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Solidification and Stabilization of Metal(loid)s-contaminated Soils
using Single Binders

Hye Ok Park - Jiyeon Choi - Sanghwa Oh - Won Sik Shin*
School of Architecture, Civil, Environmental and Energy Engineering, Kyungpook National University, Daegu, 41566, Korea

ABSTRACT

Remediation of metal(loid)s-contaminated sites is crucial to protect human and ecosystem. Solidification and stabilization
of metal(loid)s by the binder amendment is one of the cost-effective technologies. In this study, metal (loid)s in various
field-contaminated soils obtained from steel-making, metal refinery and mining tillage were immobilized by the
application of single binders such as diammonium phosphate (DAP), lime, and ladle slag. The efficiency of solidification
and stabilization was evaluated by Toxicity Characteristic Leaching Procedure (TCLP) and the Standard, Measurements
and Testing programme of European Union (SM&T) extraction processes. In terms of TCLP extraction, the binder was
effective in order of lime > DAP > ladle slag. All binders were highly effective in the immobilization of Pb, Zn, Cu, Ni,
and Cd. The increased immobilization efficiency is attributed to the increase in the Step III and IV fractions of the SM&T
extraction. Lime and ladle slag were highly effective in the immobilization of the metal(loid)s, however, As release
increased with DAP due to competition between the phosphate originated from DAP and arsenate. A further study is
needed for the better immobilization of multi metal(loid)s using binary binders.
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OOAIAZoNA ANFHF ESHEL: EY, olst J B
TPFEE Gt OOFANA AFe ESCEET ES, ©]
3t M EHS 47 597 ARddx & adshA &%
3}aL, 2 mm(10 mesh) A= AASS & Sy L&
7ol Bste] Aol A8t

2.1.2. 13}RASHA|

Aol A8 FEEF LHIIRPPSHERE 443
(Ca0, 68%, WBA2A(FF), lime), A42FO| LT EH(NH,),
HPO,, 98%, Fluka, DAP), ZE <L(POSCO, ladle
slagyS ARE31SIaL, 212 um(70 mesh) A& A Qs S}
2=E] Fo87]d Bashy A3l ARS-stTt.

2.2, Alsidied

AR
22.1. EARS] EglE 54 84
9] pHE A8 58 50 mL 94EE] FH (poly-
carbonate, SPL Co., Korea)o] €& og {4 25
mLE Fol@HH] =1:5) n¥ket the 1ARE F9F WA
T, Asds pH meter(Orion 290A, Thermo Electron
Crop., USA)S o83} 43199t (Ministry of Environ-
ment, 2013). B W 5718k (organic carbon)?] $HS-
TR E AAS] sl At Skl 28 B
Y3 3mL digestion acid(57mL H,SO4+92g FeSO,
per 1 L)E 92 thy A20lA AFo] dojue= §hEo|
2 W7 Ha 202 oY WhEAIRl & 1.5% Bt 2
cm #=019] flamedllA o] 218l 5 HEF 600 mesh A=
E 5 HA4E4Y7](Elemental Analyzer, FISONS, EA
1108, Italy)ys ]88t SA3FATHAllison, 1960). £
9] <Fo]R w3z (Cation Exchange Capacity, CEC)<
EPA SW-846 method 9081 0.2 ¥-213} THUSEPA,
1986). 2+ EF Al52] A3 (Point of Zero Charge,
PZC)Y2 A2} 274 (Potentiometric titration)S ©]-8-5}
o Z3319cHAppel et al., 2003). 2+ E%e] 31514 %
AL 3 XA #4712 A8
ES U SE557¢, o, U4, 79, 3w, 7IEE,
H2)] FE= AHFEN (aqua regia microwave diges-

tion) 02 F= & EX39H(Chen and Ma, 2001). 0.5
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£l 10 mLE 715k microwave accelerated reaction

system(MARS5, CEM Co., USA)E ©]-&3} 175°C,
1,200 WollA] 8235190t 85 § AS5dS 2E AR

23kl 045 um HWEHQ ZE](cellulous nitrate, Whatman,
6 =25mm)E o83t BEPslal, FEAFEe=rl
Jﬂ'3'/]'t:7](ICP-OES Optima 2100 DV, PerkinElmer, USA)
& ARSI FEET T8 S48

