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Comparison of Soil Washing for Heavy Metal Contaminated Shooting Range
Using Various Extracts

Jun-Ho Lee* and Kap-Song Park

Department of Environmental Science and Engineering, Hankuk University of Foreign Studies, Yongin 449-791,
Korea

In order to remediate heavy metal contaminated Nong island, Maehyang-ri shooting range soils through the batch
reactor scale washing were evaluated. The experiment texture soil of N3 in the Nong island at north side incline
was (g)mS containing 12.9% gravel, 47.0% sand, 35.1% silt and 5.0% clay. And the N3 soil area was contami-
nated with Cd(22.5+1.9 ppm), Cu(35.5+4.0 ppm), Pb(1,279.015.1 ppm) and Zn(403.4+9.8 ppm). The EDTA(ethyl-
ene diamine tetra acetic acid, C;oH;¢N,Og) in the N3 soil was observed as most effective extractants among the 5
extractants(citric acid, EDTA, phosphoric acid, potassium phosphate and oxalic acid) tested. And chemical partition-
ing of heavy metals after washing N3 soil with EDTA was evaluated. Removal efficiency of residual fractions was
higher than that of non-residual fractions. To choose EDTA extractant which is the most effective in soil washing
technology using batch reactor process cleaning Pb and Zn contaminated sits; Pb and Zn removal rates were inves-
tigated 92.4%, 94.0% removal(1,000 mM, soil:solution=5, 20°C, 24 hour shaking, pH=2, 200 RPM), respectively.
The results of the batch test showed that the removal efficiency curve was logarithmic in soil was removal. Thus,
EDTA washing process can be applied to remediate the Pb and Zn contaminated soil used in this study.
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phosphate and oxalic acidye AM8-3l9] $2&3 A3} EDTA(ethylenediaminetetraacetic acid, CygHsNoOg)7} 718 £
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‘%J deE g, A718/AsE 9, olendd ), dvdoes Srbdthe 2 Had. =9 EDIA #EAS
ARt FZA) 4 1,000 mM, soil: solutlon H|& 5, ’é‘fé 25 20°C, shakmg A7}y 24 hr, pH 2 283 200
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_A_4

HolM Pb, Zovt 88H O AA F F Y-S st 54 2T AATE] EL logarithmic T &
B}
F20 1 W, 29, A, BEF AR, o

*Corresponding author: leejh@kordi.re.kr

123



124 ojFE% . 1 4]

.M B

EFNH7IHE SeAgYe] EY 24 § oY
B2 EAd) ge} A AHAE, A, 97, Aug
A, AFED 51 Al ALl EGYAl A%
Hol = 73 FrIogdE Y F5E 58 dYL
2 WA EFYAERE F=, AASe delt
(Bourg, 1983; Nragu and Pacyna, 1988; Prosun et
al., 2002; Tessier et al., 1985). ©] 7]&L Uutz| o
2 AA, 89, F& 2 A, vAHRH e, A8t
g A, HRE #ele o] HFOR oAy,
olE Al ol A& M e 4P HE=
HAAZ2ZE Fof g}, old) 53] B9 44 2
FAE] AA Bt T AR & FA FHE3)
19908t) fE3 Pl5E FHoE EWAFIEE 7t
A 47 AR 7L ofv] 83 DARA AT F
Aot e dd @A H&3ta JrhEvanko and
Dzombak, 1997; Freeman and Harris, 1995). <]
ATE2E HFAY BAE A Al MEAdG-T)
ZZAES oz F3E v} glon, AA| AF4A
TEZ AEE d LEEY U A% B AlFA
HCI5} EDTAS] 9&F d7olMe= 0.1 MM oF 90%
o} MA=Hk: AFAAT Qo] ] I £
= AL e FolthKim and Cho, 2008). &3

Table 1. Contaminated levels of individual crew-served
weapon for navy shooting range in Korea

Heavy metals Pb Cd Cu Zn
Sampling site3 (ppm) (ppm) (ppm) (ppm)

1 13,401 0.87 182 21
2 13,076 095 555 26
3 10,035 0.11 585 24
4 6,986  0.08 263 21
5 3,055 023 88 14
6 3,600 048 142 15
7 625 0.04 48 8

