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ABSTRACT

The efficiences of mineral acid (HCI), neutral salts (CaCl,), and chelating agent (citric acid and Na,-EDTA) were tested
for extracting heavy metals from open burning and open detonation (OBOD) site soil. The extraction efficiencies of
Cd, Cu, Pb and Zn from soil for various extractants were in the order of HCI > citric acid > Na,-EDTA > CaCl,. HCI
(1.0 M) extracted effectively 82%, 86%, 80%, and 46% of initial total concentrations of Cd, Cu, Pb, and Zn,
respectively. Significant negative correlations were observed between pH of extractant and amount of extracted heavy
metals. Initially, examined heavy metals were predominantly bound to carbonate and Fe, Mn-oxide fraction. Though
the significant amount of carbonate and Fe, Mn-oxide bounded metals were removed but a significant amount
remained metals shifted to exchangeable (more mobile) fraction by HCIl and citric acid extraction. The increased
mobility of remaining metals could be problematic for water resources, thus careful management is needed to control
the movement of heavy metals.

Key words : Heavy metals, OBODsite soil, Soil washing, Extractant, Sequential extraction
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EFNAel o3 F54504 H)

LM B
O B2E B3 EYCE Y= Cd, Cu, Pb,
Zn 59 85 # As, Hg 59 S4ULE2 ES T
oA AAH o7 ARSY (biodegradation)= o] A== A
o] ofz} Al AEHH R AFIe SAHES 7HA

I Slo] e ARIEAE EAIE oFIAE 4 3
(Kedziorek and Boury, 1999; Moutsatsou et al., 2006;
Peters, 1999)

Fage] FFAS 93l fly ash, slag, FAFEEH] 5
—5‘1301 2 RIES 288k Vs s
et i@ TeEe ARulgel Adstis AHe
7HAAL o) EES-(pH} 22 EYF 7] Wl
o8 FHIAENL FagEol AEE2 7Fse] A<=
gtk EAIRS 7HAL Qo

87 0 Q) BRisle] %) Slshe Hasis
A EFORRE QHELS A, 35she o] 7}
ShAgh HpHole}t & 4= led] oledk S S1EH
| SdEde] B £ B 3= bk
AEYS FshP T 83 WHolet & 4 At

EGoERE 55
7= 71 Akl wish 8 F olewe] w3l 4t
sl ele] W), LA B3 84 55 &
Atk (Moutsatsou et al.,, 2006). T5<2] 759 2

o] 483 (water solubilityy’} 2 LHEES EYS
2HE] a8Fog AAST] fJaix Aol AyolEA]
59 A7p 7= FEAE Na,EDTA 59 24
O|EA|, HCI, H,SO,, H3PO, 5 F7I4}, citric acid,

F=o] &85 o] ¢t}(Semer and

acetic acid ¢ F714FE
Rebby, 1995; Sun et al, 2001; Tokunaga and
Toshikatsu, 2002).
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-2-2]315-9] (ion-exchange positions) 5 573 2120l
T3 R EAjste] HEore] 23 ] golsiAl
oAl Zlolgt & 4= sled, AAl |

Re)g Eade] A3} : AlFoge] 14 45

8% agingse] IS Tl A1 H sl EiA
o} Al A= d= Aol Ietolzt & 4 3lom
@ ooﬂ‘j’%ﬂ o3t LARTE 2F o] tlkt &
FELE 29duo] sde Aol B} YukHolet & 4 Q)
Th(Peters, 1999; Davis and Singh, 1995).

