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A soil stabilization method is an effective and practical remediation alternative for arsenic (As) and heavy
metal contaminated farmland soils nearby abandoned metal mine in Korea. This method is a technique whereby
amendments are incorporated and mixed with a contaminated soil. Toxic metal bind to the amendments, which
reduce their mobility in soil, so the successful stabilization of multi-element contaminated soil depends on the
combination of critical elements in the soil and the type of amendments. The objective of this study is to
investigate the treatment effects and applicability of limestone (LS) and steel refining slag (SRS) as the
amendment for farmland soil contaminated with As and heavy metals, and a lab-column test was conducted
for achieving this purpose. The result showed that soil treated with LS and SRS maintained pH buffer capacity
and, as a result, the heavy metal leaching concentration was quite low below the water quality standard compared
to untreated soil which leachate exceeding the water quality standard was observed, however, the arsenic
concentration rather increased with increasing mixture ratio of SRS. This was believed to be related to
phosphorus (P) contained in SRS, and dominancy in the competitive adsorption relation between As and P
binding strongly to iron might be different according to soil characteristic. We suggested that LS is a effective
amendment for reducing heavy metals in soil, and SRS should be used after investigating its applicability
based on the adsorption selectivity of arsenic and phosphorus in selected soil.
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Table 1. pH and XRF' analysis

results of the amendments.

At 34 Zg Adiol oF 62%

Ol”oi RS 2}7‘]8}1 UL, AFEH L= 2 A

Bt 2 dws 247 35%9F 32701 kALl Sl A
©2 YERgtt (Table 1),

UMY AFES oo AFES Y Fig 13}

2o AYeR T/ 0.5 cm, A& 10 cm®] ol H=Z A
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XRF analysis
Amendment pH :
SlOz Fe203 A1203 CaO MgO MnO PzOs
(1:5) %
LS 9.60 12.7 2.89 324 62.7 14.9 0.52 0.06
SRS 11.07 15.75 35.60 5.33 32.92 3.90 2.34 1.33
TX-ray fluorescence spectrometer.
_l_ g —
20 cm
—3- ==
D 10cm
20 em
experimental
-3 == control plot A
plot
105 em
65 em 60 cm
:{5 cm
= 7 A .

Fig. 1. The diagram of how to fill the acrylic columns with amendments and soils used.



o
i
c:%
N
rE
=
B

a

FADE A9 oIS B F, Fig 13 22 dHe
o

2 Ay ) QYR BESS AN, ol oz
2 e wAoe A8 W HmE A9 Hol ¥ 4

Aol st 8 Aels Aelsi,

BT B YA HPHL Ao FRe2
DT 9 e TR, o hETOIN REEE
|Z4~E 1 pore volume (PV) 7FAo =2 ZF|5}to] pH, EC
(H7|1A=%) 183l 3 PV {PZ}H}E} H2 2 S i
(Cd, Pb, Zn, AS)—4 FEE PAEAAYR | wet 241G

109 9 & 10 Pve) WEFE A T T Akac)
Ak 9o OEH’*XI S Aol AYsle
e 294w F= 74
S AASFITH YHkdo g L0 7 Q@
A7) mogol Q¥sh AlE Fol AR Solg 4
pHE| Wislel] T2 Fa4 Aol AgFol olefe 24

ﬂ.l

(

El

o

mlo
2
S
T
N
g 4o

wRof orA3} T ol o) T3t BA7} AT A7 H
2 3t} (Chung, 2001), —L"—ﬁx]——] A= A9AHA Ak
o frEold 53] FH ARIAAIA viEEes &
ot AL Fofl 2t *J*JHIOH ofsf W = e A
o2 ot ulehy ® AelAE oleiet A 71y

sto] A9 W2 I = 5779 pHE AMdH]e
/\c‘)]_“?__.oluﬂ 7]—XP Cﬂs}:o] = p:]—}\]-_,_l_ LS 7]—71— 0.1N o8
3 1H1&R AlojA ZAIGH &9 (Huh and Huh, 1998)
o go06dme] ZBA Setel W F9AES pH
4,83k AAlA 715H A= A AFAtEq] pH 3.6
(Ministry of Environment, 2007)°.2 x}Ao g ZH35}
o] ZE WALR AYURE L8l

_{

o

Aze| M Eg =747 EQF 5 g& 50 mL
BRI BR4 2 nL 2K AABRE A
o] FHA 1A)7F WA & pH & EC meter (Orion 5504,
Thermo) & o] §:3}0] Z43I5ict (NIAST, 2000), %Fol&
2285 (CEO)> 100 mL 4F7f Fepido] BEos ¢
1 M NH;OAc (pH 7)89 50 ml& 7}5to] 3087F Agkst

