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Contents and Seasonal Variations of Arsenic in Paddy Soils and Rice Crops
around the Abandoned Metal Mines
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The objective of this study is to investigate the contents and seasonal variation of arsenic in soils and crop
plant(rice) in paddy fields around the abandoned metal mines in Korea. The soils were extracted by various meth-
ods including aqua regia, 1 M MgCl,, 0.01 M CaCl, and 0.05M EDTA to evaluate the relationships between soils
and crop plants(rice). According to correlation analysis, statistically significant correlation with the four meth-
0ds(p<0.01) were found in soils extracted by various chemical solutions and arsenic contents in soils were
decreased in the order of 1 M MgCl, > 0.01 M CaCl, > 0.05 M EDTA. Biological accumulation coefficients(BACs) of
rice stalks were higher than those of rice grain, and the coefficients under reducing(August) environment were
higher than those under oxidizing conditions(October). Assuming the rice consumption of 315 g/day by farm house-
holds in Korea, the amount of daily intake of arsenic were estimated to be 77.8 ng/day. The daily intake of arsenic
from the rice estimates up to 65% of ADI(acceptable daily intake) that the FAO/WHO Joint Food Additive and
Contaminants Committee has set to evaluate their safeties.

Key words : chemical extractions, paddy field, crop plant(rice), seasonal variation, daily intake

o] Ave Sl FHEEEEAT FHe =Ed AEE)Y vla 290 AEH WEkE aFsial, B e &
1A BAFELE 98l EYANES 95, 1M MgCly, 0.01M CaCl, 2 0.05M EDTA 5 th3t &A= AAst
o H|&E A SR Wyl mE 3 Hste FAHCE o8 o JAIAE el (p<0.01), 1M
MgCl,>0.01M CaCl,>0.05M EDTA o2 Uepdtl, BiZE7|e] AR F3A4E Asladntt S987004
E=9oH, WuAgdME FEATE 0,022 BA JEsTh sk 19 B 2AanER] 315 g8 A8-st] AlAR
27179 mEeA 19 47 AvsSF nad s ks 65%2 B2 4TS B, o] & Ao 9%
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& o7RTE H40] e Zloa UdHA Stk(Caruso
et al, 2001). W=22HAl, F=, I 282 Q=
T TFS F7lelA Aot EdelM e Hla F
=71 AEEY e (Chen et al, 2006), EFolrote]
o7 H7KlA LA B 2E] 29e 53
HjAe] 502 Qg v g dis) A7H vl
tH(Kohnhorst, 2005; Mukherjee et al, 2006).

A FHolE F - daEg4t 2,080, vleE-g4t

219870, Aed 39470 2 1Rt 593§ F
5274787} =l 3o JUTHMIRECO, 2011). ©]
£ FolA B2 HES Ade sAevE AldE
UARE AT FAe] A= HES Fs e Ho
o]Fo|R|A] %L Slr} 53]
Al B 7Bl 23E SHEH.
BirEe] FAAG FAY F4
3 dom, o]FHA LHE EYS
2 olF AT FH] A7l Azt
Z % Joh(Jung and Jung, 2006). 3]
A ALk ] R f8ld 35 ol
n)gk Eoln, AR wiw|o] 2pAFHARk
F2 1} XD (Jung, 2003), AwH oz uf
Folth(Jung, 1995). $HA, =l A9 kxS ellA
o] At A gk At E vk AokLiu er )
2005; Yang et al, 2006; Pal et al, 2009).

EdT A& g ATE f8l 8 A=A
= 4 8EHE B3 FE5 LHEYSENE AE
2o F5& o] 7ksA Wl &8st drk(Van
Ranst et al, 1999; Boisson et al, 1999; Tessier
et al, 1979; Rauret et al, 1999; Quevauviller et
al, 1997; DIN, 1997). =lollM e w34t 1 &%k
I AE9 FFE L e /714 g At
teFsiA JegE w7k A THJung and Chon, 1998;
Lee et al, 2000), %o W& Fxo 7¥ke =11
FSBAE AL ste] {83 A WPt v
5 EolquTh

