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ABSTRACT
Received: October 22,2017 There is an increasing concern over arsenic (As) contamination in rice since Codex Committee on Contami-
Revised: May 24, 2018 nants in Food (CCCF) discuss on maximum levels for As in rice in 2010. This study was conducted to reduce

As concentration in rice by soil amendment treatments in paddy field soils contaminated by As. The selected
four amendments were poultry manure, agri-lime, steel slag, and gypsum with the addition of 3% or 5% (w/w)
on a dry basis. The As reduction effect could not be verified, as a result of the pot test by adding poultry
manure to the paddy soil around the mine located in Yesan. Among the agri-lime treated rice cultivated pots,
the As concentration increased up to 32.1%. On the other hand, the content of As in the sample pots treated
with steel slag and gypsum decreased by 65.4% and 63.4%, respectively. On the basis of the results of these pot
experiments, the field test was carried out in the As polluted rice field around the mine located in Yesan, and
when the four amendments were treated, the As content in the brown rice reduced in all the amendment treat-
ments compared with the control plot. The As reduction in brown rice of the amendment was confirmed to be
higher efficiency by the order of gypsum > steel slag> poultry manure > agri-lime. As a result of pot
experiments using paddy soil around the mine located in Seosan, As stabilization efficiency in rice and As
reduction effect could not be determined by comparison to the control. From the rice cultivated from agri-lime
treated pot, As concentration increased by 15.8% in rice. On the other hand, the As content of the pots treated
with steel slag and gypsum decreased by 39.1% and 60.2%, respectively. In conclusion, distinguished As
reducing effectiveness could be expected by soil amendment treatments for rice cultivation.
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Introduction

L= IR TR 25 F510 sPdo|H-s A= =0l L dS DAY, S5| APdEE e

QPSR E
DatelA] U w712 ) 147} cleke AR e §EEl] 1 ole S A K op ek A
=

-
2
i
it

rO

o
o2
J
s
N,
>
=
U
e
ko
4
i)
Rl
¥
)
@
=

a
o

2
ov!
=

:

v
O
0
z
2

2

2
A

ot

®
o
S
()
k=N
QL
=

(4)]

=
8

o,
5
=t

A 7IEw e} ol 5 7Fs Rt S EH]oF 22 771 A2 SEE B4 0] 5 A ol A
gt e AR AL Qe o5 718 ARl T 3ol A B A= 712 7 W v ET
= 922 3t} (Ciccu et al., 2003; Kumpiene et
al., 2008; Kim et al., 2010a; Oh et al., 2011). 5843 = ES pHE S7HA 7= HEA QI SPYAI2 S50 8
of &S E 7 Utk EY pHeE Ta59] ool FFe F0f 22 9] Holot K Asfo]l e & 4 qdrtal
A QUrk HRlEdL EYO pHE B84 o® 2HS 4 7| thizol 55 e HAR B oR QHH E
ol A-8o] 7t 22 = Wol LA Ut} A FEUeld e 55 Het B4 o7 A bE = AR E AL
Joew, 15 AdEd 1ot e Ed 7 1e = o 8L QT (Yun et al., 2011). APFEE L] 787 2340 A]
AP T s = 28 AES AR Al-Iste] 229 ©4, <, 73 AlAsHs IollM ABdE= &80
A, EES Al flole] BYEE T4, ARt dattREo] A= At BdAE EARN AtEe 1=
T2 E 279 AMEZS YA, ES-E 7|2 4 0 & ARGET 2ole EY T 555 HdeH 24 & 515
71 g5 tioA] B 77 38| AL It (Lee et al., 2010; Lim et al., 2011). H7} Fik20] ] 4 QHgo} 714

Ca-As-O % Fe-As-O FEiQ] A= F4 50] Itt (Kumpiene et al., 2008; Lee et al., 2011). A37.0] tF-2-2 AJHl
Eds AIHE AIEE 502 A7 oF0THES AHE-gotal §l oLt o= AU k2] oF 58% A of Exfstth
A0S A2l 7 e 2R8ol ool EY W 8577 1840 33A| 42 57 HE - L 1 AN e a s