& &40 80l3HES 100 mLe] H|AY A|RE A pH
& EC meter (Orion 550A, Thermo)E ©|-&3}o] pHE 4
2 SAAte) 744 e 2R ol % Brown o
& CECE AAbsHaltt (NIAST, 2000), #2Hd ol
CECE &4 &, 11 ZAgHS oj1}X] (Advantec No, 2)=
o1}ste] (NIAST, 2000) f-=AeE2t2rHEgA (Optima
5300DV, Perkin Elmer)& Z} AES EBA3}91, a2l
AFS Lancaster O 2 H]MA (UV-1650 PC, Shimadzu)
= olgsiel RAaL Bl f7lBAFL 105CE
24A7F E9F QB HRAIX] BEYF 10 g& 33fre] ¥

o] 450C=E 6A17F B¢t 2+ A7l 3, Aleof|A WzHA|

T

7 Tk FAE 2gstel BAUwe ol gstel S4st

iﬂ

3 TEE 29eEAY e ARE AR MM AbEH e ARlay HE 737

act B2 ASTM 3#2A4|2} BISAM (hydrometer method)
< 3oto] o554 (Usba)ol o3t JEifs AAIsH
At B U 559 & T EYE 0.15 mm (No,
100412 FAA 3 go Aoz A 5 AFAA o
go| <= (HCl (21 mL) + HNO; (7 mL))E 7}3to] 24]
2B AAS, 0% BRade] sdniEs exg
£ A B9 2 Ak AT o 2 2ol o
T}X] (Advantec No, 2)= oJT}A|Z] &, %Eﬁ@‘%ﬁ}zﬂ}
H3IA (Optima 5300DV, Perkin Elmer)E ©]-8&3d}e] 3
2 SRS ZA319 T (Ministry of Environment, 20093)
B o) F34 EAREE doky] ST AseEY
(sequentlal extraction)2 EOF oA <& AEa} ’%]'
o3t AES sk Hla: S algste] 2719 A%E
22 olgi, S5 ZAFHE 015 mm (No, 100)
A2 EMAZ] EQFAR0) 0.11 M HOACE 7|5lo] w3HA]
W ehlel AT FE4 4RS WEehL ia) =
0.1 M NH,OH-HCl €48 7}510] Fe/Mn oxide Z231e] =
& AES &SI W02 Table 20 YERH 2AIE
of go| 7t wAME 34 4B BE U Lelski
Hla i 2AFE = 0.15 mm (No. 1000412 AHEEH
EGARES 0.05 M (NHy):S0,5 7}ate] H]E50]d F2Hy
Blo] RS ST F oS @AY &2
HEA1 0 2 Tagble 30|A] VfEpH HAIEQ} 7o

i

e A% 9 Easigr vla 9 54 (Cd, Pb, Zn)
B gig 42BN ANSE B 2 WA WE
e Fal7] Aol FRAGR BFS AlHsje] AR kol

SEE
et oxE 4ok sigom, A/ olglel A
]

GF/C, 1.2 um)& % Jg«g Sac] opolsw oq T3t B Ao
o]-g53let. Wl

oFo] Utz o g Q7|&E ko] wo

of
i
B
Hﬂ
o2
o
W o
o

=
Zrorstol AT A A

=IgN 5 mly} ;oj-/k]. (1+1) 5 mlS ]—’;1_1_ L
P T o A bl sk o
282 50 mE Thste] B Aar AAE s
Chg WA ARk e (ELAN DRC I
Perkin Elmer)Z &3} tF (Ministry of Environment,
2009b),

Hiolg &2 o BM HE AFEHY HolHES



738 w45 Y - HEE

Table 2. Sequential extraction schemes of heavy metals (Ure et al., 1993).

Step (Taget phase)

Extractant (Step time)

1. Exchangeable and carbonate bound fraction
2. Reducible phase (Fe/Mn oxides bound fraction)

3. Oxidizable phase (Organic matter bound fraction)

4. Residual phases

o

[¢]

20 mL of 0.11 M HOAc (16h)

20 mL of 0.1 M NH,OH HCI (pH 2) (16h)
5 mL of 30% H,O, (pH2~3) (2h),

25 mL of 1 M NH4OAc (pH 2) (16h)
Aqua regia (HCl : HNO; = 3 : 1)

Table 3. Sequential extraction schemes of arsenic (Wenzel et al., 2001).

