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Inorganic As Concentration in Rice Grown Around the Abandoned Mining
Areas and its Health Risk Assessment
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The current study was carried out to investigate total and inorganic arsenic (As) concentrations in 112 rice
samples (husked rice and polished rice) grown around the abandoned mining areas and to estimate the
potential health risk through dietary intake of rice in Korea. Mean concentrations of total As in husked rice and
polished rice were 0.23 and 0.13 mg kg'l, respectively. Also, average inorganic As concentrations in husked
rice and polished rice were 0.09 and 0.05 mg kg'l, respectively. These levels are lower than the standard
guideline value (0.2 mg kg'l) for inorganic As in polished rice recommended by Korea Ministry of Food and
Drug Safety and Codex. For health risk assessment, the average values of cancer risk probability was 5.7 x107
which was less than the acceptable cancer risk of 10°~10™ for regulatory purpose. Also, hazard quotient values
were lower than 1.0. Therefore, these results demonstrated that human exposure to inorganic As through
dietary intake of rice collected from abandoned mining areas might not cause adverse health effects.
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Inorganic arsenic (As) concentrations in 112 rice samples collected from abandoned mining areas.
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Introduction

< u]E 4= Qlth (Razo et al., 2004; Liu et al,
al,, 2010), HFAblA WAYsl= TRt R AEE 5 A
(As)i= QIAJof| vl =3t EekEd R 2 Foll f71H|4a
of FrH|a gEj= EA k=T, F71FE7F F7 1 Rt
t 54& He o= A Aok (Smith et al., 1998). ©]
of wet HAAEFA U] (Codex Alimentarius) ol A=
20141 Wu] B/ I 71EE 0.2 mg kg 27 A
QAL F (2016 99) AlELfoFEPAA oA U wim]
o F7] As 7|52 Codex®} FYU oA gt P ofaL
[Tt o] &jolle nl=k EPAE F7] Asof] thsf 2ekeial
PP 1A} (Slope factor) @} Q9IS o

4 2|%F (Oral reference dose value)2 47 5}o]
Ak 7] As7h Aol v Slshae Bkt

At} (US EPA, 2016), S-2juetollA e thefst 45 &
f ik A F ol T2 v4 eiAdS B7HE=H (Lee and
Chon, 2005; Lee et al,, 2011; Kim et al,, 2015; Lim et al,,
2015), gt o= 371 A #Hlg< FAE 1 (2 km o|W) 73
Aol A WE AHFIste] leldS B7IRE At o5 A HA
Aufet AS XA 0= A5 Al EeelsiEEe] M S 1
i o]AF (3X10 °=7x10%) & =A YEPdT} (Lee et al.,
2007), SHAINE AP AE A i Qs B7tol| Lok
1] 5 77 As T thAl F As e I E Ao o]-&
SHA, & As FFF tiB] 7] As TS AISSte] flsi e
Vol A7 EUT webA & At FEAE QI
Aol A Aufgt 2] Fr|v| 4 e BAskL, o] & 7|HEe.
2 A4 A F o o flsidE Brkste] FrlnlarsE ok
o B AR fItt Bk A AAmE Algskalt gt

ol
2L
¥

1o
ol "l‘j
xR

T

i
Ml
EO

(ST < e A
oY, —
o 1o
My o
I l‘j

{1

ol

Materials and Methods

A=y 227) #HlFAR Q1 AR olA 1127 W A2E A
Shlal, S - FAE Xl dn] Al=ef 7 =R W)
A2E AZF7H A4 (Ministry of Food and Drug Safety,
2016)f| whe} F- As BFgat 7] As e 2481 F As
AT ARE 5 B 5 0.5 g5 ALY EVHEIERR
ofgdl 87]of 271 Z, 70% HNO; 8 mLe} Hy0, 1 mLZ 22+ 5=
13} microwave digestion system (ETHOS, Milestone, Italy)
& o] g3l Halgt 30,45 im oA 2 ofT}slo] o TfohS &
E=ASERu) ZEFELX 7] (ICP-MS, Agilent Technologies,
7500a) 2 AT, 77| Ase= 2 AlE 1 g 50 mL

conical tube®]] @1l 5 mM malonic acid (pH 5.6) 10 mLE 9
2 5 51t T3] S50 EFBEIT). o] % 85°C water bath
oA 3087} 713t

