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Abstract : In this study, a heavy metal stabilization treatment using waste resource stabilizing agents was utilized on army firing
range soil contaminated with Pb and Cu. Both calcined oyster shells (COS; 5% w/w) and waste cow bone (WCB; 3% w/w) were
applied for a wet-curing duration of 28 days. Following the stabilization treatment, the process efficiency was evaluated by various
extraction methods for Pb and Cu. Neutral and weak acid extraction methods, such as water soluble extraction and SPLP, did not
show positive results for heavy metal stabilization with very low leachability. On the other hand, TCLP and 0.1 N HCI extraction
showed that the stabilizing agents significantly reduced the amount of the heavy metals leached from the soil, which strongly
supports that the treatment efficiency is positively evaluated in acidic leaching conditions. Specifically, in the 0.1 N HCI extraction,
the reduction efficiencies of Pb and Cu leaching were 99.9% and 83.9%, respectively. From the sequential extraction results, a
difference between Pb and Cu stabilization was observed, which supports that Pb stabilization is more effective due to the forma-
tion of insoluble Pb complexes. This study demonstrates that the application of waste resources for the stabilization of heavy metals
is feasible.
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S AQEAE BT, oL HwA JAH SEIANAE S350 AT B3} A ehd e vl A4 rE 2
2 £ Post Cu ol 243 Aol Aol Po7t e 4 o) waksh ebyst wgol o ST e muEr.

B ATE AL o83 SHYSATE LAEG Aol % /UL FRAL UL, Bk AIER AFEE A2

ARG o AARTHE HolAE 2 ojuE grech.
MO : orel FF4, QAR A4 2HY, daw

1.ME RZE R ekl B8, o @8 A8 A FHE
F2 FA4EQ F(Pb)E HESt] HE(Cu), oFA(Zn) & F
ol TEE2 fUIdEdIE g BaER g A E[RU(Sb) 59 FaEHol A5t LAEEs AR o
i3 WollA ZHFate, 53] B - X[k 5 2 AufE ] A Qlar, =wel - ool et HAT weEjet HAA
E40 7]11% A ¢etet whgof 93f ol H EAbE o SHE o] th3t 227} BEF Aol o 77 F
FH A AN FHol YA FHEAE Lot oF WA E HAAA ] A BEQF Yol AR EAshe &
Yo o Bl 3 9 AR, Hr)E Yy - A7 She 2429l e ddo] E 4= 9l At EPEPOM a
A, F434 D AALA A, 7|et EXEA Y So& FEEo] wf$- chekt Fopgo] oal gafEo] B -
oL oheFEk Aol A HHAskaL Qlo] AMEAQl & AR Blo] o4 9o W =W PYEEO IOk ZEo om

" Corresponding author E-mail: dmoon10@hotmail.com Tel: 062-230-7870 Fax: 062-230-6628



KRR TE
012Y - BuH - UAS - HBE - UehY - AR - PR - A5

Ak 2Bz olegh gz %o
43l AP £ 334 $5 9 G2 A
T e Wt vhRo] Algske, Ay 2l
o Zasdn @ 2 a0

F3402 o AN EFL BUN| AT &S
& E9F A& W(soil washing), B A& H(soil flushing),
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The standard free energy of reaction=0, 7=848C
CaCOs; =CaO + CO: (g)
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B U BUE 00T 247t Be AAeALE, 0|2
A 4L ASIAE COS(Calcined Oyster Shells)2tal H
sheict

Table 1, Heavy metal concentrations in target contaminated soil (unit : mg/kg)
As Cd Cu Pb Zn
Korean Warning Standards o5 4 150 200 300
for 1 area
Target soil 16.1+18 (0.1 588+15.6 11,678+622 197.3£101
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Table 2, Experimental conditions for stabilization treatment

Contaminated COS WCB Water content
soil (9) (9) @) (%)
Control 300 - - 20
Stabilization 300 15 9 20

5 g0l ZR%(pH 7) 5 mLg 7t
AL oAl 18AI17F ot wulbslglal, 4=8-A(water
7]-_r5]0h:]- 0|23 %}+4d(exchangeable) &
T A& i‘ﬂ(sequentlal extraction)©] 1¢HA &-&9HS
a2 83t 0.5 g E¥l 1 M MgCL (pH 7) &9 5
mLE 7}sho] 2ol 1AZt 59t akshgick. SPLP (Syn-
thetic Precipitation Leaching Procedure)?} TCLP (Toxicity
Characteristic Leaching Procedure)= u]=tojA] ALRE= &
F4 99w =X AFHo|rl. SPLPE QlET}o-8EAd
= o] =]
[¢)

