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Abstract treatment showed the highest efficiency of decreasing As
concentration in the soil and rice grain. The values of

BACKGROUND: Soil contamination of As is a very Pearson correlation (r) between As concentrations in the

sensitive environmental issue due to its adverse impact on soil and rice grain were 0.782, 0.753, and 0.678 for CaCl,,

human health and different characteristics with other TCLP, and PBET methods, respectively. Especially, CaCl,

heavy metals. With public awareness of As poisoning, method was highly correlated between As concentrations

there has been growing interest in developing guideline of the soil and soil solution (+=0.719), followed by TCLP
and remediation technologies for As-contaminated soil. (r=0.706), PBET (+=0.561) methods.

The objective of this research was to evaluate the CONCLUSION: Stabilizing amendments can effectively

effectiveness of stabilizing amendments and soil dressing reduce available As concentration in the soils as well as
methods on the mobility of As in the contaminated rice soil solution, and thereby potentially mitigating risks of
paddy soils nearby mining area. crop contamination by As.

METHODS AND RESULTS: Different amendments

were mixed with surface and subsurface contaminated Key words: Arsenic, Coal Mine Drainage Sludge, Rice
soils at a ratio of 3% (w/w) and monitored for five months. Paddy Soil, Stabilization, Stabilizer

Three different extractants including 0.01M CaCl,, TCLP,
and PBET were used to examine As bioavailability in the

soil and the concentration of As in rice grain was also ME

measured with an inductively coupled plasma (ICP) ARGl TAIE) ANE Tlokst o] Sa T
spectroscopy. The results showed that all amendment Qart QgAoT AN - WEET, o5 B EoF Eo)
treatments decreased As concentration compared to the OJEUAS Ea) Tioks AEja 0w BAlEle] wel 24 A

control. Especially, coal mine drainage sludge (CMDS)

07 QI7HS BFEE 7| Al] 2 H S 7T
(Thornton, 1983). 53] ?r- HFAE FHol| X E FAkE
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Singh and Pant, 2006).

FuEolU FEHOE 94Y A EYY 5AE 4
3 eHg3}l 7)12e Zhe BAS Eol AeElste] falny &
/do] vk FelE vhy FAAQ S AT B9
o] 7 FAAL 4 ol kst o] ¥l 445 9
tHOh et al, 2011; Ok et al, 2011). e+ 35S 1970
dd) o]F 7P gl A8 glo, n=e] A9 Mg &
4 AgFo® 7oAl 24%7F ALH7 % Sl

E5h v] RGN B2 AeA T AHlEoR A Y
9] 1544 Aol thal “Best Demonstrated Available
Technology” = 4174 =7]% 8}t Singh and Pant, 2006).
el sl nl=e] FF S wld A elM e
H]Z(As) > H(Pb) > T(Hg) > 23H]d(Vinyl chloride)
> Zg]gshlo]Hd(PCBs) > HlAll(Benzene) > 7H=H(Cd)2]
cow QA flade] & Ao HisgitKMuhammad
et al, 2008). ©|Z 7 Aol e BAR FRE 9
= H|A(arsenic)= FH%(metalloid) 94 3F T2, ¥
4 yRoks fukshs B4R odefA glon, = - e 4
F A0 58715 Ak AstE A Qe Aol v
Ege e sy, 53 5 Adzl ) A
A AZTH, 5% 9 s AR T A9l &
Fo] T Aotk 53] S| #H3AE 2AF Aksel ofahd
% ©]730] HlAo] QQdH Zo7 HaEo,
- A7kt el Zo® dejA Qlth(Lee et al, 2011). ]
28] 941 FPgAto 2 RE wiEE= Fr] 9l FAo] St
© SshgE Alslg e dakslme] g ost gk
7 o] FrEAE 207 B QltkLee ef al, 2010).
HIAE F7H|A9) f70] 4 FEE EA8H, 3 SellA
F7M| A+ arsenate[As(V)] 2} arsenite[As(III)], #7104
MMAA[methylarsonic acid; CH;AsO(OH),]2+ DMAA
[dimethylarsinic acid; (CH3)»AsO(OH)]7} & ©l&
(Carbonell-Barrachina et al, 1999; Duker et al, 2005).
H2:0) =40 f7mlae] Blsl] F7HArt £l As(II)O]
As(V)ell gl o] sA 4 =Ao] & Zow oA itk
As(Il) SPIEl(AI3l, =2k As(V)= APE|(A %
T, WEY| F2 AL thE S5elRed gl ¢ X
AL o] 23eE fAleh 548 Uehdle 540 Stk
7 AFelMs PEskeHE ol &k By A
=29 a84S gristaa guzl &z E4l 434z
e aEAElES ke bleE A, AdEd
5 A AFEA =EYe] A8t ATtk