8 141 <0.1 17 33
9 6,686 038 69 13
10 12,175 1.37 341 20
11 222 <01 21 3

12 202 <01 15 3

13 84 0.22 16 14
14 59 0.11 12 6

15 628  <0.1 76

16 232 <0.1 63 7

17 38 <0.1 9 11
18 58 <0.1 17 16

HAAGel| et 554 59 A= 4P F29
A7t A" Hol Jom(Jung ef al., 2008), B71=
AARG AR ZAFRANN FU18EEE 2 55
o] BEgtodEd BX 2 AF #F ZAPE HA
# v} Ah(Bae ef al., 2008).

St 2 AR 2845 28EY AT ¥
7397t Bou} Table 13} 72| 20061 3708 A=l
oad A7 AT S AU AFERS] B¢
19 2AAA] B4 Aa, AFEAY W EUANE
dMe Wt Fele] ot iR 520050 B
FHNEE AR, AHHRAARY 1~3)
A& 10,000 ppm o] B2 ¢ =/t VENTE 2
B FARMAT PR A skl 2% AMEA] W
9] §24 FEE0] I AR AHelsge A=
lom, A7 wro 2ol B A FAE /i
th 19969 39 FEE oF AlY B¢ R Al
o] Pb, Cr, As, Zn 282 CdOZ 29¢] eof 3l
Roem o] g Cu, Hg F°] HESHUHEvanko and
Dzombak, 1997; US EPA, 1997).

atdoz B T34 A A ol&ske A%
% A9l 5L Echl FI&58gE] ¥ 2
X vl B9 234 AFdS 2 F¥ 874
olgh QB gletol] EXo} k. HEA SR Tessier ef
al.(1979)°] o] &3t ARy FIHHOE EF AR
9] = Y], FEE 0HE, ddHe FE 589
o AsieE WP AEFFTEE o8I &
tHChlopecka ef al, 1996; Li and Shuman, 1996).
T3 olEd A&FEAYY o2 2AEL IFHY
FET X3k HyEE 2R u]el wrislgolt),

I B pHe 9459 &A= 233 4

ADSORPTION (mmot kg”)

Fig. 1. The pH adsorption curves for heavy metals on a silt
clay loam soil experiment(Elliott et al., 1986).
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AL 7 T dutyo g B9k pHy W s o g#A AvH(Bhattacharya ef al., 2002; Sparks,

‘A= AR &4 eg3ate] Aer AR 1995).

Fig. 12 silt clay loamel4 Pb, Cu, Zn 232 Cd B AFE 1950958 200597K4 F 50037k

34529 pH &2 (metal retentiong 0~100%7}4] Rz AHAES0] ANHYE A7% A st

S7M71= pH M) Y3 Qo &, S 57 2 4 2 34 EY B HAEY ¥ 72 FF

& AAC L MAE F8 QAR F pHe A 4 B9a g et ot ArEN 5ER FF A
YHAEDY AABI] T35 2o Gk w3 89 (citric acid, EDTA, phosphoric acid, potassium
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Fig. 2: (a) The map of sampling sites in the Nong and Gok islands, Maehyang-ri shooting range Gyeonggi-do, Korea.
Sampling points display (b) B is background region and (c) N1, N2, N3, N4, G1, G2, G3 and G4 in the experiment regions.
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phosphate and oxalic acidyg pH ®3}, soil:solution
H H3l, & AA sxEdsl v 3% &
&S vwsty, s vhs F2 AdAx $o| 35y
EEye] HIE golied 2 23] gluh

2 4% Xz ¥ A7 Yy

2.1. Al 2

ANEE B 2 I AR EY 2 HHER 20064
1199l AFakact. 4 (N37°0245.43", E126°4350.02")
2 4 (N37°02'39.74", E126°432742") A7= 3}
AA 84 wigkE]el AXg Zolw AE AFHA A
ANFH Aguit FAEE BFoF 747} oF 10 kg2
AFAHFig. 2 (@), B). 223 Fig. 2 (0} 7ol
ANE AH AFL 549 3% ZHz} N1, N2, N3,
Nio|Qlom F4de] ¢ 77 G, G2, G3, G482
B SITHFiE. 2(c). AR AFH T AL AR
Ede FA EA FRIo] 78 pH, 48, A==
5€ 24 ¥ Unix) AISEL 47 ol A Az
AlZI F 2 mm ©J3 AE o1&l FHAIZ T Al
825 ZedAgo) o} g2 masir). T3 F
H a7 AAH] FEEEE EF 2 v
8 vl ogo] Hrpy ATEE Lo NI, N2,
N3, N4 S7:A483 oF 500 m o4 Bod =E¥
ANEAS] BAY EYE oF 10 kg2 A3 s

