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Abstract: In this study, to investigate the effect of stabilization of Pb-contaminated soil near a
smelter site for the reduction of environmental risk of Pb leaching, commercial stabilizers were
amended with the Pb-contaminated soil and evaluated leaching characteristics of Pb in soil by TCLP
and SPLP leaching test. Also, performing sequential extraction procedure speciation of Pb in the
amended soil was investigated. Limestone, AC-2 (Amron), Metafix (Peroxychem) that possess

stabilization performance towards heavy metal in soil and mass production is available were selected
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as candidates. AC-2 contained a CaCO; and MgO crystalline phase, while Metafix had a Fe;Ss
crystalline phase, according to XRD studies. Pb content in SPLP extract was lower than the South

Korean drinking water standard for Pb in groundwater at 4% AC-2 and Metafix treatment soil, and

TCLP-based stabilization effectiveness was more than 90%. The findings of the sequential extraction

method of soil treated with Metafix revealed that fractions 1 and 2 of Pb, which correspond to

relatively high mobility and bioavailable fractions, were lowered, while the residual fraction

(fraction 5) was raised. As a consequence, the order of performance for Pb stabilization in polluted

soil was Metafix>AC-2>limestone.

Keywords : Heavy metal, Contaminated soil, Smelter, Soil stabilization, Environmental risk

4842 44 5 ol
23 lo] 2740 GGG ALk, EFo] FT%e

—L
o =
o LHEE deRe TS AR G

2 4

Z BS54 S0 d71EY | 5ol 8L
A lthJeong et al, 2015).
FeA B Al o)A FAJSkaL

ol
1o
to
o2
Mo r
X,
1o
N
HN
S
Am
ox

* oo o
rir

o\
Flo
mie]
=o£
o
SE

o gy to mE Ho rf

2
ot
ol
flr
o
o,
2
il
e b
32,
=
o

ol
i)

NeEEY 5 2
Al7lE 71E
st M
o5 eHyate
£33 & (bioavailability) & #]
Al7]%= 7140 |t (Kumpiene et al, 2008), &
Prled HlaE 2 FaS(metalloid) 2 H, 7F
T4, e, o S Z-2 Yol S (cationic
metal)ol] A-§-o] 75t Ae|&Ert waEn 27
A7t EE ash7] wfiZe] o 3ol vlsl A=A

2_[4‘
)
ok
o %o
off
tlo
oy
B

f
it
5=
rlr

(R ot i
o to 2

ol
ol
[T
o ® qlo
>
) E{R e X
ol |a]
il
o 2
g
2 foh

ot

oy
R
it
o
flo ©

Al

o7 A3ks AT 4= A= Aol Ak (Cetin et
al, 2006; Mahabadi et al, 2007). USEPAX= RCRA
(Resource Conservation and Recovery Act)ol Al
HAIRE 57719 8l #H71=9 flsiAS Adsk] 9
gt A2 o= 1Y3l/¢4Aet 3 S BDAT
(Best Demonstrated Available Technology)Z A
oA o] T AA Aol AEA Sl Y IHA|
ol Tkt A5 13 5kGITHUSEPA 1993). &
3H1980d T8 2000 e FHE7HA] AAE 42 A
Z(super fund) Z2AE 2o F &0y T
£o8 o9y A9 2297 F 1807 A Ho] Y3}/
1t uH o 7 R THUSEPA 2007).

2 ol 77 POl = Al
& oA frel AR et e
o B} FAHEo] L@ E o] A&l v
wo] gtow Bz
THA] H|A, FEE, 5SS oR odd Aol g
o1 E]ATHKECO 2009),