Step (Taget phase)

Extractant (Step time)

1. Non-specifically sorbed phases
2. Specifically-sorbed phases

3. Amorphous and poorly-crystalline hydrous oxides of Fe

and Al phases
4. Well-crystallized hydrous oxides of Fe and Al phases

5. Residual phases

o

o

o

25 mL of 0.05 M (NHy),SO4, 20C (4h)
25 mL of 0.05 M (NH4)H,POs, 20C (16h)

25 mL of 0.2 M NHs-oxalate buffer (pH 3.25) in the
dark (4h)

25 mL of NHj-oxalate buffer + 0.1 M ascorbic acid
(pH 3.25), in a water basin at 96 + 3°C (30 min)

Aqua regia (HCL : HNOs =3 : 1)

Microsoft Exell 2010& o]-83alo] HE|atdlar, HE
=9 A (Pearson)i= SPSS 12,02 ©]-8-5to] 45}
gon J# =L Sigmaplot 10,02 o]-&3to] Urehfic
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2 oEkd Fee] A (1611 mg kg o] Syt 29
717 (200 mg kg )& BRI Z03R= A0 2 LERTt (Table
6). olle] g W Bunl& R4 Feh=aksd e )
A P oo R A 22
el A=o] 1,911 mg kg ' OF
H71% (300 mg kg )& B 235} (Table
6). Hl40] FheF W Bauulge Ay u uAYy H/Y
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(1999 EY U] 7= A8 &
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Pueyo et al, (2003)T} Ullrich et al, (2003)- Pb—7Zn 3%
AP QIE 9 FEEe] FHE H7IEo]l AEE LHE Y
W F kel digh mebd FEjel BEEHled vies D
D) & o= wrhal BAsich & dAtollA AAE
A& AfoAe EY W olsAdo] v wehd %
it JH S5 232 8lE0] =R (27.3%) > ok
(20.5%) > & (19.9%) o2 EA #3235kl e Ao=
el $19] dAraasat dAshe 23S Eich (Table
6). o]t UL o] = oAl ] B ofAo] F2t

Ramos et al,
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Table 4. Physical and chemical properties of soils used.

) Exch. Cation Soil texture
pH oM Avail. P,0s -
Ca Mg Na Sand Silt Clay
(1:5) g kg 13T a L — cmol. kg %
7.3 26.5 546 4.09 0.84 0.51 40 58 2

Table 5. Total metal concentrations in soils used.

Arsenic and heavy metals’

As Cd Pb 7n
mg kg’
599 90.8 8,058 5,196

TAqua regia extractable metal concentration.
j"Precautionary values of As, Cd, Pb and Zn are 25, 4, 200 and 300 mgkg in Korea, respectively (Ministry of
Environment, 2010a).

Table 6. Distribution of heavy metal fractions in soils used.

Fraction Cd Pb Zn
mg kg (%)
F1' 24.7 (27.3) 1,611 (19.9) 1,911 (20.5)
F2f 7.21 (7.94) 523 (6.49) 403 (4.32)
F3 16.9 (18.7) 4,334 (53.8) 3,508 (37.6)
F4' 41.9 (46.1) 1,590 (19.7) 3,514 (37.6)

TExchangeable and carbonate fraction

* Reducible fraction (bound to Fe/Mn oxides)

¥ Oxidizable fraction (bound to organic matter)

" Residual fraction (Aqua regia)

“( )”: Ratio of each exract to sum of each extraction.

Table 7. Distribution of arsenic fractions in soils used.

Fraction As
mg kg (%)
F1' 0.35 (0.06)
F2} 5.15 (0.86)
F3' 2.46 (0.41)
F4' 352 (58.8)
Fs5’ 212 (35.5)

TNon-speciﬁcally sorbed phases

iSpeciﬁcally -sorbed phases

¥ Amorphous and poorly-crystalline hydrous oxides of Fe and Al phases
'”AWell-crystallized hydrous oxides of Fe and Al phases

! Residual phases

“( )”: Ratio of each exract to sum of each extraction.

= Aslfsi Fejel ot TH=wS] F2ke Asfete] B Sl HlﬁH FH ol FFol 2 oled B AEol8Ad
& W Fole %—S“ ol | :rLEl > ok TES o 2 FHIE Wo| Fxd Jor EeH, 7MY
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(Kuo and Baker, 1980; McLean and Bledsoe, 1992), wh
oh Seiuel sl A U SR ARl Hape HE40l pH U EC B8} 2% pi 79] 589 (Z
2 299 B4 BEYY AS 7t=wo] tE oY AR FH)S Fste] YH3 AE4 (1 PV pHE W7
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B3 At 25 Ak 47| oldhY] ¥ 5=
9] 7tEFo] & AT (Fig. 3). E3F |x++= pH 4.8
o] $golg 43t 11 PVt 14 PVOlA] 242k 14.3 pg L
€} 10,5 pg L2 A8l £A7ES 28t9om, oH4
AR Heldt M BE B2 Bk xjsk 4
7% of3t= Wi W2 7IEg sEvt TRE (Fig, 3).
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AHJe] 8ME FATE 270 T