Inchon, Korea)& ©|-§sto] 127t 233 3525 I3l &

A3 719G B 235 55 B & 38 ANT F A

sonicator (Hanil Science Industrial,

u} 22530k o0& 4°C ofsh WAaro A 247t F4t W]
T 30007ge] FRISER uReelol AR B
0,45 /m oJTA| 2 ouksto] ol TS oY) = mohE
125 (HPLC, Agilent Technologies, 1260series)?} #Z%
FHICP-MS= BA5}9Ir, 9t o] AT wo)e] £7] As
T A7 wise 4 (an]) A7lol B AL )
at9=dl, H7PHE- Eq. 19]] whet dUH =& (Average
daily dose, ADD)& AHES1IL o] o] §3}e] Bq. 29} 87} 2
o] Bl &|ZHE (Cancer risk probability, CR)Z} B9
3| X]4> (Hazard quotient, HQS Z+Z} H7}5}3th (Kim et
al,, 2015),

) CX IRX EF X< ED

ADD (mg/kg/day BN AT

(Eq. D

C (Concentration of inorganic arsenic) = ¥Wu| = F7|
H 2> 3FF (mg/ke)

IR (Intake rate) = B 43 (kg/day, 0.168)

EF (Exposure frequency) = '=Z&¥% %= (day/year, 350)

ED (Exposure duration) = =277} (years, 30)

BW (Body weight) = A= (kg, 72.3)

AT (Averaging time) = B (days, 28,831)

CR =1—exp(ADD x—SF) (Eq. 2)

g

D = YUHHF=E5F (ng/kg/day)
SF (Slope factor) = WA (mg/kg/day, 1.5)

_ ADD

HQ= RfD

(Eq. 3)

g

D = YUPH=ETF (ng/kg/day)
RfD (Oral reference dose value)
= 21 #F (mg/kg/day, 0.0003)

LB =EF AP Al 2ot ¥ e A% =7t
EA3LE (Statistics Korea, 2016)0] AJA|= 191 14T oF=+
Amjer AHRE o] §519, wEVES wBYIHS BPA 4
75 2851901 (USEPA, 1997), HAlE U B2
KOSISof| AJAIE Al (19-65A) HAF Bt AlF 2 20161
7| @A 718 AR E o]-8-sto] A5l (Statistics
Korea, 2016), Uer9lsiehs 4Hgol Eagh IeAi= (SF)



586 Inorganic As Concentration in Rice Grown Around the Abandoned Mining Areas and its Health Risk Assessment

3} HIFSIsN A4 Aol M At Fa4FeF (RD)S EPA
A7E Q18319 (US EPA, 2016),

Results and Discussion

A= 227 HPFAR 1ol A AHFHEE 1127) dn] A 5o} vl
0] A|29] & As Bt kS 2471 0.23 mg ke (0.08-0,60
mg kg "), 0.13 mg kg ' (0.04-0,34 mg kg ) 0.2 VFERFTL,
7] AsQ] Bt ek 77 0,09 mg kg (0.02-0,31 mg
kg ), 0.05 mg kg ' (0,01-0,11 mg kg ) .2 L}e}S}T} (Fig.
1), Aiol|A & = Qlzo] An] Al 7o) F As T F7] As
S wiu] AR = UEle, ol dvle A
(bran layer)of] thee] v]A7}F 2= o] 917] w0t} (Meharg
et al,, 2008), &4t Wn| o] F w4 3k F Fr|v| 4
2 0] 8-2 W 36%= RAFE|QIT} Paik et al, (2010)2 -
L} g4 QltollA| XHHHUP Hiu] A5 11740 sl &
gt £7] As TeRs B4, F As 52 0.01-0,15
mg kg~ ,T71As?}§} 2. 0,01 OOGmgkglgib}E]—
o, 2 84 ek 2 2784 3k ul8-2 Wt 57% (35-73%)
25 L Aulhct =2 Pyzke Ukt £351 u2et)