Eook 1 go1 iﬁﬁ](o.os, 0.10,
F(0.05, 0.10, 0.15, 0.20 g)
2 Eﬂ—é— <#2(0.05, 0.1, 0.15, 0.2, 0.3, 0.4, 0.5, 0.6,
0825 77 FY3lal vortex mixer(Minishaker MS1,
IKA, Germany)S ©|-838}] U3k &3 &, 2%
ol 50%7} H=E ZEsl] 1Y 5 13RS A
e FAT. Ul EGATHATEH IE 85
PHE gk B4 o s ikt AkE o83k &
EHo) o8] 22 = e TEEF Ao FH, Ut
e} f71Edd Nk FEES7HA BT 8257 WE
o B Ul F559 v¥RME &8-S W8l of
#2°] UrkYang et al, 2010). T B dAFoMe
TS Tl 2 852 TCLPHOZ, EY Ul &
57 A 71 SM&THS o83t H7ietaint.
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1) 8=4%(TCLP)H
TCLPHS v 849 #H7|E SSAIFHoRE d7 &
o] EAsh= 7 - F7] B4 udEEY] oleAde Hrre

T dom, 53] 545 LAEYY nsRMgst A
T a8 Wk S8l 2ol AMS-EITHUSEPA, 1992).
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39k AlEe] pHYE 5 Wkl 89 #1, pHY} 5 ©]
goll 82 #wE olgsoith £ #12 1L st
o ZefaFol opHEAL 57mLE ¥, I N FAEUE
F = Yol pH7} 4.9340.050] H5=2 A9

on g2 wE |L Sl ZekaIol] o EAL

57 mLE o] pH 2.88+0.057} HE2 2dslo] ALg3}
At
ESE 1ol TCLP €5 20 mLE ¥o] 204

200 rpm o2 18217t Bt wRksle] &3t 85 §,
AR (3,000 rpm, 203)3F F, 0.45 um WHEHQ ZE
=2 Oﬁﬂa A5HE | ICP-OESE o83l 3472 &
5 A5

2) AEFZH(SM&T)

7 1At EG W T 4 ARV et
7] 9l 9% F=9< SM&TH 83} TH(Table 1).
SM&T:E= *|%H(exchangeable) 3 1_4?3 Z¥H(carbonate
bound) F-2<21 Step 1, 55 AlE(E AT 4kslE) A%
2R Step 1, F71& f& e Step ek e
F=5 T8I
A3 ‘%}‘%ﬂg EY AE 1g°ﬂ zt E}ﬁl% FEHE Jo
A F=5 ’“sﬂo}‘}it} ¥dy Wﬁlﬂé ‘i@%—& -%J*‘l‘;rﬁl

f

3.1. ZEEF 2Y EYn DS S48}
%7] pHY| 79 H EFS LS Ko, 1 E
G M EFE RS eI dole wdkse] A

Table 1. SM&T sequential extraction procedure (Zemberyova et al., 2006)

Fraction

Method

Step I (Exchangeable Carbonate)
20 min

Step I (Reducible)

1 g soil, 40 mL of 0.11 M CH;COOH, shake for 16 h at 22 + 5°C and centrifuge at 3,000 g for

To step I residue, add 40 mL of 0.5 M NH,OHHCI from a 1 L solution containing 25 mL of

2 M HNO;, shake for 16 h at 22 + 5°C. Centrifuge at 3,000 g for 20 min

Step III (Organic Material and Sulfides)

To step Il residue, add 10 mL H,O, (pH 2~3), 1 h at room temperature, heat to 85°C for 1 h;

add a further 10 mL of H,0O, and heat to 85°C for 1 h; add 50 mL of 1 M NH,OAc (pH 2) and
shake for 16 h at 22 £ 5°C. Centrifuge extract as per step A

Step IV (Residual)

To step 111 residue, add 3 mL distilled H,O,, 7.5 mL of 6 M HCI, and 2.5 mL of 14 M HNO3;

leave overnight at 20°C. boil under reflux for 2 h. cool and filter
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Table 2. Physico-chemical characteristics of the contaminated soils