OOﬂQ,] E/K-]oﬂ 9‘)\01}\1 _?:;_g%]iﬂ-)\} EQ,] UCﬂ- OEHQJ k=X
I A 53 2ol ﬂ—r"ﬂ/‘i A&Z 0w e HdEHe]
Fal7t o]Folzl 04, & 99 ﬁi“‘ﬂ oM L9
do] BT A 5 2 544 3lo] AelE B
T UL LEFAY Zol7h Al l:o‘ Asta sl YIS
nE 5 et FEELAEYS] GspPEogA EYA
Hol| thgh A= 7 - HE AvE o4l =2 J
SHo] ok & & ok

Tl v Hgxjege] EAsial il HgkAe]
o] gt =47t 9 Z3l(open burning and open
detonation)FE| = HeteF 2 {E2EES AHag A
o= wotEq vt

B AP 3097t Ao s S8E= oA
Cd, Cu, Pb, Zn 502 B30 oy Eoko] Eoki|HHS
o]k Asle 2le] HCI, CaCl,, citric acid, Na,-EDTA
T 383 FEAY FEEES vl Wrielar, d7F
8% Adste] AU AlFAlY] HHZRAGFEAIRT F)
< g, AlESe] L AEAY “‘—Zﬂaﬂg H3lE &

I Jl

lete] AMHER] 23 depiete =23 Sl5te]
YA
2. M=z A EY
21. EY
Aol AMgE B 300197 Ao R ALgE

S BRI A AFAZE gl =
(0~30 cm)pellA AHsHA 78 & 2mmAZ A &
Aeasicy.
At Bl dislked pH(soil : H,O =1:5), 7%
1), CEC(NH," 23} S7H), 7 @GEAAEA
5o EGSA tig 245 etk

EY ¥ Fa5d wEE M4 399 49 01N
HCIZ FZ3}93 S8 (Total content)®] 7% F
(aqua regia, HNO;: HCl = 1:3)& ©]-83}o] €3] &3
AlZ1 3 0.45 um membrane filters ©]-83f o33t &
inductively coupled plasma-optical emission spectrometry
(ICP-OES, Varian, 700-ES, USA)E o]&3le] s}
Act.

(Turin
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| T84 LEEYS] EAFAEe A
21 HCL, 4% CaCl,, ZHE°EAZ f714F citric
acid, SHIZHO)EAS] Nayr-EDTA 45F FZAS o]
3l 4=383}99+=8] HCl, CaCl,, citric acid®] 7% 0.1,
025, 0.5, 1.0M, Na,-EDTAE 0.01, 0.025, 0.05, 0.1 M
2 2E3l] FEA| T e FEEES HWEY
o} FEAES THHIE 1:102g:20mL)OE 3l 100
B g & ARSI 9L 0.45 um membrane
filters ©]83l] o7} & AdFe] FFE& FEE ICPE
sl AEad =288 H78ITh

&
F=d F FEFEE0] wvh HriE F2A4 HC
(1.0M)Z} citric acid(1.0 M)S IZHH|Z 1:102g:20mL)
Z 3laL 100 rppmeZ wHKPHA 10, 20, 50, 100, 200,
4003 vtk oA S AFSH AT FTEE FEE S
Aol AP FEEES HURIEH
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223. #2AF9) EF ¥ FE59 JUd 3
(sequential extraction)

FEATY] EY T o5 A e A7
Teisser et al.(1979)2] WhHol| o) 4=3¥3}d=d| o] W
ol Sjsel B9 3 FE52 o) Felz sk
2 Hejol geubge e o,

+ 2| %}e)] (exchangeable fraction): 1.0 M MgCL(pH 7.0)

°oF KR F=
« BF2F3 31l (carbonates bounded fraction : 1 M NaOAc
(pH 5.0 with acetic acid)@ SAIRF F=

« Fe, M3t} 23| (Fe, Mn-oxide bounded fraction :
0.04 M NH,OH - HCI in 25%(v/v) acetic acid (pH
2)= 96°ColA 221 =

+ 571523} e (organic matter bounded fraction)

0.02M HNO;+5mL%] 30% H,0,(pH 2)Z 85°C
oA 2AI7F FEF 32 M NH,O0Ac(in 20% HNO;)
B AFRoA 3083 =

i
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Table 1. Physico-chemical properties of soil sample

