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Soil contamination with arsenic and heavy metals is a woddwide problem. Main objective of this research was
to evaluated effects of reducing heavy metal leaching under reduced soil condition amended with industrial
by-products. The contaminated soil was amended with 3% (w/w) of limestone (Ls), steel slag (SS) and acid
mine drainage sludge (AMDS). Synthetic acid rain (H,SO4:HNQ; = 6:4, pH 5.5 fixed) was used for feeding
solution with flow rate of 0.78~0.88 mL min"'. Results showed that similar pH and EC of leachate was
observed in all treatments regardless of applied industrial by-products. However, arsenic concentration of
leachate increased when industrial by-products were mixed. Meanwhile, concentration of heavy metal in the
leachate decreased from 11.3 to 4.59 mg for Cd, from 92.3 to 7.93 mg for Pb, and from 11,716 to 1,788 mg for
Zn viaimmobilization in soil with AMDS amended, respectively. Overall, application of industrial by-products
can be an environmentally-friendly way to remediate soil and(or) leachate contaminated with metal(loid)s in

metal mine site.
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Cumulative concentration of leached Cd and Pb according to industrial by-products addition in leachate.
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Introduction
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Table 1. Experiment conditions on mobility of heavy metals through soil column.

Items Dimension Note
Column size 50 * 600 mm diameter X height
Packed solid weight 1,250 g
One-pore volume 460~530 mL
Bilk density 130 g em” dry weight
Extractant Synthetic acid rain H,SO4:HNOs=6:4 (pH 5.5)
Flow rate 0.78~0.88 mL min’
Sampling interval 9~10 hr every one-pore volume

Table 2. Soil column condition mixed with industrial by-products in column experiments.

Treatment Description
CS Contaminated soil
Ls [CS (500 g) + Lime stone (15 g) mixed] + CS 750 g
AMDS [CS (500 g) + Acid mine drainage sludge (15 g) mixed] + CS 750 g
SS [CS (500 g) + Steel slag (15 g) mixed] + CS 750 g

Table 3. Physico-chemical properties and heavy metal concentrations

(aqua regia extractable) of paddy soils used in experiments.

Sand Silt Clay Soil texture Bulk density

% g em®

36.9 45.5 17.6 Loam 1.50
ECa:s) SOM Ava.-P,0s T-N
PHaz uS cm’ g kg mg kg’ %
6.06 291 273 110 0.18
As Cd Cu Pb Zn

mg kg']
874 9.44 31.7 327 699
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Table 4. Heavy metal concentrations of industrial by-products extracted with different extractants.

o Aqua regia KLT' TCLP*
Classification
As Cd Cu Pb Zn As Cd Cu Pb Zn As Cd Cu Pb Zn

Criteria 25/75 4/12 150/450 200/600 300/900 1.5 03 3.0 3.0 - 20 1.0 - 5.0 -

Unit - mg kg'] mg L'

Ls ND! ND 041 1.89 748 ND ND ND ND ND ND ND ND 0.03 0.03

SS ND 239 196 8.27 264 ND ND ND ND ND ND ND ND 0.08 0.33
AMDS ND 298 ND 6.30 967 ND ND ND 001 ND ND ND ND 001 490

Korean leaching test, 1:Toxici‘[y characteristic leaching procedure (EPA method 1311), "™Not detected
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Fig. 1. Varation of pH (a) and EC (b) according to industrial by-products addition in leachate [CS: contaminated soil, Ls:

limestone, SS: steel slag, AMDS: acid mine drainage sludge].
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Fig. 2. Cumulative concentrations of leached As (a), Cd (b), Pb (¢) and Zn (d) according to industrial by-products addition in
leachate [CS: contaminated soil, Ls: limestone, SS: steel slag, AMDS: acid mine drainage sludge].
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e 234 (metalloids)®] o154E £ 4+ ke B3

UAeh= A o= HetE Qi) E3F, 2 AIH e 2o A
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2 (11,3 mg)ofl H]sf st o= 2AFESGIAL, o]
= EY W Cdo] FiHEo] Agof wet E-83h=w vt
Ao TAET) Lee et al, (20112 Ls& EFA T 5
T4 29 EYS CalNOy) & FE3190S o EF W Cdo]
98% H ke Zom Husilal, SSE ARt BEFY &
B3} AlHOA ol /o] Boldt AeHd et ashaLl 4
Hog ol5Ado] ofafe BFY Ti= Fe, Mn AMSlE 2
Faefe] vlgo] Z7kehe Ao RIS, Song et al.
(2012)& 4=8He] Cd SH3kE 9l AMDSE #8519
T 1 g 100 mL 9] Z2]ulofA] 99% oAFe] AAELE R
I, 9.5~16.5 mg g O] TGS ZHe A o® s
o|gd% 7} BRI 0do] ¢FY3= lime—base material X7}
ofl J3l) C(OM), 2} e WHEe] Mo 2 BEs} (Ok et
al,, 2011; Yang et al,, 2007)E|Q)1L, t}2] Fe & F<&4E
SHES s AMDSeE SS= Fagat ¥hgSke] e
A B FHsto] 283} (Lee et al,, 2011; Oh et al,,
2012)¥ Z o2 JetEQdet JE9] Po} Zno] ¢ thx
=+ (20 PV <t 92.3 mg} 11716 mg)of| H]sf] FARES A 2]
g = Aol A A gheFo] Haslginh, kAN A
= 7o) wlaofA Cdyf @e] Pbi} Znojlx] AMDS (7,93}
1788 mg) < SS (11,87} 2821 mg) < Ls (41,73} 8271 mg)<2]
07 AMDS®} SSO] @840 Pholl Wil 8, 13%%} Zno|
el 15, 24%= 71 & A2 ® eI Pbt Znof|
ok S8 CdO| Ao FARRE 712t o3t A o= At
AL H1sla 9t} (Bolan et al,, 2014; Lee et al., 2011;
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