2]
EA Aol e ol EY Wl Ta5 ols e RletAE o= lrtal &34 Itk (Kim et al., 2010a; Koo et al.,
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HA2 Q¢E Ao 2 slolx] kEoks tiko 2 59t AL 9ol EQRS :=ESF0] HEZ (0~20 cm)ollA A
Stlat, B4 5 Ayt 3kehyd BAS 91510] 2 mm A2 ke Al gE - gshA| 2qclo] ERtAE 8710 Bttt
T2, A e 52 AAH! 4 mmA|= FLSHA AAE g 5, ZEAR|
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SAEY 2M A5 EFO] Gt 3fehd 42 5E087 24H (NAAS, 2010)0f 275t AAlskyrh &
FpHHECEA2 Bl 374 S/E 1:5 Hl& = Eekolo] o ARt 52T aite}e] pH B EC =771 (Orion 3 star,

Thermo, England) 2 S5 th EQFC] W] Fol-2 = (Ca, Mg, K, Na)-2 EF A|=-5 1 M NH,OAc (pH 7.0)
2 3087+ 79SS Whatman No.42 oJE2| 2 o1ks}to] ICP-OES (720, Agilent technologies, USA) 2 2451t}
T EQFO] Fa4s M B2 EQFQ -5 A @ (MOE, 2010b)Q] 2H787F4#] (Kjeldatherm) (C. Gerhardt
GmbH & Co., Northants, UK)E 086t ESF3 g0l -7 1 mLZ A4l & G421 mL, 24T mLE 71RE § 8+
YZEFA|E o]-8-oto] Eolfobal Fol-8-H2 Whatman No. 4225 o]-85to] ofalgh & o el g0 tff
SJ| ICP-OES (720, Agilent technologies, USA)Z 45}t

QHESHA| MA E Ao ARSH HESAIZ = AREIH] (poultry manure), “5-8-212] (agric-lime), A7d&21
(steel slag), A3 (gypsum) 45E /ﬂ 0]'04 /\]'30} et FYSHA O pHE 22 ]'—4 0}142}11]9]- 32 S FTE 1S HE
kL ERFPISHAO] SE5
Gl e A OJZ 9}%1] 3 gOﬂ SRS ImLE HA T *J 21 mL, Z4H7 mLE 7}9} T RYPIAE ol 85
Hol8 S Whatman No. 4272& o]-§5te] ofagh § ofwfof FF<of| tisf ICP-OES (720,
Agilent technologies, USA) =2 245131t

|t

o]

ZE xhH AE PSR Aol whE vl A G =elshy] ffsl ZE Ael Ade st ARt
AESS (A, A14h 3 kgoll AREER], 5848, APdEa 7L, A5 3, 5 % (wiw) HIE= A2fsto] & gt § 241
U ZE (1/5000 a)ol oIt o] & LA g A2 Pget A7] & ofd B (41571 W) o] i
20153 68 1]l o]gsto] 119 3%l Fp5t] AAZdx & E3s13iet. D37t Bl Av]7] (FC2K, Kett, Japan)
£ olg5to] A& THE & B 2|3 gof ol Zysiglct.

= uelstr| ffoll o @l 227 Afu] Ag-e Xsgst
A8 S (AR EH], 5843, AP, A7 AR e S5 L F T8 A I s ez <l
t o =Eoltt. o] =R v, 7=a 9 vt Se5E0]
=9 7|2 251 3Lol9det. 7 AlgTE AlglelES
ol g5t 7k 1 m, AR | mE 75 Wi F M2 PSS EFZI O] 15 em @] FAIE HiHI5HA 3, 5% (wiw) =
2] gt & 2 23tote] SXok= W 0 & sgelelet. PYSHE A 2igt Alg ol 59848 Sl 4%
% 0] 3 vl Al ' 0 2 20159 59 294l
olgste] 109 3020l Fste] AFAAx F sk @t His @7 (FC2K, Kett, Japan)E 018510 @n]
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MEXH 2M AnE 2A Sl HEFR] ARSI A5 0.25 g, 7mL2] A4t (HNOs) T 1 mL ZHiFsla
(H,0,)E microwave -8 vessel | Y1’ microwave (Mars5, CEM, USA)E ©]-§5}o] Eall5to] As =S ICP-MS
(7700e, Agilent technologies, USA)E ©]-85} Z45ttt (MFDS, 2016).