Measurements H soil J soil M soil
pH 8.71 5.70 5.20
Water Holding Capacity (%) 65.0 40.0 46.0
Water content (%) 4.6 1.02 1.06
Total carbon (wt %) 427 0.69 1.04
Elemental Analysis Hydrogen (wt %) 0.19 0.15 0.90
Nitrogen (wt %) 0.84 0.79 0.67
Organic carbon content (wt %) 2.81 0.44 0.67
CEC (meq/100 g) 9.97 11.95 9.41
pHpzc 7.7 7.50 4.70
Silt content (%) 17.82 26.19 55.50
Soil texture Clay content (%) 6.81 13.48 5.30
Sand content (%) 75.37 60.33 39.10
Table 3. Chemical composition of the soils used Table 4. Chemical composition of the binders
Content (%) Content (%)
Compound - - - Compound -
H soil J soil M soil Lime Ladle Slag DAP
MgO 1.67 3.39 1.38 MgO 0.88 2.82 1.51
AL Os 11.11 28.49 17.73 AL Os 0.28 22.50 2.00
SiO, 39.60 13.24 47.39 SiO, 0.82 11.11 1.49
P,0s 0.17 224 225 P,0s ‘N.D. 0.05 75.10
SO, 0.74 12.76 5.76 SO, 0.14 0.82 12.31
K,0 439 0.53 1.44 K,0 0.08 0.15 0.86
CaO 19.33 11.86 0.87 CaO 97.15 57.87 2.87
TiO, 1.46 3.71 0.40 TiO, N.D. 0.24 N.D.
MnO 0.72 0.35 19.56 MnO N.D. 1.42 0.25
Fe,0; 19.81 9.20 0.29 Fe,05 0.52 295 3.54
ZnO 0.66 0.12 1.40 SrO 0.13 0.08 N.D.
SrO 022 0.11 0.06 Zn0O N.D. N.D. 0.07
7r0, 0.12 14.00 1.47 Sum 100 100 100
Sum 100 100 100 # 1 Not Detected
© JES >H Eok >M E% &=o =2 et 7k B9 3.2. 29 Egko| ZFLEE & 7|

o flRks Y
Aoz e ¥

H E%o] Hl3)] 19} M E<o] At
UrEMJ JCHTable 2). & ol A&
H Ee] XRF ¥4 27 35/ EY EF gA= o]
A8 HT(SI0,), *Pi]r"‘E”]‘EF(Ales) 218 (Ca0), At
3FH (FeO)o] o] =2 A2 YERITH(Table 3). TE3H,
TFSAZ ARESE QAo dRE, 243, HE EEl1Y
XRF 4 27} Fa4572] 133l a3 Q= o7
7 okt ATl ARl 5o Rl =2
Aoz UEPdtHTable 4). d85= 23 ] ES Y =
w59 w27t 7P =4 e e, H EYe] B9
gle} ofdo] T &, J BEY A9 | v,
M Ee] B¢ ofd, i, 7, ¥Avt 2 FEE &
HJAcH(Table 5).
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FTeEhe 82 78S k] 8l 2] B
o thajed 3)EA] F2Q TCLPES o183l 3718}
At TCLP 8% 23 H ESkS olddo] g §=5%]
a1, oo g gy et §EEeH, YAy ags
e wrg 8=gdn) | EY] TCLP €= 2y 7
9} i, ofd, BIA7} USEPAS] TCLP €& A7 IES
=739tk EYe] TCLP 85 Z¥ ofin i, 74,
HA7E & $5=2 §=9lor, 7154, UdS Dl‘v‘ko
2 EZFUK(Table 5).
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Table 5. Metal(loid)s concentrations in the soils

Metal (loid)s (mg/kg) Pb Zn Ni Cd Cu Cr As

aqua regia H soil 180 786 59.3 387 28,020 79.0 129.3

microwave J soil 122,200 1,285 16.3 437.6 7,583 40 67,968

digestion M soil 6,908 7,664 8.1 7.9 1,990 132 1,352

H soil 26.04 193.4 0.26 N.D. 12.72 0.07 N.D.

J soil 512.9 442.6 0.98 71.94 2,974 N.D. 555.3

TCLPt M soil 515 1,564 0.37 8.74 136.6 N.D. 66.95
Usrfgﬁaggf‘l) 100 - 140 20 - 100 100

# 1 Not Detected

2479 & Tt hdke AoE JEpth 53,
H =9 4% 0.05g0] 243 FYIe Ry BE T5
59 829] 100% Tasle Aoz Yeiyith | B
< 02g0 243 YAl FH HIAE AL A F
wE5e 853l 100% Z%i—o‘}%igﬂﬂ, 0.05 go] 2413
FUA TEE5T9 8E90] ofde 72%, YA 100%,
T 85%, F=HS 97%, HlATE 71% 74shd,
TCLP 8% A7 ES V53l Zo= etk M E
FAXE 0.05 g8 A3 FUA] =] oIS 72%,
UAL 100%, T2 85%, 7I=H-S 97%, HIAE 71%
AslReH, TCLP €& AV =S T5319th. TCLP
.Q? -|‘-|L;<ﬂ7 ZO u]g_o]__ /\/\43—4,] J,]X-l lao;% HE
F] AF 005g, I EYO] B 02g M EYO] B
0.1 g0 AT},

IHSHAZ AREE AA3E B EYeA] &3 vhE-
A = EZ(pozzolan) HH-S LOTA Ht. X
T2 1 A= F740] glont Bl 83l A3]et 4
st B840 APt siMES A EEEA
=7 AE3shA vEe] Alskda olklshtart 8550
AR} ¥l B899 Adgt rslEy $A waAd
o] Agj7t @ &Fr F8kEo] AAE A Eok(Shi and
Day, 2000).