AE AFHA N1 T 3732 34 G o)
oF 2 m, 37 50 cm PE FTehw) T3 o] o) B
Hom, N2E 54 Aol 4R E o]29 A A
ol ¥kA7t UL N3N T4 &Y 94X
3 EHAE £ 5 AATHFg. 3(@), B), ©). 2L
NgelM= Alg A HRR7E 2o AACHEFg. 3(d).
%3 Fig. 49 (o), ), @, M+ Zol FA AHFA
B3, 59, 959, s A4 EY 2
¥ F HHE ASE AR

22. E 9 E|XEo| 2235y BN 5

EF dig 712H £ -818H 84 5L o
=3 2tk ERIEEE, E9¢] A4, FEERFY,
1%, 3589 S84 AAEF pH, Foln sy,
F71E &, Ai3ady aely A7) Axke g
A BEAE 71EH o Bt ¢ REG5E, £
718 %, 335, dev BN Y4t
71€9, 2000 71EoE AYsigen, o] 3 Fh71
E 32 Jackson(1958)° £]§+ Walkly-Black'H&- ©]

£t =3 A71Axx, pH, AsEdA s
Standard Method(APHA, 1998)2 <&}t vWi7AE
ok NE BEAL EREAW(Carter, 1993)2 ©]8314
3, %ol2wes#L Harada and Inoko(1980)71 Al
AlgH IN Ba(OAc) 8 ol8-3l%ch E3 AR 9
T 242 akEaeAH009 GAHHC)S Yol 771
B3 eAdS AAT F &3 (wet sieving)dl £
3 40 o]Fle} 1 oo R BRI AL d 2
FAE AU olF 40 ©lF 2HA HFEL A=A
% sieve shaker® AAT £ 10 7HEoz FA 9
LS 7T 40 o)) HBE HHEL o 2 ¢
3 ke AH5 Y =54 7] (Sedigraph 51000)F #4138t
gon, EHEe Bie Fok(1968)e WS wsich

23 d&FE MY

A&z 4Y FH FHOZE 2407 o AA
EA AR F 2 B AFo] 40 ol3) 714 AE
(dry sievingll <18 25 SHASI=E &fsle] 24&
o= s}, 53R (dtric acid, EDTA, phosphoric
acid, potassium phosphate and oxalic acid) F&&
Aol thafl 7P ogo] A AHE MHsl F9 @
AEA<2 Pbt Znd soil:solution B2 Wile| wE
22588 Qolrr] 943 soil:solution ¥1E ZHz} 5,
10, 15, 20, 25 283 FE8AY =8 77 100
mM, 300 mM, 500 mM, 1,000 mMeE ZA% &
20°C, 248759} 200 rpm, 7] pH 2.0014 3]&4
WY & YREFF=A(AAS, Shimadzu AA-
6300)E #3249 5% L8 3. A&
We] zh gAE AL Fig. 40 ANSIEeH 71
¢l A8 WEe 1 M MgCLgd(H 7.00& 72
1:8(soil:liquid ratio) ¥&, 177k E<F 200 rpmeE
Z3l & o]2w3H] 3el(exchangeable fraction)?] F1
#4, 1 M NaOAc(pH 5.02 7FA2 1:8(soil:liquid
ratioH] &, 5417F B¢t 200 ipmo.E F23 By g
el (carbonates fraction)?] F2 3, 0.04 N NH,OH -
HOIE 7FA5 1:8 H]E, 6A17F B9t 200 pmo2 3
23 /47 A8E e (Fe/Mn oxides fraction)?!
F3 74, 1:8 ¥&, 32 M H,OAc(pH 2.0)& 72
BAIZF B9 200 ipmeE 53 f718AEE
(organic matter/sulfide fraction)?] F4 3¢ & 4%
EOo 2 1ozt

