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In-situ Stabilization of Heavy Metal Contaminated Farmland Soils Near
Abandoned Mine, using Various Stabilizing Agents: Column Test Study

Sanghoon Lee* + Cho jung hoon
Department of Environmental Engineering, The Catholic University of Korea

ABSTRACT

This study concerned remediation of heavy metal contaminated farmland soils near abandoned mine, using stabilization
method, with particular emphasis on the remediating the soils contaminated with multi-elements. In this study, stabilizing
heavy metals based on ‘In-situ chemical fixation’ has been applied to the soil collected from an abandoned mine in Korea,
using column test, with various stabilizing agents, including FeSO,, KMnQ,, sludge (collected from coal mine drainage
treatment pond), zero-valent iron (ZVI), zeolite and CaCO;. Sixty five-days operation of the flow-through columns yield
FeSO,+KMnO, and zeolite are efficient on reducing As leaching from the soil. ZVI and sludge are reducing the leaching
of Cu. Although FeSO,+ KMnO, seem to be efficient for most heavy metals, high pH in the initial stage of test enabled
high leaching of the heavy metals, whereas fixation of the heavy metals maintain throughout the rest of the test period,
with increasing pH up to around 6. Addition of some alkaline agent may inhibit the low pH during the application. The
column test was also run as two set: one set incubated with deionized water for 72 hours prior to starting the test, and the

other without incubation. The incubated set demonstrated better stabilizing efficiency, indicating the potential optimized
operation method.

Key words : In-situ stabilization, Farmland, Heavy metal, Column test

2 o

Y

ATE IFAE o83 YAX 38 7 (In-situ Chemical fixation) BPHOE F, H334 F0 254 09
A st el A80E Addelel Bo 23 APAES S8 HrIsiTh 53] 5494} ofd thelAR
HE EXS tPdoz, F71x ool eHsiAl 23S Al=ste] HF ule-S st dyAge] AR o
BAEL FeSO,+ KMnO,, CaCO;, G713, SeiX| (dgulraialadz] whad) 2 x| &Elo)e Solglon vlavt 5
=R

fo off iz

LA B WY A 2] PRI WERS A NG A V1] B FeS0,+ KMO,, > ALl
E 5o £NR $2 58S ugon] Telo) 43 Phun SeAh oyst Ba et B3 EHAAY 7

T OREe] SEEE dEl /P F2 588 BeldxE 8% 2] pH 4R Ao QF) FEdol o &
FHEE pHE AU AT AR 2 <83 m80] F/1 o' duEt A AP ARl 9 F
T TARE ol 23 Ak Abdel xelaby gleo] vl £ Eu He F 28E TAl6 e d4
7 o & 8588 Yehith

FHOL : A7) PYSAY, LHFAA, Tus, HIAF

*Corresponding author : slee@catholic.ac.kr

g 12009.7.16 Ak :2009.7.20 ARSI :2009. 8.25
Ze) 1 Eo| :2009. 10. 31 71X

45



46 o3 -

LM B

S HPEAte] tiRRe @ 9 e FEAAY), ¥
A 5ol WAIHo 3loH o]2RE A&Hog EEE
TEEY R 3 FH EUSEe] 2EHo] ok
SRS, 2005). TEEOE 298 EUGS B
3, 1PspRMgst, 4848t aEn G T teil
71 82 (Lehr, 2004). ©1F 43X EXS A3}s)
735 Aol A S e 8k 54 st
o} viE, 571 9] B 54 wspt s A
SAAEANG 750l A AsHE § Jor= o)F
7] Slsted A8 7Fsdt 7ieEol AdE weid &
FAAE B3 & 5SS Ao 7F
ofe}t 7 A AHE3E AAE = A
I S ABlof 3t FEE LAEYY A
SAEH S} =, H3iha TRE F TR 8401
A olF 2 o EFAHT 22 WHe A
AR QI3 22 0 T EA9 I B o
GE TS opIE F 2o, AME 5§ 0183 vy
3ke] B EEE B4 HslE Q8 A6 AgsA
STH(Yang et al, 2007). T3+ 22431749 B¢ 574
Aeke S4¢ Teie o) 4P B Pioln Ty
FIHES 099 g9 A% P4 Fo A8 of
& el

