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ABSTRACT

This study has evaluated the stabilization of As contaminated paddy and cultivated soils by pot experiments for rice and
lettuce. Various ratios of limestone (L) and steel slag (S) were mixed with the soils in each pot. The soils were taken from
before and after pot experiments, and analyzed for As extracted by sequentially (Wenzel method) and totally (aqua regia
method).. Paddy soils amended with L (0.5%) and L (1.0%) + S (1.0%) showed increasing fraction 2 (specifically bound
As) compared with control soil. Arsenic concentrations in rice grain grown on the amended soils decreased 14% and 12%
compared with those on the control soil, respectively. According to sequential extraction of As in cultivated soils, the
fractions 1~3 were decreased due to stabilization of As by the soil amendment, especially for S (1.0%), S (3.0%) and L
(1.0%) + S (1.0%). In addition, relatively low As concentrations were found in lettuce grown on amended soils with L
(0.5%) and L (1.0%) + S (1.0%). Therefore, it can be suggested that soil amendments with L (0.5%) or L (1.0%) + S (1.0%)
were suitable for enhancing stabilization of As in the study area.
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Fig. 1. Soil texture of study area (A:Cultivated soil, B: Paddy
soil).
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Fig. 2. Lab-scale study (A: Paddy field, B: Cultivated field).

Table 1. Chemical properies of amendments used in this experiment

CRA7] -kl - A7

XRF (%)
Amendment pH - -
CaO SlOz MgO Ff‘qO} A1203 Fe S MnO TlOz
Limestone 8.74 51.30 2.29 3.52 0.38 0.19
Steel slag 11.54 359 15.5 6.91 5.45 26.6 0.28 5.61 0.82
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1.0% 2 1.0%+2.0%= 283ttt 243 A 524 d=i
APHo R EAS ERsIen, o E HsAE
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S B ATGAF7 T T3l AR
3.0 g(>100 meshyS A3l fajaol] Wil 22K7.0 mL)
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5 A S8l B ATHAIFE7IE(ES 07404.1b)0
w2} oH|S S T HBARRIAAE o]838le] H]
SRR & AREAEEETA (Varian AA240, 35)8 &
B3l AsE AT

2.4.2. A&FZH (Wenzel et al., 2001)

AEFEHY] By EGCERE AEo] §F Ve
=59 TS dS3taL, olE o]&ste] F&0] EYlA
AEE oFEHe ARE FHsk A71AQ 2dde] A
ol 783 JRE A& = Athung, 1994). As] H
£ FZ Wenzel et al.(2001)2] WS F2 &8sl 3
o, o] Wel &P Fraction(Iy> H] 5012 ZAF H|
Z~(non-specifically bound As), Fraction(Ily= §°]4 2
3t B]A(specifically bound As), Fraction(IllyS B2
A-LFrF 2kslE 23 HlA(amorphous Fe-Al oxide
bound As), Fraction1V)y= 242 - dFv|F AslsE 2%
B]2~(crystalline Fe-Al oxide bound As) Z12]3l Fraction

Table 2. Sequential extraction procedure for As (Wenzel, 2001)
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(Vye ZHF Bli(residual As) 502 FE3laL St} o]
S HlAe] At A vlal Al EXFEY] DAL
SRS H]A9) o)FAJo] Eof A 8EF 0] TR
S wAE £ glon, vilE ST HS5E A
o] o]gAdo] o} U7} AlgHE o]t Table 2).