Zrlete AL Bt (Fig, 4). &
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i
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Ao PEA HjE3]§7]#¢] 1,000 ug L (Ministry
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A EA VY S FEE Uehia olF F2sH
7k Pashe AoR Uehdth, e pi 489 48
olo] 2q) Z7)% o9 = wr} th Z7l5C
14 PVOA] 2,548 pg L2 w5 87]&S thA] 29313
o pH 369 FBS FUslo] AT
B olelEhrl 1,600 pg L oOR HiEE8IES
Hsilet, WhE PSS AEAIR e AelHe o

7I7b B¢ s gTIEE 26k e dln
2w ] vle) @A sob 2k Helpe] g
ForgabAe] ERa At Ui,

Z)| = AN
HErE

al,

N

B{\

o

EC,dSm™

Pore volume

Fig. 2. The varation of pH and EC values according to amendment addition.
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Fig. 3. Varation of Cd concentrations according to amendment
addition.
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Fig. 4. Varation of Zn concentrations according to amendment
addition.
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T BE fgREn 3 g By 53] 7MY w2
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2T 453 ug LY =S Yehhdd whwof obys)
AE A2)gt Aele BE 153 pg L oJ3le] FE2 ¥
Al Vbt

FE49l o] BEE ThE FT4 Aol golst 7
e et pH 79] 589 3¢ 27)olE tE F
T2 AT} fAlH et obdEAlE A A
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of =91 7] (11 PV)oll 28t e A EFtol|A] v]art

45 £&H= A%E 2o (Fig. 6). 181 1 5

50
|
| pH 4.8 pH 3.6
|
|
40 |
——@&—— Control '
o LS 5%+SRS 0.5%
30
——-%—— LS5%+SRS 1%

LS 5%+SRS 2%
|

Pb, pg L
|
b
|

|
|
|
|
|
|
|
|
|
a

Pore volume

Hg. 5. Varation of Pb concentrations according to amendment
addition.

L= A9 5% + AL 22= AFEH L] 4-8H]
7h 7P =2 Aol tiRtE =4 AEESIAL 9]
T o2 AUTER GaTRt RS v SRS R,
e B B Y 2F A S 50
ug L (Ministry of Environment, 2010b)< ZI}s}= A]
B2/ Bo AT BEe] i SEE s g
% % gawe umany geke et 27t
48 9012l i ) AP ok A0
Aelte IAglol 5%= &
Azt 7/4\% Aok o AFELe] Aol StdE
Wae] BEAL E7k AL U 4 AU (e, 7). o
23k Q& Table 1o AAIE A& 1o] XRF 414
ol A 91 (P20s) Al¥o] 1.33%2 ThF ghisial Qe A
SHRIE Sl ACR oSS, o B B vl
A Mz ART SARE ABE S gRoR A U4,
W2 TRl sl %ﬂ we HRET AR
]U:] (Tu and Ma, 2003),
o ke £
B B) Bolth 84 Wk e
=272 4= )t} (Cao et al., 2003).

AZdEd 15 o83t Hla o B st A=
Fjeon B wol g Agelrt, Aol Bl
A1LES AES| W Lee and Jeon (2010), Lee et al,
(2011) 183l Son et al, (2009)2 H]|A QEESFo| st
A3 AL AelEnE B sk, 59 Leo
et al, (2011)& ESQF, A& 183 v|YE %% (microbial
activity) 52 sty Adst Ayt ALY aS Al
& Bl Tt B AEAA vl ool
Soka olAE Bl Skt Ane masy
o}, 22y "Ede] Lim et al. (2010)9] Atollx= A%
SefizLo] Aelge] Skl wet o B W faH

.
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AAl] Gohelo] §EE] W AoE WAH gt (Jun
and Oh, 2002). Teh We] A9t o2
ula) Aoldh AFol et 9@r1ES Rudk Azt
BAHGY =R ofle] ws| 1 FEE w9 u

W= o213t ol wol B Ulelld 7i=5 of

ofl Hlsf o]F/gdo] 7Fd W AEolr] wiedl o=
el o (Ramas et al, 1994), 2 ALoA % AL
=Y 2% B Y olsAe] &2 FHO BEHlE2 7t
Eg ) ofd ) o eor ol 7P W o= yEh
t} (Table 6).
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Fig. 6. The variation of As concentration according to
amendment addition.
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=7 D ofd ) vl ) FIERE AR dol 1
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3 F §E%EE W 1l ug L, oFd 26,981 pg L, ¥
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9O A oz gkl 7). S AR
o] #3f| Fgo upet FAV|ES] FE Aol o of
A TtEES FAVIES 2t ARV BEEGd
el H2 s e A "HEEHJ (Fig. 3 ~ Fig.
6). Hwang (2000} & thEFS A3t 2o x|t
A tiste] 2770 AR O] BEokE st 1771 A
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Fig. 7. Total As concentrations according to amendment
addition.
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