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This study has focused on investigation of correlation for As and heavy metals in paddy soil and rice crops sam-
pled in the vicinity of the abandoned Munmyung Au-Ag mine. Soil samples extracted by various methods includ-
ing aqua regia, 1 M MgCl,, 0.01 M CaCl, and 0.05 M EDTA were analyzed for As and heavy metals (Cd, Cu, Pb
and Zn). Rice grain samples grown on the soils were also analyzed for the same elements to evaluate the relation-
ships between soils and rice crops. According to soil extraction methods, As and heavy metal contents in the soils
were decreased in the order of aqua regia > 0.01 M CaCl, > 1 M MgCl, > 0.05M EDTA. In addition to correla-
tion analysis, statistically significant correlation with the four extraction methods (p<0.01) were found in the soil
and rice samples. As calculation of biological accumulation coefficients (BACs) of the rice crops for As and heavy
metals, the BACs for Cd, Zn and Cu were relatively higher than those for As and Pb. This study also carried out a
stepwise multiple linear regression analysis to identify the dominant factors influencing metal extraction rates of the
paddy soils. Furthermore, daily intakes of As and heavy metals from regularly consumed the rice grain (287 g/day)
grown on the contaminated soils by the mining activities were estimated, and found that Cd and As intakes from
the rice reached up to 73.7% and 51.8% for maximum allowance levels of trace elements suggested by WHO,
respectively. Therefore, long-term consumption of the rice poses potential health problems to residents around the
mine, although no adverse health effects have yet been observed.
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=2 JFFS BoYh 28E2 dA7R 2dERE GUAT FAFH AFAE] A GoA Aujw &g A7
AAE A9 As B TS 550 e A7) GFee] dE F dorn=E HHg Hyrt adn).
Fo0] @ sk FEH, $AA EY, AEM), 19 H4FF, As ¥ FEE
1. M = E35] BEYs} 259 w2 EY Uol E 249
A B 3 % (bioavailability)oll €3] A7 =™ (Ehlken
EYe 555 092 e X3S e, and Kirchner, 2002), 7Fgtelar ARgo] &o]3k thaksl
sps|s B wof, AgE, skeseiR|e e T FEUH Tol AEREE Hrhl A AMgEY. 8
Zo] FHG EAES FY T ARge AR A RE o] 9 Ahe] T nE Fxd 7T
5o AFEA 4 Q7 A AAIH R FHA Lt T BEY) AEe] ASAAE skt tha oy
A7HeE EA17F E2AthRamadan and Al-Ashkar, 2007; = Utk =8 ¥ PHS 59 gt sk ©
Kuo et al, 2006). 53] Fe, Zn, Mn ¥ Cu¢} 72 = Ao tgEy Bgelr] wjEel] el Hrtels
IR AAEL W2 FxoA IFUa v Cd, & HoR dHA AR AEREEE Bl
Cr, Pb ¥ Ase SAHALEAN AHAE B3l 2E, & Aol gAIHe] Ith(Chen et al, 1996).
E 2 7 =2 JFE AVE 4 AKCosta, QoM e B A5 Ay A8 fEl o
ot BEAE Bl S5 SHEYSENE AER

2000). ©]of we} &=3Rt ol FUdM = FAH
ol ogk o] A7go] HEwA =7t F=
2 Sl F - dEE530 gig A 2 gdzae)
tio] EY, 7494, Avle} 5 ohdst 48 8%
E 332 A Ko et al,
| & - T3
3, F71E B FA T
78A EFO] 80% o1de] As e FEEOE
Ao 7 ZAMEJATHKMOE, 2005; 2007;
A 09E TR B FEEC dgS
v|#] o]& g FRIe Aol A7e EAE A
A2 4 JAthJung and Jung, 2006).
s, FfjellA] Arkele AERER IRV 7
HS-2 251, B1E 1919 & Aol 744
A AR, o8] F21Q1 Aol w|Fe] Fo
=R} Atk 7] A7l XA e %
g Uk olell wEt Fuje] 739 Aol it

