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Abstract

BACKGROUND: Rice is one of the main sources for
inorganic arsenic among the consumed crops in the world
population’s diet. Arsenic is classified into Group 1 as it is
carcinogenic for humans, according to the IARC. This
study was carried out to assess dietary exposure risk of
inorganic arsenic in husked rice and polished rice to the
Korean population health.

METHODS AND RESULTS: Total arsenic was determined
using microwave device and ICP-MS. Inorganic arsenic
was determined by ICP-MS coupled with HPLC system.
The HPLC-ICP-MS analysis was optimized based on the
limit of detection, limit of quantitation, and recovery ratio to
be 0.73-1.24 pg/kg, 2.41-4.09 ugkg, and 96.5-98.9%,
respectively. The inorganic arsenic concentrations of daily
exposure (included in body weight) were 4.97x10° (=20
years old) - 1.36x10” (<2 years old) ugkg b.w./day
(PTWI 0.23-0.63%) by the husked rice, and 1.39x10™" (=
20 years old) - 3.21x10™" (<2 years old) pg/kg b.w./day
(PTWI 6.47-15.00%) by the polished rice.
CONCLUSION: The levels of overall exposure to total and
inorganic arsenic by the husked and polished rice were far
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lower than the recommended levels of The Joint FAO/
WHO Expert Committee on Food Additives (JECFA),
indicating of little possibility of risk.

Key words: HPLC-ICP-MS, Inorganic arsenic, Rice, Risk
assessment

AHE 7 AL Qlom ofe] T4 nlAg)
S5l FEE 2AA o EAETHAN et al, 2017). Bl 3}
8} (chemical species)<- =LA -7]1] Ax(inorganic arsenic)
o} f7]H] A (organic arsenic)® TRt ofHl, 0| A
Akaled el 7k o2 37} H)4x(arsenic trioxide, As(II))2+ 57}
H|Zx(arsenic pentoxide, As(V))7} SlowH, f7|H|iEE
arsenobetaine (AsB), arsenocholine (AsC), monomethylarsinic
acid (MMA), diemthylarsinic acid(DMA) &°] Sith
Kim 5(2000)° 2Jshd v|AE 33kl Q= stek5e] &
gloll whel As(Ill) > As(V) > MMA > DMA > AsC >
AsB +o& 549 zlo|7} glo] AF Foll TAsh= HlA
o] 545 43| metebr] flaliM= vlA slekEE AP o]
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FolAof ghrhal Biglvh A7 Ax(International Agency
for Research on Cancer, IARC)ol|A= Y|4 W H|4 335
B QA M SATE SRk st dEkEAE F
a3l Bl e9¥ AeE A7IRE AR T2 v5tol #
v H S, g, A ol ARk drd st w
e} A5 5 F71H¥] 4+ Group 1 (carcinogenic to humans)
o] WetEdR tgstel #welstal ITHIARC, 2004). A
A7 1T/ AR A7 A7 €8] (The
Joint FAO/WHO Expert Committee on Food Additives,
JECFA)elX = Ul fleld %5 kel 54 FA%,
FMAE VEeE Y T Al AR S 8HPTWI
Provisional Tolerable Weekly Intake)< 15 ug/kg b.w./
weekZ 1988 el Hl& 54 JFF7HE FH L8
(JECFA, 2010). 121}, 20101 JECFACIME F7]n]49
tekst ogt 2AFE EE AR 77181428 BMDLos
(Benchmark dose lower confidence limit, 3¢ 24715
4 0.5% F7h°] 3.0 ug/kg b.w./day°]il 7]& PTWI 15
ug/kg b.w./week’t BMDLos "H¢Iell EAsk7] misel
71 PTWIE= 9 o) Adab] efvtal siddate] A 363
1, @AM JECFACIA R A= 718]48] PTWIRLS
AAEHA ka1 QIEHJECFA, 2010). 71H] ] ]3] A4
o7 BAo] FL MRS AFTIel Ao wE AR
T2 AE A3 FEFENE 7|18k, el EAsk=
H| A& 912 A4, 8, HIEEHA) 5 Al &
sz vlAe] kel oJsff At & o Itk EE3gh ¥
o} 22 AE APVIRE gERE A7) wiel s
) va g AR HlA kY] AduAlelA
7ddst ool Stk At BarEal QItHMunoz
et al, 2002). H H|49 AHY ABRE 9 ATEHY T

e

o Saka B, AR, At SR S S0 we B
27} AES9ITKs AP} Rz} obAlo} A ofe] FAel

of tigt F71u)4 o7 E2 7 skl A 9 Azt 54|
213149191 8)(CODEX, Codex Alimentarius International
Food Standards)eA A =4o] FITHCODEX, 2012).
olggh ol FOo& Qlste] -2 FWIE FARI Ao QA
of gt Ebto]l FAkE AL thelH o o] FrlH|A 9
A% ZAF Y AZEeE A7 ] aE T gl Aol
L e e R R | B o L KR
Aakg A 9 wu)) o) HlA e ARE Fale] $Eluet

