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Arsenic (As) contamination of agricultural soils resulting from mining activity has caused major concem due
to the potential health risk. Therefore the current study was carried out to investigate the relationship between
fractionation of As in soil and rice uptake and to provide a basic information for adequate management of As
contaminated agricultural soil. Twenty agricultural soils and rice affected by the abandoned mining sites were
collected. Soil chemical properties and As concentrations (total and sequential extracted) in soils were
determined and As concentrations in polished rice were analyzed. The average concentration of As in
non-specifically adsorbed (F1), specifically adsorbed (F2), amorphous hydrous oxides of Fe and Al (F3),
crystalline hydrous oxides of Fe and Al (F4) and residual phase (F5) were 0.08, 1.38, 10.34, 3.26 and 10.98 mg
kg'l, respectively. Both soil pH and available phosphorus were positively correlated with the concentrations of
As in F1 and F2. These results indicate that increasing the soil pH and available phosphorus can significantly
increase the easily mobile fractions of As (F1 and F2). The average concentration of As in polished rice was
0.09 mg kg'l. The concentrations of As in F1 and F2 showed a positive correlation with the concentrations of
As in polished rice. Therefore soil pH and available phosphorus affect the distribution of As fractionation in
soils and thus affect As bioavailability.

Key words: Arsenic, pH, Phosphorus, Fractionation, Polished rice

70

I non-specifically adsorbed

[ specifically adsorbed

[ amorphous hydraus oxides of Fe and Al
I crystalline hydraus oxides of Fe and Al
I residual

60 |
50
40

30

It

O N R R R LR CR R SRR

As concentration in soil (mg kg'l)

Sites

Distribution of As in sequentially extracted fractions of soils from the abandoned metal mine areas.

*Corresponding author : Phone: +82632383245, Fax: +82632383837, E-mail: wikim721@korea.kr
SAcknowledgement : This study was carried out with the support of the ‘Research Program for Agricultural Science & Technology
Development (PJ011161)’, Rural Development Administration, Republic of Korea.



392 Distribution of Arsenic Fraction in Soil Around Abandoned Mining Area and Uptake by Rice

Introduction

1244l
Zo7 oY1 (Bech et al.,1997; Lee et al., 2001),
53 = FAER HolEo] 1A
oFdgRS uj 2 4= ]E} (Lee et al,, 2005; Liu et al,, 2005),
WA el 2,089 Tl ko] A 2o
QAekaL Q=1 (MIRECO, 2015), 1995¢ EF3h7d H 2
o] A o]F HpFAE QI X[ Hof thsf A|<&2Q1 BUH
B 5 ARQJo] X3y Folok, ES Fef o] A W A
EE Sl At s o] W] W E ol weh ME o oA
2006\ g3t 1“4%’—% | ARE]o] B Aljo] X3 5

<

o]k o3| 6‘?#94 FAA 282 As Ao
t} 3t o2 A]EoJokE oA A (MFDS, 2006)= A+ 44 ¥

o)

B wﬂxloﬂxﬂ AMEl A TSRS A B
sl =BT W ek 22t 0~35L
~6.55 mg kg & UERHIL AA AR F 2023, 7h=
5770] codex 7| 0.2 mg kg & ZI8qch, ET H)
A B 0.27 mg kg '©& 0~4.35 mg kg 9] W= o}
EF O™ o] Choi et al. (2010)0] ZAFSE A=t 107) A<
A 3 v A FeF (average: 0,17 mg kg |, range: 0,08~
0.26 mg kg )ET} & —rx] k.

HlFAto A sk HdEA F skl i A9
Q- S =31 oRER R AU LA (International Agency
for Research on Cancer)o|A] 19 ¥ %}%X‘E BH=sta Q)
T} Lee et al. (2008)= P2} wlgat QI Hla 29 &
7% EOF (As: 72 mg ke )lH At %POH ot B4 9190
d B7VE AR Ayt A AdFel ot Bk efsi e (non—
carcinogenic risks)= 7]&x2% (Reference dose) Xt} oF
8ul7} =91, WS = (cancer risk)+= AW £9] 1,45
(1.4 E-03) o2 e} &-g2er9si= (1.0 E-06)E =1}
Sh= Ao 2 UERYTH E3S Lee et al, (2011)2 A=t 15 A
A A 2 SAOIA Al o] w2 gere 24}
=t & AdFel ot vdeklsies 71 olskal ot
Herelales S8 HE v 2k AR YEyTh

o2} Zro] HlFAk QI HlAaE AT FHA A Aul
H SARES QA 7ol A1 ARl k& A 4= Q) @
A9k Huang et al, (2006)> EF9] H|Aa F9Fga W&
331 17 9] A= Y] v A& eF 71o] AAS ZARS

nqn O Ll

i

—r‘

Kl

o 2 )
0 F0) A% U uld PFS = vld FHFL AT

gle 202 Uepg, uehs =oFe] vl S v s
A JolFe d5T o Yo olE ffs EY W B

L=
~—
47k Bl Gt FES Nejd vde] AR a o

14

Materials and Methods

A fE 2 A7 35 F vt Boke dal
AW ZAF (MOE, 2007; MOE, 2008)5 #alste] 2709] #Hl3%
Ab (FEIAE EEDS AAsE & Z4zbo] WAl 9l

o T,
of 1A 10 A1 FA4A (F 20 A ZD)oA H —1“9—11]—}\]7]0’“
ot g E Ao Aelech EPE F7 F 2 mm Al
2 20 % B4 AR AASSIAT, 23R B 60°ColA] 71
5k & &n|7] (SYTHSS, Ssangyong Instrument, Korea)