243. AEAIR 4

2] POTAZANA A W} e SHTZ 33
opd AFe F AdLollr I ol AR & 24
ASZ ARSSIAE B9 A9 AUy BAE Eee F
ZHRIEIo 2 AR A5 A7 o] 83te] )
3l AWAS U AlEE AFEen, A5 e w
2= ALl AA ol RS dbd AlEE AHSIATE o]
T HAHoZ NE 1.0g2 A F fEjdl FuME 13
St IakelA~ (1.0 mL) 2 AXH7.0mL)YE Y3l Heation
BlockellA] 50°ColA] 5%, 80°CollA] 5% = 190°CelA]
358 Ve & FRSE A HE 9 20mLE AT
3} SATHMEDS, 2011). ©1% B4 AFHAIE7IE(ES
07404.1b)°l] w} dHIFAS 3t & HISFABNGA S
olg3le] HIgAZ] & ARG FEFE=A (Varian AA240,
IF)E Fg3le] AsS A48T

3.1 5H) EY 2N A
3.1 A3 A3 pH Hlw 2 A3 Fe

=
A3 H B pHe M= 5.60~5.80 Alo]Z 115

Geochemical

Fraction specification Reagents Extraction conditions Note Mobility
I non-specifically bound As 0.05M (NH4),SO, 4h shaking, 20°C High
11 specifically bound As 0.05M (NH,),H,PO, 16h shaking, 20°C 1
. pH 3.25, 4 h shaking in the .
IV amorphous Fe-Al oxide bound As 0.2 M NH,-oxalate buffer N Wenzel et al. Intermediate
dark, 20°C (2001)
pH 3.25, 30 min in a l
- +
Il crystalline Fe-Al oxide bound As 0.2M NH, oxala'Fe bu.Pf er water basin, 96+3°C
0.1 M ascorbic acid . .
in the light Low
v residual As Aqua regia MoE (2018)
Table 3. pH variation of As in paddy soil before and after experiment
Control L0.5% L1.0% L3.0% L1.0%+S1.0% L1.0%+S2.0%
pH B A B A B A B A B A B A

5.7 5.72 5.8 5.86 5.6

5.71 5.65 5.8 5.71 5.84 5.71 5.87

B-A 0.02 0.06 0.11

0.15 0.13 0.16
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Table 4. Concentration of As in paddy soil before and after experiment

RS - 87% - D7) - uadd - A7

Control L0.5% L1.0% L3.0% L1.0%+S1.0% L1.0%+S2.0%
As
B A B A B A B A B A B A
(mg/kg)
23.14 2344 20.81 23.16 2223 2179 22.14 19.67 19.73 23.57 23.23 19.65
B-A -0.30 -2.35 0.44 247 -3.84 3.59

*L: Limestone, S: Steel slag, B: Before, A: After

om AY & B9k pH HE 5.71-5.87 Alo]|&2 3+
=] AAF oz AF A3 oz FRIEITK Table
3). A% A B tigh A 2449, Ade] ARgE
Ego] 3Y BAA AFHE AEYl® 7Rl AsS]
FEE 19.73~23.23 mg/kg®] HHE Holal 9lom it
21.88 mg/kg® 2 H7FEUcKTable 4). 23 3 Aso] &

= 19.65~23.57 mg/kg@HT 21.88 mgkg)OE H71E o]
Zhzre] wiAEE AF A9 $o] Assx RSP} Hs)
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AR AT o QPgsiAle] £l ofgt EYF QFgs) W
ke S 5 AN W B49S EY) S T
o= HiFQl Tl wsle glv] WiEo R siEth