SRle] olgAel A ARRS T PA darEs

o

Mz o U

T AgAgE A9¥ Eds welsl] A4
o A 2] AA 2014d5E 2017974 4
b Axke W 13778 (AE #v] 1374, 9] 7hE 137%)
AbE7l AR A & AAR o] gtk AlEY

i

¥ o rm

A s 5o A (A AA] A2015-
525y & Fastel 4 AlRS diEy HuE fl& &d¥
AAZF Ha 1-3 kg oV HEE A8 Al43] 41 A
4 @Ak

Alef Xt

ATE Sl ARE e Aok Sl Foke Aok
TSlste] AREEISIaL, AR AL WalE flEl REEAE 70%
%K Dong woo Fine-Chem, Korea)} 13l H2AI% 30% ¥}
2+8}2x(Dong woo Fine-Chem, Korea)E AHS-3F3ltt. 2
Yol AH-H THTE Milli-Q ultrapure water purification
system(Millipore Co., Massachusetts, USA)°ll <]3l| 18.2 M
Qrem FFEOE AAE 32 FRTE ARESISITE Adel A
49 FE A= ZgoddA(PE) AES AREsIET),
5% AAtell 24A1F o AAG F 32k FRTE AIHE o
= A Az 3 ARSIl FHA e S8 AAREgE
A8 A EFd N (Merck, Germany) 1,000 mg/LE 5%
A gHow sAsto] 1.0 mg/kg working solutions
ZAIS § F7H g4ste] 1.0, 5.0, 10.0, 25.0, 50.0 ug/kg
o] Y= Ak ZAE TFE9S A8, T8 A
(arsenite$} arsenate®] ) AHS 93 AHH BFEELS
arsenite 379 1,000 mg/L (High-Purity Standards,
USA), arsenate 2<% 1,000 mg/L (High-Purity Standards,
USA)E 217} AREsISitE FH140] 38 W A9: 59 &
o1& $3t ASEFEH(CRM, Certified Reference Materials)
= National Institute of Standards and Technology(NIST)
1568b(Rice Flour, USA)E AH-38IS1, F710]4= NMIJ
7503-a(Rice Flour, Japan)g AHE-3ISITE HlA 31850l
&to] 1,000 mg/L stock solution, A 2M3& 91t E3k+
10 mg/L+= pH 5.6°.% ZA1¥ 5 mM malonic acid (Sigma
Aldrich, USA, 99.0%)E "4 % working solution®.% 3
Asto] AFEEF, v EXAmlt} standard solutiong %
Algto] FAlel ARSI QAR B4 31EE weElE 9
sto] HPLCOll ARE-H ol s/ va glekd 55 A% &
|2 FEIGIA vlA ekt oFo] §la &0l 7t
2 Z& 5 mM malonic acidE AHESFITH

¥
P

o

AlZo| Mz
AETA A7 AN, 9. 4
# F FalEd, 9.1.1 F55 APAR ol Tkl TREE
AFREAZ SGlen, Feaks 3 FH% AAE A8 1A
2 ASSEA(MFDS, 2014), 5 Farste] alls £4s
ARGl sk AlE= A1E7)(FC-2K, Tokyo, Japan) &
o]g3te] ol JAE AAst dv] ElE FASt] 2
ol AHg-kla, dn| AEE thA] AlRHY 500 g o #st
of ANF-ATgoR Wol AREI 9= Au7I(MC-90A,
Tokyo, Japan)& ©]&sto] Buj(12#%, dME 90.4%)
HZ 7hgsto] B AR R ARslgl=t], B A glo]
A BT B ZAS FujoA o] AR JEHT} 1)

P
B
™
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Table 1. Operating condition of microwave instrument

Step Power (Watt) Time” (min) Temp” (C) Hold® (min)
1 1,600 5:00 90 10:00
2 1,600 5:00 150 10:00
3 1,600 5:00 190 30:00

? Ramping time, o Target temperature, 9 Stay time in target temperature

Sampling 1.0 g
S oy - Added with 10 mL of 70% HNO3

Digestion Using Microwave
Cooling Room temperature
Concentration 120 C, 4 hours

= Added with D.W. 20 g

Make up
=

Filtering 0.45 um filter
=

Analysis using ICP-MS

Fig. 1. Flow chart for total arsenic analysis.