H O 2 USEPA Method 13125 Hlgtoz mou|s E s}
A 9AT A S A6t AL, Bk 0.5 ¢
of pHE 422(H,S042} HNO;Z 322 mﬂs} Aol o 32)

WE 224 10 mL sbste] AL2oA] 1847 Fob W)
Attt TCLPE= A EAESA)EH O & USEPA Method 1311
= Higes udble sUstA A% A FEE 4
sto] ARgEFA L' B9k 0.5 gofl ofAlEARS o]g5to] pH
= 2.88% y= ?%——’F 10 mLE 7}sto] A2of4 1847k
5<F wRkskATh 0.1 N HCl & (T EFL AT HAIER)
S o] &3 AWM= 1 g EYo 0.1 N HCl 5 mLE 7}
Al Ao A A7) SoF wulkalg T, Adek Ao of
Z(aqua regia; HNO; 1 mLe} HCl 3 mL)E E9F 0.4 gof
745t t}2 70°C heating blocko| Al 1A]7F E¢F 7}Hsle] =
sstoct

©QEF Yo ZAfat Pbek Cue] St ZAjaE 2
ol5 Hlusly] s 2ot HHsHA P T ARE 4
O 2 Tessier =Y0] A|oksl da2EHS 245l 1, 2=t
AL S B Ao Soi Ao
(Table 3). A&FER oA 19Al= o] 2ugg e, 2¢HA=
A = SEREH, 394 d - w3 (-’F)’&ﬂ%ﬁéEH,
d A= =AY B FIEFH, sTtAs ARFEHE

Rt

2E 829 5 ASO 045 um 9 X|(PTFE mem-

brane filter, Whatman)2 AZ & o7}l S = Ast=Zat=
u} YRFRFGE7|(ICP-OES, Optima 5300 DV, Perkin-Elmer
Inc. USA)E ol §3te] HAjshelet,

Table 3. Sequential extraction method used to examine chemical fractions of heavy metals in soil™®

Step )
(Target phase) Extractant Step Time
|. Exchangeable fraction 1 M MgClp, pH 7, 257, continuous agitation 2h
I, Carbonate and specifically 1 M NaOAc, pH 5 (adjusted with HOAc), 25C, continuous agitation 6h
adsorbed fraction

lll, Fe-Mn (hydro)oxides 0.04 M hydroxyl-ammonium hydrochloride (NH.OH HCI) in 25% HOAc, 95°C, 7h
occasional agitation

IV, Organic matter and sulfide 0.02 M HNO3 and 30% H20O: (adjusted to pH 2), 85°C, 2h, occasional agitation 30% 6h
H.O. (adjusted to pH 2) added, 85C, 3h, occasional agitation after cooling, 3.2 M
ammonium acetate (NH4OAc) in 20% (v/v) HNOs added

V. Residual fraction* HNO; and HCI (1:3), 70C, occasional agitation 1h

* The original extraction method for residual fraction (using HF, HCIO., and HNOs) was modified with aqua regia digestion using HNOz and HCI,
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Table 4, Major chemical compositions of COS and WCB (wt%)

Stabilizer  SiO, Al,Os TiO, Fe.Os MgO Ca0 Na,O KO MnO P20s SOs Cl SrO La,O3
COs 2.59 0.96 0.05 0.40 0.86 87.7 0.73 013 0.04 025 0.65 0.28 017 0.08
WCB 0.07 0.16 0.06 0.01 0.55 3481 017 012 0.01 25,63 - -
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Fig. 1. Pb (A) and Cu (B) concentrations extracted by DI water

(Water Soluble) and 1 M MgCl, (Exchangeable) from sail
after control and stabilization experiments, and their pH
values () after extractions,
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I Journal of KSEE | Vol.33, No.2 | February, 2011



KB BV, S

RS 0ISe AR B2 S2E(Pb, Cu) 2Fg3} X2

_. 12000 A 1
2 m
i 10000 Control [,
D ili i -

é 8000 Stabilization 10
5 - 8
S 6000 :E_
g s ([ 2
£ 4000 P
g 2000 [,
[ ]

o 0 . 2

0.1 N HCI Total

s T L
i‘: 500 B Control | 1
£ 400 O Stabilization i ;0
: =

.2 300 IQ_
3 s [
£ 200 ¢
S

2 100 _2
c —

o 0 . ;

0.1 N Hcl Total
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