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ABSTRACT : The objective of this study was to investigate the effectiveness of stabilization for army firing range soil highly
contaminated with Pb (total Pb: 29,000 mg/kg) using calcined waste oyster shells. The calcination was conducted to activate
quicklime from calcite. In order to evaluate the effectiveness of calcination, both natural oyster shells (NOS) and calcined oyster
shells (COS) were applied to the Pb contaminated soil. Stabilization was conducted by mixing the contaminated soil with oyster
shell media at 5-20 wt% and cured for 28 days. Following 28 days of curing, Pb leachability was measured based on the Korean
Standard Test method (0.1 N HCI extraction). The treatment results showed that the COS treatment outperformed the NOS
treatment. All of the NOS treatments failed to meet the Korean warning standard of 100 mg/kg. However, the Pb concentrations
were significantly reduced to 47 mg/kg and 3 mg/kg upon 15 wt% and 20 wt% COS treatments, respectively which passed the
Korean warning standard. Moreover, -#20 mesh materials were more effective than the -#10 mesh materials in effectively reducing
Pb leachability. The scanning electron microscopy (SEM)-energy dispersive X-ray spectroscopy (EDX) results indicated that Pb
immobilization was strongly linked to Al and Si.

Key words : Lead, Army, Firing range, Contaminated soil, Waste oyster shells, Stabilization
29F : B Ao WeldS FAHECRE ot HEAEAE oA &Adske] A
29,000 mg/kg)o.2 @ HE FRHW A ESfl Aesto] M}t a&S Frisklch 24 A Frkstast 24 A
FHANOS)T &4 £ HAZAA(COS)E 42 g LB Hestalon 28Y
|4 H e M3 BESSIn AdAd A 717 Se WelAS SRR St NOSe| Bls) A 3]7F =428 COSe ¢t
A3 ago] EA UebdTh B3 & G& AE o) e fiEFols M Aol & FFS TIAA F8ken], —#10 meshol
H|3} —#20 mesh®] YJ7dolA =2 HA3t &S Ve SITE NOSel o3t Fy3} A 2] Aih= BE Ao BEE A
WA 7 A9 9-271% 100 mg/kg (@HEF 20099 7159 WS Al71A] & s COS 16% 9 20% 7t Al FA 2]+
2] 8,106 mg/kgoll HI3] 22 47 mg/kg(28 days) X 3 mg/kg(28 days)E @AM A7tE o] £87]% 100 mg/kgS T+
ATt 24 28 R 714s 2ARELAL FARAAE R (SEM)S 0185191 elemental dot mapse 533t 23 Pb
o] QHg%h= Al W Siof w2 AuBATE U2 AT 4= AT

FHO ¢, 2R, MY, REEY, H2EE, oy

MNE u 71 REYC, £E BN $EE FEES
2ol FHET, WolAeg Foiol 4 - 1YY A
Fa42 §o4T o5 Ao] Wou du Bol U U 7kEol MeE E & Aok elue % ede F

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

CHEHEIZZSESIX| | MI32 M2& 12010 2 |



186

Korean Socity of Environmental Engineers
2oy HZE - Yy - AN -

4yl 284 223

9
= N
= oft
2
= m
N
-z
I
<t
>
ox
ne

o r_{zé R
2}
o
L
K
il
o2
o

ox

A=)

H
htl
1o
of -
=
N
)
ST
pacs
)

anl gelteols 15700 A4 73 179 A
APA7E, 1,300017 9] S AFA7E Bl mlsk ol A Ag-st
L 95719 &98 AMAAe] 9= Ao E RANE T QthD

1996 =He} PRI 3502 1471 Hof 1971 AFAR

o hit QA% RAE AAF AT} BE ARG W, 2
B, 78l 5 384 90| SlHlgirky Magelw, 19984
Ol HABHAT LA A AR A B
AL YHOR & 2@E RANA ol 7 2Fo] o 4
Zsto] 19999 449 vt glek )

WH o2 AN 1Y ol AQAR fEEE 0

A
S ] 1851 S4F el ﬂaﬂ
VIR, ok, o] o 37

&~ 9l Trinitrotoluene (TNT), Cyclotnmethylenetnmtrarmne

(RDX) 5©] Z3tE]o] 9lom o]F TNTS RDX+= vl= 874
ol st CF A=t I AHEA EQFed-E o]l
FEES Ak e ehRo| A Ayt FR7o uet o2t 4
2FAAA A= FER R 23] B4 Jo] AY nE 7
o] A 7Et} 7| ZA o theF ghrElo] Qlo], 'k 7| Ao
o BoF - A5l W FH AEEL G52 At 2
olt|, FlerEAo| AEHR| G WH, tiqfi ZAFAA ol A
= 3350 IR Bhedo] dutolct 5

FE40E odd EYS AN Y3 A7 e
EoF MY EQF AR, 54719, AEHs ¥ OV@}
71H 5ol Aot B AAL 54 Aol vluE] a4
oL} H]-8-0] =& EAH T} FHHAS S HR ] HLof 3
Zk1 Qlch 6 T3 FA oA AYAS FYst TEE5S AA
she BEQF AR 54 AlAC axb o)y & Azl

7 to] tFE 1

R}

7hs et AA] 7ol 2717 2 JES 5 7IeiEol Alg

"J%ﬂi} 71 Ldede] EYoRRY A or A7
HAe g, LAedE ek oR 54, =4, 84
ol 7M W2 AR WEAA A Heide HaATl=
7|0tk M3t 7IHE AleER L HE Bl ant o]
o @713k A7) 7hsskal A7) S ebAle] AEAg,
2|31 22F491 A2 H]go] 5 ‘{’%OP %‘Zﬂ*éol %01‘%3— o=

nR =
rﬂ
T\"
o2
s
2
N
3
ot
g
-3

o4 74 U W zo|=E o
S Aol

& Aol 22 AT 2AE AL e TRl 1
?l_

= ‘ﬁ?oﬂ /\P%Q‘?i‘:]'. E?l g3t A7 & w7t S-S ?’r%‘
517] $18ll energy dispersive X-ray spectroscopy(EDX)%
2} A AFE ] (scanning electron microscope, SEM)
(Hitachi S—4800, Japan)< ©]-&3}3itt,

