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A Comparison on Effect of Stabilization Methods for Heavy Metal
contaminated Farm Land Soil by the Field Demonstration Experiment
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SYNOPSIS : A long-term field experiment of the selected stabilization methods(Cover system, full range
and upper range treatment) was conducted to reduce the heavy metal mobility in farmland soil which was
contaminated by heavy metals around abandoned mine site. Field experiments were established on the
contaminated farmland with the wooden plate and filled with treated soil, which was mixed with lime stone
and steel reforming slag except on control plot. Soil samples were collected and analyzed during the
experiment period(about 4 months) after the installation of the plots. Field demonstration experiments results
showed that the cover system and the full range treatment of the selected stabilization methods applied to the
application ratio of lime stone 5% and steel refining slag 2% were effective for immobilizing heavy metal
components in contaminated farmland soil.

Keywords : heavy metal, remediation, stabilization method, field demonstration experiment, sequential extraction
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23 EY U EAL AR MF L EMUY
231 EY Y EUx AR MFYUH

AT W Rl ddE BES M= AT AR, 50 St

A T E o] > 6
A3 A8E AFASL 2 o] F YA 77 B9k 23] ASAFHE AAste], F 839 HES U
(e} E Fq

3 of 7 ;
o) ARE AAsRGor, s AR AF dPRE EF AL 74 I TAE Y5
BB 485710 LYES} 2 AUTPUE A ARE 83 F 4AYol AN AT 0 I
A AgaE BG4S 27 AAste] F 2819 ARAAE AU

2 AT W FHE BESH AnFel EAsE BT F9E BE/ES W4T W v
AP Ul AN FEAATFE Sokol AAE SetE, A FYYIgte] FAV LA we 723} 3
FRE Som ddete] ZSARUE JEFIE WA AL Aow AHd weh BS7EL 7
AT v Ao Aqwe) 8L AsAon et mgae] wAT 1 A7} goladES a9
o,

AFAGe] FAAA AL melste] EAS ASTM EEA WBEALNE Fae] nIErA
(USDA)el #fgh < AstAarh. = pHet A7HER(EC)E B 2o vg 1 52 3
04 o dol =439 FadHAy. P205)8 %3 CECE 2t7t Lancaster' ¥ IN Acetic acid® <.

wAEt g e, A3 ol TS IN-NH40Ac §Ho =z &3t FEZEet=vE3AICP
Spectrometer)i BEASATCE2AE A, 2000). 5723 Fe AZA B2 550CHA &7 SoF 3572
o gael eixd T AR he S5 2R

AAREUTY] ESFLFTZAIEHA Foto] 7FEAAEA Y

F AFE(<2mm)ste] 0.IN HCI(AsE IN HCD) €90z &%

AE e =vEFA(CP spectrometer) & ©]-&3te] =& staa, dad= 4 o

=) O] O}Oi(Zn)L ¥4 100mesh ©|dt&E £33 EAA TS <4 (HCl 21mI+HNO3 7m)E o] &35}
AR & FraddZel=nE LA (CP spectrometer) & & &S BA A cH(3H7 5, 2007).

O A% 3% (sequential extraction)
H A5 A9t Tu% AT0IEE, 9, 78, ofdh)Ee 455 <29 4@>oAe 2ol 0.11M acetic
acidE 7}sto] X34 2 carbonate 2% H] 344 % (exchangeable+acidic phase)S #Z&3dhal, U A
E<9ko] 0.1M NH.OH - HCl1& 95 7}38le] Fe/Mn oxide AEE F+%4 & (reducible phase)—o‘ =3
T 30% H0.5 7]'3}04 BTAA F71=5 v‘f—ﬁﬂa t}S 1M NH40Ac §do w2 F7|&E ASde 554
#(oxidizable) S &3t 2™ (Ariza, 2000), F& | 1A TF T2 G5 E ol&dt IFEY
e et 54 OPME}(Kaasalamen 2003) O]“H ZF SAE NS 7t SRTE EYS
Hato]l ZFAdEel digk exE FHAs sden, HEd L Fa A 02um cellulose acetate
membrane filter2 93 & GEZA3Zg~up @333 % A (Inducible coupled plasma)® A #sle] F5%
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Hl 49 9= 100mesh® AME3E EgA#o IM MgClLE 7Fste] Water-soluble 2 exchangeable
e