B2 o] AFdM e HEERt FH A B
I AE HH9 v& TS A 540 wet
H|, £A4317] 98t Bt AeS 7171(69), 971
(8¥) 2 F5A17110e)ell B0l F 33] AFH sl &
GFEHE ERIstHer, @Y §EA0 1M MgCl
(Tessier et al, 1979), 0.01M CaCly(Van Ranst et
al, 1999) ¥ 718421 EDTA(Quevauviller et al,
1997) 502 ESYHS FE3, B A=k 4
HAE gz sz} 59
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Fig. 1. Map showing the location of study areas in Korea.
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EXEY 79 -100 mesh® A|Z3 AxA =
30gs AFHoE A 5, AFl o] ALH7.0mL)
7} H4H21mL)S ¥ Heating BlockollA 70°CE
FASHHA eF A7 <t &5 8N (Ure, 19950
<A 715 ISO/DIS 202802 Hhoz ou|gds 3
% H)3keA Y] (hydride  generation)Z ©]-8-3}o]
H|3IA 7] & QA3 A (Varian AA240, 357)
2 ggslo] BAE 32E Bol| 1a} AlF S 2
AEE o] TRE 38 o AlFES & 2edA] 7

o AAZE AIZ T, AEE HATIE o] &al
v Eldth AH o2 A8 10gS AP A F,
frejddd Mg FReta 3ad A4 10mlE ¥
3 ¢ A% 2 wj7bR] Heating Blockold 7€ 3%
5 grE O T AR ¥ SRTE AN AT
o) 20mLE G AEE IAFFEREAR B
At £ ARe] HEwel AUEE IRls]
st} =] BAM-Ul10(E)2}t = NCSNational
Analysis Center for Iron and Steel)2] =HAIEFAE
(ZC73008, ®iv)E AHE-silom, £ 4= Table 1
o @oFslith. FollA B uie} o] HFE 959%
ooz fodt =3 19 AATHeE B E

TS

22 e 28&Y

o] AT e Edl EAlshs Ao SAIFH H
IE 8 tFst 3= Wgol 488 4 1M
MgCly(Tessier et al, 1979)¢ 7% 71& A+47}
A4:3% fraction 1(exchangeable)®} fraction 2(bound
to carbonates)ell NFEE =/t AESH] o8]
=& Zo® BHIHN] wjiEol (L et al, 2007; Hong
et al, 2009) °]& ALk =, AleF 9521 ¢ &
4 800mL #H7} & NH,0OH X+ Acetic Acid=
pH 72 243 & SRFE A9 1,000 mLE Alxe
|NG o]gslo] B 5g9 1M MgCl, £ 40mL
g 7k 3 W7 B9 IRt 7 AR 0.01M
CaClLel 79 Ao Llgdll TH< 800mL 7 &
NH,OH =& Acetic Acid2 pH 72 243 & ZF
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S8 1,000mL AzF & EX 5g9 0.01M CaCly
£ 25mLE 7FSE & 2717 B3t RS Van
Ranst, 1999). vlA2te & A B354 7154 Heto)] 7}
7 Bo] AREE #7184 0.05M EDTAE B9
10 gl EDTA®Y 50 mLE 713t & 177 ekt &
EXA g2 ARSI tHQuevauviller ef al, 1997). £

X
25 RE A= B3R 7 A2E 9RE
FEFATAR HAS B4

3.4 z}

3.1. EQFo| H|A B2

BB gk v)ie] Rk AEEE A sl
Table 20 AAEA oM, =¢]9] TR EY 471F
e AWk Table 39 AElsTh 92 Ea)dh
A5 649, 89 % 1099 HodEmgkee ZHzt
49.94, 52,57, 644024 = EYRIRAY] EYQ
W7EE AN, o] 71Ed Hlwst A9 5
2 (German Federal Soil Protection Act(1998)¢] 7]
e FARE S HAARE, o2 RNE U (Tarvainen
et al, 2013)¢} AYTHCCME, 2001)¢] 71&R ke
of 3] A% Ee TS vERllvh B3 20104 5
guEle B =AY 2 2%e G4 =AHKMOE,
2011b) A3} vlwabd oF 108] ol e Bk ¥
TE Bk o)E Fitd) o8 YAE 29E-e] F
W FAA ] G FI Aol AARI F= Bl

1M MgCl, &3 B4 HA v= 3= HH
, mgkg)E AHEH, 6¥€1:=0.004~0.026(0.027),
8ol 0.007~0.078(0.030) = 108°1E 0.002~0.090
0.027)=2 Jepstth. w38k 0.01M CaClLE 323 E
& HlAe] T i U@, mgkgE= 6¥€ 0.001
~0.026(0.009), 0.001~0.085(0.013) 2 10¥ 0.001~
0.041(0.013) UEPsgth 0.05M EDTA %3 5%
sk W (HT, mgkegs 69 0.101~9.053(1.766), 8
4 0.271~8.701(1.615) 2 109 0.118~6.393(1.402)
o] s By

Table 1. Summary of measured and certified arsenic concentrations in BAM-U110(soil) and ZC73008(rice, China) analyzed
by AAS with hydride generation equipment(unit in mg/kg, dry weight)