Q7 A7 dF FREJ S (Jung, 2003; Lee
et al, 2008), JxFo 2 CdY v= AYoke] &
& Z(Zeng et al, 2008; Qian et al, 2010)2] 73
S vl 005 pgg, SEE IAOIME 04 pgg,
ZpHo)7FJohann et al, 2012y 0.08 pglg 5 ##
A77F TR AT

b, B S53S A-sks 7P 8% 2
A BEYUe] S48l ATHAlloway et al, 1990),
ESA 7N AodAE BEY W 252 EAgert

O

= o e

~

_l

¢ £33k Qolojtk(Filgueiras et al, 2002). F734]
EYe] AS BEY B4, 359 3 9 AE £,

o

Els 3 =
o o] 7Fs7d W7Ee FsIdith gl E A%

TFH B} A& a5 did 4] At
gFstA M3 E 2™ (Jung and Thornton, 1997;
Lee et al, 2000; Jung, 2008; Kwon et al, 2013a),
o] TiFst vt E B A& §714 A
THE S DAEEHS B8] ATE TN
TH(Tessier et al, 1979; Van Ranst et al, 1999; Rauret
et al, 1999; Feng et al, 2005; Zeng et al, 2011).

wEhA] o] AfME EH 234 FH FEA
B AE] /714 #A 7S 3 9 8EA4
¢l 1M MgCly(Tessier et al, 1979), 0.01M CaCl,
(Van Ranst et al, 1999) = F7]&A¢l EDTA
(Quevauviller et al, 1997) SO02 EYZ F=3}9]
Eg A8 JHaAIE g o2 Fysiaa) o)
Art. L3t EY &= Fa3 QAE Rl fls)
EZ Q) EYEAC] pH, Yo]X5-83(CEC, cation
exchange capacity: meq/100g), 71&2-8=HOM, orgainc
matter: %)% E¢e] TS WFE vl
S Tt w3 92 Fule] o8 AwH|skal

|

Sl Aol T TRALE 2AT 19 B s
Hlgel] 2A% HgALe) AAPAEES AT,
2. MEYH

21, ATHARIA XY B HE
A% QET AFH 93k BN I, &
Bgom @ PO As Jh=E, okdel 9o &



ol S 08, BAE FE SAAL A
Slck. o] FalelE Ao FER 7179 I3 Tl
7h e AR A5 glo] WF e Al A &
Aoz 9AEZ] 8975 & Aoz HukE)
g BASPALE G =5A} o) olA T o]
9 7R 7 edde] A7k Zlo s AR,

Bx
E"b‘] 9] 74 FA FAACRT, HA B AE
 B)rE 71deR s 2 km ovfellA W
3 HEO~15 cm)E o =E E
FLATAAE7IE w2t 100 AE Ao,
TS A-AA 641, 84@Ah) B 1083 T
% 33] AFsch WEEE EFANE AF 9

2)e} g AA FFA7lel BEo] 108 13
A8
EYr g 74 -100 meshZ AFS AZXASE 30¢g

% 24 al:x%_& xH = /\]64,4-0]] Lﬂo] 12\\1—(70 mL);L]_
A2H21 mL)yg ¥ Heating Blockold 70°CS &
ABPHA] oF 1A7E 5t §&8 89 (Ure, 199552 9
AE 33 wA (Varian AA240, 37) ©1-8-31 Cd,
Cu, Pb ¥ Zng 43150 As‘; =771 ISO/DIS
202809] PO on|SHlS 3 & BlsrAAIAgA]
(hydride generation)= ©]&3te] HISAIZ] & Yx&
G A (Varian AA240, 35)5 E-8-3le] 43}
Ak @RS SRR 33| o) AHE & 4
24 79 ol AR AR T, ZHRIEIAGOE
AR AEg GA7IE o83t vl et 14
0% ANFE 1.0gS AFHo= A T, fEjdel] A
£ R8sl 3] 4 10 mLE Wi ¢d Axd
) 744 Heating BlockelX] 7183t & <=2 thA] 3
W AHE st F/TE A HASET 20 mLE A
g AEE AR EAR A ST

