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The feasibility study for the stabilization process using 5 amendments was performed to quantify As—immobiliza-
tion efficiency in farmland soils around Samkwang abandoned mine, Korea. For the batch experiments, with 2%
and 3% of granular lime(2 — 5 mm in diameter), leaching concentration of As from the soil decreased by 86% and
95% respectively, compared to that without the amendment. When 5% and 10% of granular limestone was added in
the soil, As concentration decreased by 82% and 95%, showing that lime and limestone has a great capability to
immobilize As in the soil. From the results of batch experiments, continuous column(15 cm in dimeter and 100 cm
in length) tests using granular lime and limestone as amendments was performed. Without the amendment, As con-
centration from the effluent of the column ranged from 167 pg/l. to 845 pg/L, which were higher than Korea
Drinking Water Limit(50 ug/L). However, only with 1% and 2% of lime, As concentration from the column dra-
matically decreased by 97% for 9 years rainfall and maintained below 50 pg/L. With 5% of limestone and the
mixed amendment(1% of lime + 2% of limestone), more than 95% diminution of As leaching from the column
occurred within 1 year rainfall and maintained below 20 pg/L, suggesting that the capability of limestone to immo-
bilize As in the farmland soil was outstanding and similar to that of lime. Results of experiments suggested that As
stabilization process using limestone could be more available to immobilize As from the soil than using lime
because of low pH increase and thus less harmful side effect.

Key words : soil stabilization, amendment, limestone, lime, arsenic contamination
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Fig. 1. Geological map around Samkwang abandoned mine (Korea Institute of Geoscience and Mineral Resources, 1931).

Table 1. Results of heavy metal concentrations of soils around Samkwang mine

Heavy metal Concentration (mg/kg) KSCL The ratio of sample
Average Maximum value (mg/kg) number exceed KSCL
As 10.53 157.52 15 31/181 (17.12%)
Pb 11.45 108.26 300 0
Cu 7.33 100.67 125 0
Cd 0.26 1.46 4 0
Zn 156.32 1415.73 700 1/181 (0.55%)

* KSCL : Korea Soil Counterplan Limit in 2008
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Fig. 2. Pollution distribution map of heavy metals for the
farmland soil around Samkwang abandoned mines (red
color represents > KSCL).
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Fig. 4. Photographs of amendments used in batch experiments.

Table 2. Contents and species of amendment used in batch experiments

. t poy ki
Particle type of amendment Amendment ratio

Lime or Limestone added to the soil

Contaminated Soils

(%) (& (&)
00 0.00 20.00
ol 0.02 19.98
05 0.10 19.90
@ mm by dia) 1.0 0-20 19.80
20 0.40 19.60
50 1,00 19.00
10.0 2.00 18.00
0.0 0.00 20.00
o1 0.02 19.98
05 0.10 19.90
(< 0.1?01\:?:211 dia.) 10 0-20 1980
20 0.40 19.60
50 1,00 19.00
100 2.00 18.00
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Fig. 5. Photographs of the column experiments ((a): column
packed with contaminated soils mixed with amendment
and (b): artificial rain injection to the top of the column and
the discharged water from the column bottom).
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Table 3. Amendments used in column experiments

Amount of amendment

Type of added to the soil Contaminated
amendment soils (kg)
wt% kg
- 0% 0.00
. 1% 0.12
Lime (CaO)
2% 0.24
12.00
Limestone 2% 0.24
(CaCOy) 5% 0.60
Lime + Limestone 1% +2%  0.12+0.24
100 m/min®] 402 FSJaitt. 2] FUd 1
8 AT BrEe 2Y RN BAL 2 A
AElon], Zhsol o3 HAl 2% FEA

q

[el =i
o2M, HA) 0F FAANA 104 FF 5 By
4ol o3k B o) A4 7A EIHEE A7 Toh)
& Fsc,

2.25. A3A9) vla 14 717 4 AlE

2HE EFORNEY HA §58 Ak
spAle] 0. 712 BRIIEE ekl ket
o] ez Fdge I8 vi) Cas} ¢ F
A=e Aoz defx] ko (sweep precipitation as