Ca(OH), + 5i0, = CaO -+ SiOmHO(C-S-H gel) (1)

Ca(OH), + Al0, — CaO + ALO;nH,O(C-S-H gel)  (2)

Gwon 52006y &3 Ta40= _‘?_oﬂ% %V;l' LEE
Gl tiste] 2M3)E o83 st F T i
7R A3, vk, 7ies, W, U, O}oﬂoﬂ Eﬂ’s}cq 95%

opdel =& Y3t a&0 ﬁlga RISl H, 1, M
Edol 2435 FUsIE W ST 8ET] A4
g AL BESF WM =7 vhg-S ool we} 2%

300

(a) Lime mmmm Control

250 /2 0.05g Lime/g H
=== 0.10g Lime/g H
/2 0.15g Lime/g H
200 H = 0.20g Lime/g H

2

B

E

o

c

8 === EPA Criteria

g 150 -

k3]

g 100 -

Q

% 50 -

= 0 | . . . . L .

Pb Zn Ni Cd Cu Cr
300
(b) DAP mmmm Control

250 =1 0.05g DAP/g H

=== 0.10g DAP/g H
— 0.15g DAP/g H
200 - s 0.20g DAP/g H
=== EPA Criteria

150 -
100 -

50

ol il 1

Pb Zn Ni Cd Cu Cr

TCLP extracted Conc. (mg/kg)

. 300

o (c) Ladle slag mmmm Control

D 250 — 0.05g Slag/g H

é === 0.10g Slag/g H
. — 0.15g Slag/g H
2 200 - == 0.20g Slag/g H

8 === 0.30g Slag/g H

- 150 - mmmm EPA Criteria

3

g 100

Q

& 4

d 50

oo | . " . 11

Pb Zn Ni Cd Cu Cr
Metal(loid)s
Fig 1. Metal (loid)s concentrations extracted by TCLP from H
soil before and after solidification/stabilization with different

binders ((a) Lime, (b) DAP and (c) Ladle Slag) (water content =
50%, aging =1 d).
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—~ 4000
2 (a) Lime == Control
3 3500 - —| == 0.05g Lime/g J
[ 0.10g Lime/g J

g.— 3000 - 1 0.15g Limel/g J
Q ] I 0.20g Lime/g J
g 2500 H === EPA Criteria
fg 2000

@ 1000
© 800 -

g
% 600 -

)
o 400
3 200
= 0 - . . | L, . |

Pb Zn Ni Cd Cu Cr As

8000
o mmmm Control (b) DAP
B 6000 4| == 0.05g DAP/g J
g === 0.10g DAP/g J

- || == 0.15g DAP/g J

g 4000 | o 0209 DAP/g J
8 === EPA Criteria i
et 2000
k] 1000

3]
£

o 500 -
o
)
= 0

Pb Zn Ni Cd Cu Cr As

_ 3500
2 == Control (c) Ladle slag
B 3000 {| ——= 0.30g Slag/g J
§, m=m 0.40g Slag/g J

S 2500 {| — 0.50g Slag/g J

c mmm 0.60g Slag/g J
8 2000 || === EPACriteria
k]
£ 1500 |

g

£ 1000 |

)
& 500 |
[§]
] 0.

Pb Zn Ni Cd Cu Cr As
Metal(loid)s
Fig 2. Metal (loid)s concentrations extracted by TCLP from J
soil before and after solidification/stabilization with different

binders ((a) Lime, (b) DAP and (c) Ladle Slag) (water content =
50%, aging =1 d).