& WARE A 7120 R AXYet] ARl Aol AR
¥ dn) @ wie)E AlErd7](Hadde VCMHA4L, Sweden) =
200 g ol FAFN BAE 918 A2z AMEa.
SH|A AlEY U 24

ICP (Inductively Coupled Plasma Spectrometer) &
B A olgR WA ol B2 B &
A3 Slads 7718 olgte] ANt ge A ol§
el 71 eis] Haes Al el =N
Hlojo gttt FHitolli= 33Kdry ash) S elA 4=
T WAk ol 94 S QI t%:l 5o Eﬂ]’é% y_
ghsto] |87 (vessel) 5 ARESI] Al&aHAl AR Eeli7E 7}
5%t microwave system©] = -850 glo], 2 AelA
T 15 3 E S H(US Environment Protection Agency)®
EPA method 3052% #1131 microwave AlE3l7%d=]
(MARS 5 ver 194, CEM, USA)Z Al2Z HasldthU.S.
EPA, 1996). A% 1.0 g= ¥&3] F3te] microwave 3l
£7](vessel)ol il 70% A4t 10 mLE H7bet & 2388
7] heating block FH|(ED 16, LabTech, USA)°| ¥l
85CellM 303t oAwEelE AT ow] Eele Alse] 2}

2HerA 1 mLE 37FE ¥ microwave digestion system

Table 2. ICP-MS Condition for total arsenic analysis

Parameter Operating conditions

RF Power 1,300 W

Plasma gas flow 15.0 L/min
Nebulizer gas flow 0.91 L/min
Auxillary gas flow 1.45 L/min
Lens voltage 6.50 V

He gas flow 3.0 mL/min
Jon monitored As m/z 75

07 587 90C/HA A A7 3 1087 fA18kd AL, oA
533150 C7H] 35 F 1033t A3 v, Ao 5

2H190CHHA 35 A2 F 3083F FAR0] {7182 ¢
%3] l‘i— }OﬂE](Table 1). v‘i—t‘sﬂﬂ- %}?ﬂ*&] o

0C 1 4r ]7} &<k w3l o] 1 mL7
¥, Areel gt 208171 HEs 3%} i
olgsto] 48 tha 045 um AEE o7t 5 A[Y

O.SE AHESISICHFig. 1). A F71RAS T2 A

T_‘_

%7 (Atomic Absorption Spectrophotometer AAS)=

ol

O, o 12 mim

ojgato] A4S g, dadE AP Fde AREs]
witol wAAeeh Hesh Al HEE Mlo}t A
=2 AEAE S E4el tha ofEgo] gt Wang

et al, 1991). An 5(2017)9] F3ox 2% a1 Ql5o] F

:L"ﬂL ol Helsto] W VIVIHEEAL FAlel v
40] 7hssto] A ARbe 714 0% dEAR F A
Fepn 34 7] (Inductively  Coupled  Plasma-Mass
Spectrometer, ICP/MS)E = AHgstal gl 2 A
X% ICP-MS (Agilent 7700, USA)S 2Hg-38lo] FH| A4S
ARetglon, 7174 2242 Table 29} 2t

FIHIA AIRY =2 H 2N

FHT A%, 72, vla, AdlE o 2 1R TR
2] 4](determination of species)ol| 71 wo] &8+ 11
%= HPLC (High Performance Liquid Chromatography)=
sl A ow Eejstar 4E7] A8E she ICP-MSE
ZAgst el HPLCICP-MS (High Performance Liquid
Chromatography coupled with Inductively Coupled
Plasma-Mass Spectrometer)E ©]8-sto] B4 3855

2] #4351 tH(Nearing ef al, 2014). H|A §8H52] &

o Mz
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Table 3. Extraction efficiency by various extract solution

Extract Species As(IT)(%) As(V)(%)
0.28 M nitric acid 110.4+8.6 102.4+6.3
5 mM malonic acid 96.5+5.7 98.5+6.1
1% nitric acid 137.4+6.9 105.5+8.8