TS o] AFolMe EYl EAlsk= As ¥ F5E
o] EAYEH HwE &l thds FF WS H8st
Sk AWAZ 1M MgCly(Tessier et al, 1979)2]
739 71& AF7A37 A45Z fraction 1(exchangeable)
7} fraction 2(bound to carbonates)el] 3NFEHE F&=

wE As ¥ FEde] Egs) wigus) Au W 339

7} AETA olgAlo] B Zlog RIEY] ufEd
(Li et al, 2007; Hong et al, 2009) °©15 283}

th &, Al°F 9521g°l F/ 800mL H7F ¥
NH,OH X+ Acetic Acid2 pH 72 243 ¥ 557
2 A9 1,000 mLE A|xg A8 o] g3l EY
8 =182 WZF B I F HAR

0.01M CaClz-J 39 Ak 11gol S/ 800 mL

747} < NH, OH X% Acetic Acid2 pH 72 %H
3 F FHFFE 1,000 mL AxE T EY 49
1 : 52 2717+ 59t "SI Novozamsky et al,
1993; Van Ranst er al, 1999). vfR|go g2 &S
7Fs7d Tetell 7P Bol ARgEE /7184191 0.05 M
EDTAE E%Y 10g°] EDTAEY 50 mLg 718k &
Wz R8s & EAAEE AM-SIATHQuevauviller
et al, 1997). &% 2E A]gt AT EE A
Z 3835l As ¥ EFEE BAE9Th

3. &

H

3.1. Egko| E2|stEty £YM
AFPIA S AR EQC] pH, Folex|ehge W
7153 24 A3= Table 19 A3k

7] & HEH o F&| AefEsd Fa% o
stS dlth(Muhlbachova et al, 2005; Zhao et al,
2010). & Aso] 7% Alglgole JHZ EAslEE
0 557 9 pHt 555 2 &858 1
et EC’&A]E«] pHE =793 43 536~6.41C3
6.D)F W2 3 Ho] HH R FH5e] fFol 4
$ 340 Eoglon, 201239 % $RH E=A o]
EEYEEE 6.4)0 vl thd w2 AFE Holil
THKMOE, 2013). X3t Jung(2001)°] A3+ F7A]
E¢3 fAFSE pHES UERIIS™, Jung et al
(2002)2] FAF A8t Bt vwst A3} ol A

Table 1. Chemical properties of soil samples from the
Munmyung mine

N=30 pH  CEC (meq/100g) OM (%)
range 536641 8.89-23.0 1.56~3.50
meantstd®  6.10£0.22 14.7+3.48 2.37+0.47

N =number of samples
CEC = cation exchange capacity (meq/100 g)
OM = organic matter content

= arithmetic mean+standard deviation



340 BAAE - 1)

]oﬂ o] pH7]' /\]-T;HZ—} =o 7S

EOko] CEC= ZJEO] AN EH, 7 2k
T Fe, Al 2 Mn AH8h2o] =iA) o|E3in], 2
2 CECT 52 EddAMe B2 4o 550 EA4
std= fal= glo]l FA1=3L Avh(Adriano, 2001).
E3] HES] TRl ulgt wdksgo] x|}t v,
ol ARAA ] Fejol wE HEHA | =7, &4
st gt Wre] H3FF wiwo|h. AFAFe gk
CEC ¥ #H, meq/100 g9)= 8.89~23.0(14.7)% =
AEReH, Jung ef al(2002)°] A3 WARR] E
9k(11.4 meg/100 @ETH= AfF oz =& zkS e
Wdth. o= sJ&s G, ] 5o Qs B
4 #a] wol A7AYGe] CEC/F Atdez =4
YUehd Aoz AdE) 71887 (organic matter)
2 BN ol FHO FEE5S FXsk=tl

ol 7 ik,

s

ﬁlﬂ
oU-?L'