Al B ol ES SRR FY &
TCLP 8% 2% Hel ] B 2 M EYIA Qi)
2y Bl SIS TE45Re 85 s &
28hs ASF UEPRGTHFigs. 1-3). H E%F2] 7% 0.05
g9 QlitoltEE TN |, WA, A8 &E%0l

100% 7astor, ofdy) e 742t 85%°] 63%

—
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2 (c) Lalde slag mmmm Control

> _ —3 0.20g Slag/g M

é 1500 | mmm 0.50g Slag/g M
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- 1000 -

9]

o

o

8

S 500 -

o

3)
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Fig 3. Metal (loid)s concentrations extracted by TCLP from M
soil before and after solidification/stabilization with different
binders ((a) Lime, (b) DAP and (c) Ladle Slag) (water content =
50%, aging =1 d).

oF 98% Haske A oE UERdT 1 EYlME 0.1 g9
SliboldE FUA SEF0] FE 93%, ol 85%,
AL 100%, 7F=82 94%, T2l 89% AsIon,
TCLP 8= TAVIES sl 30= Uelstt M E
G2 0.1 g8 ol H FYA ST F2 100%,
olAdL 53%, UAL 100%, T2& 100%, 7I=H-2
64% 7rAEH, TCLP 83 71A|7|15S viEsiget. whd
oF M ES U] HlAae Qo ge] Y] St

58 gZ0] F7e A0 Uehdth. HAE AlLld U
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i

o]-8-3k
Hx] FFEF tEle] TCLP 45 A7 IES W53}
= lo|dmEe] FAFS H B F9 005g, ] E
&l A 01g, M EL] A5 0.1 g2 YeRT
MAE ol8sle] ekt TEERE AL¥skel] 1%
AT FE3] FHHA st 58], 7] e e
¥} Aste] vhg} 22 whgAel] ofa) QFggh sikES]
pyromorphite (Pbs(PO,);0H)S BAI3HH, FAE pyro-
morphite IHAEL vl ke 832} AJol-8-4(Bioavaila-
bilityys 7HAAl =M, O] ol elte 894 oA ¥
TH(Hettiarachchi et al., 2001; Scheckel and Ryan, 2003).

¢

=5

55 29 ] n¥sirbgst 141

g8 A wrgel oJgh Blolet AlE T

Lim 52013y Q& g3t S (chicken bone)E ©]
|a HIAR edH Ek] n3st M Hd 67.2%
7HA vlae] §EFFErE F7He Had vl Qlth
Theodorato 52002 A< MHAS o83 , 1=+,
HA B3he ] BEqke] 13s) XA |t 7l=Fe] B¢
A= A ofplE F&vt Sl o HlAe] - &
S5t STRIATAL Basidtt. vl 859 19k M
Egke] AR QLR HE o 83ts Wl Ao
BETo] I7IE AL vlae) ETjgsHoz fAlek Q)

29 ) S H B ) FeIo] 19 v

229} 74N et vlne] S5t o)l 1)

7] Wil AR E 4 SJti(Peryea and Kammereck,
1997; Adriano, 2001).

S llae Akl o] vl ot ek ¢

o .

5Pb™(aq) + HyPOy (aq) + OH (aq) < Pbs(PO4);0H(s) +
6H (aq) 3)

Cas(PO,);0H(s) + 6H (aq) < 5Ca* (aq) + 3HPO4”
(aq) + OH (aq) “)

I~

g IR AESH fFARE C-S-H gets F4ohk=
FE&os ogdd Eg] udseryst Al glo] S-S Jsin, oz el EY W FEES 1
e AL dom o9 B QPgshigt of @3t A7l= S4< 7KItkRha et al, 2000; Kim et

2 S50 HA vkgs) <d ofA, 7, JI=E 5 al, 2005). ¥ Q7oA H, I, M Edol 5 g1

o= &HHolglar B e vl ATkShi and Erickson, T & TCLP €= A3} u¥shA|e] Fdgo] ek
2001; Raicevic et al., 2005). Q1Alo]Q}RF-S ]85 H, g Fu5rY 85 5t fashke o= JERTH H
J, M Ee] 133t & TCLPYO e F5<4 839 EFo] 49 0.05 g2 HE SP1 FYA YA 85T

Zt Qnlelokinst ol Adst] pyromorphite?] F ] 100% AFAOR, i, ol 2 Tl 47} §5%

Table 6. XRF analysis of H soil after binder amendment (%)

Compound H soil 0.05 g lime/g H 0.05g DAP/g H 0.05 g slag/g H

1 ALO; 11.11 11.23 11.91 13.50
2 MgO 1.67 5.15 1.89 1.68
3 SiO, 39.60 37.00 41.72 36.13
4 P,0s 0.17 0.16 4.47 0.15
5 SO; 0.74 0.58 0.68 0.54
6 Cl N.D. N.D. N.D. N.D.
7 K,O 4.40 3.71 425 3.57
8 CaO 19.33 2091 13.41 22.54
9 TiO, 1.46 1.18 1.30 1.27
10 MnO 0.72 0.73 0.80 1.14
11 Fe,0; 19.81 18.47 18.63 18.56
12 CuO N.D. N.D. N.D. N.D.
13 ZnO 0.66 0.59 0.67 0.73
14 As,05 N.D. N.D. N.D. N.D.
15 SeO, N.D. N.D. N.D. N.D.
16 SrO 0.22 0.14 0.16 0.16
17 710, 0.12 0.15 0.10 0.12
18 PbO N.D. N.D. N.D. N.D.

