (70.;(?;:3;89) 0.528

Sum As 107.48 76.62 0.001 105.58 83.55 0.178 104.69 80.46 0.025 94.07 84.31 0517

(99.39-116.29) (70.23-83.58) (95.63-116.45) (77.90-89.49) (96.31-114.18) (73.59-87.31)

(86.74-101.92) (76.97-92.33)

Adjusted GM: least square means(geometric mean) by locally grown food; Sum As: As(3+)+As(5+H)+MMA+DMA,;
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pg/LE 2 A7e] falH| 4 (hAs) 71835k 89.45
(84.09-95.15) pg/Lol| HI3to &2 FFolTt. 18
L Rla sk R sl B FiE)se) g
oA sl e] 079 uglE Jehd 3,
Chung 5(2016)°] 7|94 7188+ 0.67 pug/L
H|S23E ol ATH 0 Fr]R) 2ol gk Q171 =F

o F2 43 458 B WAsE Axwd

H 209 Aae HlaeZEe] Fash ddle] & +#
ATt Chang 5(2019)¢] ®l&E o@¥ AdF =A%
229 FR 148 S e R 8 T AT S R
EA8 Aol FaflH] A (hAs)et F710)& 716
o] &+

= Fd Al A 42 167.06, 23.13 pg/L
= I Al F 3278, 170 pg/LE
3 g Ao=® Byt gk AT A
oA AxkE 2g HFHsks ¢ & F fEivla
(hAs) FE=7F =T Cho 5(2013)2] Aol wh
2H EgH He & AskrolA Blavt AE9
FE3E A FHle] @ F vAv) U A9R
oh =om olgjgt ztole HE & A HlA
Srol e v FsEk UEieTh FAH R B
F HAEoHES} 8 F HA H2 FE OR=1.62,
FAEES} & F HlA & FE OR=3.792=
HI3SIATE® Hong 5(2017)9] ¥]Aeq A9 935
AN 12k 2AF W =E 8 F FUIEIA 7]E
Bito]l 231(1.62-331) ug/LE thE 0.94(0.61-
1.44) pg/LETH frofstAl =qkom BlAg 24 2
HE AXg Y F 22F A} o =570 7
H| 47} 0.034 ugLE A Ao

S ATES ookl wul B Ao Ao
A QT W) & F B0 B FEE E

F e B A vaedd o3 dFow
2 5 gen £ A R Asg

o] F71H 47} 1.36(1.13-1.64) pg/LE 1
192 A& 2 1.00(0.80-1.25) pg/Loll H]3}
o A =& AFHE HATHp<0.05). T3 A
F A Yol Aakel &AL At ol HH sk &

oA AYate
ug/Lell His) AR frelahA =Skt

9] AN AFEolM = HisS AAE FokEs 5
ATt Zorimar(2012) H|= mAZE A e] AF
T HAE Ager vske FUES] 458 v