O

ginjel H|A 3t5HE 2M dn| F H|Askelkgel i - ol 2Rkt Az dn] A= 1 g2 50 mL co-
nical tube®]] ¥ ©}5== & 5 mM malonic acid (pH 5.6) 10 mLE& %15’_ 587+ Al Skelo] 2 TS 85°C water bathl| 4]
3027t 718 =& % sonicator (Branson 8510, Bransonic, USA)E ©|-851] 187t 231t =53t} o] =24
S S 43] AARE S mix|Hofl= 577t 2-Zuk ESIGIT, o5 4°C ofsh WAl 2A X FEQH W2t 5 A E
7] (COMBI-514R, Hanil Science Industrial, Incheon, Korea)E ©]-85}%] 3000xg= QAEE]E AAGIAT] QA&
2] H A=) A& 0.45 um membrane filter (Laboratory water purification system, Pall Life Science, USA)=Z
75157 15 mL conical tubel] FJ5}o] B 5194t} E4 A== 5 mM malonic acid, pH 5.6 HPLC 202 —r@ﬁ]-
ST (MFDS, 2016). @1 3 H]4 & F52 913 A2H0] 35 AMEolls EEAIR (NIST 1568b)E o185t] 214-&
° stelslgt

mlo

SAXMe| ZE 9 24 AR Ze]7 E 35HE 0 2 ZgstGint. 14 Hlo]Eof] theliA= Bagiat Bt
£ ol-gsto] Bt T 50 2 vEfiglom, A2 {2148 £4-2 SAS (SAS for Window v. 3.3, SAS Institute.,
Cary, NC)Z o]-&5}o] ANOVA AA 02 5-345}ch

Results and Discussion

EUQHHSM M|l W2 ZE x{Hl 30| & H|ABE Aol AM8R B AIEA 45 Lntarel gt
o5 R 22 Table 1, 2, 33 ek 2 A g0l 243 dn] Al=0] F 4 12 0.11~1.40 mg kg ] 9]
gRls|glon, dut 12@‘ S7AINA Al o] Bt F Hl4 2] 0.009~0.17 mg kg o] M= e
(Kim et al., 2000), HPFAF Q1T =B ool 4] gl Zo] H] 4 glefo] =2 718 81918} 4= Qlr}. gk A T2
Aol sl 24t 5 1 SEE A SeuEpt 851 9 Codex (FAAEFA ) 2] Wju] 5 B7]H] 4 518
7% 5%21 0.2 mg kg ' Bt 2= 21 0 2 SRIF|QIet E A F HYRAIE A 2ok oh2 T ol &

Apr

HU

il

Table 1. Chemical properties of the soils used in this study.

Area pH ECT Available P Organic matter Exchangeable cations (cmol. kg™)
(1:5) (dsm™) (mgkg™") (gkg" Ca Mg Na K
Yesan soil 6.3£0.06  0.15+£0.01 63.97+4.17 38.9+0.7 8.4 18.9 0.2 0.27
Seosan soil 7.3£0.04  0.16=0.01 21.98+0.14 43.2+£3.2 5.3 1.5 0.2 0.6
Optimal rangef 5.5~6.5 <2.0 80~120 25~30 5.0~6.0 1.5~2.0 - 0.2~0.3

TElectrical conductivity.
TOptimal range of chemical properties in the non-contaminated paddy soils (Kim et al., 2010b).
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Table 2. Total heavy metal concentration of the soils used in this study.

Heavy metal (mg kg™

Area

As Cd Cu Pb Zn
Yeasan soil 155.743.97 5.5+0.1 32.2+0.4 93.9+1.5 91.1£1.1
Seosan soil 209.1+8.4 49.2+1.4 142.9+1.9 5056.1+£133.6 4291.6£111.0
Concern level ' 25 4 150 200 300

"The Korean soil contamination concern level for agricultural land (MOE, 2010a).
Data are means + standard deviation (n=3).

Table 3. Chemical properties of soil amendments used in this study.

Amendments" pH Heavy metal (mg kg™)

(1:5) cd Pb Cu Zn As
PM 7.2+0.47 0.03+0.01 0.46+0.11 0.63+0.05 2.73£0.36 N.D.
AL 11.4+0.7 N.D. 0.06+0.01 0.16+0.01 1.09+0.07 N.D.
SS 9.5+0.5 0.29+0.06 0.25+0.06 0.48+0.14 4.07+0.68 N.D
GS 5.7+0.3 N.D. N.D. 0.01+0.02 N.D. N.D.

TPM, Poultry manure; AL, Agri-Lime; SS, Steel slag; GS, Gypsum.
Data are means + standard deviation (n=3).