Sum 100 100 100 100

# 1 Not Detected
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Table 7. XRF analysis of J soil after binder amendment (%)

Compound J soil 0.2 g lime/g J 0.1 g DAP/g J 0.3 g slag/g J

1 AlLOs 3.39 5.72 5.72 N.D.
2 MgO *N.D. N.D. N.D. N.D.
3 SiO, 28.49 1.35 1.35 7.12
4 P,0s N.D. 12.53 12.53 10.79
5 SO, 13.24 N.D. N.D. N.D.
6 Cl N.D. 8.79 8.79 7.50
7 K,O 2.24 1.13 1.13 0.69
8 CaO 12.76 25.09 25.08 36.40
9 TiO, 0.53 0.32 0.32 N.D.
10 MnO N.D. N.D. N.D. 1.02
11 Fe,03 11.86 10.32 10.32 8.88
12 CuO 3.71 N.D. N.D. N.D.
13 ZnO 0.35 1.16 1.16 1.00
14 As,0; 9.20 0.17 0.17 0.14
15 Se0, N.D. 11.82 11.82 10.08
16 SrO 0.12 N.D. N.D. N.D.
17 710, 0.11 N.D. N.D. N.D.
18 PbO 14.0 21.61 16.01 21.61

Sum 100 100 100 100

? . Not Detected

Table 8. XRF analysis of M soil after binder amendment (%)

Compound M soil 0.1 g lime/g M 0.1 g DAP/g M 0.8 g slaglg M

1 ALO; 17.73 1437 13.12 15.40
2 MgO 1.38 3.85 1.06 1.67
3 SiO, 47.39 43.76 40.96 28.64
4 P,0; aN.D. N.D. N.D. N.D.
5 SO; 225 1.61 1.32 1.07
6 Cl N.D. N.D. N.D. N.D.
7 K,O 5.76 7.92 1.43 3142
8 CaO 1.44 0.86 0.98 0.68
9 TiO, 0.87 N.D. N.D. N.D.
10 MnO 0.42 18.46 19.54 15.03
11 Fe,0; 19.56 N.D. N.D. N.D.
12 CuO 0.30 0.33 0.37 -
13 ZnO 1.40 1.52 1.92 0.89
14 As,05 N.D. N.D. N.D. N.D.
15 SeO, N.D. N.D. N.D. N.D.
16 SrO N.D. N.D. N.D. N.D.
17 71O, N.D. N.D. N.D. N.D.
18 PbO 1.44 1.41 1.52 0.93