A&FE A FFIEE SHs] 98 HF+
HCIO,+HNO; &34t Bl olgstier, 2%
E9F 1.00 g2 100 mL BHI=ZE vjo]Ae] Y3 10 mL
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Fig. 3. Photographs showing Nong island (a) in the south side incline, N1, (b) the top of Nong island, N2, (c) in the north
side incline, N3, (d) army cartridges in the east side, N4 and sampling site of Gok island display {e),(f),(g) and (h). The black
circle is sampling arca, individually.

HNOs& 9ol 2] € w/ix) 71gaiin. ol% 3 pure grade, EP), HCIO, 5 mlfextra pure grade), HF
71l Ad g A7 o ZHzF HNO3 5 mL(extra 10 mL(extra pure grade)E #7lst & G719 Wdo]
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F2 I Carbonate, pH 5.0, 1M NaOAc, 1:8 ratio, 5hr, 200 rpm I
F3 | Fe/Mn oxide, 0.04 N NH,OH-HCI, 1:8 ratio, 6hr, 200 rpm |

t
Total heavy metal, pH 2.0, HF+HCIO,+HNO,, 150 °C l !
1:1 ratio, Shr, 200 rpm ,

|

Fig. 4. Framework for the sequential extraction analysis of
heavy metals in soils(proposed in the study).
*ratio: soil versus liquid ration in weight

AE w7kR] ohA] shdg. oF 307 5t 3 )9
WS WAIARD & HCI1/1, v, extra pure grade)
10 mLE A7I8laL 9F 1087 ohA) 718kt oA
WAL o)F SRS AF AR 3 o3 glo)
HZ 100 mLZ 3P, HFNg AFTHFE=AE o)
g8l A3 F FE5EFUIN FlolN Fard
A et 3he WA =E F5 R4 Pl (residual
fraction)g A4 4= A =W A 7}

F5(Residual solid phase)=
(Total heavy metal)-(The total of step F1-F4) 4(1)

24, AXNBHETAE 0|28 B2 = 53

A Ald WEL .10 mesh AXEYZ 10 g9
0.1 N HCl 50 mlE 7}8le] (1:5 Blg) N7+ B¢
Agg B{ag 6 A7F 5 200 rpme 2 wwHe
F 2 4N4g A% GFFE TS au)sol
o2t & (0.1 N HCL, 945290 843 ¥ 3le
g0 vhEe] BEAREFEF=A(AAS, Shimadzu
AA-6300)2 o83t EA3INT) 53] Ase A=
AR (hydride vapor generator-1, HVG-1)S ©]&
Sto] A7) Aot whEElaL Z|AVEe eadlEe o
AsPRel] =Ystar 2R 28 7 Balsla 9zt
Slo] B3I, Hg 7h2 WO R cell2 71d3A|
QA SAEAT EYe] S84 A5 A4S
A37] 98 =3 (quality assurance, QA; quality
control, QC)E AAI3HeH, Ul AH Aduic} A

8 AE bz OiE 39 o ASAF BE
HZHCd: 6.0 ppm, Cu: 6.0 ppm, Ph: 6.0 ppm, Zn:
10.0 ppm)E Holt A FE AR} AT ZH A=)
A =& ARE gl ok 283 B G
Al o]g3t BAubdol gt & (method detection
limit, MDL)= 99% = 7-7klA ZH2 As 0.05 ppb,
Cd 0.2 ppb, Cr 4.0 ppb, Cu 2.0 ppb, Hg 20.0 ppb,
Pb 2.0 ppb, Zn 0.2 ppbo]ich. B3t SYEHFE EF
&3¢9l PACS-1 ¥5E 4 (standard reference material,
SRV $H BAk AT 747 As 99%, Cd 95%,
Cr 9%, Cu 105%, Hg 80%, Pb 102%, Zn 105%
3Eg 2k