Calibration
[estrain]
] stock | i Repeatability

Working sol >
weight

Stock
weight f—’

e
f f

Gl | [

|
weight R
Fill solution -
'T—M ¥ I weisht
e

Calibration

Repeatability Calibration

[Caseurecy Cecouraey ]
> D
>
.
weight
t x t Fil selution | ————————» Calibration [Repeatabitty |
Readabilty Repeatatility weight + t l i
Working sol
Gaa] | [Fevessiy T [ o
iae o] LAccuray Standard_Regression
N 1 welaht Warking sol
s N weight 1 :
Fieadability Fepeatabiity -
— A eallbiation) REPEEERTy Galibration Repeatability
‘ it | [Aceurscy | Standard solution ST G
7

Fig. 2. Fish bone diagram of uncertainty sources in inorganic arsenic analysis.

sk &l AYE F= Y T AR FeEre] wigko] dof
U] gofol 3tEE w|ar FDAS] #41441¢1 0.28 M nitric
acidE FE 8= heating blockelA 7} F%381o(Huang
et al, 2010) °©]5% 10 mM ammonium phosphate, pH
8.259] 1ol E4ek= WH(US FDA Elemental Analysis
Manual:Section 4.11, 2012), =1 2J5FojokEebda] A%
A wAIEe] Q1= ¥Rl 5 mM malonic acid®] %
L) 2 F%3}9] water bath®} sonication ©]-&3to] 714
53 ¥y F2 F FEE0g 2L o)l 5 mM
malonic acid, pH 5.69] 210 %Z #Ask= WH(Choi ef
al, 2016; MFDS, 2017)¥} Kirby 5(2004)2] <+ A%=E
Fasto] vla ghekE Ao Wol AREE ARl 1%
nitric acidg& FE41Z microwaves °]&3l F& &
12 mM ammonium carbonate, 20 mM ammonium
phosphate® ©|57d 7 0% FAEATHKIm et al, 2013;
Rintala ef al, 2014; Chen et al, 2016). 2olA A% 371
A A OE FEEe A Al o] dElste] el
Ao 2 2] nlA glekE AIFRel 7P AE =
S A% 9 7714 20E gElstaat skSitHTable 3).

AlEH A5
#AZ37(Limit of Detection, LOD)$} 4 &3H|(Limit

of Quantitation, LOQ)& 459 XE-Hx}e} 49
71&71el AT Axbeldld, 10 ng/kg EF49S 73]
e SAste] Bagte s A% yE 2dste] oo Aol

W} 29l

LOD = 3.14 X ¢/S
LOQ =10 X ¢/S

(0 : WH&9] AL, S ¢ A=A 7127])

Ay sele Fn)e Y B2 el e 27t
EEge 2ol A

&%= GUM (Guide to the Expression of Uncertainty
in Measurement)(ISO, 1995)3} EURACHEM/CITAC Guide
(EURACHEM, 2012)¢] 271el} Hlzel tfat S48
B ANE ofefe} o] st 47 ez
=g FHseH dA4e EoE 29l
Fig. 20 Yehfgiet. =2tel tigh

A E=FE S AES § el FFEgE U ARE A
s
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Table 4. Food daily intake of each ages

Ages Husked rice intake (g/day) Polished rice intake (g/day)
<2 22 85.5
3-6 32 1179
7-19 3.8 170.5
=20 4.1 187.3
Total 4.0 179.8
Table 5. Average body weight of each ages
Range
Ages
<2 3-6 7-19 =20 Total
Body weight (kg) 12.5 19.5 49.5 63.5 58.5
Al #Sgho] AHRE Afole HHE e 71E7] gt % Ok AR A5 AHRE 47 f6 EAZRIR
EI 50| AHEE n2E ARKIITHKOLAS, 2016). 34 9] SPSS (ver 14.0, SPSS Inc., USA)S ARg-31o] 34} 213%
FEEEE 47 4490 e xFEgEeH, 34 Aol wpet AFAFHFE AHESIS O (Table 4), AHE 1

% H3te] & (law of propagation of uncertainty)
whe ARESklth SR Es 2RI A9 A4249] 91l
3k
H

ST =S = =] =] =% =S
ARETEIEE Wl HFH o 2

2 rlo b EN X

G : Concentration of sample (mg/kg)

C. : Calculation of concentration in sample (mg/kg)
W; : Weight of sample (g)

W : Final weight of sample (g)

REAE s, Arrt Wie| R T el FH]
2 ol oA HEE fHAEE AEE ol&sto] Tkl
(Processing factor)& AFE3ITh