Sum 100 100 100 100

# 1 Not Detected

o] 98%2} 55%, 97% ZrAER= AoZ Uehdth J EY 24% 7AW, TCLP 4% TAVIES sl Ao=
M= 03g9 e S FUA &7 ofde et M Bl 0.8 g8 P Sl F94 &
89%, YAL 100%, 7t=F2 99%, T2l 90%, HlA= 5T Fol F2 63%, oFA2 95%, URL 81%, 7=
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Table 9. Fractionation of metal(loid)s in the contaminated soils by SM&T
Fraction (%)
Step -
Pb Zn Ni Cd Cu Cr As
H soil Exchangeable Carbonate 8.05 24.03 ‘N.D. N.D. 11.41 N.D. N.D.
Reducible 34.55 18.69 N.D. N.D. 11.46 N.D. N.D.
Organic Material and Sulfides 22.26 8.35 N.D. N.D. 17.77 N.D. N.D.
Residual 35.15 48.92 N.D. N.D. 59.37 N.D. N.D.
J soil Exchangeable Carbonate 1.18 35.12 N.D. 2.72 35.00 N.D. 8.03
Reducible 5.54 17.19 N.D. 8.35 23.02 N.D. 39.77
Organic Material and Sulfides 84.81 14.58 N.D. 1.99 21.74 N.D. 221
Residual 8.46 33.10 N.D. 86.94 20.25 N.D. 50.00
M soil Exchangeable Carbonate 11.80 13.35 N.D. N.D. 3.60 N.D. 11.23
Reducible 10.18 0.94 N.D. N.D. 0.46 N.D. 3.29
Organic Material and Sulfides 12.66 16.80 N.D. N.D. 7.29 N.D. 14.06
Reducible 65.36 68.92 N.D. N.D. 88.65 N.D. 71.42
# : Not Detected
Table 10. Effect of DAP amendment on the SM&T fraction of metal(loid)s in the contaminated soils
Fraction (%)
Step -
Pb Zn Ni Cd Cu Cr As
H soil Exchangeable Carbonate N.D. 2224 N.D. N.D. 26.07 N.D. N.D.
(0.05g DAP/g H)  Reducible ND. 288 ND. ND. 2668 ND. ND.
Organic Material and Sulfides 31.89 N.D. N.D. N.D. 28.89 N.D. N.D.
Residual 68.11 48.89 N.D. N.D. 18.35 N.D. N.D.
J soil Exchangeable Carbonate 0.48 10.64 N.D. N.D. 15.72 N.D. 20.33
(0.1g DAP/g J)  Reducible 1351 3516 ND. ND. 3466 ND. 19.93
Organic Material and Sulfides 66.02 N.D. N.D. N.D. 16.06 N.D. 9.41
Residual 19.98 54.19 N.D. 100 33.53 100 50.31
M soil Exchangeable Carbonate N.D. 24.66 N.D. N.D. 3.6 N.D. 0.98
(0.1g DAP/g M) Reducible ND. 2393 ND. ND. 507 ND. 031
Organic Material and Sulfides 4.99 18.87 N.D. N.D. 5.68 N.D. 0.76
Reducible 81.28 32.52 N.D. N.D. 85.63 100 97.93

# 1 Not Detected

p

B 2%, 7EE 97%, Hlae 73% #AEe] TCLP
|F TAVES WSshke BloE Uyt 3t ds
s FYste] 1833t H, 1, M Bl tigk XRF
AN e SIREES] Fo] TRl R S ¢ T U

TH(Table 6~8). ©]&f3t 4 Aif= A AF3 s &
2] C-S-H gel F4S v, o] W5 53]
E Y =550 183} He Ae=E B 4 At} Yun
S(2011)3} Porter 5(2004) HlA B B FHE& oA
E diste Alsldssat A7 s o8t 133}
¥ TCLP 8= 23 7k=%, 72, o},

Zo| sl ol Alslds ARgll E}f
z:ﬂ' Ookol% %%‘%‘4 o§}9]'
(Cas(AsOy))°] A3 WE Zloje} 4

=

& 19 F511 1 EG Ul 3] 8=] ST,
o] TCLP && AFA 22 pHO| FZq(pH 2.88+
0.05ys AREEo = <laf 3}8H4] WHels do7)7] +he o

o] Ak e o3 AHEHA] Xt EEEHAU E
F W A FEEAE JANT)Y] WiEeRE s
HSon et al., 2009)

TEE 0 Ede dYETE ol o] FEsHTt
Efog 9—05301 = 797t tiiEelot. wEbA 9
w3y Aozt %o AHE Aokl ofeiee

LA EYY EAS 1t A2 Bl 71A] o)
o] IFSA ARE-S AlFEkal JAth(Jun and Oh, 2002;

Kumpiene et al., 2008; Jeon et al., 2010). =] T
B EE AL EFE oY) FIERV} B o
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Table 11. Effect of lime amendment on the SM&T fraction of metal(loid)s in the contaminated soils

Fraction (%)