C AR -
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g - o] <L

o Zb578) (residual fraction) : aqua regia(50 mL HCI + 150
mL HNO;+ 800 mL DW)E 90°Col|lA 317t 5
Aol AHE BE 7S 7.5 MHNO; £l 24]
b ol A F FHAE AIFE] A3l ARgsision
55 F5 2D A Al FA)S(reagent blank)?} HEEA]F
(replicate sample)E HIX|5}] A4} tigt FATEE

T3

3. &3 3

3.1. EYol =C[EH §Y

Aol ARE EYe]l F8 olslsh] 542t
Table 17} 2T B F(pH 6.67)°] EFHSS
Holal UL F7lEdEe] 0.89%= Sl EAE Hlw
2 AR BAo) fdsl= Al E(sandy loam)ZE O] 2X
32-2F(CEC: Cation Exchange Capacity)Z H7}5= &
AR5 1037 cmolkg 'Y W2 B4 FHARFSS
o]aL At

EY T 3959 F2@A)H olsHel 93 A
= JAEEE pH, TE5Y 5, EY FHEA, f
71, 09 $ AR o 7oA i 5o
2 44 gtk Tyler and McBride(1982y= pH, CEC,
Fe-Mn oxides, AESE f7|5E ko] Sl w=)
EYo2RE F49] FF0] BolalA] frial s
olggt SN HIEYLS f7IEFEe] Yl A E
gell E49] FRRA50] Hol EYAHT T EYC]
olglekr] EXo] ka5t 2lolet & ¢ Qal L EEH]
@32} gl o]Fe] EYEA0] AIgkeARE 75 & A

92 Sulshs Rl & & ek,

=

I

3.2. 5349 s Y EXHHEY

AFol| AM8E B¢ HeEegoz 300zt &8y
A FAOA AHE EYom Fals JTHo=
FREHAD AH-oNA AFHF EYoltt. gl AAEHA|
= BUARE FHeAepd Fabd 2 9 290 B Cd,
Cu, Pb 1831 Zno 2 Q4% AL 1 99 FF5
2 ZoRME(TNT, RDX 5)9] Ld5Fe S vk

*

pH EC oM CEC Particle size distribution (%)
(1:5H,0) dsm™' (%) cmolkg™'  2~042mm 042~025mm  025~0.149mm  0.149~0.074 mm < 0.074 mm
6.67 63.50 0.89 10.37 45.5 12.0 7.1 8.9 26.5

* EC; Electrical Conductivity, OM; Organic Matter, CEC; Cation Exchange Capacity

Journal of KoSSGE Vol. 13, No. 2, pp. 44~53, 2008



Bl o3

TEELA

Table 2. Heavy metal content of soil sample

A2 Bl s} - Al o] 417 47

0.1 N HCI extractable Total"
Cd Cu Pb Zn Cd Cu Pb Zn
mgkg™
10.95 5,458 328 2,639 46.56 10,936 1996 10,188
* aqua regia extractable
Table 3. Results of sequential extraction tests perform before the experiment
Fractions
I;Z?avl}s/ Exchangeable Carbonate bounded Fe, Mn oxide bounded Organic matter bounded Residual
mgkg''

Cd 4.7 ao.11y 734 (15.76) 24.34 (52.29) 0.22 0.47) 9.95 (21.36)

Cu 2.33 (0.02) 3178.56  (29.06) 5003.48 (45.75) 613.33 (5.61) 2139.16 (19.56)

Pb 1.61 (0.08) 149.02  (7.46) 789.23 (39.53) 18.05 (0.90) 1038.46 (52.02)

Zn 71.08 (0.70) 804.60  (7.90) 7559.23 (74.19) 1128.69 (11.09) 625.27 6.14)

* % of each fraction in parenthesis

to

e oMUt U] Table 20 AIEYS] F2
FEH] s IS 8 2 dE - o5k
L94Fe F3Eo] €d, Cu, Pb, Zno] ZHz} 46.56,
10,936, 1,996, 10,188 mgkg'© & YERHa 0.1N HCI
7HeAEe 2zt 1095, 5,458, 195, 2,639 mgkg'E
ERdET 72 F3e] 235, 49.9, 9.76, 25.9%% Cu
7t e dasel wisl 7 RERE =3 Pt AT
AHog w2 Aow yept.

