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ABSTRACT

The soil sample obtained from shooting area contaminated with Pb, Cu, and Zn was investigated to determine the
chemical forms of heavy metals with Tessier’s sequential extraction method, which is constituted of five fractions such as
‘exchangeable’, ‘bound to carbonate’, ‘bound to oxide’, ‘bound to organic matter’, and residual fractions. The amount of
organic matter was measured by loss on ignition (LOI) and then the results of ‘bound to organic matter’ and LOI were
compared. The sequential extraction results show that 4.7%-45% of Pb, 6.2%-25.9% of Cu and 3.9%-15.3% of Zn belong
to the ‘bound to organic matter’ fraction, but LOI result shows that only 1.0%-2.8% of organic matter exists in the soil
sample. In heavy medium separation tests, because Pb and Cu extracted in ‘bound to organic matter’ and residual fractions
were removed, the heavy metals in the fractions would exist as heavier forms. These results suggest that the part of heavy
metal extracted in ‘bound to organic matter’ fraction would result from the oxidation of metallic forms by hydrogen
peroxide and nitric acid used in the fraction, and, consequently, that the ‘bound to organic matter’ fraction should be
investigated in detail to determine the removal method and treatment capacity when the Tessier’s sequential extraction
method is used to examine heavy metal contaminants resulted from elemental metal like bullets.
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octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine(HMX) 5-2]
SlofRE QEHET EY T SfRAwS AR &
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Hol JiElo] grom | H|SAH (gravity separation), A&
o]-8- 3} (phytoremediation), €*12]¥ (thermal process),
537 A3 (electrokinetic remediation), Z1E]31 EFA|
ZH(soil washing) 5°] ATH(Furukawa and Tokunaga,
2004). H(1134g cm™), 78896 g cm™), o}A(7.14¢
em™)e] A= UFEQFQ2.6g cm™)e] WXt Z27] w)
ol FEg YA vlsAEE gl sl AA7E 7Fsst
ok ey g7IselA Ay olilstekaet jEgate] 4
slEolu et o R F3lE FE4e F8H M3 9
ste] A AE 7] 8ol5th(Lin et al, 1995; Lin, 1996;
Park et al,, 2013). WEbA, F3lE Hejo} oA &
FEIE FA00 T3 B A A9 HsAE 59
BEAYEH $ 31 AEFA o8l A= olof $F
H(Mercier et al., 2002).

LAEY T TES AR BESH - 35 dHE
A5k AL T8 LUEY Ageye] A-e A
£ 93l w9 F83kc}. A2 (Sequential extraction
methods)y& V& Fa< dw] JESH - 315k FEiE
A7 Sl vl 83 otk ARl AES=
HOZA] Tessier FE5F=W(Li et al,, 1995; Tessier et
al., 1979)3 BCR(Bureau Communautaire de Référence)
AEFESH@EAYEA the EU Standards Measurement
and Testing Program)(Rauret et al., 1999; Ure et al.,
1993)0] 9lom, o] WHEL F2 FE(Atkinson et al.,
2011; Liu et al, 2013; Yang et al, 2013), AFFHA]
(Bisone et al., 2012; Burrows and Peters, 2013;
Yarlagadda et al., 1995), &4 2 $E&E ¥ ZE(Hari-
chandan et al., 2013; Sahuquillo et al., 1999), ZXFX]
H(Anju and Banerjee, 2011; Atkinson et al., 2011;
Martinez-Martinez et al., 2013), =AISF=&2A](Zhu et
al., 2011), 7]&(Howari and Banat, 2001), A&%
(Chen et al., 2002; Kwon et al.,, 2013; Lee and Oa,
20120l X3k TES A B4 ARSEATE Vilar
et al.(2005) ALEFEHE BIWSlal Tessier AEFEH
o] %t F=ae ol aELE TEE LA A4
Shtial ®arsioict.

Tessier F&EF=H2 ol2w e, el 23 H,
e A9, s ARFHEE g3l 283,
I8 LR FAEO] JTHLI et al., 1995; Tessier et
al, 1979). ¥ d70l= AHAE T55 LRSS S
OF Tessier FEFZHS 0|83 BESH - 35t &
AFe] £S5 AAslar E4Ae] 2A SEE o
ESF Agshdr Ao diall arEsiaint.
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Fig. 1. Particle size distribution of contaminated soil sample.
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Fig. 2. Metal content distribution of Pb, Cu, and Zn in the
contaminated soil.
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25% CH;COOHYE 20 cm™l A|8E EYsiL 6A)7F
T FHESS AHESte] 96°CollA &=, 4) WA
0.02kmol * m= HNO; &9 3cm’y} pH 28 ZHH
30% H,0, 8 5cmll AEE FYsial 22KF &<t
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A gelo] FI7} 20 em”t HEE 2EFE FULSH
oA 3087 8=, 5) B AR Aol BT 8=
Heg o, 7 delxie dE ARRSe] koA &
SAFT e 8589 dAREVIE o831 10,000
pmollA] 3083 2] & AeAE 5% Fikoz A%
$ Ao, ARELS ARl thy 9] 854
Holl ARSI

ANg T f7lE s B8] Slste daadis
X513t Boyle, 2004; Santisteban et al., 2004). 105°C
M AxE AEE ARS8l 550°CoIA 4rREERE B
AFS Aldsle] AR AE FAL] AE ARlel f7lE
Sheks BEA3HTE Sodium  polytungstate(3Na, WO,
9WO;-H,0)E AH&ste] Flidd HAAS AABIH Al
oFS FHl BIIAIA TAS FRIEIN O BT 2.85
Ark. AlEEAS EFL AT ol s
W, S5 EA2 AA-7000 atomic absorption spectrop-
hotometer(Shimadzu Scientific Instrument, Ltd., Japan)
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Fig. 3. The chemical form distributions of (a) lead (b) copper, and
(c) zinc in the contaminated soil sample.
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Fig. 4. Weight loss on ignition of the sample with particle size.
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e 1.0%-28%0 Bk E F7IRIFE 92
7Pt S7FETE AL 3o, Fig 39 49 wid)
olth. Tessierd] AEFEHS HAEY A9 EY
ZAE 3l A= O (Tessier et al., 1979), YHFH S
2 BHEANE T4 duo] 71l uet e, A
3=, 3l= 5o SRMEE A AR 55 4
B2 F50lA 7108} B AFAFEC] Tessier A4
EHoE A BEYS ZARIFOW(Cao et al., 2003;
Chen et al., 2002; Hashimoto et al., 2008; Lee and
Oa, 2012; Scheetz and Rinstidt, 2009), Scheetz and
Rimstidt(2009)5te] 71523 E= humickt} fulvickt
of AgtE Awolglal Bugls W v ATlAM=
71E A digk Adxo] UG Hiksra
(hydrogen peroxide)?} ZA4k(nitric acidyS Tessier®] <5
F=H A71E 289 B0l AREEE Aokl (Tessier
et al,, 1979), TREslAe} Aike] FF sl dA9)= o
53} ZTHBrett and Brett, 1993).

H,0,+2H +2¢” =2H,0,E’ =1.76V (1)
NOy +2H +¢ =NO,+H,0,E" =080V @)
NOy” +4H' +3¢ = NO+2H,0,E° =0.96V 3)

e ARshe A9 RS Eq. (20 (3)4 2F
Fol ol AMgHE A o] ofs) AgE i, 7
g, ol FFASISYASE o3 ZoBrett and
Brett, 1993).
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