C
PF. = —%—
Chr
P.F. : Processing factor
Cpr @ Concentration of polished rice
Cir @ Concentration of husked rice

stz o
Bl M) W R Slag
Gl AP RPN B FNARIERAY 2

rir
1
N
R}
B~
1o
kil o
=T

Z4{(Korea Centers for Disease Control & Prevention,
20163t} 4% M Hit AT S B3] WAl

woE AAste] Hat AT ARSIt Table 5). 2lo] 4
HE S8 FUMA wEFE =S § JECFACIA AR
g T3+ 45318 (Provisional Tolerable Weekly Intake,
PTWDell tiulate] flaies B7ietich. dA 7104
PTWIE 20109°] 15 ug/kg b.w./week?} H3lH H= &
AN7HA] A= A] ot 1 ATtellA= 7]E PTWIHES AHE-
ste] a7 gsklch gt Fru| a0 =5 HUt
+ A%E4 A2 (determination approach)el whef
gapolom FEE FrnA et ks 483l

Al E(%) =
o A AFE 98 F7H1A 2F P (mg/kg bw./week)
JECFAS] #71H] 4 Q1A =E5]-8-%(mg/kg b.w./week)

=100

FIH|IA AlHY 2E

B Aol F7MA 28 dis Mz seeite] A
lo] FEst] A o e A FHe Alsisith
A& 38kl AAgk pHelld Haks ¥ 545 1ask
3o elE flsl HPLCE #-8-8k9lom, HPLCOl A&
A W4 g8k T2 Fol JHlE AR 5]
< w8 A (anion exchange column)¢! Hamilton PRP-
X100 AE33ith. Huang “5(2010)° ofshd FZ8vj 9
Adgiell lojA il ik & ARSISlE W FEEE0]
90% oPdo® Fuaigivka muEglov, dAke ICP/MS
A Wl EARl ArCle P43l tetramethyl ammonium
hydroxide'} phosphoric acid& ©]8-3 % 4| swelling<
GAstol A3zt 2 B ¢ot FE 8RN A G £
Aol Al2lsteleh Raber 5(2012)9) < Aol o3}
A 7184 2] 42 919 HPLC o]&7d 8ulie] Al
1014 sodium AF-& A8k Al sodium%e] 4] ¥
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Sampling 1.0 g

—J L~ Added with 10 mL of 5 mM malonic acid

Extraction 30 min at 80 T (4 times)
@ 1 min at sonication (4 times)
Cooling Room temperature
Centrifugation 3,000G, 10min
Filtering 0.45 pm filter

Analysis using HPLC-ICP-MS

Fig. 3. Flow chart for arsenic species analysis.

Table 6. HPLC-ICP-MS condition for arsenic species analysis

o] £49) AN 9 FIEE A7l dow 283}
7] WiEol AH-S Al9)8kelal, FE Sl ARl malonic
acid®} ammonium AEY ©]F/dS o]gste] FERAS
AAskgie). Ao FrnA 1%‘?1 S Flste] & A
oAl e 3714 WY BT QATEFEAC digt 35
Al8E AYst 43 5 mM malomc acid & o|&-3t 7}%3 *
3 gEFEHeR A F FE49 FUE 5 mM
malonic acid, pH 5.6] |35 o835 Aldro] 7HF <t
A AEHAE FA(3]5FE 96.5-98.5%)3+3 tH(Table 3,
Fig. 3). i+ 7oA & 7718|248 7]7]hitA 227)(Table 6)
o 740 A2rHE 132 Fig 49 2tk

NEE HE
Fulz 9 7

Ju] 4 shetge] tigh AE 3 AI(Limit of
Detection, LOD) ¢} 7 #$H|(Limit of Quantitation, LOQ)=

Instrument parameters

HPLC

HPLC 1200

As speciation

As(II), As(V)

Column Anion exchange, Hamilton PRP X-100(4.1 X 250 mm, 10 pm)
Mobile phase 5 mM malonic acid
Flow rate 1.0 mL/min
Injection volume 50 uL
ICP/MS Agilent 7700
RF Power 1,300 W
Nebulizer gas flow 091 L/min
Auxillary gas flow 1.45 L/min
Plasma gas flow 15.0 L/min
He gas flow 3.0 mL/min
Lens voltage 6.50 V
Ion monitored As m/z 75

As(IIT): Arsenite, As(V) : Arsenate

Full Time Range EIC(75) : 067CALS.d

x103 Compound Name=As3+
Exp. RT=3.800
Det. RT=3.836
Area=63480
Height=4225

Count

Compound Name=As5+
Exp. RT=8.200
Det. RTE8.114
Area=79544
Height=5183

30

6.0 90

RT(min)

Fig. 4. HPLC-ICP-MS chromatogram for standard (10.0 ug/kg) of inorganic arsenic [As(I): Arsenite, As(V): Arsenate].