HeAe g Ao wiFs=s gelstast Moz
FE 1 km AskiollA e B A=t Ak
< 7]F22 Cd, Cu, Pbe} Zno] Z+Z; 121, 938,
40.21, 69.34 mgkg ' & YER} 3007 A|&E HgkA
Aol N EYo R thgde] eHEdo] d=EMe= &
T At

AEFEHol o8l detd BEY 7 Fa5e] FEpE
FFFE 9] Table 37 At} AREY T To5=
9] Q33 ZAHE= carbonate AEENS} Fe-Mn oxides
AFER] AR Yet=d o5 FREE Ak 5
&£E52 Cd, Cu, Pb, Zno] Z}z} &3] 68.1, 74.8,
46.9, 82.1%el 3Fsh= A oZ UERITH

=340 EAdeol] o] AL Fe, Mn-oxideZ e
9} carbonateZ3EN7} =23 Fejlghs AR ol F -

Hgit SolM TEEE SEE 299 IRl g, S
el SR e 7434; THEE Aol &
SJt}. Davies et al.,(2003)— - A Ao QFEL
A B4 vl B 83l (solubility), =3 FE%

[e2
Me

(bicavailability)S Z¥=t}ar SITE. o2k STHA Fe,
Mn-oxide 37} 728 Feleke e AR Wz
o] & B Hlgl duiFer F50] Bold &
= A& gujgar & 4 et
AR s F50] i Zlo] oz} 9ol
A& oE FUE LAYS TR W) APEYIA X
ghefo] $kRHIZE Cd, Cu, Pbe} Zno] 22t 10.11, 0.02,
0.08, 0.70%= wj$- Yria & 4= Q=] AFESA
x|&E)e] A7 FAE] oL 120 o)) sk
olg} B & 9t} AFEL) EokuL_@H)o] 6.670 %
Z“Oﬂ 7V7RE WS g Hol1 U= Peters(1999)y= ©]
oM FEEHS AF3] AFAQ Fivte] XS
ﬁéﬁﬂi AR AL gk \p Qlot

3.3. FENE FE5E

A|F e, ‘ﬂ—"o—q l’:—‘r:—tg AHEES Q‘—A Flg loﬂ
Heri A FE4dE =
NaaEDTA>CaC1A ’L& FE=a80] i% Ao=w v}
stk

Cde HCPl o3 F=88°] 7P 958 2oE vt
S=t HCIY §% 5 AR A=g S7RRel uet
0.5 M7HE FZ2a80] Z7Igo) 1 ope] 7w
e & a7t e Ae®E JeRdom, 0.5M HCL
oA FFEF 85%7F FEHE R UEHET
Citric aciddll 93X+ FHI 65%7} F=H 33 Na,-
EDTA(0.1 Mpll 9JaiME 48% A= FEHNoH FA4Y

_l=°:,
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Fig. 1. Metal removal efficiencies with various extractants. I;
0.1 M for HCI, CaCl,, citric acid, 0.01 M for EDTA, 1I; 0.25M
for HCI, CaCl,, citric acid, 0.025 M for EDTA, III; 0.5M for
HCI, CaCl,, citric acid, 0.05 M for EDTA, TV, 1.0 M for HCI,
CaCl,, citric acid, 0.1 M for EDTA.