2 Aol Al-a =
i At fIek eHgs A8 atE dot
o A s Fes 2 oded A
I} A3 AS Aol 217e] 2845
ik, o= flsl i R ARGl 4
28 HlE oPget A -5 Bk R S
& Q2B M B0 015 TCLP (Toxic Characteristic
Leaching Procedure)2} SPLP (Synthetic Precipita—
tion Leaching Procedure) 4 9 Eof)] 23<4£9]
EAFE WekS YopR Al A4 3Z(sequential

extraction procedure) &AL AlA 5T

[
Fule
Az
[e)

o] =13




02l - FRY / MEA FH o o HHYEY| eloid M2 I3t B orEst gt 217

SHA |
Afa FH e E_E(O~30c:m)§ R
H] 0}0““4

E¥ed %" *]?é]‘ﬂ(NIER 2020)4 —"E—XJ—?
H(NAAS 2010)0]| wHe} A5
E"JE"F—Q (water holding capacity)2] 7%,
T-of Al Al&Jgt droplet counting
methodE 13} A 83} % ok (Brischke et al.

2. B OHH3LH|

2 Aol AR M= BEY 5 Fole 5
& s 2 oA e s de gl AC-2
Amron, Japan)2} Metafix (Peroxychem, USA)S
sty o A 5] 4 (limestone)(F)&5F2Fh) a1} 1]
tol B 9o M} s Hlag ksl

ARE AFol g obAakA| o] T4 YA BT} H|mH
2 2A4317] 98 2+ XRF (X—ray fluorescenc)
(ZSX Primus—1I, Rigaku)?} BET (Brunauer, Emmett,
Teller)(ASAP 2020, AutoChem I)¥-4& AAJs}

o AC-29} Metafix®] 4447 4= RxE
gels}tz| 9138 XRD (X—ray Diffraction)(Smartlab,
Rigaku) £43% Y& £A(ELS-Z PLUS, Otuka
Electrons)2 AA|5F5 T

i

Of

Bl > o ol

fu)
ot
e
oxt
toh
oX

A7l bgskA o] EoF F Holl
< B7sL7] fl8f BwtA] EoF v
;. 2 mm=E HAESS 2 EF 50
tH] 29} 4%9 HHSHAIE =
71 T10%°0 Gt = 5
S3retgiet, oluf A3142] - 2 mm ©]
E3lo] AR8-5F AL AC-22}F Metafixe= 7
I AXA AL vkE ARSI ©
ANEE ARG FHol A4 o 2494 10
viekstaint. SPgsHA| 9ol wE B

£ 2olshy] Yo A2 B9 pHe} CEC
st A2l A3 9 7} oHg kA o] ankE H|al
X517 918)] US EPA2] 843121 SPLP (Synthetic
Precipitation Leaching Procedure)?} TCLP (Toxicity
Characteristic Leaching Procedure)< AA5Fs3ch
(USEPA 1992; USEPA 1994), 82A]% o] & o143}

o AL Sl8f oo AS ARSI

Stabilization efficiency(%) (& (C )C) x 100 (1)

o7 A Co&} C= HATA 9] A3 Bk 82
W F Y srolH, HHIA| F9dof wE EoF}
ol A% Je 2 &3 54 #3kE doti ] s
Li et al. (1995)5-0] A|A|gt A<L3=ZH (sequential
extraction procedure) ARE-5}ITH

>
ool

do = o
ol >
AL oR >
ol

o

ok
T
fa

o
L > 4o

1A

}01 B 2 3@ off
ol

_O|L
'lol’ l'f o-l)ll
B9

JlNI (Eooft HT e

['-l]I. ox, ﬂ‘ re

i

o
24

o
8

Jlm 5 2
ox ﬂJ_.

rulm

Figure 1. Commercial soil stabilizers employed in this study; (a) limestone, (b) AC-2, (c) Metafix.
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Table 1. Physical properties of the contaminated soil

Sl Soil texture (%) Bulk density Particle density | Water holding capacity
Sand Silt Clay (g/em?) (g/em?) (%)
Sandy loam 19.0 19.4 61.5 1.68 2.49 315

Table 2. Chemical properties of the contaminated soil compared with the general range of upland soils