Certified value(A) Measured value(B)(N*=3) Accuracy(B/A)(%)
BAM-U110 13.0£1.1 12.54+0.78 96
7ZC73008 0.102+0.008 0.117+0.021 115

“number of samples
Parithmetic meantstandard deviation
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Table 2. Range, mean and standard deviation of arsenic in paddy soils sampled from 4 representative abandoned mines(unit

in mg/kg, dry weight)

Aqua regia IM MgCl, 0.0IM CaCl, 0.05M EDTA
June range 2.278~623.3 0.004~0.069 0.001~0.026 0.101~9.053
(N=40) meanzstd® 49.94+102.0 0.027+0.019 0.009+0.007 1.766+2.121
August range 2.742~455.7 0.007~0.078 0.001~0.085 0.271~8.701
(N=40) meanzstd 52.57+£91.79 0.030+0.023 0.013+0.014 1.615+1.729
October range 2.849~704.0 0.002~0.090 0.001~0.041 0.118~6.393
(N=40) meantstd 64.40£129.6 0.027+0.021 0.013+0.011 1.402+1.330
N=number of samples
arithmetic meantstandard deviation
Table 3. Guideline for arsenic in paddy soils from various countries
Country Guide value(mg/kg) References
Argentina 20 Tarvainen er al.(2013)
Belgium 45 Soil Remediation Act(1995)
Canada 20 CCME(2001)
Germany 50 German Federal Soil Protection Act(1998)
Korea 25 KMOE(2011a)
New Jersey, USA 20 Tarvainen et al.(2013)

Table 4. Range, mean and standard deviation of arsenic in rice sampled from 4 representative abandoned mines(unit in

mg/kg, dry weight)

Rice stalk Rice grain
June(N=40) August(N=40) October(N=40) October(N=40)
range 0.340~12.56 0.573~11.51 0.548~14.87 0.104~0.774
meantstd? 3.909+2.979 5.185+3.170 5.312+3.886 0.247+0.120
N=Number of samples
“arithmetic mean+standard deviation
32. AEH)e 3% &Y M, ke We g% Uehhleh E# Jung
2EA 5o g Asghars AdERE AeElsle] Table  (2003)<] x}ow FAC 1‘4: I =2 oz ALY
4ol AT, FollA Bz el o] WE7|e] vl glom, OifE F7FEe] v int?} o 0.11~0.16

FEEETT 71E)el et F W, mgkge
64 034~12563.91), 84 057~1151(6.19) 3 10

4 055~14.87(5.31)F ZAFECH, F710 A3
WMo B 0.10~0.77(0.25)2] ¥]A27F AZE A o

et =7lollA] Wuje] tigt Ayt Fegse] gk

(Table 5), LHH A GolAe] Wule] T=& =<
Liu et al(2005) ZAt ¢J3hH 093 mgkg A==
025 mg/kgPal et al, 2009), =2] 7A9E 041 mgkg
(Lee et al, 2008)2] $F#-S Ho] AT HT} oF )
AT =22 TEE Btk A7RAGe] Wu]e] 3=
2 025 mgkge 2 A=} HISS SRS Kol 9o

o el ANEgs B8 252 oot

I
-

4. 1

4.1, ststEs Wlof| mE HjAo| FHEHSE

R FAHZ 3070 A =)o Hig = 1200 AEE
9]"‘!“"°Hb”~'f]' 1M MgCl,, 0.01M CaCl, 2 0.05M
483 shehislol we Ase] 4% W
3= Flg 200 X*ﬂo}‘”iﬁ‘r 1M MgCl®] 75 7da3A
Z71 03652 EAAOZ 493t 55 (p<0.001)0]H,
0.01M CaCl, 2 0.05M EDTAMME 22 AdAS
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Table 5. Arsenic concentrations in rice from various countries(unit in mg/kg)

Country Mean Sampling area References
Bangladesh 0.13 Market Meharg et al.(2009)
Canada 0.11 Market Heitkemper et al.(2001)
0.14 Market Meharg et al.(2009)
China 0.12 Market Qian et al.(2010)
0.93 Contaminated paddy field Liu et al.(2005)
France 0.28 Market Meharg et al.(2009)
fndia 0.25 Contaminated paddy field Pal et al.(2009)
0.13 Market Mondal and Polya(2008)
Korea 0.13 Household and Market Jung(2003)
0.41 Contaminated paddy field Lee et al.(2008)
Swedish 0.16 Market Jorhem er al.(2008)
USA 0.26 Market Williams ez al.(2005)
0.25 Market Meharg et al.(2009)
This study 0.25 Contaminated paddy field

01 1y - 7E-05x+ 0.024 04, y = 3E-05x + 0.0099
(r=0.365, p<0.001) o i | (r=0.296,p<0.01)
006

extracted by MgCla(mg/kg)
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Fig. 2. Relationships of arsenic in soils extracted by aqua regia and various extraction methods.