SARES MY W 54
HENES AT AL FHE, S 4 % ok A

7 5ol od F AAE fE oleo] Helolt g
RASGTL, 5449 A% T4 ST Aol 2319

a1, AgATelA BlAe] st 9ol RuEY|E st
(Kim et al, 2012a,b). 2| 54 AL FEXTH
Agshs “EG W AEA AR O Fate] EAL v
HE o]kl pHE B9 S HIE 152 A%
T St EY 718 Tyurin®, FEJ04H Bray
No.1¥ % o] 2w 832 BrownH 2.2 AAz & 7|7
A aolnh Bk HlA S w5 FEE FUl] FE
AREE]E= 0.01 M CaCly, US EPAS] 3 93l H7lol| AR
%= TCLP (Toxicity Characteristic Leaching Procedure,
EPA method 1312)¢} 14 1314 7}ellA o]-§5k= PBET
(Physiologically Based Extraction Test)Z 37}e}3ith E
o] HlA M sE flal AAE MRS A3A Tt
3780l BAsh= A 3]4] A= (Limestone; LS), AR
oA i E= A AR A el A 38E £214](Coal
Mine Drainage Sludge; CMDS)$} A|dAN] A= 2
AJet= &l 1(Steel Refining Slag; SRS)E ©]&-3I3lt}. <
Ao 2 Aelx] EF ol vjad HYskE H3ow
ARgsh=s v FA UEE Sl A o ® ek H
A0 Heekyt 253K TCLP, KSLT; Korean standard
leaching test)s B7Fsl%laL, Pl & F&FS vA= A
o% 4R 3= pHE S5k

i

OlX3}ZHO| ML
- o od— o
A8 o wAA HlA E8skE 8 HdsEd

S £ Agjste B9 gskeiS A8skltHOk
t al, 2011; Abd El-Azeem et al, 2013). A2 +4
& FBAE TS 7L 2 m, W: 2 m)E TES Wr
31, Wll(irrigation)oll g A2~ 7+e] IS §lel] <S1al
W FAskSith g3t M2l Table 17 #2o] 2821311,
gk 2ok 9 E8 F v eEYS HEshe WHoR

[0}

Table 1. Descriptions of monitoring plot in paddy field

Label Description
NT Non-treated
LSy Mixed NT with LS (0-40 cm)
SRS?y Mixed NT with SRS (0-40 cm)
CMDSYy  Mixed NT with CMDS (0-40 cm)
AMYy Mixed NT with AM (0-40 cm)
LSc Fresh soil covered (40 cm) after LSy (20 cm)
Fresh soil covered (40 cm) after SRSy
SRSc
(20 cm)
CMDSc Fresh soil covered (40 cm) after CMDSy
(20 cm)
Fresh soil covered (40 cm) after AMy
AMc
(20 cm)

D limestone

2 steel refining slag

9 coal mine drainage sludge

Y amendments mixture (LS:CMDS=50:50[w/w])
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979 BUER 75 AAasitt 2 Al 7140
= W] Eoks ekl o) F w(Eek 233, Ozyza
sativa L)E 21AeQltE B3t EFollA s4HER o]5d
TR DAL vl S wUEYs] S8 74 XM?LDPE}
=89 A1517](porous ceramic cup)E A,

NEEETEEIEE
Ao PAIBE 97)19] NS T EEr)E o Falo]
FZAES sty FAE] £3 A7) HelTe BE
o worgele AN, HelFold AT wke vl
ke 4o GEEEE 24 0.01 M CaCl, toxicity

characteristic leaching procedure(TCLP), physiologically
based extraction test(PBET)Z F&3 29S8 USEPA
method 3051A°] wWa} ICP-MS(Perkinelmer, NexION
300D, Shelton, CT USA)E ©]-8-}] 71613tk n = 3) (Feng
et al, 2005; Kim et al, 2007; Lee et al, 2011). *2]7¥
2 AT BRGNS Wo P AEAREhiei gy
S ARAIE o8] vz FRE BAASITHn = 3)
AT REE s waE)S R Baste] 4
RAH(HNOSH,0) 0] FjolS ICP-MSE 1|23e
Setsichn - 3.
Zda ¥ aF
ZARHB O EA