2]

2 ot g
oy

|

Eoun

F83 719 E s, 3 fr1Ede °c} gl A
71 SES FFsta, ZHolE 9 A& F
& fFaEEE F7PI7IE 9% iﬁ‘r(McCauley et al,

O
2009). 718l 3t S=PHA A, %)= 1.56~
3502.37)2] 7S Holw, Jung et al(2002)°] A|A|EH
A Bl vjgl] tha v e Holw i)

32 EYo| S35 &
B Uitk As 2 TEE TEFS mels] 4
3 et dUEESAE o83t YAEY

g - A

ZALSFTH(Table 2). r= E3figh Bl A4 3
W@, mgkge As 16.56~704.0(165.1), Cd
E1%~4212(1.167), Cu 14.00~32.92(22.47), Pb
54.61~464.9(163.2) 2 Zn 95.55~670.3(304.6)°] 7
%Qgig_tq’ 7_|L 0_]/\1:1:1 _%];Hﬁ—]-a}:—@ i]_o ‘8]— 73;,]- AS
Pb ¥ ZnolX EYOE7IES A3t Fui9l9]

A Hadgsd HbmsH A}, Ase 3080 78
=, Pb2 H7PEE tha Xole= ot oF 8, Zne
5H A& =2 g Holw, ol il o3 A

¥ odEHe] T FAAY JFE FIL USS A
Abll 5 Zolti(Table 3). 1M MgCLE 8%3 E

¥l MAEHTTE, mgkg= As 0.004~0.090(0.036)
Cd 0.140~0.564(0.324), Cu 0.008~0.152(0.071), Pb
0.72~2.56(1.46) 2 Zn 0.792~33.84(7.22)2 e}t
om, 0.01M CaClel @A E, mgke= As
0.003~0.036(0.016), Cd 0.025~0.250(0.096), Cu 0.005
~0.045(0.023), Pb 7% ~0.15(0.04) ¥ Zn 0.060~
6.580(1.526)2 2 AZ=tt. 0.06 M EDTAZ &=3F
Ege &% #9E T, mgkg= As 0314~
9.053(2.761), Cd 0.275~1.325(0.645), Cu 1.250~6.850
(3458), Pb 11.5~59.5(25.93) Z Zn 2417~97.67
(19.87)°] HEH AT

33. H(Ho))EEo S5 B
H )] gk As B S oS APl

Table 2. Mean and range As and heavy metal concentrations in soils extracted by various methods from the Munmyung mine

(unit in mg/kg)
N=30 As Cd Cu Pb 7Zn

Aqua range 16.56~704.0 N.D~4.212 14.00~32.92 54.61~464.9 95.55~670.3
regia meanzstd® 165.1£175.5 1.167+0.953 22.47+4.375 163.2+103.2 304.6+159.3

1M range 0.004~0.090 0.140~0.564 0.008~0.152 0.720~2.560 0.792~33.84
MgCl, mean-std? 0.036+0.020 0.324+0.108 0.071+0.038 1.461+0.452 7.227+6.853
0.01 M range 0.003~0.036 0.025~0.250 0.005~0.045 N.D.~0.150 0.060~6.580
CaCl, meanzstd? 0.016+0.008 0.096=0.060 0.023+0.012 0.040+0.038 1.526+1.927
0.05M range 0.314~9.053 0.275~1.325 1.250~6.850 11.50~59.50 2.417-97.67
EDTA mean+std? 2.761+2.227 0.645+0.251 3.458+1.414 25.93+12.39 19.87+22.83

N =Number of samples
N.D. =Not determined
= arithmetic mean=standard deviation

Table 3. Background levels of As and heavy metals in soils from various countries

Arithmetic mean (mg/kg)