3. A8 @t ¥ nE

31 SCEEN 5Y ¥ S35 @

Table 29} %ol EFUA A7) X SlojA
N1~G4= =& 743817 22 69.3%, 64.0%, 61.4%,
47.0%, 98.2, 84.3%, 45.5%, 99.1%% AAZ Ho
A FAHEAMAQ sandyEAd (clay B 4.72%)S
et 28y WiAEYIME Zef(sand) 73.5%,
HE) 4.1%, FE(Clay) 224%2 B4 2 I
e JEARES Hag o 5 o o /3 sand
clay loame|$it}. ol WA EYY] 724$ 4 2 F4
I o AR 7Hiths A ofnidith =3
o]& RFEHE N1~G4 AENM HF 0.6 mey/
100g dry soil(0.5~0.7 meq/100g dry soi)E &
Holgl o} i EYe] Yol WEsEe 205 mey
100g dry soil® =& #Hld ojZe wi ol
HojAHA HE FEe] FiFo] Hepdr] diEls
AZtad. a8 WAEY g9 {718 Tl
0.99%= N1~G4 A= BFgkl 0.14%Kc} °F 6.54)
ET= Aol ol& SkAE| Fch(Stevenson, 1992).
2 9 Y=MZ, D)2 H$¢ NI~-G4 AlBoIM= Ha
1.90 ©(0.27 mm), WIAES 4% 225 ©0.21 mm), &
E ZEE 06002 wiAEY ojr] & T
oF 28 o] E3tch

Table 3oME 245 I55E A A 9AE89
FEEEFE JeI=T) N1~G4eh vl A gL A}
o]& YERHIL glth.

As, Cr, Hg®| A% 3% /3L vl vnjsld
N1~-G4 % WiAEGANA & =HAck Cdol A
T BEWH AR N3 Edol 7P &2 225+19
ppm, Cue 4 B4 EFEA] N2oN /M &
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Table 2. Characteristics of Nong(N1~N4), Gok(G1~G4) islands and background(B) soil samples
Soil samples Experiment samples Background
Classification N1 N2 N3 N4 Gl G2 G3 G4  sample(B)
Gravel (%) 0.3 0.2 04 129 03 04 159 00 -
. . o Sand (%) 693 640 614 470 982 843 455 99.1 73.5
Particle size distribution
Silt (%) 280 251 259 351 13 117 349 08 4.1
Clay (%) 2.4 107 123 50 02 36 37 01 224
Sediment by Folk® (gmS (gmS (gmS gmS (g)S (gmS gmS 8§ -
Soil texture (USDA®) - - - - - - - - Sand clay loam
Cation exchange capacity (meq/100 g dry soil) 0.5 0.6 0.6 07 07 07 06 05 20.5
Density (g/cm®) 142 139 167 170 155 1.52 171 141 0.80
pH (1:5)9 7.7 7.4 6.9 74 81 75 15 15 7.5
Moisture retention, field capacity (%) 140 150 163 132 144 145 129 155 31.0
Total organic carbon (%) 014 014 013 0.5 016 0.15 011 0.14 0.99
Conductivity (us/cm) 1616 1672 1552 1599 1379 1522 1792 1516 204.5
Porosity 035 031 036 035 034 034 029 033 0.53
¢ (mm) - - - . 0.21
MZ (D) 0.99 355 299 241 069 1.80 261 0.17 -
Uniformity coefficient® - - - - - - - - 0.69
ISediment type: by Folk(1954)
YUSDA: United States Department of Agriculture
91:5: a mass soil:a volume of distilled water
Ddgy: sixty drawdown, dsg: fifty drawdown, d10: ten drawdown
“dgo/d,
Table 3. Heavy metal concentrations of the samples(N1~N4, G1~G4) and background soil(B)
Soil samples Experiment samples Background
Classification NI N2 N3 N4 Gl G2 G3 G4 sample(B)
As (ppb) <Sppb <Sppb <5ppb <Sppb <Sppb <5ppb <5 ppb <5 ppb <5 ppb
Cd (ppm) 17.744.4 19.742.4 225419 58+1.1 7.0+1.7 92£29 7.8£21 83x54 <0.1 ppm
Cr (ppm) <l ppm <l ppm <I ppm <l ppm <1 ppm <1 ppm <l ppm <I ppm <l ppm
Cu (ppm) 246129 39.845.1 355440 15.6£1.9 156x1.7 15.1+£2.6 22.8+32 102428 3.840.5
Hg (ppb) <20 ppb <20 ppb <20 ppb <20 ppb <20 ppb <20 ppb <20 ppb <20 ppb <20 ppb
Pb (ppm) 282.544.4 829454 1,279.0+5.1 161.1+2.9 18.142.0 121.7+3.0 13.843.1 167422 16.313.4
Zn (ppm) 191.9£8.0 228.6:9.8 403.4+9.8 155.5£9.0 119.1£9.3 224.9+7.1 135,575 107.747.1 14.942.1