Risk analysis of Arsenic in Rice Using by HPLC-ICP-MS

297

Table 7. Limit of detection (LOD) and limit of quantitation (LOQ)

(ug/kg)
Hem Species Total As As(II) As(V)
LOD 0.13 0.73 1.24
LOQ 043 241 4.09
1§ 1.0000 1.0000 0.9993
Table 8. Recovery and coefficient validation of arsenic species
(mg/kg)
\4& Total As As(IT) As(V)
Result/CRM 0.281/0.285" 0.0685/0.071” 0.0128/0.013”
Recovery (%) 98.6+0.7 96.5+5.7 98.5+6.1
C.V. (%) 1.35 2.84 425
9 SRM(NIST 1568b), ¥ CRM(NMIJ 7503-a)
10 ug/kg XFENE 73] W ST Bergho® 28 0.000 4 gof BEE /A glorE RFESLEE 0.000
&} 718715 olfate] AEesitt FhlAa AAAES 1.0, 27h vk Alg QP A AR AR JEoR ol
5.0, 10.0, 25.0, 50.0 pg/kg2l FEolA vl4 gh8kee] A4 AANEEE], 1 g (MR AR TS 158 vk 543t
4 1.0, 5.0, 10.0, 25.0, 50.0 ug/kge] F=elA 138131 W RE 20 g (8 FA)S 158 v 25 @S o) 43}
ij; F:Lfﬁf} N fﬁﬁ) 099 ZL:E fi;jl ;j o RIS 24 Foldlon, A6 LT 00001 g
:;} 0024; SIS Ea e % I.;; . ; o= o o7 Rafzo] 3t FFESE T+ 0.000 0290190tk AlE A
271043 ng/kg, F7IMIE SISITANT Arsenitel(As  opy a0y a gymzRaTE 217H 0000 202, 0.000

(1)) 2.41 ug/kg], Arsenate[(As(V)) 4.09 ug/kg]= vll$-
o AEAIE Hol ABL ARME AE Ve &
Qlakgl o, F7|H]42] &2 arsenite (As(Ill))2} arsenate
(As(V))9] o= AXtsiGitt. Fhla 9 v|4 3okl tfst
g 2 AEA IRIE flste] AFETFEE(NIST 1568b,
USA ; NMIJ 7503-a, Japan)= AR&-8ISitE 2} v]4 3lol%
of gt Hit 35S 96.5-98.6%, C.V.% (Coefficient of
Varidation)= 55 5% u|9to g %453 Yeht AOAC
(AOAC Guidelines, 2002)¢} U.S. FDA?] T34 AlEH
7|%(Patrick et al, 2015)S RH538lo] H]A BAof A5kl
NS gHlslltiTable 8).

P
0
T
Lo
H

=
B~
Fm r‘_ln:
ik

N

off JloiM AT = 9=t
238 71712470 -

(

a?i tlo

L

o -
kit

o ﬂllﬂl [
o>

%
ol
2
i3/
£
o
2
>

o Mr
2o 1
fio =

fel R

o
42

|

B & 1o
MN ol ok to
0 ox 2 9

0

ox M
—~

2
>

<

do o & e
o &
of\ N
E o
oY, =
ol o
Jg oL
oz S
V-
£ 0
B
N
TR
)
1=
N
o
=
e
ot
i
o
>

kel
=] s —
202031, AlEAAE ] gt A EFEEEE 0.000 0189]
Z

S % stock solution¥} working solution?]
sto] AUNEZ SRS AHEsIglon, 77 T AU EEE
Sl 50,0 pg/kge 0.001 530, 25.0 ug/kge 0.000 794,
10.0 pg/kg> 0.000 487, 5.0 ug/kg 0.000 455, 1.0 pg/kg
£ 0.000 841°]3itk 7I71EAE SAE AR=Ale] AAdel
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0.006 82% AHHy, F=IEE =8
oM Axte gholl &I} kS FEle] AESIAEI(ES
A2} k= Welch-Satterthwaite 525 ©]g3lo] 34), 7
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Table 9. Concentration range of arsenic in husked rice and polished rice

Concentration range (mg/kg)

Sample N° - - -
Total Arsenic Inorganic Arsenic
. 0.142+0.061% 0.077+0.038
Husked rice 137 (0.038-0.318)" (N.D.-0.209)
. ) 0.0830.037 0.047+0.020
Polished rice 137 (0.016-0.210) (N.D.-0.107)

N.D.: not detected, 3 N, Number of sample, ® Mean value+SD (standard of deviation), 9 Concentration range (minimum-

maximum)

Husked rice

0.250

0.200 -

0.150 -

0.100 -

Inorganic arsenic (mg/kg)

0.050 -

0.000

y =0.476x + 0.009
R?=0.594

0.000 0.050 0.100 0.150

0.200 0.250 0.300 0.350

Total arsenic (mg/kg)

Fig. 5. Regression and correlation analysis of total arsenic and inorganic arsenic in husked rice.