Country e Cd Ca b 7 References
China 5.60 - 6.10 15.7 343 Su and Yang (2008)
Korea 5.30 1.15 16.7 22.0 62.5 KMOE (2013)
Spain - 0.32 20.3 19.7 72.2 Pedro et al. (2011)
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Table 4. Range and mean concentrations of As and heavy metals in rice grain sampled from the Munmyung mine (mg/kg,

dry weight)
N=10 As Cd Cu Pb Zn
range 0.124~0.442 0.020~0.800 2.720~9.280 0.02~1.29 14.51~32.95
mean#std? 0.217+0.090 0.180~0.228 4.936+2.0 0.66~0.42 19.78+5.59

N =Number of samples
= arithmetic mean=standard deviation

Table 5. Arsenic and heavy metals in rice from various countries (mg/kg, dry weight)

arithmetic mean

Country " Cd Cu b 7 Survey range Reference
China 0.93 - 7.46 0.8 432 Contamination field Liu et al. (2005)
Jamaican 0.2 0.08 1.65 - 15.6 Market Johann et al. (2012)
Korea 0.13 0.04 1.96 0.36 16.6 Household, Market Jung (2003)
Philippines - 0.02 - 0.01 - Household Zhang et al. (1998)

This study 0.22 0.18 4.94 0.66 19.8 Contamination field -

Table 49 AAISIRLH, thE =7t ATd3+=
Table 59 AAEIATE WwA g 94 o WA
#3 mgke)= As 0.124~0.442(0.217), Cd 0.02~
0.80(0.18), Cu 2.72~9.28 (4.94), Pb 0.02~1.29(0.66)
2 Zn 14.51~32.95(19.78)°] AZEAT}. o] ATFolA
ZAE Aso] 79 022 mgkge] TS Holw Qo
™, o] Johann et al(2012)°] A} W= FheFo]
AEERoH, Jung(2003)°] AFE =l Al gk
HoR= o 52 5528 YepiQlth Cde e A
Al vle] =L RS K] Fako] o3k o] 9l
= ZAo=Z dwdEY, Cuel A% Liu et al(2005)7}
ATe PHEThE B RS JER 9lom, wlo]
U 7FgellA AT A NERTRE 5 FES Ho
I ok AFA Y A7 Pb S HF 0.66 mgkg
2 128X (Jung, 2003014 NFHT ANEE, 71E)
9] 0.36 mgkgel #BETF E& S Wolw gt
mRete 2 7ne] ¢ ¥ oY l°ﬂ°ﬂA1 A F e *1 g}
oyl AFAYGe] =T} vl e
Liu et al(2005) #HETh= W2 T3S el E}. %j
WMo R 0¥l XA AF g Alsrt wiElely 7t
HollA] AF AFRT B FFE Ho|X 9o E

F 2ol ol FFol ke AL AN 9
a.n &

LB UH M2 A ¥ S35 g
307H /\]EOH e ey 1M MgCly,
0.01M CaCl, 2 0.05M EDTA 55 283 3lsh

ol we As B TS A tﬁ_i}fé—

0.7652 BAHSZE fo3t o] JHAAE EOI‘Il
(p<0.001), As, Cu, 2@ ZnolME ztz} 0483, 0.312
2 039602 o] AHAFAE Holx Stk 0.01M
CaCLelX & As, Cd, Cu, Pb & Zno| A Lﬁ]fmr Edy
7+ 0318, 0.042, 0.179, 0.105 % 034308 EA7
o7 F3 AFIAZ Holx &X Ut 0.05M
EDTA®] A% Ass} Zng Al9)star, Cd, Cu, Pb
z+ AAAS 0.765(p<0.001), 0.547(p<0.01) £ 0.895
(<0.00D)Z FAFLZ o] JAAAE YeEAUT.