Pb H oM® BCO P,0s CEC® Exchangeable cation (cmolc/kg)
(mgkg) P (gke) (mgkg) | (cmole/kg) Ca Mg K
Optimum range - 6.0-7.0 | 2.0-3.0 <2.00 300-550 - 0.5-0.8 | 5.0-6.0 1.5-2.0
Contaminated soil | 1924.8 7.59 1.09 0.11 478 252 18.3 1.07 0.71
(1) Organic matter
(2) Electrical conductivity
(3) Cation exchange capacity
Table 3. pH and cation exchange capacity of commercial soil amendments
BET CEC Exchangeable cation (cmolc/kg)
pH )
(m?/g) (cmole/kg) Ca Mg Na K
Limestone 10.1 - 29.14 27.45 1.47 0.05 0.17
AC-2 10.4 8.95 103.00 7.12 93.92 0.23 1.72
Metafix 4.07 1.40 87.76 19.73 21.28 7.12 5.09
Table 4. Chemical components of commercial soil amendments analyzed by XRF
T8 & (%)
CaO MgO Fex03 SO; SiOx ALOs MnO P>0s
Limestone 93.6 2.93 0.57 - 1.43 1.05 0.09 0.01
AC-2 352 63.7 0.32 0.05 0.55 0.06 0.03 0.04
Metafix 5.48 0.98 393 214 5.65 1.94 - 7.69
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Figure 2. XRD patterns of AC-2 and Metafix.
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Table 5. Change in soil pH treated using commercial amendments after 10days

Condition Untreated Lime Stone Lime Stone AC-2 AC-2 Metafix Metafix
soil (2%) (4%) (2%) (4%) (2%) (4%)
pH 7.59 7.60 7.66 9.22 9.59 6.28 5.96

eHPEHA o] A v go] FrHdrE B¢ pHe 2
adte A Holdh olejgt At oF ged
(pH 7.59)& HojF= Bl Y= 4M3(pH 4.07)
Metafix ] €5 280l o3t A o= Hehe
Visual MINTEQ 3.1 £3) Pb*'/OH systemd}
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+ 227+ Pb(OH):¢}F PbCOs0l ™ o] 50| F4 3}k
o7 2A8H= pHE oF 10 B (Pb?'/OH ™ system)
¥} oF 8 B (Ph*/H"/COs* system)$l Ao & U}

60 -

40 4

204

o

100

(b)

Pb species distribution (%)

10 11 12

4 5 6 7 8 9
pH

Figure 3. Main Pb species distributed by Visal MINTEQ
3.1 (Pb(Il)=1x10"*mol/L, ionic strength=0.01M
NaCl) (a) Pb*/OH" system, (b) Pb?/H*/CO5*
system.
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Table 6. Pb concentration of SPLP extracts and stabilization efficiency

Condition Untreated Lime stone | Lime stone AC-2 AC-2 Metafix Metafix
soil (2%) (4%) 2%) (4%) 2%) (4%)
Drinking water standard . .
level for Pb 10 pg/L (Ministry of Environment, Korea)
Leaching concentration
of Pb (ug/L) 13.5 1.89 0.92 8.43 ND ND ND
Stabilization (%) - 85.9 93.2 375 100.0 100.0 100.0
Table 7. Pb concentration of TCLP extracts and stabilization efficiency
Condition Untreated soil \ AC-2 (4%) \ Metafix (2%) \ Metafix (4%)
Maximum concentration of contaminants
for toxicity characteristic for Pb > mg/L (US EPA)
Leaching concentration of Pb (mg/L) 0.52 0.01 0.12 0.04
Stabilization (%) - 97.8 77.0 91.1
/o2 SPLPHETH B W2 pH 271049 &= Al Asko] HlaLA W2 vlEg el Qlvk, 2 g
QI TCLP 85 A7 2 oHst avks oot o A oA & 7ol e 3T B4
woket, 3H= 2% (bound to Fe—Mn—oxides)2] 53] v]&-
AC—2 4%%} Metafix 2, 4% A8 B o2 2 37.9% 0.2 =7 Jehgon EokoA] u]mwA <t
A3YE TCLP §&A 9235 29, Hl= EPA (US AR A% Y 494 Ul B BekE AEd

EPA 1994)9] &9 TCLP £-%3]47]5 3 (Maximum
concentration of contaminants for toxicity
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o BT RESHE AR et S| 28
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