Ql CaClell oJEir= FgFe] 16% HEvle] F=5<=
Ao Z VERLTE

Cue B2 EF3 71302 10,936 mgkg™ o]
A 1M HCell 3l F8Hde] 86%%! 9,376 mgkg™
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(e} FEH AoE VYERGA 1M citric acidoll ¢]3)
A 271559 61%7F F=E03L Na,-EDTAC] 234
= 27159 26% 91 2,864 mgkg o] FEH AL
2 Uehton F499 CaClell g8l F59= Cud] %
2 T 0.02% FEo=E 3] vH|S Juto] FEH
Aoz VERTh

Pbe] 79 Ede] F8 2954 T 1 EAFEd )
o] residual Fef7} AHoE AlERE Hold tiE
FEHEET = EEE 548 7Rtk & S =,
HCll| gJaides ol 80% F=o] =59 i =8
25 BT o]0} Na-EDTAC] oJaiXE 52% A=,
citric acidol] oJiA= 44% 0] FEH= Ao=E e
Wtk Pbel F=E90 o] FEEEL 80%] 02 Cu
oF vlwdk wf & 2|7} flokal & 4 AT FE=)
A= 9,376 mgkg 0] FEE Cuel HINBlE wf AA]
g 2oz} dkar & 5= e o= EUEe 5459
EAFEeF Ao} ok & &= St} H&EStd vt
9} o] Cu®] 79 carbonate ZTENS} Fe, Mn oxide
AN AAQ] 78% Bl Auldow FEa 80
F= 289 niFo] =T whd pbe] A9 AFEje] v
ol 50% Aol G3lal Uths Ho] FEl IS
v Foka & 4= Stk

Ine T8 EYRAEd T /P FE8E80] w2 A
o7 RIFU=E HCKl 2siMe AL 46% A= F=
" Aeg YR citric acido] aiME E3E
40%ell F3h= 4,092 mgkg ! AE7F F5H Ao U

%o Na,EDTAY] o= 471 31% =7t
FEdoF olyE AoE YElith

Zn2] 73%- HCPll 23+ 30N SAFoZ fol3t vt
g FEE oFUUAINE Ak A=rt 7P 2 0M
HCEZEE&0] 7FF =3har 4ke] Axrt S71del wet
FEEEE 237 WolAle o= YeRth HCI| &
T VWl W2 FEE89] TP olFoRA] e
A o9JF]] Ayl & 4 ok oleh fARE AR
Moutsatsou et al.,(2006)x> FAke] TE4 LHAESS Ul
Joz S AFHAFANAM 2 =g ITMARE TE5
9] FZa80 o7} gAY a8o] AEe IS g
13t v} otk HCIY] A% 71 b 588
TR g= AFES M(heavy metal)-Clo} 22 G3}=E3
Aol I3t %A (precipitation) A -2 MFeS,9} 22
AIEFE A ol <%t Ae} B 4= Q. H=gh
] Cre a7ddRle] e whe FAgsle] IHES A

e S oles] §5S oblshs Rz Uuid At



BRIl o3 FRE0q ARl Eokel s} : AHele] 47 49

(Moutsatsou et al., 2006).

HCI®| 7% tire] ddaksol o8 a5 EY
o ZRE FEeh= ol &8y} k=t HCell o3k 54
F=9] Fa 7R BRSO vk (pHyS Wl g
22 (desorption)?] 313} EHF45S TiSk= Fe, Mn-
oxides?} B2 EFTIAR] 855 X8k Aozt &
T Slth

CaCLoll 93 Al3& X]|3h5-9] (exchangeable site)oll 7
tFog ofsAl FRIAE YA ol(FEH)EC]
Ca™ o]0 23| X|3h=jo] EEu)e dolX|3Fd gl 9
g Zloltt. CaClLs: o83 AHARL Ao g 3
FAO} Steven and Brian(1995)= Pb31$] 2 A EN A
CaCloll o3t of 36%2] AA&EC] ATk Bargh
v} Q131 Lim et al.(2004)%] 9% 05M CaClol 9
3l 300 mgkg 'Pb, 50 mgkg 'Cd7}F 45% HE AAEJTH
3 BIsieh. B ARo)A CaClY] FEHE0] WA

AL ESE 559 EAFEE o] exchangeable
w389] o] Cd, Cu, Pb 1831 Zn7} ZHZF 10011,

=)

02, 0.08, 0.70%= 3] W F<Fold HA HIEE
= Ave} Bojx|n Ad7]o] A7-EelA CaClell 2J3l 4
FFe] FTEEC] FEE T UME AL QAo E A
H Fade] AdgEe] gLl okl &3, ARt
o & FEFHES BY F A & 4 S