olgstel Az EHT b AFE A7) (MGl
miller, HT McGill Inc, USA)E o]&3}o] 108 o2 &=

A F Bafeto] B whso] BAARR ARSI,

il 1~N

it = 1101 —T—EW 1/\1{} Ho]—Z] % pH meter (Thermo,
Orion star series)@® Z43}91l, S7|&E 2 04 M =
AFAEE (KCre0n) FaL Tyuwrin Oz FASIH,
Z)EHA] oFol &8 1 M NH,OAc (pH 7.0)%2 3=3}o] ICP-
OES (GBC XMP, Australia)® £A415}9ct 814 Bray
No.1 WHHO & (Bray and Kurtz, 1945) 3| ct EQF
Ul v]Ao] el gk Wenzel et al. (2001) A 14
FEUE ol 8ot EY 5 HlaE v F2E (non-
specifically adsorbed), £0]24 S2}}| (specifically adsorbed),
v A4S A/d2ulE $AEHEE] (amorphous hydrous oxides
of Fe and Al), &/4Fn)E $ASHEE (crystalline hydrous
oxides of Fe and Al), ZFR-#j| (residual phase) H]|A 2] $leF

& PRelol STt A A 2 DA 22 8
o 32 YU Table 10 YERCH

W Hla B BN 29 3

H e R4S A

2

ot 2
cn

& H

g& o] ZYo]E (Mars 5, CEM, USA) E3[-27]0]
A3 WA 8 mI9} 30% TALBKEA 1 mIE H71Ek 5 1A
BAAA WAsH= 7EAE A ASKL, 180°ColA] 20 5%F
Biolo] Bl = H|A9] kS ICP-MS (Agilent 7700)
2 2ysllry BAAZES 2lsh] 91 & BEED
IRMM—208 (rice)& &7 £ I, 80~120% W< W]

3582 WA,

¢

1%
Ol
-
R

HIOIEf 2A Eof W A=A H42 3R o2 Sayst



Hyuck-Soo Kim, Woo-Ri Go, Dae-Won Kang, Ji-Hyock Yoo, Kye-Hoon Kim, and Won-I1 Kim 393

Table 1. Sequential extraction methods of arsenic in soil (Wenzel et al., 2001).

Fraction Chemical form Extractant Extraction condition
1 Non-specifically adsorbed 0.05 M (NH4)2SO4 1:25', 4-hr shaking, 20°C
2 Specifically adsorbed 0.05 M (NH4)H,PO4 1:25, 16-hr shaking, 20°C
3 Amorphous hydrous oxides of Fe and Al 0.2 M NH4C,04 1:25, 4-hr shaking, 20°C
4 Crystalline hydrous oxides of Fe and Al 0.2 M NH4C,04 +0.1 M ascorbic acid  1:25, 30-min shaking, 96°C
5 Residual HC1 + HNO; (3:1) 1:11, 2-hr shaking, 90°C

" Soil to liquid ratio

Table 2. Chemical properties and total As concentrations in soils.

Exchangeable

pH o.M Avail.P Total-As
Ca Mg K
g kg’ 11 Tgl ¢ — cmole kg -----mm-meemeemee- mg kg’
Ave. 5.5 245 99.3 3.7 0.63 0.91 23.1
Myeongbong mine Min. 5.1 14.2 36.4 2.6 0.36 0.66 153
Max. 5.9 28.9 199.2 4.8 0.98 1.64 29.9
Ave. 5.6 23.6 257.2 4.1 0.57 0.98 30.6
Tancheon .
. Min. 52 10.7 47.9 2.4 0.34 0.78 13.2
mine
Max. 6.7 36.2 1013.2 8.0 0.89 1.66 60.6
All samples Ave. 5.6 24.0 178.2 3.9 0.60 0.94 26.9

G AEE oA EA42 SAS 9,3 software (SAS Institute,
Cary, NC, U.S.A.)E 0|83 ANOVA AA o2 43519t}
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Fig. 1. Distribution of As in sequentially extracted fractions
of soils (M: Myeongbong mine, T: Tancheon mine).
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Table 3. Concentrations of As in polished rice from the
abandoned metal mine areas.

S AE =Y (As: 135 mg kg )ofl ¢1HAL 15 g kg Hl& As (mg kg')
2 A 23}al Pteris vittata L. = 1257 AulstR=d|, A=l Ave. Min. Max
3 9lAS Aot WA 2 F Bk <l w49 wEl Myeongbong mine 0.085 0.044 0.125
2kgo| o)) FAg]TLe] 484 ulA §eF 5.7 mg kg KOt Tancheon mine 0.093 0.031 0.233
30% 27Vt 7.4 mg kg & UERICH All samples 0.089
Table 4. Relationships between As fractions in the soils and As concentrations in polished rice.
Amorphi Crystalli
Non-specifically Specifically otp 01'13 rysi 1n.e .
hydrous oxides  hydrous oxides Residual Total
adsorbed adsorbed
of Fe and Al of Fe and Al
Polished rice 077" 0.78" 0.66" 0.83" 031" 0.73"

"p<0.005, “p<0.0001, ™*not significant
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41 y = 1.6268 - 18.5955 x + 149.8505 X
r=0.9172

As concnetration in F1+F2 (ng kg")
w

T T T T
0.00 0.05 0.10 0.15 0.20 0.25
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Fig. 2. The comrelations between the concentrations of As in
polished rice and As fractions (F1+F2) in soil. F1: non-
specifically adsorbed; F2: specifically adsorbed.
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