FHE HEd ¥ AR VE ol&dtd EYA RS HENES FEEL 02mm cellulose acetate

membrane filter2 J3#3sle] I HEXNS SAHE7] Y1 FHFFE G2 EGAREE AT & v
dAe HEAE Thste WAooz <af 4(b)>d YEtd dA=E 23 FHWE vAadES ZEAA
EAgEesn B = (Inducible coupled plasma)& o] &-38ke] SA sl

. Soil : reagent=1: 20 ‘
Soil sample

‘ 1M MgCI2(pH 7) shake for 1h

‘ 0.11M HOAc shake for 16h | I. Water-soluble and exchangeable fraction ‘

J  1vnaoacpH ) shake for sh

‘ I. Exchangeable and Carbonate bound fraction ‘ | I. Carbonate and specifically adsorbed fraction ‘
J  inucishake for 12n
0.1M NH,OH HCI shake for 16h

| M. Acid volatile sulfides and noncrystalline(hydro)oxides ‘
‘ II. Reducible phase(Fe/Mn oxides bound fraction) ‘ & s nsonescorn

| IV. Organic matter associated fraction ‘
‘ 30% H,0, 85°C for 2h, 1M NH,OA shake for 16h ¥ -

1M NH20H HCl in 25% HOAC, 95°C for 6h

| V. Crystalline(hydro)oxides fraction ‘

‘ 10 HF for 16h

’ . Oxidizable phase(Organic matter bound fraction)

‘ aqua regia (HCl : HNO3 = 3 : 1) | VI. Residual silicates fraction ‘
l, HNOS3 for 2h
‘ V. Residual phase ‘ | VL. Pyritic fraction ‘
(a) 4wtFH4(Cd, Cu, Pb, Zn) (b) H]2(As)
I8 4 95 A5FE20Y

2.3.3 EY(EAE) EMUY

3l =37] 0.45im ¢ o1 A (MFS A045A047A) =
ﬁ*E(GAST DOA7P7047AA)-§— ol g e T FAAFAHAIGH Ha-3AF HHE o
=

j=4 [€)
g3lo] FEFE AES 280 BAMHoRE AESF 100mlS vlolAC Ya FAaF 5mlS 7}eka
°F 15mle] 2 wj7bA] A A s] 7t4 o}O:l SUAZ F gy o Aak 5mly #Z4H1+1) SmlS Yo M)
Aol Fabzkazb HAE wf 7hx] spEe & st o] § AW SAAAAES Fol7] flste] FF
F 50mlS 7hete] #7] Ad7A A AE] 7FE s o NO. 6 o1 % *](Toyo Roshi Kaisha. Ltd.)E ©] &
sto oAt F FEAFEFg=etd F LG AIICP Mass spectrometer) & ©]-&3te] Y ESS] LA
< SAAHEAE K, 2007).

3.1 INHEY I SEX2| 0|58t S4 o 34 =

A AlFE AT AAE 1071 A -dAA AH S EFol s o]set3A 5 7)E AExAL
A goldl 9 ARl HA(As), T (Cw), ZF=H(Cd), B (Pb), o} (Zn)el #S zZ+zt #w A
of Fale]l AR o, T REANRE ALEH EGd disiAR olststd BN EYAdTAHAAEY
o #3 Tu& TAS AAste] BEAERAS AdAd B ool #F7|Et s dAstE: 2 LHE
S Ul T55 48y 9T AESA

A ANEE AXF7 AXE 107] AA-NA AHAT BEF o|gsty BT Ta&5EA A9E <%
3> YERUITE e dEYe B Auder YTt By HAEE wol it v dE
(Loam)® YEMNGTH B pHE BF 7.10 ooz Sgvel dukdel =742 Eokel pH AWl
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6.0~65KH T tha =
A2+ (Ex. Ca)e 2.33~456cmol” kg 'o® $-#vat
kg 'HOF tha WA VERgC

g edESe] FE5 BEXARE YREY ABAA FH(CwE AT HA(As), JFEE(C), &
(Pb), o}d(Zn) Sol EGBARAHL ] 7S A 2sts Aoz ey a4 At A
A9 A= Ageartn W 2] i}