1] 5 H| A g2 oRE Tt ARTE O] Z12F 1.1140.16, 0.28+0.01 mg kg 2 B 5 H|A0] Z- Stk AATESS
O] Ptgo] =IAITE m 5 H] A g2 eAFE el A ARt o] =2 AS BRI 4= JIGInt o= EF 3l ¥
4 5 TE a]lo] Tofol= A o2 FAETt (Tables 4 and 5).
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=R o817t LE AN An] o] H|A =R AREAZE 3% (wiw) 22’ LECA
AR 17.7% A she 22 RIS ARTE oA = ARZER] A2 Al 5% (wiw) A 2]l A F-A] =]t E
t}8.3% 57 Fol= 2= ERI  12UTh (Tables 4 and 5). 58 ﬁﬂ 3, 5% (wiw) A& Al RFEFA = tiz7

B]ol 2821204, 39.1% ¥]4-] §10] olAI= 248 BT84 QIR ARHEJOIAE 158, 4.7% Z7Foh= 248 51
A5} (Tables 4 and 5. o115 57 e 415] Aol ofgh ek pH 402 A1 8] Asalgo] 271517] ol
© & ZA=cH(Kim et al., 2010a; Lim et al., 2011).

APFEEL3, 5% (wiw) A2}TollA aitEGols= FA = tiv] B]40] ofeko] Z12F30.5, 64.7% Addh= Ze
I AT, AAFE oA =29.1,39.2% A6k A 15K o= A& 15 Ao 2 EY F
pH7} Ol HA H|4-0] Fa ] g2 S7Fd 4 QAT A3 e 719] Fext EoFO] H|A0] A9t ?‘Jﬁﬂ‘ﬂ e
Ak a7 UEhd 2o g A JARA] A A0 JPAlE T AR EY U H S
FeAsO, * H,O, FeAsO, - 2H,0, Fe; (AsO,), 52 B-849] sighzEo] AT o] H|4 9] o] 52 ¢ aupxog
HAAA 7P Z2 |4 A 242 B EITh (Carlson et al., 2002; Kumpiene et al., 2008). =3 A& 15 0]
B3 H|A 0 B Pt e w94 o & AR Hol §li= Aot 2o vl A2 HES) B
Lee and Jeon (2010)2} Lee et al. (2011)<2 H|A @ AEFof| thet G129l AtEa12] A7) A2 avtE B sttt
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QFEhEI9] TIRIT (Koo et al, 2011), whebA] 3 Aol Ukehat AdLell o] AL o] vk 47} ke
PR} ol T FE4telEe] oo S2tE of QPStel= ARl Aot dA[stk= A o= Tt (Lee et al,
2002; Oh et al., 2011). 231 3,5% (w/w) A &= T2 2] giH] @u] 3 )40 ghafo] oAtE: %‘EOﬂH 49.7, 67.7%
A= AL, AAFEFNAE= 60.1, 57.6% = A= o] At = uf A Rl
SEA[TE BHAE717E Qlo] ESF pHE #0454l AT, AAARO R ls) 35% Caol22 EY 5 S'}—F’r ] 4
(DOC, Dissolved organic carbon)2] -5-A| 2 28511 DOC2} 23 v A7t Cate] 33 (coprecipitation) 2.2 21
§F QPsk= 2kE= o] H|A40] A7 a7} Bl F-3isA| LRt 2 0 & TekElth (Kim et al,, 2018).

Table 4. Concentrations of arsenic species in brown rice grown in pot with Yesan soil as affected by amendments.

Aendments Total As As ()T As (V) DMA MMA irii‘;;;iis
mg kg %
Control 1.1130.160bc'  0.538£0.084a  0.013:0.001d  0.136:0.03a  0.005£0.001b 49.5
PM 3% 0916:0319cd  0.539£0.019  0.027£0.006b  0.089:0.007b  0.002:0.000¢ 61.8
PM 5% 1.02260254bc  0.490£0.080ab  0.032:0.002a  0.158£0.050a  0.004£0.001c 511
AL 3% 1.340£0.162ab  0.513£0.020ab  0.015:0.002cd  0.158£0.008a  0.006£0.001b 39.4
AL 5% 1548803032 0492£0.021ab 0.017£0.00lc  0.156£0.009a  0.0080.001a 32.9
SS 3% 0.773:0226cd  0.477£0.030ab  0.012£0.001d  0.003+0.005b  0.00320.000d 633
SS 5% 0.393+0.120e  0.232+0.007c  0.017+0.00lc  0.029:0.003¢ ND 63.4
GS 3% 0.560:0.116de  0.445:0.064b  0.017£0.001c  0.061:0.004bc  0.002::0.000¢ 82.5
GS 5% 0.360:0.060c  0273£0.031c  0.017£0.001c  0.029:0.007c  0.002:0.000¢ 80.6

TPM, Poultry manure; AL, Agri-Lime; SS, Steel slag; GS, Gypsum; TAs (I, arsenite; As (V), arsenate; DMA, dimethy-
larsinate; MMA, monomethylarsonate; "Means in each column followed by the same letter are not significantly different at
p<0.05.