http://www.kseh.org/

2 528} @ F el (hAs) B (rs=0.41, p<0.0001)
Atolel] Fe] FAAAE ERIGH o™ 248 vl
=7t 1 pg/lLE ZHshs 71919 s S84 A
Fol] Z71ETE 8 F Al A(hAs) T ST
she Zo2 HASIHTE? EE g oA FAt
2 ] AEa 12 Al AFaske FHUEAAA
8 T HA vt 7P B e A9 e
o] Bru|A 4kEHTE 3.1 ug/L, MMASH DMA 4k
<=Hao] 2t 1.0, 337 ugLE ERI=ENEE 371,
A 9 o] FrH| 0] =F ARlo R HIES]
T}?) ole]] BIBHH - A gidzke] FM A Ak
ool 528 ugLZ ¥ FF0IUT MMAS 5Hl,
DMAS 3HjU 4T} Zhang(2014)0] 522 £
aH| 27 AA B2l B8shs S5 10 png/
L ]88l =& &Fleke 5 B8s de=w &
HFE AFoA 7Rl FrlH|4 9 faiHa
(hAs)2] S9zre zH2t 638 2 40.03 ug/g Crol$d
ow FrHIAe] 09 UlS A 7IEF HlA Ty
21Eo] M2 AdrSITh ES Zhang(2014) H]
A =Zo| A AolilE Fid Aok 7HgEte
H & =23 B3 Aol e 5 7He] Ml thiAL
AHES ERIFIOm, o] AtolA] HlAet FRIE nf
0|9 mpA FF Alo]o] B §F-0-g Z3gke] #F
H Aoz BRIFHPT? Sun(2007)S 5= WEZ
o] HAQY AHoA F&Fo FH|E FEIL
160 pg/L 2321 #, 90 ug/L 2721+, 20 ug/L ©|
sl tixwte] & F FUMlA 7)shEste] 7hzt
101.85 pug/L Cr, 39.4ug/L Cr, 0.4 pg/L Crel A&
sl & T ¥& tiAl AHEe] HlE $AE
Z3 thak DMA #HES>iA HES>MMA 9
&, 2ol sk DMA ¥ES>MMA &8>
iAs BliE-go|glom ozt xfol= A4E HlA =
fiEYd AT HTh wA|so] Aol|A
299 AFES A¥shs =E79] 8

H & tjAl 2HE9] vl A= DMA 9iEg>

iA WES>MMA NEEZE FASE A3yt HaE

o

MEobr

252 Q8 H)A wE2-e WEEAeA 7P 4l
St 1,606 2] YAHRE tideR HAR A3E
AFoM @ F F7H]2 SY%o] 2.5 ug/L, MMA
9% 1.3 ug/l, DMA 93} 22,5 ug/L= 72 v
Elton Al o Hlawgshy feinlh FEr}
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SRt Aol WAL dnkxo g HA 5 S MFsl= Ao] B golow HTky et ol w
o B B oAk et 100 pgl ol B= & g HFEWANY FRle] uanZe gigh x4
2o w2 ) wARTT Qeid Qo He A ) A%AT DA TEol Basi
FroNE HAFE] AlEE dEA T ok 12

A o34 20 & TP do R Hlkel BHOR = ZIAlo| 2

92 a3t g3 F F Ade
AFAE, v &S] F7H} o

A F2 2 A2 =2 dHEAE e A
o2 YEETH? I YeE AEE BlAaxE A J
ok, ik 2 Aot st d3do] it B
A Y0 giRke] AR AFEAA S8
14 X9k oz Qg AlE Alole] §3F-RES
A7} 1=t Cheng(2016)S H] A7} 3H-gl
SEE2 AFS S F % ]9 (black foot disease
endemic areas, BFDEA)OIA] tqte] Tl & A9 Rt}
T 7ete] 4-68) o] Wo| EAITR= 2 Bt
FH2 Bael] mEH g Fro] H|ho kEEW
e, B, vV 2 24 A, A S5, Rl
9o ST AT ¢ vk FrEBS0 mgh
Hlstell A Al 1,619H 02 FAE AFolM 8 5
arsenous acid®] &5 o]k <I¥4d(OR=1.76)
o] = Aoz ISt Farzan(2017) v]=t

o

e R

AR
2491 FAH oS e E g T AtelA H)
& =Fo] 4bsl 2Ed 29 AW A HE(15-F 2t-IsoP)
Fxo F7ke dAddo] Stk Bassch®

B AT s Ha A% 68.44), Ha A
F717He 4743010 ol FAR ] WG o] F
AALA BUAY A=A 2 2 E2 471
7+ 2Z4H 7hsAdo] 2 AeE HRATh wEkA] A
F717k0] AoAFE = Faro 2 HE Agrt 7}
NHEAFE & F F/MA s 2oXe A,

AsrE A5z AFshe 2o FrHart 2o A
so HFEPaA o] vl AaeZe] Hopgele &
=
vd E

AFEAIA G FRISe] HaEE wE FES
Hrleta BE QS sofslaat & F 4k shekE
HRAS Ak HFEAAY FHS9] o F
T4 Fro] JS HHE 89102 3FE
252 AL A AF A Yol ke &
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