Inorganic As concentration in polished rice (mg kg'l)
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AlolA] ZulRE dm] o] F As St F7] As FFO] Hl&2
100% & YEY 7] %= 9t} (Ohno et al,, 2007), SFA|RF n]=+
oll A Aulgt Wim] 2] 7] As FeF2 0,02-0,11 mg kg ' O&
(Williams et al., 2005) & HLo|A] ZARSH wiu]9] F17] As
SrFa} vtk Shks e O 3 As 9 tfE] §7] As
S Bt 27% (10-39%) 2 & A AR F2 =23
LERTE, o] e} o] Aujetgof whet 5 As T F F7] As
A U2 OHE AE HO|HE F As FEto R g
gk H]4s Qe Bt ol A o' st whaka] B4
S dee] Brlstr] flalia= 771 As T 4] &
HhE|ojof gty

diu] o] F7] v]4s FHkS vpg o8 YU eEwF (Average
daily dose)2 AlAFSE & v] A "okl g 212} (Slope factor:
1.5)E o]&sl & AFel w2 UeteeliehE (Cancer risk
probability)& T3l Ht 0] 1071 5.7 (5.7<10°)
& A 1.6X10°-1,0X10 ‘2] MLS YERAIL (Table 1),
ol EPAIA AIAF 389 1.0X10 °-1.0X10 & W=
3T (US EPA, 2001), H]¥$]s)A|4> (Hazard quotient)
W7t Ao A= A7 B7HAG7 25 1,0 ofstE e}

U, At o A A= QIR v wekels) 7l g2 il
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Fig. 1. Total and inorganic arsenic concentrations in polished and husked rice samples.
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Table 1. Cancer risk probability and hazard quotient of As in
collected polished rice samples.

Cancer risk Hazard
probability quotient
Average 5.7x10° 0.13
Max. 1.0x10™ 0.32
Min. 1.6x10° 0.03
gsz;aaiz:amer sk 0x10%1.0x10"
* US EPA, 2001.
W2 210 & UERITE (Table 1), B F4| 0 & sh=th&
etol A= & Atel 22 A AdF e ok F7] As Q1A ¢
ad-S BH7FsF=T, L 2 Li et al, (2011)-2 S=ollA] A8

AHE FARE L] F7] As S Tl|o|BE S ste] <IA| 918l
3o sk Al wrelejs|alEo] Aol 713 14 g1 o
AFo 2 JEPF T, S5hAES B9 5] As AR 2 60%=

o] 2J3t A © & vyelytth E3F Q1= A|HlZ (West Bengal)

Oﬂfﬂ% R} (cooked rice) W H|4x A F ol oJsf} Q1 18t

Z7.6%g0] et Ql8l) 71s/do] Y= A& UERAL (Mondal

and Polya, 2008), WZetr| Aol A= & A5 ol &g wetel

fjEEo] ol 1wty o 9el Ao & e} (Meharg et
al., 2009) & U} B%E EPA 34 7|2 (1.0X10 °—1.0X107%

Hop =2 2ok 98l 7hs S BT olep 2 AvE &

o} -2juet - gat = 7 Aol 4] Al AYAHE wiu] F 5

7] Asi= 38715 WSS gt opy 2} ThE yrato]] Blsf Q1

A fshde] Roru= olF WulE A7XF AHFstHete

7] Asof| 2Jgt QIA| =/do] Uehd 7He/d2 B2 Ao & etk

Hr},

Conclusions

A=t 2271 #HgAE Q1o A AHulgt 11271 Wu] A|lmof 5
7] As 8FF2 0.01-0,11 mg kg 'O 2 HE ©97]|E (0.2 mg
kg )HETF Sokon wWu|o] Brju|i gaFo] qlAjof mlx]e=
Aald-2 wujgk Ao g2 yebgtt sERITE HoF 5 A oA
el B (@u)of] thsiA= AE52 Q1 Frl8]a e 2
HEES 35l A 218l 7Hs/d= Al A sliof & Aol
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