A I 024%F 7 S B LS B, v)4 A
ZF A oA BT = Q= EEE AP %

A7 2 edlow A8ea 98 2+ At

SH|A &

Ao Fnlh dERE ICP-MSE ©]83le] s,
Hulo] FHA S HF 0.142+0.061 mg/kg, 1L
0.126 mg/kg, =k 0.267 mg/kg, HulakZ 0.318
mg/kg, A 0.038 mg/kgo® ERIFGIT) wEgt W
n]o] FHlA > Hyt 0.083x0.037 mg/kg, AL
0.077 mg/kg, =%k 0.161 mg/kg, a2 0.210
mg/kg, #AatE 0016 mg/kgOE ERI1%S) O™ (Table 9),
ATl AL R4 e vzl dnl R A4 o
21521 ¥ 29EE ¥tk Choi 5201009 2% &
Hl2 g (8 0.05-0.15 mg/kg)d Blws] Hoks u
A o= HlSaAL tha %2 TS SISk, HA
o RYEE thoket FdoA ANE Sl than] AE F
W, FREFel vlste] tha H2 HEe QUEE KT §l
S5 FIEITHKIm ef al, 2009; Kim et al, 2003).

FI|H| & gt
o) F710) 4 ek HPLCICP-MSE ©]83k] #-4]3)
e, @vlel Frmla g2 Wt 0.077+0.038 mg/kg

[As(IIl) 0.074+0.033 mg/kg, As(V) 0.012+0.012 mg/kg], &

N

HE& 0075 mg/kg, =k 0.143 mg/kg, Hulak>
0209 mg/kg, 4> EBHZEN.D)Z IS &3
W) o] B71n) A g it 0.047+0.020 mg/kg[As(II)
0.049+0.028 mg/kg, As(V) 0.007+0.010 mg/kg], 53k
< 0.047 mg/kg, ST 0.076 mg/kg, Hhzk> 0.107
mg/kg, H2e BHEN.D)E 2R1FS)CH(Table 9),
gnl g e o] Rl A 3 HlE Bgh FHAal] SElE
o frAkeE s Bolth thekst wdlelA] AvlEa gl 2
o] F7HA R Sl ALk B g ] FUlH|A
g0l As(ITM) 0.071 mg/kg (0.038-0.112 mg/kg), As(V)
0.006 mg/kg (0.002-0.018 mg/kg)?l 7%} vlws)] = u
A A o2 fARE Y-S BRISHII(Choi ef al, 2016;
Kim et al, 2013), 0|4 &= tin] 7)) 4 ¢ vj& &
$F 53-88%2] WFell Aaa RISkt

EH|A Y 27|H|A S2fnte| AEEM

ZH| A& 8k the] Y7)H A Sk HjEL A EAAnE
o] g-3to] AFESI =, dvls o849 & n]go] FH]
29 54.2%= By, W)= Fy|H|A9 dhek H|go
FH A0 56.6%% BIEALE B Ao Fajwl Ao F
0|4 Sy F7H4 85 Alololle =2 2% Aded[d
u] AAAG(150.77), Bo] AIA G (0.67)]10] o= Elst

a1, 7hsk BAA R PRk 2 ¢ F0) A RS o] 85t
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Husked rice

0.250

0.200

0.150

0.100

Inorganic arsenic (mg/kg)

0.050 -|

0.000

y =0.476x + 0.009

0.000 0.050 0.100 0.150

0.200 0.250 0.300 0.350

Total arsenic (mg/kg)

Fig. 6. Regression and correlation analysis of total arsenic and inorganic arsenic in polished rice.