HCl 5¢] F71telv 34 chelate A|?1 EDTA 5ol
HJ3l] B2 dFE0] FAEAE BUAN FEAZA
Ake] 7153} chelatedY] 7158 SAlo ZEal Y+ citric
acide= Fukukawa and Tokunaga(2004)0l 2Jall 18737
? FEAEA 1 H8Ao] aitial Bard vl Q.
Citric acidell oJ$F 5] F2& F7H] 713l o3 o]
Folzltkar & 4 ok F40] pH <291 A9 difE &
Tol2o] 2 EAt] wiEol] FES citric acid®]
735 F=99] whgo| vrol pHe| Agke] aapr) 9ol

¢

Ql ZFHo A= metal-citrate B3] FAdol] 2]
A °)tK(Fukukawa and Tokunaga, 2007). A
YATENA= EDTAZ} citric acidoll ¥ $<5=5hckar
Hugh AlgSo] iatelet & 4 et # A3 4
IAH B M= 2319 citric acid 9] FEE89]
& AL B33 A= Q=4 Palma and Mecozzi
(2007)= 7t Ao frAlE= ZHGAE citric acid 9]
F=88°] NaEDTART 9<r3ltial 8ISt Wasey et
al,(1998)% citric acid®} 22 F714> EDTAS} 2
Yol EY Fr ik vlgle] Ca, Mg, Feo} 22 &
< o250l tigh Adelido] EDTAY 7t F-7 |5kl Hls}

o JlFoz ekl ol ERES AR 854
7le T EYEAC gt udg =t ofelal & % 3t
T3l ot Wty d4s SRt ok
SIS

EDTA= U] A7AE9 93l T34 F=l 3
o] 1 FEE8o] 53] RaHal Qe ZYo|EAR
FE3ke] B3k 435 (complexing capacity)®] 973}l
Al 2 EY T ARSETE Wob a5 vike- FY
g E3AIE AT & Arke RS /AL e v
Fe, Ca, Mg 5ol tigh w2 deldoz Q& o o]
o] IFERE Ak A olEH HFoE Afeh=s
EAS 7H¥a dutk Kim et al (2003 pH 4~69]
HlollX= EDTASH A=E A HEsl=s Fe''-
EDTA > Cu**~EDTA > Pb**~EDTA > Zn**—~EDTA >
Ca*-EDTA <olgtal ®Hislgon 2 AFEdd=
1.3% 7%=(data not shown)Z I TollA FE Feol
glgo] - =& Ao] EDTAY 23t T34 588
o] gt ggl19] shpl & = Uvkal Hofzick Caol29]
ot 494 FF= aRlo] E & =t o] B Wk
Alzre] Aol 79 cuoll tigh 18)= (logK,,-EDTAY}
18.792 Ca®] logK-EDTAR 10.59 vl|| w9~ 73gko.
Z )M Cu* + CaEDTA* — CuEDTA% + Ca?'9] X|$hit
50] dojd 4= lthar d#A Uth(Palma and Ferrantelli,
2005). 12 & AolM= 100 == Ak ATE
oA FZo] FaE] F7kE | dold = U=

= A
Cal] CuXlghiIgo] ofuar] ol BRIk 23t

3.4. pHO| Y&t

29 Fig. 20 =99 pHe} F=E34e] IAE Y}
Wit Fig. 20 UeRiRe] AFEYIN 559 F=
o o] pHZF Ahek PRSI lgo] SISt

pHe} F=¢] dAaAl 3ol 7157 1(slope)e] =71
of w} pHEA| ot FE] Foivt &olslal B
A& (soil washing) 2 ¥AIX] EFM|A (soil flushing) 5
o] goldt AxE %3 Foa & 4 Jom oyt
ZHol|A B ) A% EdolM= Cu>Cd>Zn>Pbe] &
o7 FFo] golsital &