42. SEYHO M2 SYsTot Ao MBY

=

"ot

EQre] F4 Tk 28] 34 55 F43)
e 9 FE vl F83 9otk H|E 2B
o3 24 F4o 4 ArE AESHE Q4B 9
EANF B ATREL AEQe] 34 TEE BEY
ko] kol Aol ok BEk vl UtHKim and
Thornton, 1993). AEFE=E SHsh= X &5
AE gotrr] & 44 EGAIEL} TR KA
AN et H“ﬂl ANEE 4EsE, 1M MgCl,, 0.01M

CaCl, 2 005M EDTAE &8st 8&3tch 3
Hwﬂi TR FE BEY T wv)o] 54 ¢

FE Fig 20 A0 = Tl 584 B
34' ““H] S Apolell FAF R FAAATE Y= A
o2 et dutdo g gpREHo g 7
o AEe) JRel we Aoz SlHHLd, o
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Fig. 1. Relationships of As and heavy metal concentrations Fig. 2. Relationship of As and heavy metal concentrations
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Fig. 4. Relationship of As and heavy metal concentrations
in soils extracted by 0.01 M CaCl, and rice grain sampled
around the Munmyung mine.
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Table 6. Results of a stepwise linear multiple regression analysis as extraction methods and characteristics of soils

Extraction Multiple regression equation r
As, = -0.456 + 0.271pH + 0.004CEC - 0.2620M 90%
Aqua regia Cd, = 3.635 + 0.015AR - 0.772pH - 0.012CEC + 0.3550M 40%
Cu, = 54.1 + 0.078AR — 9.8pH + 0.184CEC + 1.430M 44%
As, = 0.038 — 0.797MgCl, + 0.171pH + 0.004CEC — 0.2310M 91%
Cd, = 4.01 + 0.57MgCl, — 0.82pH — 0.005CEC + 0.2550M 68%
1.0 M MgCl, Cug = 39.1 + 20.6MgCl, — 6.53pH + 0.268CEC — 0.140M 77%
Pb, = 11.7 — 1.38MgCl, — 1.86pH + 0.009CEC + 0.4890M 74%
Zn, = 137 + 0.306MgCl, — 13.9pH + 0.67CEC - 12.5M 72%
As, = 0.263 — 1.08CaCl, + 0.135pH + 0.005CEC - 0.240M 89%
Cd, = -1.95 + 2.65CaCl, + 0.27pH - 0.021CEC + 0.1370M 78%
0.0l M CaCl, Cu, = 517 — 45.4CaCl, — 9.3pH + 0.05CEC + 2.550M 67%
Pb, = -10.4 + 6.71CaCl, + 1.4pH — 0.02CEC + 0.70M 74%
Zn, = 72.8 + 1.44CaCl, - 1.92pH + 0.46CEC — 13.60M 71%
As, = 0.6 — 0.02EDTA + 0.08pH + 0.01CEC — 0.260M 91%
Cdg = 2.58 — 0.08EDTA — 0.6pH — 0.02CEC + 0.410M 63%
0.05M EDTA Cu, = 52.4 + 0.17EDTA - 9.26pH + 0.21CEC + 1.20M 64%
Pb, = 0.03 + 0.013EDTA + 0.04pH + 0.02CEC - 0.10M 55%
Zn, = 216 + 0.11EDTA — 28.4pH + 0.73CEC — 10.70M 74%

As,=As in rice grain (same meaning of each element)
AR = Extracted by aqua regia

CEC = Cation exchange capacity

OM = Organic matter content

0.170, Zn 0.101, As$} Pb 0.004¢] o= eIt
Pbe] 75 A& F57F A o|FARA F=H o]
= 2E Al Al dage ARE 2 dXst
H, Lee et al(2000)3} Kwon et al(2013b)2] A+
WeAE dX|ske Aot} Ask W FFHIE B
ol ole €49 B84 9714 AAEe EdelA
S =7F w7 QELRE rf_}‘&%‘:]-(MaLrin et al,
1993). Cd=} Zn®] 73-%- F5HI7F =& ol A3
PO g o|FAo] T fholy, 0:1_7_1]0:1 Eok]
pH7} 53~64CH 6.1)E ARHEPo|ER FFEe
Sz} olFEe FFE WX ZoF AdHEG
(Burgos et al, 2006). Cue 22472 I4U4ol7]
o] =& FFAITE B Aoz dAvtE

