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ABSTRACT

This study investigated the stabilization characteristics of Pb-contaminated soil at a clay pigeon shooting range through a
pot experiment using clam shell treatment. Within 41 days of the treatment, the soil pH increased from 6.9 to 8.1 due to
CaCQO; in the clam shell. However, the feasibility of clam shell as a stabilization agent could not be directly confirmed, as
Pb was not detected in most leachates, including the control, in both SPLP (synthetic precipitation leaching procedure) and
TCLP (toxicity characteristic leaching procedure) tests. This indicates that limestone (CaCOs), used as an ingredient in
clay pigeon manufacture, had already stabilized the contaminated soil. In Pb fractionation, reducible Pb was the dominant
form but significant changes in Pb speciation due to the treatment was not observed. Nevertheless, the total Pb
concentration (sum of all fractions) in the treated soil was slightly lower than that in the control soil. This indicates that
clam shell could be used as a stabilization agent due to its alkaline properties. The overall results suggest that reducing the
loss of contaminated soil particulates should be prioritized over contaminants stabilization for sustainable management of

clay pigeon shooting ranges.
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Aol AR HgER) Aaelelc), +Ag A
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Fig. 1. The process of TCLP (toxicity characteristic leaching procedure) and SPLP (synthetic precipitation leaching procedure) in this

study.

Table 1. Sequential extraction procedure for the study

Step Fraction Reagent and conditins Note
Acid extractable 0.11 M CH;COOH, shaken 16 h at room temp.
2 Reducible 0.5 M NH,OH-HCI, pH~1.5, shaken 16 h at room temp. Larner et al.
0 2006
3 Oxidisable 8.8 M HyO,, 1 h at room temperature, 1 h at 85°C, 1 M NH,COOCH;, ( )
shaken 16 h at room temp.
4 Residual Aqua regia extraction NIER(2022)
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Table 2. pH and metal(loid)s concentration of the studied soil

Concentration (mg/kg, Mead + SD)

pH

As Cd Cu

Ni Pb Zn

6.9 + 0.1 46 + 1.0 NDV

8.1+ 62

5507 2532 + 259 752 £ 14

(1) ND: Not Detected

013 Q%EQE‘:} ‘d’i —r’ﬂt:i-_} a7t U= vERA A
o]ti(Koh et al., 2025a).
EG U dole Fa52 M S0lA ool 7t
6]ﬂ-(chmska et al, 2022). &, TEH M B34
Tl A %ﬂi & A fATE we
HOZ o]Fg & .
o]E 3P Table 29 YEFS pH 6.99] EF 542
qo 2e Sol TEEY ol S
vebdth o} B4k pH’L‘ Zdlo] A
A== A W8-S the delA A

3.2. TE X5 EQF EAMZD}

32. ¢ 8& 84

TH9] Table 39l EZEAIRE 7 A3 A3 ES]
pHe SPLP % TCLP A3 Z23= vehlet. Hst
Aol W pH 717t SRIEAoH, 85217 A
AMe T I3 g go] HEHA] 23Ut

FE 27 B¢ pHe thZ=77F 6.9, 202 Az
8.1, A3 iz 792 vepidth Zigd A2E Fl
B pirh 3719 02 Asas 2o 8 909
£} Qe Slsth. gde] BadE T
%7‘1013 aEshd gedsk Axld Zlo]th(Ramakrishna et

L 2018). WEbA EF pH A5a0E 53 2349

Ol%*é A7k 918 R 7RS PSR Behe
ke 2ol e 71 Aot mRPHEAE 88

Table 3. pH and leaching concentration of Pb in the amended

soils
Pb (mg/L)
pH pH
SPLP®Y TCLP?
Control 6.9 = 0.1 ND® ND
Clam shell amended 8.1+ 0.0 ND ND

Limestone amended 79 £ 00 0.02 +0.0 ND

(1) SPLP: synthetic precipitation leaching procedure (USEPA, 1994)
(2) TCLP: toxicity characteristic leaching procedure (USEPA, 1992)
(3) ND: Not Detected
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Table 4. pH and metal(loid)s concentration of the clay pigeon fragments

Concentration (mg/kg, Mean = SD)

pH

As Cd

Cu Ni Pb Zn

9.6 £ 0.0 NDW ND

As Cd

% Pretreated and analyzed under Korea standard methods for soil analysis (NIER, 2022)

(1) ND: Not Detected

(A)
menied I
amended
el
amended
coee
0% 20% 40% 60% 80% 100%
Partitioning of each step
(B)
amenies I
amended :
el
amended
comol [
0 50 100 150 200 250 300
Conc. (mg/kg)
™ acid extractable = Reduciable m Oxidisable ' Residual

Fig. 2. Pb fractionation of the amended soils (A: Partitioning-based; B: concentration-based).