Table 5. Concentrations of arsenic species in brown rice grown in pot with Seosan soil as affected by amendments.

Armendiments Total As As (D) As (V) DMA MMA iri;rgcfr‘;tc‘is
mg kg’ %
Control 0.278£0.013b°  0.116+0.018a  0.015£0.001b  0.002=0.000e ND 47.1%
PM 3% 0.287+0.009b  0.118£0.012a  0.014£0.003b  0.0030.000e ND 46.0%
PM 5% 0.301£0.008ab  0.127£0.008a  0.026:0.018a  0.004£0.000c  0.001:0.001 50.8%
AL 3% 0.32240.007a  0.114£0.008a  0.014=0.001b  0.007-0.000b ND 39.8%
AL 5% 0.291£0.005b  0.119£0.016a  0.013£0.005b  0.008+0.000a ND 45.4%
SS 3% 0.197+0.049¢  0.089+£0.004b  0.001+0.000c  0.002+0.000e ND 45.7%
SS 5% 0.169£0.002c  0.086:0.009b  0.001£0.000c  0.002£0.000e  0.001::0.001 51.5%
GS 3% 0.11120.002d  0.060£0.007bc  0.001£0.000c  0.003=0.000d ND 55.0%
GS 5% 0.118£0.002d  0.072£0.006c  0.001£0.000c  0.0010.000f ND 69.1%

PM, Poultry manure; AL, Agri-Lime; SS, Steel slag; GS, Gypsum; TAs (IIT), arsenite; As (V), arsenate; DMA, dimethy-
larsinate; MMA, monomethylarsonate; "Means in each column followed by the same letter are not significantly different at
p<0.05.
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T E A3 A 3ggh 24 AR oflate] mpgAt QI =E ol A 213 Al A E-S AAIsHI 2ol <] A
A2 TEAR T Ee] BE QPSR A 2] tollA] vla A7 BikE UrE’rlH = QPSS A 2fokA] o Aafet
An]of| A= H] 4 0] & gFFo] 0.483+0.025 mg kg & FR1E]Qiet TE AglofA 9] dn| = H|Ag=F0] 1.113£0.160
mg kg 7} H]wSto] IA] 4GS B olF=t o]= Atk I E o] g olA Bia] o] vt A STkl o]
£ ] o Aoz A ARERIE 3, 5% (wiw) Azt Aol ] - Hla o] 2821 0.313+
0.001, 0.321+0.006 mg kg &2 THZFHT} 35.2, 33.5% AA=, 584315 3, 5% (wiw) 2ot uf H] 49
T2 771 0.26+0.008, 0.262+0.006 mg kg 02 T2+ ThH] 46.2, 45.8% =] Tt AVFEHTE 3, 5% (w/w)
Afstele o @l 5 H]i StEkS.0.3970.014, 0.408+0.002 mg kg © 2 T2 thv] 22+ 17.8, 15.5% A7
o, o] Bk H]A 0 o =Rl AV 7.0 Mg kg -2 A efste] FA12] izl vl 40% -2 @ka 23 Yoo
etal. (2017) 27} vﬁ}ﬁm . o]2fgt Ak APFEH 15 A2 3t EFolA As= tZet H|wsto] ©F80% o
BEF7F AAE N o= AVFEH L Ul v SrEo] Qs AR E SR AsO] 8555 A 1L Ao
2 % unetal. (2011)2] Avebr glo] gle.0 & et Q]ct uix]ato 2 M35 3, 5% (w/w) #2512
Hu| F 1|40 ekl &= geF A2l47}F 242 0.217+0.001, 0.218+0.001 mg ke .2 T2+ TH] 55.1, 54.9%7} |
Z=]Jck (Table 6).

Table 6. Concentrations of arsenic species in brown rice grown in field with Yesan soil as affected by amendments.