= Tobth 2 FE% grel Fud Aot Ut Fe 45
Aelmg vl Aol o2 go] 3

=0 AT E BYgon, d7]X34L(CEC)S EF 2lcmol’ kg o] o] 3
AutA el FAAEA] HAYLeA 50~6.0cmol’

it

rSL
m,
2 32

. . , CEC Ex.Ca T4 $Fme Kg ) o
oo T P (cmol” kg™!) | (cmol” kg ™) Cu Cd Pb As Zn °

= 1 726 29.92 2.83 952 | 8148 | 1,126 | 448 | 5533
(3E) 9 797 286 3.18 950 | 3195 | 1,080 | 431 | 5776 | Loam

e 3 7.43 927.98 271 502 | 2883 | 1194 | 1066 | 5738

HE 7 741 27.94 291 1864 | 2863 | 1,633 | 10.76 | 4842
2w 5 751 31.24 4.09 443 | 2347 | 573 | 691 | 4070 | Loam

(A 71 6 797 921.78 256 2639 | 2093 | 955 | 5070 | 4,080

B A AT 2315 2.99 133 | 2343 | 493 | 6.9 | 4606

e AE| 710 26.18 327 2280 | 37.20 | 1,793 | 2154 | 4928
o o & 7.42 2112 272 528 [ 1L04 | 378 | 3237 [ 3684 | |

o qE | 713 286 334 1221 | 3296 | 1.753 | 456 | 5826

(3 o |[EE[ 730 2772 2.34 ND | 2275 | 801 | 27.99 | 4708

AE| 713 286 456 1048 | 26.16 | 3,062 | 14.29 | 6,086

i 757 28.16 295 912 | 2320 | 1325 | 2504 | 8,108

Z I )
=T |10 ST g 26.43 312 ND | 463 | 49 | 179 | 4704 | oM™
N.D 2 4=
E4od vaAE =
Eged gz =

zﬂx]— /\]rﬂﬁ ;q‘ﬂ:rl q] EEZHE A}&e}_

[e]
otk EEA BEAS Ryl A or e AYE(sandy loam)E UENYoH, ES pHE
51302 =E%° pH A4 6.0~65ET & oS B, 971438 ZF(CEC)+= 17.65cmol
kg !, A B (ExCa)S 233cmol kg 'O =EFE] HYWQA 50~60cmol kg BT} Wkl e
B EGATANGE 93 TS BAAT 2978 a6t FE5 AR gl Aoz vy

CEC Ex.Ca 5% ¥ % (mg Kg )
:I‘LT"i_ DH + -1 + -1 E}é
(cmol kg *) [ (cmol kg *) Cu Cd Pb As Zn
1 & 7 513 17.65 2.33 ND ND 15.83 2.46 105.70 Sandy loam
N.D ' E
Edey 87+ 279
Ede Y uArF =3

3.2 eHsa= | o|staty 54 I XRF EMAD

A A B R ALEH /}jli]ﬁﬂr A7

o 3
= =1
fluorescence spectrometer) v 9 S5 '@4 ag g
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43 AEEe T dotRda, 2 AARE <E 5> Ayt

M3t AFsdi o] pHe 25 9oz w4 dewta 53 Ad<sdi 2= pH 11072 ofF =
< ZAYEE BT E3 XRF #4243 M3Me ZadEs 62% oldom v et AR
W, AZsd1e 49 S5 AFEE] BAESN Z2aAES 47 %, 33%E WA =A
i gl Ao yeiuy AZdEd e ud g AR EG Ul g S5 sl de
AN A 2 AREAE JEhd Aed AS #¢E d(Kumpiene, 2008), AFAFb=S A SH1E
343 A TaE A AgAREA A& uE, v(As), W (Pb), 7t=H(Cd), o+ (Zn) o=
S 2 WAL AESS Aol oA wig AL Aom o dEAT

#E 5. AP AR olgtsts 543 XRF 44
] EC XRF #4124 3(%)
ARl o @s mh | SiOz Fe;0s | AlOs | CaO MgO MnO P,05
A3 4 9.6 7.98 12.7 2.89 3.24 62.7 14.9 0.52 0.06
AL | 11.07 4.95 15.7 35.6 5.33 32.9 3.9 2.34 1.33