2.1. & QHEY

2 Aol AREE B Al
Ho AHA% BEofo® #30] W 30 cm 7'°H E%ha %
StolTh A 9 ol 4S AASH | flsto] Ao T &
10 mesh AA-& skleh, AHHE B Soil A= FEE}S
o ARG FEo T T FY s 9F 29,000 mg/kg
olgltt, WU EGEHEEAH % OLI Aol what
5 7 9] 7)e& AHEShetl (@ 20094 71, 20109

;
o
il
o
o2
ﬂ
>~.
5
”
e

(]
N

Table 1. Korean warning standards and element
concentrations of soil A (mg/kg)

Cd Cu As Pb Zn Ni
Ka area 1.5 50 6 100 300 40
Soil A |0.18+0.016 | 285+40| ND |8,684+163 | 21.2+1.7|1.26+0.38

% Average * standard deviation for triplicate analyses.

Table 2. Particle size distribution of soil A

Particle (10% | (25% | <50% | <(75% | <90%

D'S”':’U“O” diameter(um)| 9.85 |119.86 |415.85|766.62/1,016.01
O
. Clay (%) Silt (%) Sand (%)
diameter
287 12.28 85.07

| Journal of KSEE | Vol.32, No.2 | February 2010



KRS T A WX

ANKB B2 018 2RO AZEU DSE o 2HE0| o

BE| 7 Moo WA A, B ATAE F2 B4 F
7 Aodel A 7128 skl ARskTt EFedTAA
H71290] W2 g2 g gel FEE Ao el

Z(100 mg/kg, 2010E % ¥ HA
200 mg/kg °ﬂ H|a) FX =2 8,684

A 7]EE 1A HolA

mg/kgE UEHH STt

(Table 1), YE=8E B4 Ay} BAL iR AR 24
& o] alau EoFo] pHE 6.898 A7 =AH ot
(Table 2).

2.2. 2HE3HA|

PSR AHEE HaEAEL Ad FYAGolA st
fom = FAY F H7|Eo] wiEE = FA Eol 3l
o}, e H=2Ade o4y A AAE el dgt Al
HAAZE 4% 5 hammer-mill(dZ7]A)3 ball-
(‘4371A)< o185kl 10 mesh olstz E4sh= IS
23| AlFE ¢HHSIAIE NOS(Natural Oyster Shells) E}l’
Fsteith 3 NOSE 442 5ol CO.E AASHL 2%
A& AZFske] COS(Calcined Oyster Shells)2hal o‘%‘ﬁ}
At} Calcium carbonateo|Al 43S A7) Yt AAdqE

A ket gt

mill(%

T

AG’r (Gibb’s free energy of reaction) = 177,100-158T
(J/mol)10

The standard free energy of reaction =0, 7= 848 C

CaCOs3 = Ca0 + COx(g); 848°C (calcination)

F3t CaC039] CaO W3 A2+ 848T
= AL O 2R eajet 7]e &4 55 Aetsto]
2JLEE 900TE AAsE] NOSE 900TA A 2A17HE<r
& A A H 59 EAE X-ray diffraction
(XRD) (PANalytical-X'Pert PRO MPD, Netherlands)2t
SEM(Hitachi S-4800, Japan)-EDX(ISIS 910, Oxford,

England)& o] &3to] HAE}

2.3. oExz)

HEY FOR 0QE o HYAS St
SRS A7Istel W3S WA AE B, B4
oh AHEE B FR9 ool W2 ERE A

olef ZulE LHUESARE Soil Aol NOS 2HY3HA| (#10
mesh, 2 mm) 5. 10, 15 4 20%, COS ¢HA3HA|(#10

Table 3. Treatment matrix (wt%)

NOS COS | Water content (%) Comments
Control 0 0 20
N5 5 - 20
N10 10 - 20
N15 15 - 20
N20 20 - 20
C5 - 5 20
C10 - 10 20
C15 - 15 20
C20 - 20 20
N5M20 5 - 20 —#20mesh NOS
N10M20 10 - 20 —#20mesh NOS
C5M20 - 5 20 —#20mesh COS
C10M20 - 10 20 —#20mesh COS
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Table 4. Major chemical composition of soil A, NOS, and

COS (wt%)

Chemical Composition Soil A NOS COS
SiO2 62.35 3.51 2.59
Al203 18.69 1.36 0.96
Na20 0.69 0.86 0.73
MgO 0.55 0.71 0.86
P20s 0.04 0.28 0.25
SO3 0.06 0.69 0.65
Cl - 0.40 0.28
K20 6.73 0.27 0.13
Ca0 0.45 88.1 87.7
TiO2 0.40 0.07 0.05
MnO 0.08 0.04 0.04
Fe203 3.87 0.53 0.40
CuO 0.08 - -
Zn0 0.05 - -
Ga203 0.03 - -
Rb20 0.03 - -
SrO 0.01 0.19 0.17
Zr02 0.01 - -
BaO 0.09 - -
PbO 1.106 - -
La203 - 0.07 0.08
LOI* 4.66 2.9 5.1

[0

LI

Ph (mgky)

Fig. 3. Pb concentrations upon NOS and COS treatments
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Fig. 5. SEM-EDX and elemental dot maps of sample treated with 15wt% COS (C15).
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