4.4, A CtE3|HEY

FEE T o 7K 845 o) dAEH,
U533 ARNE o143l TS d=se A7t
P At Meer et al, 2007; Jung, 2008; Kwon et
al, 2014). A% %o JFS nx= o 89S 3
A7) 98 EAA EYEA pH, CEC 2 7]
B3y geis], 1M MgCl, 001M CaCl, 2
0.05M EDTA & HEE A &, ofd 89
Eo] A& F& Foo TS F=A Fls] 4

A oI AR S FAsiden, ol gt A3E
Table 69 A2ttt tha3] A2 off 2] ()9
HY S ARRelon, sl e A =g 4EF
*‘E QXJH]T(RZ)E Z’"’\] ]'/V\—‘— E%‘ é} v/]}‘z
5% ool Axers #7181tk F2s 4 P
oAM= o) g1glom, As— 0% = 2
ATE BRI SEAZ FE53 HF Ases &
AellA 90% ©)’Fe] T é?é?% e 1ol
o, Cde 1M MgCl, 001M CaCl,
EDTA ztzt AAAS 68%, 78%, 63%% =&
Holx glom, Cux HS3 7S Uepid. Pb4 7
$- 0.05 M EDTACIM T thi we AAF 3+
o] glom, ZnZ BE ﬂ%xﬂfﬂw 70% ©)’d<] vls=
S 3 Hof Aol =2 Aoz ERIsth

rlo
:(o
53

o—{O
oéi?,i

5

oH
s

O

()]
MIO £ lo

Yl'ﬂio

rJ

Y, = asoil + ppH + yCEC + 50M + ¢ A

Y, = Rice grain Concentration(DW, mg/kg)

soil = Aqua regia, 1 M MgCl,, 0.01M CaCl,,
0.05M EDTA(mgkg)

pH = Soil pH

CEC = Soil Cation exchange capacity(meq/100 g)

OM = Organic matter

o, B, 7, 6 and & = Constants
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Table 7. Computed daily intake of As and heavy metals by rice consumption rice for farm and nonfarm house areas in

Korea (unit in pg/day)
Location As Cd Cu Pb Zn reference
farm house area 62.25 51.63 1,415 187.9 5,674 ]
nonfarm house area 36.80 30.52 837.1 1.1 3,354 Sflll‘(‘fy
overall 38.70 32.10 880.0 116.8 3,527
farm house area 47.25 15.00 735 135 6,230
nonfarm house area 30.74 9.76 478 88.1 4,050 é‘ég’i)
overall 32.26 10.24 502 9.4 4,250
Guide line 1200 64D 30,0007 1,5000 60,0007

DWHO(2011), PWHO(1972), YWHO(1993)

Aol gegonE HoAke F

F& PHA=S O Be A7 F9H9
(Bhattacharya et al, 2010; Raghunath et al, 2006;
Johann ef al, 2012; Jung et al, 2005; Kwon et
al, 2013a). THFeh S2F 535 A2 287 o=
& =& Fa3 Al F9 FHE AU
(Mondal and Polya, 2008). -2 $-zjugle] F2jo|H,
TS AFAG] g B FFEY kel =4 U
B} S84 =& F93% g0lo 2 vty & A&
Hlof] ojgt 59 1Y AHTFS F57] 3 10T
2 S AR A, A et 178 ¢S AF8H,
71 287 g, W7 170 g0 2 ZAFEAtH(National
Statistical Office, 2015).