2HA Y& ol o7t H5
exchange) $-2/718]31 Akl oJgh &fol] 23l o]Fofx
t}. Fe/Al(Mn) oxideZ} B F 559 F2l #sia
U= AT 8] §RZo] Fe, Al 59 AkslEo] &7k
dold 4= U= pHellXME S5 BF7IR o] o]
2| 2HEgIA] B3Rk & o]FHTL &eA UTh(Kuo

Journal of KoSSGE Vol. 13, No. 2, pp. 44~53, 2008



50 o3t - 7189 - A
50
Cd extracted = - 4.088pH + 39.22
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Fig. 2. Effect of extractants pH on the extracted amount of heavy
metals (total fraction).
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Fig. 3. Kinetics of extraction of heavy metals from soil with HCI
(1.0 M) and citric acid (1.0 M). @; HCI, O; Citric acid.
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Table 4. Kinetic model parameters for extraction of heavy metals

—

Fig. 40l JeliI=t] F=9 5 &8 ol ddd
HCI citric acid F=EY U8l =499 T84 &

Aol o) MElE Ik Aot

Cde] 78-F HCl 5=l ¢Jall X|8el], carbonate ZEN,
Fe, Mn-oxide Z3Ee] dAg #7to] o]FojH =t ol
ol Qlox B= ol A7 88%(4.15 mgkg '), 83%
(6.11 mgkg™), 96%(23.59 mgkg)2] #A|7ro] o]Fojx L
residual®] 9% 46%(4.55 mgkg™) Ax7t A7kE Ao
2 et} Citric acidoll &Jdi= X8k, carbonate
A3}, Fe, Mn-oxide el A 242t 47%(2.21
mgkg ™), 58%(4.26 mgkg™"), 95%(23.06 mgkg")e] A7+
o] o]Fo|H o1} residualdll WA= A7HEo] 1.25%=
A A=A e Ao Yeh HCH =3 tE
S BYd

CuE HCl 339 93] carbonateZTEl, Fe, Mn-
oxide A3, organic matter AZE] SollA AA3F A7+
o] o]FoIHIL residual®] A= F= tiH] 1091 mgkg ™!
(51%)°] #7Hd A& YRttt Citric acidoll osiA=
carbonate 23ENS] 74 HCIH FAKR =029 X7+
o] o]Fo|HAt HCPIME 95% B% A7HE Fe, Mn-
oxide A3l Ao 66%7F A7FEAAL residualel] T
A= 22%(468 mgkg REe] AZHE Zlew yEpsit
HCl, citric acid FZ9l ]3] carbonate ZAZ}E], Fe,
Mn-oxide ZAEfel o] @A #zho] o} Fojxl vhH
Aol A FEF TR AR UERtET HCI
FZo 93] 152mgkg’!, citric acidol]l 2l|A= 402
mgkg 9] X|E Cudgo] F71d AR JElith

Pbe] 739~ HCIO| ]38} carbonate AFEN] oA =
91%, Fe,Mn-oxides Z3Elo oIA = 89%(700 mgkg™)
o] A7to] o]FH AL residuald] JAAME 37% A=
7} AE Aoz YElt Citric acidl] 23| =
carbonate, Fe,Mn-oxides Z3E]ol] Qo] HCIO| vl8)] ot
< FERES e A7 46%(169 mgkg ™), 49%
(486 mgkg 'V} F=EH Ao2Z YERJAL, residual FEl=
citric acid F=°l 23l 45%(467 mgkg 'y} A7 RO

Cd Cu Pb Zn
Extractant " -
B R? A B A B R? A B R?
HCI 04398 0.1116 08375  0.6598 0.0527 0.8119 0.2856 0.1685 0.8448 04162 0.0139 0.5327
Citric acic 04454 0.0562 0.8710  0.2634 0.1483 0.9062  0.2050 0.1155 09044  0.3515 0.0032 0.4905

* The coefficients are derived from the equation, C = At® where C = extracted heavy metal concentration at time t. A, B = desorption coef-

ficient
* correlation coefficient of the equation

*
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