3.12. A% A% d&5=4
o Bl tig A% A Ase] dA&FE AYES £
3] ¥ Fraction 19 FE|7} 1~2%2] X H]E-S HO]J

3L 19, Fraction 29 73-$ 21~25%, Fraction 3% 73
- 11~17% Fraction 4 % 59 Jei= 16~18% 2 43~
47%= Hola Qo] AR Wl Al A= U=
Fraction 5(residual As)®] H|Eo] 7P =& 7oz Wy}
=SIChFig. 3). Tt QHFSIAIE 288t B 2= A
Hj & A&EF28 735 A7, 2= o) 7Fsio] =2
Fraction 13} Fraction 29| AE e/l 743t
Fraction 39| Fe|7} 371t Ao= H{rieqdet. ol
ANE £ U FAFeE AYEY, FX7] gzt 7
S A3 H3} o] F= Zo|= Fraction 13 29 7
of MmE JFor HriEdon, FA gl HstHo
Fraction 13} 29] 7Aio] QR85 QFgs}t &) e
Zo 7 Byl 4= Utk Fig. 4 I&E5Z249E Avst
FOoT TG Iz F XJole Ho|A] AN FAE
o HIs] L0.5%2} L1.0%+S1.0%4 g3l &do] 9l
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w 60% 1
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Before | After | Before | After | Before | After | Before | After | Before | After | Before | After
Control L0.5% L 1.0% L 3.0% L 1.0%+S 1.0% | L 1.0%+S 2.0%
B Fraction I B FractionII ® FractionI B FractionlV ® FractionV

*L: Limestone, S: Steel slag

Fig. 3. Partitioning of sequentially extracted As concentrations in the paddy soil (Before and after the experiment).
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Concentration of As(mg/kg)

Before After Before After Before After Before After Before After Before After
Control L0.5% L1.0% L3.0% L 1.0%+5 1.0% L 1.0%+5 2.0%

B Fraction | B Fraction |1 B Fraction [l B Fraction I¥  Fraction ¥

Fig. 4. Concentration of sequentially extracted Arsenic concentration in the paddy soil (Before and after the experiment).

Table 5. Concentration of arsenic in rice grain after experiment

A Control L0.5% L1.0% L3.0% L1.0%+S1.0% L1.0%+S 2.0%
]
0.43 0.37 0.45 0.38 0.38 0.43
m . D
(mgke, DW) 100% 86% 105% 88% 88% 100%

*L: Limestone, S: Steel slag

3.1.3. H &4 2 32. M%) EQF B Zo}
A3 T8 F Y As % ¥4 2, FHEY B9 32.0. A% A% pH Wl B AF =
0.43 mg/kg(DW)OZ HAEF|1, B8 -3} A2l7ollA A8 A B pHE W= 5.92~6.41 Alo]2 Q1Y

= 0.38~0.45 mg/kg(DW)9] W= AZEATKH Table 5). Ao A & Bkl pH M= 6.02~6.45 Alo]2 &
FxE)e} Hlwske] L0.5%e 14%] 7Hh &8o] e Q=] AAH o AFE g3 AoF BARIESITHTable
o7 HIIEAAL, L3.0%SF L1.0%+S1.0%04 12%2] 7+ 6) A3 A Bl tigh M= A4, A3l AR
A BE0] e AR HriEnt Eo] 5Y IAoA AFHE AlFYel= Bl Ase

P

N

Table 6. pH variation of As in cultivated soil before and after experiment
Control L0.5% L1.0% L3.0% S1.0% S3.0% L0.5%+S1.0% L1.0%+S1.0%
pH B A B A B A B A B A B A B A B A
6.1 6.02 641 645 625 632 592 6.2 6.05 621 621 64 608 6.1 6.1 621
B-A -0.08 0.04 0.07 0.2 0.16 0.19 0.02 0.11

Table 7. Concentration of As in cultivated soil before and after experiment
Control L0.5% L1.0% L3.0% S1.0% S3.0% L0.5%+S1.0% L1.0%+S1.0%

As

(mg/kg)BABABABABABABABA
3150 24.55 31.19 19.84 2439 1837 27.16 19.15 24.78 23.62 2275 21.00 2497 20.86 2433 19.82
B-A
6.95 11.36 6.02 8.01 1.16 175 4.10 451
(mg/kg)

*L: Limestone, S: Steel slag, B: Before, A: After
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TR 22.75~31.50 mg/kg] WSS Ho|x Qlom Hf
26.38 mgkgl 2 H7IEATHTable 7). HAF & As9] &
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AsFrgo] 248 og wdEt