3.3 2 H2IZYE M2T W 2YE U WS £l pH X ZA(Ca0) Y

AASAE Ay A F 7FH 4 Ay ) L9EY 2 AT EY pHE d5713bEct
BEges 7o <9 5> yehgith 7 AT Ul B¢l pHE dE2F(FAZDEY Hd kA
AARE HEAZ APl 25 pH=750014 02 FelaA =& 4FS JeEglen, 593 &3
H(5%)E LA el AdE e EFv7t Srhdes A oR ta ¥ pHE Bt
aga 4 Al A8AZl AYEHE F AETH A7AE A8 HAsS Bl e

o] 54 (Mobility) ¥ 24 &9 ]%E(bloavallablhty) 7}
(Kaasalainen, 2003), th&-(212)el vl&) 2+ A& 3
o2 Folxl pHel & =4 W %ko]%«] Ta5 o9A

At
N

filo

k!

il

ol

ol

0

il
L =

800

ulIIIIIIIl

§ a
¥ : 5

pH
-
n
S

ef\ />° e P @ e A ’>° P @?
2 'f;;\ 5 A féﬁ\ At 3 7?5 A5t 5
&Y \1} '\&o o 5 ‘F\o ‘F\o R & 2 & 23
m o o & o o a 9 o
E o P P Se N N 5 o %
Prad 2 e ,g%‘ J2 Do ,,3@ % o
I AT o & T o RS o o
@ 2 ‘b)@v ,;&\‘/ @ v é‘&@, é‘&@/ @ o4 "i}b/ 0
5 &% o S & & S P P
. b b A3 2 i & > 5
o & & o % %%
o K & & & oF
» ™ ™ K3 ¥ %

Al ywd ZF Aa 3t g oA s Hu Ay Fo| okAst= wokol 24 (Ca0)SFrEHEE =t
(FA et vaste] <2y 6> Yepddch 2 AT U B Z#(Ca0) S A ARE A
4 5 gx=FFA) e vd A Frretg e, st s A8 W Zw(Ca0) ol 2.84~3.92%09
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A QAL 9§ R 500-620%2 AYTARE A LE AATAA 2601 3 AF(Ca0)
Fapol F/bekglrh. <E 4>¢] XRF #4470l A 24 (Ca0)0] F2 A4 galdge] FHRO
2 60l BE BRAT BAT W, AAEAY Aelrol FAAAARS W 4AA 480
Ao FerE )

7.0
Hel™
6.0 -
CEEES
5.0 r
g 40
[=]
S 30
20
10
0.0
R =y o =
L A o5 5 +
o & /> - & - f> e s
2 ,4;&9 > = rg‘? S £ 7@‘/7 N s
i o -l = e W e o
< 02 W M e A o a2 o I
i < S e 3 5 e <5 &
oSk = & ' . 7
s a5 5 % oA e % g 03
g P & = P o i o &
] & g ] > o AL 4 ad
2 Foad % 2 e 23 = Pig &2
& +% 2% o Qd:;\' QA“\ Q/'\‘/% @\é\ ’{::‘\’Q
* & & & a % %
& o 25 &0 fd &F
& ¢ % S >

a9 6. 4 AYTE LAEY ¥ dAES EF Wl T CaOF &

HS715< F 83ldl AA ZF AT Ul BES EYES At EGodTGAATHA Fotol F
FEARES BASAI T (Cuw) 0.11~368mg kg !, FF=H(CA) 0.00~1.49mg * Kg !, F(Pb) 147~
67.55mg * Kg !, 1] 2:(As) 0.00~2.46mg * Kg ' 1813 o}2d(Zn) 96.42~19551lmg * Kg ' 22 A &x35 4
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FTE F dv FHE EREE X3 E carbonate A3E] FEj7F A A 335/0(436mg/kg)°ﬂ"1 d
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FtEH(CDY AT AdFASTAIE A7 dxdH "4?4 T, Uz TFFAESGS 28E 474 F
Fo Tud A T A3 L carbonate AZFH FEj7F AR A 27.76%(24.76mg/kg) N Al A A F
29.35%(20.89mg/kg) .2 ¢F7F Sk Ao 2 el whdEd AT E HEA7 F 9 AT <k
Aoz EYS X3k 2 carbonate ZAFTE] FENZF A A 3472V(1731mg/kg)~51.72%(28.19mg/kg)
AX AAFAZ HE T 16.63%(9.16mg/kg) ~36.63%(16.70mg/kg) .2 WHE EFA A
Reducible ZgEl9} #7]% 2% e (Oxidizable phase)’} gthd oz tha 07P0}-E 7dgFo]l e THGEE
6).
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F(Ph)e A HEHFAYESS X34 2 carbonate AFE] Fefrt Ax A 19.99%(1611mg/kg)
N AR F 2289%(1561mg/kg) o= F7F SUEeE Wt A ANTE HEAZ F 9 AT ¢
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A ek st A7 $ 1.79%(115.3mg/kg) ~ 14.06%(766mg/kg) &2 X5 F5lstA 743t 2 Reducible 2
reEfet fF71= A 3 E (Oxidizable phase)7t 72](Cw <t ZF=H(Cd)e] Aol o] diH o= ttar 7t
sk Aol Ve TG 7).
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7F23F 3L Reducible ZgtElet 7] = 2 & Hl(Oxidizable phase)”’t %9 F5<% EIEAAI} FAFSHA
Foid o s i Frkehe AES EAT(E 8).