Aol ARERE B9k Table 2004 7]&3h ukel o] ¢
E(5e, mAk B A Ee] ggo] 7} 37, 453} 18%)°] SA=
I%E]FM-L Eoko] oukAQl 3}8ka EAJO Az A Qo
UE AOE YERHTHKIm ef al, 2012b). EoF2] HlAE= 7F
84 9 W+ ol FEYE 01839, 1 N HA,
0.01 M CaCl,, TCLP % PBET®] tjsll Z+z}F 15.82, 0.052,
0.153 ¥ 3.290 mg/kg % UEpsith S Bk @9k
71 B0 R AREYE Ant FEEE dAVIEE 22

o E U= R

s o 1 i, TCLP F&¢3-2 EPAIA 7133h= 7]
2] olslel Ao YEpyit) EoF o ﬁﬂé Exo= Hst
Q}in}xﬂ EH A7y&a 19} ﬁ%‘l ZHA) 7t e

X 2= 7P| tid] E71Z(not detected, ND)

2 YR, o582 pHE 43814 909 A& 11.049)
FrblrEeA] 83605 UE] BAS 2= Z1o% VERYTH

EYo| H|AEHE
Mgk Ao wE B W vkl FEAME 7HEA
S Table 33 o] Yepstth 2 vjAES iz
TE 719 % PBET(3.29 mg/kg) > TCLP(0.15 mg/kg)
> CaCly(0.05 mg/kg) 2l =02 Yelsta, Pl 24
of 3 B FEW T vlAadES fhshs Ao® e
Sk HYske] T HgstEds SdESY AR sl
< w(CaCl, 33-77%; TCLP 0-70%; PBET 42-75%)X.t} &
B3l er(CaCl2 69-92%; TCLP 82-91%; PBET 60-71%)
H|A40] 583 a8Ao] & Z 0w UE, ol BEA
2 AR Bl RS ekl Zlo 7 wutEith e AR
A st HgskEdel i 842 CMDSy, AMy©l 71
EgoH, 7 Aol e FhieEaATE 48
Holok FrEdAs v#e a5 8Es ek A
o A QUi FEHASES HjAg) whgste] F3 e
T3 ga B85 4 Q= AoRE dEA UrKCui et
al, 2012; Tsang et al, 2013; Almaroai et al, 2014). &=
3t LSy, SRSw, AMyE A314, AEHI1E e A
TE H]A20] /MY stel a&2Ql Zo% UEhtal, o= ¢
2157 shollx] ok Z<ro] Bl whgste] =84 S
52 gAe el Aoz AdHtJames et al, 1999;
Jurate et al, 2008). T4 HEHS 0|23 As(II)F} As(V)
o] FA3keES BA619a, CaCl9 TCLP A& o=
As(I)S AZEA] 99k PBET FENold= As(Ill)o] A%
=tk As()H As(V)= AES HJA tizz7R21et 7
31137, Moon 5(2008)#} Yoon 5(2010)- ¢HdsH=2e] A

Table 2. Physico-chemical properties and heavy metal concentration of paddy soil used in this experiment

pH som” P,05” CECY Sand Silt Clay Texture
1:5 g/kg mg/kg cmol/kg %
6.06 27.3 110 6.91 36.9 45.5 17.6 loam
Y s0il organic matter
? available phosphorus
% cation exchange capacity
1 N HCl CaCl," TCLP? PBET?
------------------ mg/kg -
As 15.82 0.052 0.153 3.290

Y 0.01 M CaCl,
2 toxicity characteristic leaching procedure
% physiologically based extraction test
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Table 3. Average available concentration of As for each treatment in soils (n = 3)
NT LSy SRSum CMDSm AMym LSc SRS¢ CMDS¢ AMc
Treatment
mg/kg

Total 0.052 0.016 0.035 0.031 0.012 0.009 0.016 0.004 0.012

CaCl, As(V) 0.011 0.009 0.009 0.006 0.005 0.001 0.001 0.002 0.003

As(IIT) ND ND ND ND ND ND ND ND ND

Total 0.152 0.090 0.152 0.064 0.045 0.032 0.014 0.019 0.027

TCLP As(V) 0.165 0.070 0.111 0.030 0.026 0.004 0.008 0.004 0.004

As(IIT) ND ND ND ND ND ND ND ND ND

Total 3.290 1.913 1.797 0.820 1.210 1.183 1.320 0.960 0.995

PBET As(V) 0.187 0.155 0.116 0.077 0.143 ND ND ND ND

As(III) 3.092 1.855 1.593 0.461 0.972 1.102 1.547 1.221 1.235
22 B9k As(Ill)+= calcium arsenite(Ca—As-O), As(V)+= 52 o= Ur THAdhs Ao F Yehyith Eokgdy)
sodium calcium arsenate hydrate(NaCaAsO; - 7.5H,0O) STAE Y 849 dEw Bk nixbyIA R kg iEdS
o ez oHg3tetiy Budk Aytel A= How ¢ A Eet AR BES ’\]@?Loﬂf‘i AZHE ol
G A9l B B LD A AT A A0S el wggel) vl Gt i 24
o st BEAE HOT, BE AEO) BEAOI T 2 YT 4010075} BE AR 5884557, 54
Ao Yehdth As(Ill)> PBET HEHM HEHUL B &9 AET 54-100% 2 HE AP 75-100% °] ek
ESF U v]49] #-3(fraction)> As(V )oﬂ )3l As(II)e] 3 st 89S YeRth ol Yang 5(1995), Ok 5(2011)%}