2E T A58 QYELAAN feEEe AAEE
37 3l s AAZQ doldFHFHe] &
Aoz H4= PTWI(provisional tolerable weekly
intake; F7HA1F A S & FHLHFAO, 1994), ADI
(acceptable daily intake for man; 21A3§ 19 43
Fe ol&st] FA7IEA A e =5 Hedl 9
AR FE AN Fart drk weps o] AFex=
7} SFAPE win) Alg B4 AAE 71E0R A A
gt As ¥ FEE0] HAEE v ol Akt

A o] 915 F350) 19 47 uglday)
= 19 2] glday) * A20] FFgD) ¢ 2)
slol @21 olgstel 7k, ulsvt 8 AR e

19 217 AFEE Taible 7o) ATt ARke A%

s7h vlE7E 2 AAe As HFHAx=(ugday)ys 2t
62.2, 36.8 ¥ 38.72 YEPTE AARA7]GHWHO)
AE 60 kg A 71EoR 19 AsHF S 120 pg
ola}Z AL UTHWHO, 2011). 22| &2H|7}t =&
TGS AR} vlawst A2t WHO 383
o] 51.8%°] HHAHS B JI=F A3 =(ug/day)
£ F7% vlEvE 2 A Axkst Ast 7HzE 5163,
3052 2&]aL 32.1% ettt AAIEA7]5-(WHO)O
ME 60 kg AAE 71Fo® FlEEe] 1Y 43 3¢
B2 57~71 pg/day= JeERt ATHWHO, 2011). &
TGS AR} vlwe A2 WHO &85
73.7%2) =S AFAFS Rolx Utk FE HI=
(ng/day)s &7h BlE7E 2 A Ak Ay 2z
1,415, 837.1 % 8802= UERTE AARZ7|HAA =
60kg AUS 7IFo2 1Y HUSEHS 30,000 pug
ol&lz FAsIEL UTHFAO/WHO, 1972). 57 9<S
WHO 3-&-&3 vlwst A3} 4.7%2 35S Holx
Aow, Fo] w7k vl @ WA AFHF(ng/day)y>
187.9, 111.1 ¥ 116.82 YERITE AAIRZA7 oAM=
60kg 420S 7o 19 Huls| &3S 1,500 pg ©I
Sl2 g% e (WHO, 2011), B7et vlwst 4
I 125%<] AF S Hola rt wiX|EreE o))
E7F AlE7E 2ela A AR = (ugday)ys 2zt
5,674, 3,354 B 3,527= UERITE AlAIRZA7|FelX =
60kg A9 71Fom 19 ASEFS 60,000 ug
olsl® FAsA YoM (WHO, 1993), AlARA7 7}
S/RGE vt A3 94%9 AL e
S wue] ZAgkG2F(Jung, 2003)014 AXE AF
S B w3t A3} ofdS A9F RE PholM BT
AiF O R =A Ve OH, o= ikl o3 A
" e9EHe] F1H AA IFe F2 IS T

sl

des
Sl



5 &4 =
ERNES A FuU9e SAANEY AAT-FE
Hwgk A3 yepd 2 thd zjol= o Ase 304,
Pb 88 223l Zn 59 A= =2 TS Ho 3
Aboll oJst e dEHe] T FAAY JTFE F= A
< I = U AFAGY HEEAES) =)
9] MUAFRE vt A3 Aoz odE 29
A ANFAT AFE7E ol 7PgelA AF g A]EHU‘r
=2 3RS Ho|al o] BEY ¥ ogt die] ¢
the AS Arbstal ok ity ohedst 82
AE &8st st we A4 TS v 2
A3 1M MgClLel 7% CdolMrt SAZc g Fo3h
AZAAS Ho|x §loH(p<0.001), 0.01M
CaClollMe Ankzozg o AJiadS Holw 9l
0.05 M EDTAS] 3% As9} ZnS AlYslaies =2
HIAE JERIATHP<0.001). #WAEoM = B
Y sk A §le AeE JeRgen, ol
EY sEEUE A& 799 TR/ wWE FFE
o] Wi}l Aoz JE), A& t""?ﬂ’“e g
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