N Total As As As (V) DMA MMA irii:ae;tcois
mg kg’ %
Control 0.483+0.0252°  0.167+0.010a  0.01840.005a  0.055:0.004ab  0.004::0.00b 383
PM 3% 031340.001c  0.135£0.010bc  0.002+0.000cde  0.046+0.002cd  0.0050.00ab 43.8
PM 5% 0.321£0.006c  0.124+0.009¢  0.002+0.000de  0.056+0.006a ND 39.3
AL 3% 0.260£0.008d  0.123+0.003¢  0.005+0.000bc  0.040+0.002d ND 492
AL 5% 0.262+0.006d  0.149+0.002b  0.002+0.000de  0.048+0.008bcd  0.004:£0.00b 57.6
SS 3% 0.39740.014b  0.134+0.016bc ND 0.055+0.004ab  0.006:0.00a 33.8
SS 5% 0.408£0.002b  0.123+0.015¢  0.005£0.000b  0.051£0.001abc  0.006:0.00a 314
GS 3% 0.21740.001e  0.096:0.005d  0.004+0.000bcd 0.032£0.002¢  0.001:£0.00¢ 46.1
GS 5% 0.218£0.001e  0.074+0.010¢  0.003+0.002¢  0.015£0.004f ND 35.3

TPM, Poultry manure; AL, Agri-Lime; SS, Steel slag; GS, Gypsum; TAs (1), arsenite; As (V), arsenate; DMA, dimethy-
larsinate; MMA, monomethylarsonate; "Means in each column followed by the same letter are not significantly different at
p<0.05.

EYoHStA| XMzlo W2 0| F HIASEIE & 2M FRIT F A (G AihS A7sto] vlA
Q AE =EFOIA H| A0 2 H24 0 = QPSS A elsto] Afuligh dnlE Tl o & H|ASkkE (7]H| 4, 7
7|8]4)S Ealoto] BAsteIT) ZF BEAA = 5 HETHA osk] kel thsliAl+=ND (not detected) = E7|5FATY. <]l
AFO] A QI =E SRS o] 81t LEAR oA Auliet @R]o] As (1), As (V), DMA, MMA 2] 47}4] B4 2ot&-&
B A% 0] At F7|H]42] As (T1D), As (V) 2] $FFo] 21210.538, 0.013 mg kg 2 E3HF t]H] 49.5%E 2 A|5H=

my
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i
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- o] 39.1% 7Vt AR H] 4 2FokE 5 F71H] 4 As (1), As (V) 9] @] 21210492, 0.017 mgkg ' & 5] 2
5/d0] 7Rt As (1) 9] Rt 23 Fo] B A& SRI = JUSITt. Hl4 3Fakg B4 Aut AP &2 71 3%, 5% A2
Tl A= B1H A As (D) 9] §EFo] 2H240.477, 0.23 mgk 15 zﬂﬂ—*—aﬂz 50, 2271l A 3% x{ a;LEEMs.l%
HolzlA! 171H]4> F DMA= 742 thH] 78.6% =274
291 As (1) 2] gFgo] 217+ 0.445, 0.237 mg kg 2 5], 4|11 5% Z%FJ%LOW Tz%ﬂ%L rﬂtﬂ 49.3% oI 57|
H|491 DMA 94| 78.7% A7 =| 31T} (Table 4).

Aabgat QI =E GRS o] 85t ZEA T A Auigt HE 7HA] AL 247 Ao F H]A RE20.278 mg kg '©]
A3 H| A SFSEE As (I00), As (V), DMAE Z}2}0.116, 0.015, 0.002 mg kg ' ]2 8 MMA= HE%A] ¢ttt A
AbsPAt QI =Ego= i—Oﬂ*ﬂ et ¥ o] 739 F B4 tiH] F71H]4-0] 92> 38.3% 5 AHAIsHrt. QHdst
AIE A2Ieh 5 Algt B o] B4 SfohE-S RARY At AL E|H| 9 584315 A 2lotals -5 FA 2ot vl
TS B, APFEE 1 5%E AfollA] BlQ] As (I} As (V) T 212} 0.086, 0.001 mg kg 2 FA]2]o]
H]5}] 25.9, 93.3% Aok Z& I 4= AT AA1E A2 79] A-9-3% A 2[5tk ™ As ()2} As (V)] &
2ZFo] ZF2}0.06, 0.001 mg kg 2 T3] 2]Le]l B3l 48.3, 93.3% A= QITH (Table 5). )= ko] ofjAto] At 91T 1=