oAt

9o A BAAY FEE5EES) 35
HEoAY Ase Y9 VRIS 53] T2 12 mg/
kg®] S EYF W @] s=o =4 036:)
T2 o}tk 28y pHE 9.69] w2 &Y
Kol E<F pHOll 93 PIAS 7FeAol =2 Z0= &
A=A o] M) F8 dse A3|Moln, AFA
A (petroleum resin)2} A13]23-8- 1120l A &S]
A ZSHH(NRA, 2022; Zgorelec et al., 2025). WebA]
Fdlo] T =2 pHe AEE ARSE A3 ot
Aotk HFHoZ B Fo] AR Y AHE &5
wEbA] FollA] ghafEo] Z|3kel] WA olF A=
Ezle] D)ol o] AslEdo] EYe] pHE 73S
MAge] =t &, Sdlo] T 93t EU pH 71l

LK)

234 vhgo0 2 Qs AR AAd
A= ‘a‘ | =9 2] Qlolx ofv] kyste Je=
ARG Aoz FEnt. A43]4(CaC0;) 59 25 (Ca)

7Rk ] B4 54 Fgst 71Rke pH Sl wE
‘rj\]'ﬂ’i = B83ly 33lE2e AT ehald FHo
298] Fo] LRt &ald ‘a‘(PbZ*)Ol e gelA
PbCO;, Pb(OH)z»} 22 B84 BES P48 A
U, ghkdere] ol 28 S8 OIE"*O] Hashe
Ao|t(Liao et al., 2025; Lim et al,, 2014; Reddy et al.,
2020). webA Sdlo] APAA A3kel] AbAEE H3Ed 7]
HHe] #2E go] EY] pHet B SRS ST
ZAaL, o] &z Hol] Pb(OH),, PbCOsZ FEl] 2
2 A 22= 9 53R F2E o] gslet
FHE RS Aotk
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EFIVT FAGE ot 220 oz 3l o
B 2240 ol 5o FHSITHKoh et al, 2025a). ©15
uHA Falo] AFAgeIA e 3] AL slE]l
5 AETh= QFgslE QHES Al A EE)F]I
& Aol $dste] sliof & A= Adkd)

322. 9 3 B4
Fig. 20 ZEAIY T8 A1 AFHe ES W] g &
Aol e £ SAS YRt B3 A= 4 &
Ageje] EE Hl&, By Hd TEE YERA Aol
AT et 35§ &, 5528 B8l B4 4 &
g9 T& TS AT ELLATBAF7E)S
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&3 PN BT F e A5 &doy HE
o 9ae] ok FEdAIM ] EY 31 A= EAYo)
Fo1E vl 52 ol US-S UERA AoltH(Jung, 1994;
Koh et al,, 2015). Wi & EA49E 53 EQF U] Ho
8 54 WislE sk Al 2 FEPt /ls Aot
BCR &35 23 3RIE 7+ Ao Eyn)ge
Hgst Mo wE wsht A7) ddthFig | &%
(A)). THE ZF A Txo] F3Re Pgs AglxgdolA
=7 giv] 7haske 202 JERITHFig. 1 =3 (B)). ©]
3 A= 3oy oA W ek B3l St
H pH $o] AF BujFZl A3sl7] wiEd Aot
2 FEPe 2 WPt gle Aog Uelt) xS
Z33E A 21 BF 23 mgkg ~ 24 mgkge] =S
2o g 32 Qe FEHY gog

THE LUEGS A3y e gk S skl g
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AL o] olsAo] A3FETHLee et al., 2014; Lim et al.,

2013; Koh et al., 2015). Webr wdrsdz gakdd
Fee] T4 BT FE31E BCR A5 5S4
2 BAA9E B8 Sie FH Alele] WsE HESk
AL tha 27} Qiok. oyl @3 B ) wdledos
EABlE 3] TEe EA ¥UE A= AgE O
AR A4S Ffshe Falo] oo dFoz
=7 EF] ol o] U FE g3t JEl=
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EARES 7FsA0] =9h7] wiiEolot. vt g 854
HoAM= T HEHA odrh

g3}t Aol W T% FAhavhs Asloly I
Proh= SAPolA AU st AFFH S
ZY7} 5 mg/kg A%, 17 mgkg A2 Z HIE Ho|X]
et 13y Aol A3) XElZ=A 209 mg/ke,
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EASHATE. 12 o] st Felje] ' tiFte] A F
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Pb3(CO;),(OH),) -2 EA)3H}(Alasmary, 2025; Ma et al.,
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Fdlo] AFE o SHEYS e R s g
Ao s A8dL FRIT 4 fITt. o=
Selo] Yol FHrE H3]Ae) FEFoE AR 29
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