ERPIsks B¢ Yd o5 vFYAES 3
oz s Al BHoR 2EdA: AAE AA
ke Zlo] ot LHEAY §EAE, o5 2 AF
TEE AT ZAANA SHES ARse Byeld
(Kumpience et al., 2008). ©] ¥H& w4 IE2 3 +
g, o} T tost YA FgEgon te I
of sl Aol e F&o] Hojd FHo] It
(Cao et al, 2009, Cotin et al, 2007; Kumpience et
al., 2006, 2007, Mahabadi et al., 2007; Vithanage et
al., 2007). QF§3ll ALREE H7AlE wile- theksiy <l
2HAE1e7) - A, 2009; Cao et al., 2009), A7FH
(kumpience et al., 2006), 293 = 3] XY(Lee et al,
2008), #3sld(yang et al, 2007), M E(Red ecarth)
(Vithanage et al., 2007), X|-2-2}0]E(Mahabadi et al.,
2007) 1831 FABFE(Cotin et al., 2007) F°] BiE]
At 274 PSAIEY] AS- FAE TS EEQIAk,
2EtE), pH 288 58 A4 f=@sy) a=ln &
ZAEEOE, ANE) Fof thekl 3e FI 57
& &5 AAske 9EE

Ir

I A

4
i

b
to
d

fr ox ml
oy
>~
:

o
Ny

¢

Kl

A

)

O

J. Soil & Groundwater Env. Vol. 14(4), p. 45~53, 2009

ke
o

st WL ofx
7] $130 718 HHl 55 FYske Ao A o
E Azl BlEl 2ad el EYY 28 54
< FhsRPld o 34 el F& 7kt Tkeo
TH(Kumpience et al., 2008). 3552 /23, 33
AT gt AHE B3 EYOE olF3i ik
U f71ERe] A% 58 B3 ok sEEE EA)
] sAee] slsky whg- Al ulet EY eSS
PP B84 A skl 54E A4St F
BAY Ae BN B B4 #IE Has &
Ao] F7A AelE 715 FRERE Hell figt iE
olt}. T3t 318H4 <Fgst WhEL AAY fEldt &
7 717k ARte] ZAHpsias AdE 7FeAEE AthE
eFHE FAlol| 7FITh(kumpience et al., 2008).

2 A7 EHL HP3AY FH FE5 29 B4

ol 88 = e i SRS BES HY
AlgE T3 Hlasle], 3 SAE AAStaA} gt
£3] @ 947t ohd o davt Sl e %
EYS o E st AR JeRkgd a&9%
o sl HA 23S ARBA . o] A7
T 7@ FEt A T o AR B i
°2 siglon s A IHelM Al 7=
UE EFES WO E st ] #HE T 0957
Ao AFAo2 ALY 5 Qe A VIRARE =53
R1b ] S L

FBANA B AHe 353}

—

T Y:)

o

gl 4

2. A8 =

Hl
o=

2.1. A2 73 W 2N

2 d7e A8E ERsE A @ATY DEA
A ZAFATE B @FME F 383RAEY $8A 4
A EFAEE AF, 81501 o] F 7 24
b 18 AGE A48k Algdl Bed AlRE AF,
AT

AHE EQAEE A 22 F 2mm Aol
28 W ¥ B2y B39 s U EUYeY
FAAEHT GrE o838 WA 8= F A WS
BT AMSITE FA10) A9 1x 2 A" ERNE
S Y@Lt At =310 e £ wo|aEgeld &
BS o83l gallsint. 83l BE EYAEE ICP-
AES(Spectro Genesisys ©]-83}o] 4331900}, 372 2
APA RN A & AEES] %9 0.45 micron
AEZ= AIAE FIAZ F 24 LES Hrlsto




S

[SR0 1Y

B FH SEE LA FEAE

ol

Azl ¥ F Wens
BAs. EAR
o1g3te] HjasTh.

o}-§ 4°Co|x] EA A7A|
Al ICP-OES(Spectro Genesis)ZS

2.2. Ofld] 3|24 A8

22.1. &4 A g

@a;\]aoﬂ WA ALEE HHEA| HAS fisle]
HE ]%-ﬁ& AU EEAES AT EPAE
9 oHed) 403} FFG 40mLE 50 mL Fuo]
Falcon tubeoﬂ He % end-over-end shakerdl go] 24

o 2
o2 g

ARk I F gEols AHston S AAT F
T e ] FRAE WL F 247 828 WEe
A9 % 38l 2H AAssc.