322. 49 A5 d&5=49

A B i3 AF A AsY] AEF=ANES F3
3] ¥ Fraction 19 FE|7} 5~7%2] X H]ES-S HO|
a1 Qo™ Fraction 2~5% Z}Z} 9~11%, 48~62%, 6~
13% 2 15-26%2 Ho|il o] HIZAA Fe-Al Al5HE
At |2 EAI5= Fraction 39] HIE°] 7FF =& A
2 WrHERIthFig. 5). thdst SHHSAIE 283t A
F A ¥ AEFES S A9, Pgst Held o
A& zole YA AE 3 HwEFe] Fraction 1~

100% -

80% -
o
Ed
£

= 0% -
<
s
c
)
=

g 40% A
o
o
c
]
Q

20% -

0% -

Control L05% L1.0% L 3.0%
B Fraction I B Fractionll

¥ FractionIl

Fraction 3914 &9 ¥ As®] T=7}F 723 Aoz 7}
e} o] Ane & o] TAFoE AuRE, T
g iz 49 A% HAY T FE Aols T2
Fraction 39] 7HA2 H7}EW, Fraction 39 7HAhZo] o
SFE o3}l g8o] e Aow WU 4 St Fig.
6 AEFZANE Ao s TAS TEiZa X
2o Bla] S1.0%9} S3.0% 2 L1.0%+S1.0%cIA 3
3} g80] e AT HEA

As TE 4 An, FAE A
S 340 mghkgo 2 AEHUL, ZE <3} A)TolA
£ 2.30~4.14 mg/kee] HIAZ HEETH Table 8). ©]#]
3 A7 7xjg)9) HlwslA L3.0%9}F S3.0%clA 212t
21%2} 6%2] 7§80 e ASE FJrf Hx, &
ko] A9 10.5%+S1.0%014 32% 2 L1.0%+51.0%¢]
A1 25%°] P83} &) e FoE HrIEAT

Before| After | Before| After |Before| After |Before| After |Before| After |Before| After |Before| After |Before| After

5 1.0% §30%  |L05%+S 1.0%|L 1.0%+S 1.0%

® FractionIV B FractionV

*L: Limestone, S: Steel slag

Fig. 5. Partitioning of sequentially extracted arsenic concentration in the cultivated soil (Before and after experiment).

Table 8. Concentration of arsenic in lettuce (After experiment)

As Control L0.5% L1.0% L3.0% S1.0%  S3.0% L0.5%+S1.0% L1.0%+S 1.0%
(mg/kg) 3.40 4.14 3.71 2.68 3.84 3.19 2.30 2.56
100% 122% 109% 79% 113% 94% 68% 75%

*L: Limestone, S: Steel slag
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Concentration of As(mg/kg)

® Fraction | B Fraction ||

Before | After |Before| After |Before| After |Before| After
L1.0% L3.0%

o Fraction lll

LU

51.0% 53.0% L0.5%+51.0% | L1.0%+5 1.0%

Fraction I¥ B Fraction ¥

Fig. 6. Concentration of sequentially extracted arsenic concentration in the cultivated soil (Before and after experiment).
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HelE Hrsiaint. olelg Wrke B3l HlE<E B As
28X Ge i3k HSAIE S8 EPNF ELTH A
£ A BEY S5 2 okgsl a837) kel dis)
A =

M 2k 9 g, Paddy field) EQRS vl= B34
Hell o3k B4 2447 HE(clay)el e A=
H7HE AL, o] ESS dPdoz Aujeolx 64 Bt H
S o E POTHRAS St M3k 4 4,
A 3] As FETF F ApolE HolA| gfof g3}
H 58S FrPldde A7 At A&F=29,
EG U Ass T2 2= el s AgE o
+ Fraction 5(43~47%)°] FEZ EAlaL U= AL
2 YEd A3AL) 2 AAEHIS)E &8
POTAE ZA¥}, Fx]8] ZToNA Fraction 13 Fraction
29] As T WSlE #EE 5 Iglom, o]9) Blaste
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