39.845.1 ppm, Pba} Zne Cdo] 71 =91H N3 E
Folld Zkzb 1,279.045.1 ppm, 403.4+9.8 ppmS b
BT O & 329 EY N8 AFEE gl A
olglEd), o= AFAAY tiE A,
A= eke] ZHA Toll AT = A
Wbdo g Cu, Pholl WISld Zne
HwA #& Hojng e Fro
‘4‘3 A7\7F Zno] 87} ojd i B3
AAyol7]
J} ‘5%*3} 3 AlsFT
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=g A7ppme] HIL 27280 GFlow Eked
tha 712491 600 ppm(‘ 1A%’ 71, 2009¢ EYRHEE
A9 AEFE)S de 089S Vel &% nrh
gL 2AP) o|FojAe} AR B AAT st
FZEIA N3 A9 Bl $4 5F A}
Aol ol 7H wohaL shzlch
H%Em] Cu, Pb& Z7+ 38405 ppm, 16.3£34
ppmeE Cu A=HFE 3.8 ppmst H|5gh e
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gk A=Y Zn viwolM Wi EY Zn ¥t 149
mgkgo | RAT G4 A¥- WA ESRTH 7.24], N3%|
A2 2708 =HHKim, 2008).

3.2, 520 pHY| CE &Y

dutdo g 34 Z13kHola, XTHEES e 4
PE FE2EZ 48R 7K FF 49 dtrc aad
(CsHgO;, EW. 192.13), EDTA(ethylenediaminetetraacetic
acid, CyoH;gN,Og), phosphoric acidH;PO,, EW. 82.00),
potassium phosphate(K,HPO,, EW. 174.18) 28] 32
oxalic acid(C,H,0,2H,0, EW. 126.07)°1 thisled 713
LYol Adsiva HuEE B EEWSE N3 AR
of gisle] 1 M FE=2 THEoA 20, 240 7HEQL 200
rpmoflA 2] wEE & AAERREAR F2E

100.0

BCu 8Py OZn
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extraction efficiency (%)
] P =23 foed
o o © 9
o o ©o o
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o (=] o
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Phosphoric Acid
extraction efficiency (%)
P
o
o

N
o
o

<
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100.0

Oxalic Acid
extraction efficiency (%)

(e)

EDTA
extraction efficiency (%)

Potassium Phosphate
extraction efficiency (%)

olEs - Ry

F2 =A43+= Fg 59 Zth01l N HC, 01
NaOH EFASF AR A7), ZAA wld} oxalic
acid, EDTAS)A) Cy, Pb, Zn A7 E&o] 52 Rl
=0 oxalic acid &4 pH 3914 Cu 74.5+1.0%,
Pb 70.0+1.0%, Zn 780+15%7} AARE FE2E&E
B9} EDTAS 7% pH 3914 Cu 94.5+1.0%, Pb
80.9+0.8%, Zn 90.1+1.2%= oxalic acid, EDTA &
% Cu, Zn AA &&o) w$ XA PoAlAd o
M vz w2 Holgith. ol Pbt Cu= pH
6.0014 A<l F 712A B4¥A, Cdt Zn pH
70904 0.7 mmolkg® 0.9 mmol/kge] &322 el
2 9Juh(Elliott et al, 1986)3 BT} ¥3F EDTA
9} ke 3 BEAF 41 S5 FEH e