222, oFg3kA XA
71E B3-S 58] AW EIEAIE FeSO,, 47}2;;1
CaCOs, ALHO|E, KMnO, & 2H332hil g3

Table 1. Specifications for column operation
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Dimension

Volume

Weight of filled soil
Porosity

1 pore volume
Flow rate

Sampling intervals
Operation period

15 %60 cm
10,600 mL
12 kg
45%
4760 mL
200 mL/h
Daily
65 days

Diameter x Height

bulk density 1.15

Every 1 pore volume

Table 2. Amount of soil stabilizers for column test

Saturated

(%)

6(Untreated)

FeSO, 360 g 120g

KMnO, 120g 60g

Shudge - -
ZV1 - -

zeolite - -

600 g - -
- 120 g -

120 g - - -

Unsaturated

9 10 11(Untreated)

FeSO, 360 g -
KMnO, 120 g -
Sludge - -

ZV1 - -

zeolite -

600 g - -
- 120 g -
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Table 3. Chemical compositions for the contaminated farmland soils near abandoned mine (Standards are based on ‘Ga’ area, Unit: mg/Kg)

KST*
As Cu Zn Pb Cd Cr
24.0 227.0 2373 14.1 1.29 0.16
Threshold level 6 50 300 100 1.60 4(6+)
Action level 15 125 700 300 4 12(6+)
Total Dissolution
As Cu Zn Pb Cd Cr
326.6 536.5 2373 150.0 10.6 65.8
“Korea Standard Test
Table 4. Result for batch test (1%/3™ operation)
unit: mg/L Cu Pb Cr As Cd pH
FeSO,; 1% 0.18/0.11 0.10/0.23 0.01/0.00 0.10/0.35 0.02/0.01 4.29/4.87
FeSO, 3% 0.73/0.07 0.21/0.16 0.03/0.00 0.23/0.20 0.04/0.00 3.92/3.86
CaCO; 1% 0.06/0.07 0.08/0.18 0.00/0.00 0.16/0.23 0.01/0.01 7.11/7.81
CaCO; 3% 0.06/0.30 0.08/0.23 0.00/0.03 0.18/0.33 0.01/0.01 7.14/7.79
ZVI 1% 0.13/0.05 0.08/0.09 0.01/0.00 0.07/0.01 0.01/0.00 6.88/7.13
ZVI1 3% 0.24/0.09 0.09/0.17 0.02/0.00 0.06/0.21 0.01/0.01 7.14/7.44
FeSO; 1% +KMnO, 0.5% 0.07/0.19 0.09/0.35 0.05/0.01 0.11/0.54 0.01/0.02 4.97/6.02
FeSO4 3% +KMnO, 1% 0.68/0.02 0.14/0.11 0.01/0.00 0.20/0.03 0.02/0.00 3.71/4.32
FeSO4 1% + KMnOy4 0.5% + CaCO; 1% 0.06/0.22 0.10/0.38 0.01/0.01 0.25/0.59 0.01/0.02 6.76/7.65
Untreated soil 0.11/0.12 0.08/0.23 0.00/0.00 0.07/0.34 0.01/0.01 6.34/6.51
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Table 5. Removal efficiency of heavy metals in soil from batch test

2010 913} tjokal ArlAle) obdsl HE vl AUAIRAT 49

Cu Pb Cr As Cd
FeSO, 1% 13.5 -3.0 -35.0 -114 -65.0
FeSO, 3% -175.0 -13.6 -245.0 -6.5 -142.5
CaCOs; 1% 4.4 11.1 25.0 -54 -5.0
CaCOs 3% -18.0 -14 -310.0 -34.5 -40.0
ZVI1 1% 12.8 37.8 -35.0 78.9 40.0
ZVI 3% -64.0 12.5 -210.0 333 7.5
FeSO,; 1% + KMnO, 0.5% 0.0 -332 -145.0 -53.9 -70.0
FeSO4 3% + KMnO, 1% -119.2 14.7 -550.0 42.6 -75.0
FeSO, 1% + KMnQO, 0.5% + CaCO; 1% 7.7 -43.7 -170.0 -105.6 -75.0

Minus in the figures denotes the enrichment for the specific metals
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Fig. 1. Variation of accumulated As concentrations from column
test for 65 days (a. Saturated columns, b: Unsaturated columns).
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Fig. 2. Variation of accumulated Cu concentrations from column
test for 65 days (a. Saturated columns, b: Unsaturated columns).
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Fig. 3. Variation of accumulated Pb concentrations from column
test for 65 days (a. Saturated columns, b: Unsaturated columns).
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Fig. 4. Variation of accumulated Cr concentrations from column
test for 65 days (a. Saturated columns, b: Unsaturated columns).
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Fig. 5. Variation of accumulated Cd concentrations from column
test for 65 days (a. Saturated columns, b: Unsaturated columns).
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