S
24
oN
_OI
rr
L?J
1o
o,
1,
2,
_L
1
Rl
UJ
()]
X
)
)
=y
é

0

==

Eqko 2 JrEol AEHE] FH|A: Gl Hlk SFOLE Glako] 2k Hldat 2 Shelg 4 qlglck
QYA ol AT Q1 il 217 Al T S AT, 8 - An F vl SolE-S HAGH A TR
—_TLQJ As (111), As (V), DMA, MMA ©] §FR2 Z+2}0.167, 0.018, 0.055, 0.004 mg kg & FH]| A~ TH] F-7|H] 4 0] H]

-2 38.3%E AFA[51ITE. 7Y SHA] A=l LollA] 18.4~58.4% A elk= G 7HE 2RIstt). Au] & 58 H| 4S5k

o1 As ()= 72427 tiH] W@Xﬂ AE] 7 10.8~55.7% Aot 5] Al 5% A2 e] 749 T2l
H]5]] 55.7%9] 7 =2 A7 :8-& HAh As (V)= BB A2 ollA T4 2]+ tiH] 72.2~97.2% A= ais
YERHSITE 571440 DMA@rMMA WG SHA| A =]tellA] A 0= FEIgh A7t &ﬂrL Ho|z] olotort A

1 5% 2ol A= DMA7} 72.7%7FA] A7 =] ATt (Table 6). 24 A5 H LE A oA Auligh &ho] ZH| 4
Vet AR o] FH| A g2 xto]7} QARG QPFSIA] A 2] -e] vlA A7t G3FO] FAF2 A2 Bl A gko]

AerS SIsiom, W HSNEE] A sk MR ol A SRlsic
Conclusion

A (@n) 9] v A S B4 0 2 H| A QA =B A H QFYSIAIE A2t EEL} T oA 22t vlE Aul
Sh9LT 8 % Ful 40} ]2 B101EL HAjslol B 1]4 S SlstC). ARE), 5848, AL L AT
S AH 4719] PR T L F 2 Aot - LE I TS T AAE A Aot AltEE 1o
S AREH] 2 5843t 2491 71 0 2 SRIE|Qth. AR 9] 7-2-of ke 115 A 2|ol31-S wf v] 40| A

[e) o
A mEo] 7P =3 ole AL ?ﬂ l QL Ca} E"*%"—‘i S AsPlelERe] 33, DOC | A It H]4

E



Effect of Soil Amendments on Arsenic Reduction of Brown Rice in Paddy Fields = 109

Acknowledgement

This study was financially supported by “Research Program for Agricultural Science & Technology Development
(Project No. PJ013392 and PJ010923)” National Institute of Agricultural Science, Rural Development Administration,

Korea.

References

Bothe, J.V. and P.W. Brown. 1999. The stabilities of calcium arsenates at 23+1 degree C. J. Hazard. Mater. 69(2):
197-207.

Carlson, L., J.M. Bigham, U. Schwertmann, A. Kyek, and F. Wagner. 2002. Scavenging of As from acid mine drai-
nage by schwertmannite and ferrihydrite: a comparison with synthetic analogues. Environ. Sci. Technol. 36(8):
1712-1719.

Ciccu, R., M. Ghiani, A. Serci, S. Fadda, R. Peretti, and A. Zucca. 2003. Heavy metal immobilization in the
mining-contaminated soils using various industrial wastes. Miner. Eng. 16(3):187-192.

Kim, K.R., J.S. Park, M.S. Kim, N.I. Koo, S.H. Lee, J.S. Lee, and J.G. Kim. 2010a. Changes in heavy metal phy-
toavailability by application of immobilizing agents and soil cover in the upland soil nearby abandoned mining
area and subsequent metal uptake by red pepper. Korean J. Soil Sci. Fert. 43(6):864-871.

Kim, M. H., M.I. Chang, S.Y. Chung, Y.S. Sho, and M.K. Hong. 2000. Trace metal contents in cereals, pulses and
potatoes and their safety evaluations, J. Korean Soc. Food Sci. Nutr. 29(3):364-368.

Kim, M.S., W.I. Kim, J.S. Lee, G.J. Lee, G.L. Jo, M.S. Ahn, S.C. Choi, H.J. Kim, Y.S. Kim, M.T. Choi, Y.H. Moon,
B.K. Ahn, H.W. Kim, Y.J. Seo, Y.H. Lee, J.J. Hwang, Y.H. Kim, and S.K. Ha. 2010b. Long-term monitoring
study of soil chemical contents and quality in paddy soils. Korean J. Soil Sci. Fert. 43(6):930-936.