Husked rice

i-As Husked rice
(0.077 mg/kg)

PF 0.61

—

Polished rice

Processing factor
(PF)
—

i-As Polished rice
(0.047 mg/kg)

Fig. 7. Processing factor of husked rice and polished rice in inorganic arsenic.
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olf gt EAlS olgste] &9 kel wE FMlA TH
A5 (Processing factor)] A& AlZ=sIiEH], dnl 7]
Hl2 S 10022 Hoks o ZhyEojdl W] Frn|x
gl 612 AltEe] 7MeAlTE 0615 AFESISItHFg. 7).
o] 7k ATE BEshd EHA dAnje] Frlu 4 o s
& o] R A dRke A ¢ ole JloR At

A MEE ISt RIH[A fsHE "It

B Al ZATE & 2747 137, W] 137)9] A
gofl djste] SN ALGLERAE AR (2016)F V2R FEY
g} Aulso] dAFAQl AojadF oA As AAT BT
© AEE ERIsGitE F7Hx flElE 3
7184 et shgol] A Ao] A H
5oz AFEsIGith AR dn] AHE

g1 DRIAIFT Bt mES 240 olst ok 1EollA
136107 ug/kg b.w./day (PTWI thH] 0.63%)= 7P
S F S B9 364 I1F 1.26x107 ug/kg
b.w./day, 7-1941 1% 5.91<10° pg/kg b.w./day, 204
ol4} 18F°] 497x10° ug/kg bw./day (PTWI thH]
0.23%)¢] =02 YA Yepst) o]gl 2Fo] 24] ofst Yot
TollA A wEFe] TP A vt ol B
Al vlsto] 2ol A7) #7] mEl Aow Aekdrk
n] AHE Qe 1Y dAFE Bt wEFY

w3 AR 9
& 24 oJal Yot 1FolA 3.21x107 ug/kg b.w./day

(PTWI thH] 15%), 3-641 L& 2.84x10" ug/kg b.w./
day, 7-1941 715 1.62<10" ug/kg b.w./day, 204 o]
15 1.39<10" ug/kg b.w./day (PTWI thH] 6.47%) =
o= grhEo], Seutet FNIES] LA A elA w]
AAR Q3 F7H|2) QA wEeE W 98 Ak $
& o] opfd Zlo7 FelEQ]tHTable 10).
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Table 10. Daily mean dietary exposure and risk of inorganic arsenic
Sample Inorganic As content Ages Inorganic As exposure % PTWI”
(mg/kg) ug/day ug/kg b.w./day
<2 1.69<10™ 1.36x107 0.63
3-6 24610 1.26x107 0.59
Husked rice 0.077 7-19 2.93x10 5.91x107 0.28
>20 31610 497x10° 0.23
Total 3.08x10" 526107 0.25
<2 4.02100 3.21x10" 15.00
3-6 5.54>100 2.84x10" 13.26
Polished rice 0.047 7-19 8.01<100 1.62X10™ 7.55
>20 8.80<100 1.39x10™" 6.47
Total 8.45x100 1.44x10" 6.74

® PTWI (Provisional Tolerable Weekly Intake): 15 ug/kg b.w./week

(&n] A 137, W) 7k 137)S Aabslelld A5 2%
ANEE SEIgich FHlA B4 AR AR Faks
F7¥st th microwave digestion system< 2-8-3t] A
Aelet § ICP-MSE olg3ste] A% F4aelth F7Inl &
spelEe w9 AES flsto] IAlA R Wol 81
%= HPLCE o83t Rla 5 AuAow s, 4
Z7] 9&& ok ICP-MSE AFst el HPLC-ICP-MS
£ olgsto] v Felgs Helsta ARt FE £
A7 gl A B9S $15ke] 0.28 M nitric acid, 5 mM
malonic acid, 723 1% nitric acidE ©] &3 3714 F=
W FE 28 Y kA Sol M dsd 5 mM
malonic acidE ©]&3F FEH(FUS 2 O0E ZAgE o]
s AT AFHoRE Agsigith. AEY Aes sk
N7NAESA, A, A4 9 348 5 BF AOAC
oA ARsh= 7 WSkl FHjA Y A
7} Aol gt AFAJS F13IIT) vl B4 glojAM Al
5 AXYFE 7R BT ol theket 24

b QAES I S Fato] A A,
Q]lo] AA oA AASHE HlE2 AP
TA7F 88.67%%E 7HE wka, EFEY Az
11.09%, A& Axz2] g 0.24%= 7P $h 1]
wojok dnlo] Fhja 2 1t 0.142+0.061 mg/kg, -
718) % 2 1t 0.077+0.038 mg/kg, v 2] FH| 4 de
& 7t 0.083+0.037 mg/kg, F7IM4 TS Het 0.047+
0.020 mg/kgO = AFEG T, FH|A H=F oju] F7]u|A
Shak B8-S 53-88%(F1| 1t 54.2%, M| Ht 56.6%) H
Aol s Ak Fevet aEe G4l Ao
AR F71HA S8 ARE Frkeieled, 5 @
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TEORE ] W Zlow FriE gy, Al e A3
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