Zol o] =& Z0E YEh o) AIEFA) mEge R ¢

T gl As(V)7F As(i) 02 ghlwm vhept 2o
2 sy, ojgjsh Ayl o] gAlo] Tk HISYER &
Eg ATt BEN HAEEHE A%E YelktiMandal and
Suziki, 2002; Yoo et al, 2007).

S8 U SEEO HABY
2 o 8 E9 1] ulavt rgskEs A

I Rice grain
[ Soil solution

:Iiii la 1

J“m_h i

<
R IR

As concentration, mg kg™

Fig. 1. Concentration of As in rice grain and soil solution
(n = 3).

Wagner and Kaupenjohann(2014)°] 211$t % U 24
49 Mgsh= ol s S A AEo] FFskAY B
follof| AF3L 2= 9)i= oko] 7hasR= Aulel Q|5 A
o% Wt Bl Al Mgz gaAe Bt
AR AL, wHAsHE S SHdhe GAbilE e A(CMDS,
AM)E Aels W 7P w2 284S vebiloh

QPdskad Aol whE B Hl4 <Mystel o mE =
FENI w2 U BlAagrEe] At (pearson correlation
analysis; PAC)= SPSS (ver. 21)E ©]&3l A33lct
(Table 4). = W] H]&e] tigt 7H8/3 §F {lell= TCLPS}
PBET F&/°] r=0.768(p<0.05)°] & S 2 4
o7 yeRstal, EFENt §aES r=0.934(p<0.01)9] -
T APAE Btk Eok 2 (bl CaCl, TCLP
9} PBET A&7 gl visl] £=0.782, 0,753} 0,678(p<0.05)
2 =AY ¥ A 22 AHdE 1Sl E°h+ EoFgd 71
ol CaCl,, TCLP$} PBET AEA 3ol s r=0.719,

0.7063F 0.561% FAY B2 & ks
1{5]_ @31],1—_ Eok Eo]:_g_ou lr_;d—‘:' ])\ ‘Jj
2ol wig- WA WAV Rl E= e BolETh
shaoll 93k Eake] A4 obgdhs 97 Fo7 o%F
H o)

S 12 $HS 2N 0QBAY B A D 52
2] QA7 B 5 Gl vk IR e A
sk
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Table 4. Result of pearson correlation analysis for As
concentration in soil, crop, and soil solution

CaCl TCLP PBET Crop
TCLP 0.436
PBET 0.551 0.768*
Crop 0.782* 0.753* 0.678*
Solution  0.719* 0.706* 0.561 0.934**

*p<0.05; **p<0.01

1 N HCI, 0.01 M CaCl,, TCLP$} PBET®| thal} 2z
0.052, 0.1537} 3.290 mg/kgO & UERITE B ok
A3 Y8l A3, Adsd, Prhiase Ao} E3HE(A
3|A3 PrhillrEeA] S ARESly, B A &9
sV £33 & BEsks W] MseHE ALt B
S Ul vlave B MdsEds EFsIsls W a8l
CaCl, 33-77%, TCLP 0-70%, PBET 42-75%, H-E&1512
CaCl, 69-92%, TCLP 82-91%, PBET 60-71% % & A7}
=& A0 eRth B0 vavt 544 JHE we B
gy} FAER SEHAY Mol o Aag Ao U
ERTl Eokgole) vlat thatel nlwslte u) &5 A
Xl 40-100% 7 HE AgdTolA 58-84% %11, w4 T
AIET 54-100% EE AT 75-100%2] QHdst a8/9<
ERLE o]g% ERERG 55 (ol vl o3t A3
S ¥ Ao® Uy, EY-5dE CaCl, TCLPS} PBET
AEA gl thel =0.782, 0.7533} 0.678(p<0.05) ¢} EUE
kg CaCl,, TCLP9} PBET HEA ol tisll ~=0.719,
0.7067} 0.561 % 35 & ek vlAR o9 57
2 EFe] oisl s}k bgskele] 482 7 nlAdE
S AA7)Y, EGENT sHAER olvEHE ¢S HAAA
A0 22 94 WA 9 HAES S SHshet
9 golaiA Aed = Ve daEnh P ¢
A B R A oA Aelehs A A 2 5
A9 L AEH e Sl o A5 B8E e
Qto] whAEojol 3 1o F Fhhery

i

i

oL ol
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