H & (As)e] A% dEzFHHFAHELES 34 2 carbonate AT ez Ax A
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A7 F 9 AT MBEFT EYelA XA % carbonate AFHE FHEjrb Ay A
0.84%(4.13mg/kg) ~3.66%(11.69mg/kg) ol Al FA st A2l * 0.50%(2.21mg/kg) ~4.54%(10.70mg/kg) & =
eSS Hlas AEANFH AdT A AR @l o Wt gle EGAERE dden, o
2 ol FFE ARE vl8 XA L carbonate 2 E FHE) BA29 A AEE M A Y

B THGE 9).
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ojde] AuES AES & uf LAES SRS A& F Y TS5 AvES d5F=
Holl o8] 28 474 §F3Y Tu55 Aw 5 ool =i AEdd 9 vud fgA F5E F 3
= FHE ER5e X3 9 carbonate A H FER7F HAEHS AL, 53] HA(As)E AT Fol=9
Tad A FE(Cw), 7I=F(Cd), $(Pb) 183 ofd(Zn)2 Hlwd X34 2 carbonate ZAFE] I
B AaEEol T dasEAT

EF U Tv5F 248 dHE2> EY pH, CEC, fr7l&, HETH 53 2 o|3te3 54 ol ol
A AFAR dFS o, 53] pHoll tiwd] ofEAolojx B pHe| Wsle] wel AsfF v W
& 4= rh tRE] Yoo FTFE AREL B pHZF ASetA HH B U A Sol23t 3
AstAY EY Az W A" FdH=E d3Ho] AEd o ol&Hr] IFE= FHE AZHEr
(Kaasalainen, 2003; McBride, 1994). o]&igt S o2 7} A+ ¢tk Ul dol2Ad Fa559 A34
2 carbonate AFH FE] FEEo AT SHEYS MAsAE (ARG, AdEH )Y A Gl w
2 EY pH Z5d 7103 Aoz sy ).

a2l FFEHCAE Bv HFLIEYS UdA tE Fol2d FTas sl vlE A3 4
carbonate ZSte] Fej7t A3 E Held 35%~52% 2 7HF Wo] EX3E Ao® YEykEd, oe
Aoz E¢f U Yol Tud AEEY] FAHTE AABACAA 7P a9l Aol (McLean

o]

}\é L
& Bledsoe, 1992), 7F=#(Cd)o]l E<F ol 47 52 & vt Bad 7|E9 d53 aA7F 3

S Ao® FHE At Asami, 1984; Salim et al., 1996; Krishnamurti et al., 1997). u}2}A <ol 2o &
a5 AwE T EHCDE EY Wl &3lert =2 X84 2 carbonate AFTE] FEE Wol]
Fstar ol g §EH L FFATE oM e st Eel7] Wil JtEgo] LdE EY 5 A
FA7F 2ot Aow AFET)

g Fol =9l M A&(As) AF tAsIAES A3|Ao] dwiA o pHE S7/HAA EY W A9
A4S SVIAZE F e AAZ A4 el B AFARE BRH R oIS EY W H
2R T8 ol TFEH vlE e Aol At AasteE A4S HERRT ol 43y
Y FAAEA ZwECadl gt vjie Aadnrt 7]1Ee ATl By Qi (Hartley, 2004), B3 A
stA sl AZGEH27F v aA T ofF a3 H(Fe)dwS v st e AEs 74 o, v
Ao A de dASANETE O Fsta A HAATEA] ZAE(Ca)d HFe)d 2ol o3 Ao
2 el
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