3 Ul 09 Eool Tid ogsl B A8 Wi 223

Ca-salts), Al-, Fe—, Mn—t8lE W] &&= 7]
2w v]Ae] 2AF] el B AeR g 3l
th(Alexandratos, 2007; Roman-Ross et al, 2006).
B AFoMeE S F uix] 2 ZARAY A 5
Pt E2 FOE ViRt A|A ofgt HlA A 7]
kg gohid?] gk ARL AAEIIT S57 50 ml
o B2 AM3|A 1 g7} op|AR}EF (sodium arsenite:
NaAsO,) 1 g2 H71h % A8 (20°C)l4 30 rpm
o2 79 B 3 MYS ¢ 5B= e siNth
R dolle HAHAEE 2ol 2447 AxA|
71 & SEM/EDS #41-& AAslo] B4 3E opm]it
UEFH whe37] A A3Xe] SEM/EDS #4279}t
B3l A3l ofgt v 7 712 3

s,

tilo

3.1, 2 =T} obysiNe| 22|58 M 1
o Zo

Ao M-S 05 BT EEMISHE)S] B/
3814 EAS 9oksle] Table 4, 5 2 60 LERAS)
o} XRFS o]&-3 EUdAR 4% 94 24 23,
SiOy7F AA|2) 68.10%, ALOs7t 11.79%% 2R3
om Fe-AHatEst K07t 247b 4.33%9F 2.68% &
o Ejton, 23] A35|49 FAAE d4 ¥4
A7 JAE P4 A vld ¥R 2 22 deel
greko] 27}t 84%, 96%= AA 3T Table 4). B
Y= BN Ad vs 34 SR o EXA(soll

Table 4. Results of principle component analysis for soil and amendments by XRF

Mass distribution ratio (wt%)

Main components

Soil Lime Limestone Apatite Whangto RMB

Sio, 68.10 3.77 0.68 10.77 4439 12.43
ALO4 11.79 0.93 0.21 1.57 30.55 18.54
TiO, 0.50 - - 0.07 1.25 8.23
Fe,05 433 0.13 0.45 0.58 7.96 33.92
MnO 0.07 0.01 0.14 - 0.08 0.04
MgO 1.44 0.83 1.30 1.17 0.72 0.46
Ca0 1.60 84.32 96.92 46.32 0.29 6.77

Na,O 0.75 - 0.6 0.61 0.11 6.67
K,O 2.68 - - 0.43 0.65 0.10

P,0s 023 - - 35.09 0.02 023
LOI 8.28 - - 3.55 13.64 12.06

Total 99.75 99.99 99.66 100.15 99.67 99.45
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Table 5. Properties of contaminated soil

H TOC CEC Size distribution (%)
PR (w%)  (cmolkg) “Sand  Silt | Clay
761 18 1656 946 5.1 03

Table 6. Heavy metal concentrations of extracted solutions
for contaminated soil in SPLP and TCLP

Heavy metal SPLP TCLP KSscL
(mghke)  (mghg)  (mghkg)
As 8.20 40.99 15
Pb 233 11.65 300
Cu 0.77 3.86 125
cd 0.08 041 4

* KSCL : Korea Soil Counterplan Limit in 2008
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Table 7. Results of sequential extraction procedure (SEP) for Samkwang soil

. As content
Sequential extraction procedure
{mg/L) (%)
step 1
(Exchangable fraction) 0.038 0.0002
step 2
(Bound to carbonate or specially adsorbed fraction) 0.352 0.0023
step 3
{Bound to Fe and Mg oxides fraction) 0.017 0.0001
step 4 0.147 0.0010

(Bound to organic and sulfide fraction)

step 5
(Residual fraction)

153,584 99.6400
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