Step
Pb Zn Ni Cd Cu Cr As
H soil Exchangeable Carbonate N.D. 15.46 N.D. N.D. 25.77 N.D. N.D.
(0.05¢g Lime/g H)  Reducible ND. 2443 ND. ND. 2422 ND. ND.
Organic Material and Sulfides 26.25 N.D. N.D. N.D. 30.35 N.D. N.D.
Residual 68.72 49.31 N.D. N.D. 16.86 N.D. N.D.
J soil Exchangeable Carbonate N.D. 15.46 N.D. N.D. 25.77 N.D. N.D.
(0.2¢g Lime/g J)  Reducible ND. 2443 ND. ND. 2422 ND. ND.
Organic Material and Sulfides 26.25 N.D. N.D. N.D. 30.35 N.D. N.D.
Residual 68.72 49.31 N.D. N.D. 16.86 N.D. N.D.
M soil Exchangeable Carbonate N.D. 15.46 N.D. N.D. 25.77 N.D. N.D.
(0.1g Lime/g M) Reducible ND. 2443 ND. ND. 2422 ND. ND.
Organic Material and Sulfides 26.25 N.D. N.D. N.D. 30.35 N.D. N.D.
Reducible 68.72 49.31 N.D. N.D. 16.86 N.D. N.D.
# : Not Detected
Table 12. Effect of ladle slag amendment on the SM&T fraction of metal (loid)s in the contaminated soils
Fraction (%)
Step
Pb Zn Ni Cd Cu Cr As
H soil Exchangeable Carbonate *N.D. 15.46 N.D. N.D. 25.77 N.D. N.D.
(0.05¢ Ladle Slag/g H)  Reducible ND. 2443 ND. ND. 2422 ND. ND.
Organic Material and Sulfides 58.22 3.21 N.D. N.D. 33.07 N.D. N.D.
Residual 41.78 58.61 N.D. N.D. 16.94 N.D. N.D.
J soil Exchangeable Carbonate 20.94 N.D. N.D. N.D. 9.38 N.D. 0.75
(0.3 g Ladle Slag/g J)  Reducible 408 ND. ND. ND. 377  ND. 0.35
Organic Material and Sulfides 64.61 1.72 N.D. N.D. 32.12 N.D. 3.83
Residual 846 9827 N.D. 100 54.71 N.D. 95.04
M soil Exchangeable Carbonate 7.92 2.64 N.D. N.D. 3.35 N.D. 0.01
(0.8 g Ladle Slag/g M)  Reducible N.D. 1.02 ND. ND. 267  ND. 0.06
Organic Material and Sulfides 17.11 10.51 N.D. N.D. 5.71 N.D. 0.05
Reducible 7496  85.83 N.D. N.D. 88.26 N.D. 99.86

? 1 Not Detected

=] o, 53] HAE Eiste od= e A
o2 ZAME v} T Ministry of Environment, 2005;
NIER, 2008). ¥ AolA HIAE Xgs= B3 S35
T2 299 ¥t M Ede] QRiloltEs ol8ste] 1
FstA] QitoldtmE el E3HE 14t ol F3
73Rl o8l mlae] 8] Tk Ao Ut
(Peryea and Kammereck, 1997; Adriano, 2001). ¥HHo]]
B9 ] Hldke) 990o] BISA Qe H ERE A3,
el dE LT ASIARS W BE F3E
7ol 198} fgo] we 20w Uehdrt.
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B e RS AuRoE &AM, Fo
&5 BATIE sk Bt 53] 95 &
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st &85 JtHMaiz et al, 1997; Luo and
Christie, 1998; Degryse et al., 2003; Lee, 2006; Umoren
et al, 2007). ¥ A7 E TCLP &= Ay 7zt B
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Y F SM&THS Bl EY Ul 5579 4% 7I7ks
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7zt E¢oll TCLP 8= AV IS W53k Zo2
it 1EsAE 2z £l8ka &8st & sM&TH 9
3 AFAAEEZ TEEFE FZ3AUH(Table
10~12). 133} W5 8= A7 IPsHER 8= T=
< 27t e AeE yehtou, EXY FRet A
glo] a3sHA| 7] BFollA] g2 gmsiel HA &
= 7Fs$ Step 12 117} 1838} HBEE 7RSI, Step
7} 1vollx 1133} MRt Zrkshs 43S Bk H
Eoo] olds} Fele] 852 Step 119} NI SV},
Step IVOIlA] 7Hax, J B o}dx} FElo] 852 3
upZIA 2 Step B} 17} 4811, Step I V7 &
7¥etant. Step 1IF Vo] S7ke 83 v AshE
P ofgh Ho} Zst Ajtel ok Zlojzt AEw
(Park, 2005; Lee and Choi, 2007), SF¥3t Helz S
&R0 g 7%l wislsle] wet 1yt & EY U F
FEFE] TCLP 85 w57} fashe Jlo% dden.

HIAZ QA% JoF M ESe] A9, M ES Y] vHlae
w ok, 7] S 22 IS Holw e AFES
7= Step IV7F S7FRe o= vehd, 243, <t
oty HE EEizell &l KgFe=E n¥s} o)F
o] k. olol] wha)| J EYF U] HlAe Rl EFE o]
85k 133} w3 A| 1133} & Step 1l E=0] SV
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A 2Ee] AR GA oled 4 Sl JElE ddEn
(Lee et al,, 2005). T=3F, BIA9} Eejsst oz frAleh
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°] 7Fsd Step [olMe] 820] S7Ish= Ao = &
JtH(Peryea and Kammereck, 1997; Adriano, 2001).
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