0296 % 02372 AN FAXOE {3 %o

extraction ratio, RER)S o}gfe] 2] (1) 83l

AAE BHTHP<0.01). Son®t Jung(2011)e] AH|¢tsh ARG ANFHTE 1207]19] =EelA ] &A1

Gl ek 8 FEA 0] AR FEE (relative

2 ko] 225 AWE A3, 1M MgCl, 001M
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Table 6. Mean concentration of arsenic in soils and rice stalk sampled from 4 representative abandoned mines

Paddy Soil(mg/kg)

Rice stalk(mg/kg, DW)

June(N=40) August(N=40) October(N=40)

June(N=40) August(N=40) October(N=40)

49.9° 52.6° 64.4°

3.91° 5.19° 531°

N=number of sample

Where mean values share the same letter suffix for a given soil property, there is no statistically significant difference between

the sampling time at p<0.05

Where mean values have the difference letter suffix for a given soil property, a statistically significant difference between the

sampling time occurs at p<0.05

Table 7. Correlation coefficients of arsenic in soils and plants sampled from 4 representative abandoned mines

. . June August October
Metal content in soil -
stalk(N=40) stalk(N=40) stalk(N=40) grain(N=40)
Aqua regia(N=40) 0.193 0.445%* 0.185 0.125
1 M MgCl,(N=40) 0.314* 0.309* 0.097 0.249
0.01 M CaCl,(N=40) 0.491%* 0.242 0.255 0.158
0.05 M EDTA(N=40) 0.393* 0.017 0.299 0.100

N=mumber of sample

*Statistically significant at p<0.05, **Statistically significant at p<0.01, ***Statistically significant at p<0.001

CaCl, 2 0.05M EDTA®IM Z}z} 0.15%, 0.05% 2
7.38%2] FEES HolM, EDTAYA 7HE =& Ao
2 Jepdth

Relative extraction ratio(%)=

concentration extracted by individual extractant(mg/kg)
concentration extracted by aqua regia(mg/kg)

X 100

@&l

4.2, H|Ao HHZE w5}
4R EY viE7)e AdE wsE Table 691
Aelslar). 64, 8¢ 2 1089 AHAS =EF | 1)

0] ShS vlwsh 693t 8ol vl 109 AHH
ok AlBOA T T2 FRFS Holn BAIHOE &
o]k ApolE HAItHp<0.05). o= W o2t gL 9l
A EE W A7 ARl 1099 AFTE BEY
W HAvE B2 A9 el Auishs S84
8ol AHT EY U] HlAHD 8E57] 412 FEHE
EAetE AL 2v]shH Jung and Thornton(1997)9}
Kwon et al(2013)°] A&} AX|ek= Aot

HE7| M= 69l AFe AR Hj3)] ggol| H&
o] gigo] Zrslom, 108o0e Y} st He
heks UERCH, Lee ef al(2000)2] Aol= o
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Fig. 3. Biological accumulation coefficient(BAC=Cp/ARCs)
of rice stalks and grain.
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45 HlAx9 12 olFMF =T
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and Polya, 2008), == oA A7l 7Y & I9&2
stk Hla AFHC tdst 4= Felx(Mondal and
Polya, 2008), At 2 <t AAE AgzAL 434
FHotAlore] we F71E] T8 HAEHE SHdE
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A i AN 2 S odE S8t Bl
A3 Qelo® ATk Bhattacharya et al, 2010;
Lin et al, 2004; Ohno et 4., 2007; Roychowdhury
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Fig. 4. Annual rice productions in Korea(National Statistical
Office, 2012).

2], HE vive] 3 o
thFig. 4). =3+ 1913 & 2H|F
FHo7 195 g/dayS AH e, E7Fe 315 g/day, ¥
F7FE 187 g/daye &= ZFA}E|tH(National Statistical
Office, 2012).

e oz d2e PTWI(provisional tolerable weekly
intake; F7HE 3 TG & =FHUHEFAO, 1994), ADI
(acceptable daily intake for man; 21A1&& 19 43
S ol&3te] FA7IEA Y ek =& vl 9
AAFE AN dart drk webA o] AFx =
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Table 8. Computed daily intake of arsenic by rice consumption for farm and nonfarm areas in Korea

farm area nonfarm area overall
mean(ug/g) 0.25
This study daily consumption(g/day) 187 195
daily intake(ug/day) 46.2 48.2
Jung(2003) 473 30.7 323
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