FEA, B, ofuiedt JEl3 fYIQN 2e B

Ecu @rPb O2Zn

100.0 WMcu EHPb OZn

o
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Fig. 5. Extraction efficiency of heavy metals(Cu, Pb and Zn) for N3 soil sample after washing with 1 M solution of (a) critic
acid, (b) EDTA, (c) phosphoric acid, (d) potassium phosphate and (e) oxalic acid(Temperature : 20; Shaking time : 24 hour at

200 rpm).
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Fig. 6. Extraction efficiency of Pb after washing for N3 soil sample with (a) critic acid, (b) EDTA, (c) phosphoric acid, (d)
potassium phosphate and (¢) oxalic acid(pH: 3.0; Temperature : 20; Shaking time : 24 hour at 200 rpm).
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Fig. 7. Extraction efficiency of Zn after washing for N3 soil sample with (a) critic acid, (b) EDTA, (c) phosphoric acid, (d)
potassium phosphate and (¢) oxalic acid(pH: 3.0; Temperature : 20; Shaking time : 24 hour at 200 rpm).
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Hell(Fe/Mn oxides fraction), -&7)%/382 &
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Folglo] AJ&A frgo] dojd 7ol &
th &g Ph, Zno| A% 47t A g FE
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(32.8%(517.5 mg/kg), 36.1%(170.2 mgkg)<S E
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o] 57] #& EelM olFHIL IAY olFTHeAE S
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EDTAZ F&3% & Pb, Zn9 A4S z7 254
(42.8%(199.5 mg/kg), 32.5%45.5 mg/ke)>71E8/3
38 FE(9.1%(42.5 mgkg), 16.0%224 mgke)>

=gl 2lsl

olF°]

=
A7y AEE(40.3%(187.5 mgkg), 39.6%(55.5 mg/

kg))>¥H2kd(3.8%(17.5 mgke), 6.1%(8.5 mg/kg)>
T (4.09%(18.7 mgke), 5.9%@B.2 mgke)S S HHd

Table 4. Chemical partitioning of exchangeable, carbonate, Fe/Mn oxide, organic/sulfide and residual fraction by sequential
extraction analysis after washing with EDTA(pH 3.0, 1,000 mM) for N3 sample soil in the Nong island, Maehyang-ri

shooting range

0 Before washing for N3 sample After washing for N3 sample Removal
nf;g Fraction Concentration Partitioning Concentration Partitioning efficiency

(ppm) (%) (ppm) (%) (o)*

Exchangeable 0.3 1.1 02 22 333

Carbonate 0.5 1.8 04 44 20.0

Cd Fe/Mn oxide 9.1 329 29 322 68.1
Organic/sulfide 7.7 27.8 2.1 233 72.7

Residual 10.1 36.5 3.4 37.8 66.3
Exchangeable 09 2.3 0.7 5.6 222

Carbonate 0.9 23 04 33 55.6

Cu Fe/Mn oxide 6.0 15.5 2.0 15.9 66.7
Organic/sulfide 8.0 20.6 2.3 18.3 71.3

Residual 23.0 59.3 6.9 54.8 70.0
Exchangeable 20.8 1.3 18.7 4.0 10.1

Carbonate 20.5 13 17.5 3.8 14.6

Pb Fe/Mn oxide 706.6 44.8 187.5 40.3 73.5
Organic/sulfide 312.5 19.8 425 9.1 86.4

Residual 517.5 328 199.5 42.8 61.4
Exchangeable 10.3 22 82 59 204

Carbonate 10.2 22 8.5 6.1 16.7

Zn Fe/Mn oxide 180.9 38.4 55.5 39.6 69.3
Organic/sulfide 99.9 21.2 224 16.0 77.6

Residual 170.2 36.1 455 32.5 73.3

*Removal efficiency(%)= (Conc. before washing—Conc. after washing) <100

Conc. before washing
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Fig. 8. Chemical partitioning and concentration of heavy

(b)
metals for (a) before washing N3 and (b) after washing N3 by

sequential extraction analysis with EDTA(pH 3.0, 1,000 mM) using the Nong island, Maehyang-ri, shooting range soils.

o Cu] 7% 2574 (54.8%(6.9 mgke)>H7E/33}
& g1 (18.3%(2.3 mg/kg)>3 /47 AEE(15.9%(2.0
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