Kim, T.H. 2010. Efficiency of chemical remediation technology and stabilization mechanism in heavy metal
contaminated soil. Kangwon National University Graduate School Master’s degree collection of dissertations.

Kim, H.S., B.H. Seo, S. Kuppusamy, Y.B. Lee, J.H. Lee, J.E. Yang, G. Owens, and K.R. Kim. 2018. A DOC coagulant,

gypsum treatment can simultaneously reduce As, Cd, and Pb uptake by medicinal plants grown in contaminated
soil. Ecotoxicol. Environ. Saf. 148:615-619.

Koo, N., H.J. Jo, S.H. Lee, and J.G. Kim. 2011. Using response surface methodology to assess the effects of iron and
spent mushroom substrate on arsenic phytotoxicity in lettuce (Lactuca sativa L.). J. Hazard. Mater. 192(1):381-
387.

Kumpiene, J., A. Lagerkvist, and C. Maurice. 2008. Stabilization of As, Cr, Cu, Pb and Zn in soil using amendments —
areview. Waste Manage. 28(1):215-225.

Lee, HK., H.S. Jin, I.S. Hwang, and J.Y. Park. 2002. Prediction of leaching behavior of steel slag using a chemical
equilibrium model. J. Waste Manage. 19:79-87.

Lee, J.H., W.I. Kim, E.J. Jeong, J.H. Yoo, J.Y. Kim, M.K. Paik, and M.K. Hong. 2011. Arsenic contamination of
polished rice produced in abandoned mine areas and its potential human risk assessment using probabilistic
techniques. Korean J. Environ. Agric. 30(1):43-51.

Lee, M.H. and J.H. Jeon. 2010. Study for the stabilization of arsenic in the farmland soil by using steel making slag
and limestone. Econ. Environ. Geol. 43(4):305-314.

Lee, W.C., J.O. Jeong, J.Y. Kim, and S.O. Kim. 2010. Characterization of arsenic immobilization in the Myungbong
mine tailing. Econ. Environ. Geol. 43(2):137-148.



110 = Korean Journal of Soil Science and Fertilizer Vol. 51, No. 2, 2018

Lim, C.H,, S.Y. Kim, and P.J. Kim. 2011. Effect of gypsum application on reducing methane (CH4) emission in a
reclaimed coastal paddy soil. Korean J. Environ. Agric. 30(3):243-251.

MFDS (Ministry of Food and Drug Safety). 2016. Korean Food Standard Codex. Cheongju, Korea.

MOE (Minister of Environment). 2010a. Soil environment conservation Act. Ministry of Environment. Korea.

MOE (Minister of Environment). 2010b. Standard test method for soil pollution. Ministry of Environment. Korea.

NAAS (National Academy of Agricultural Science). 2010. Analysis methods for soil chemical properties. Publica-
tion No. 11-1390802-000282-01, NAAS. Korea.

Oh, S.J., S.C. Kim, T.H. Kim, K.H. Yeon, J.S. Lee, and J.E. Yang. 2011. Determining kinetic parameters and stabili-
zation efficiency of heavy metals with various chemical amendment. Korean J. Soil Sci. Fert. 44(6):1063-1070.

Roman-Ross, G., G.J. Cuello, X. Turrillas, A. Fernandez-Martinez, and L. Charlet. 2006. Arsenite sorption and co-pre-
cipitation with calcite. Chem. Geol. 233(3):328-336.

Singh, T.S. and K.K. Pant. 2006. Solidification/stabilization of arsenic containing solid wastes using portland cement,
fly ash and polymeric materials. J. Hazard. Mater. 131(1):29-36.

Yoo, J.H., S.W. Park, W.I. Kim, S.B. Lee, K.S. Oh, B.C. Moon, and S.C. Kim. 2017. Effects of soil amendments
application on growth of rice cultivated in soils polluted with heavy metal (loid) and on the As and Cd content in
brown rice. Korean J. Soil Sci. Fert. 50(6):663-673.

Yun, S.W., S.I. Kang, H.G. Jin, H.J. Kim, and C. Yu. 2011. Leaching characteristics of arsenic and heavy metals and
stabilization effects of limestone and steel refining slag in a reducing environment of flooded paddy soil. Korean
J. Agric. Life Sci. 45(6):251-263.



