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SYNOPSIS : In order to investigate on the effect of stabilization methods for rice paddies contaminated by
heavy metals, a series of lab-scale model test was carried out by applying the characteristics of submerged
Paddy soil. To perform the lab-scale model test, columns were made by acrylic with the dimension of
diameter=10cm, thickness=0.5cm and were filled with soils which  was contaminated were mixed with
stabilization agents(lime stone 5% and steel refining slag 5% respectively). To manipulate the reduction
condition, soils in the columns were submerged with distilled water. And then soil water and subsurface water

in each column were sampled in the regular term and analysed the various physical and chemical properties.

Keywords : heavy metal, remediation, stabilization method, field demonstration experiment, sequential extraction
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ARl SHEw oy}l 71EA 84 ol FAARJA oHFol AT(EZETAL, 2008).
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2.3 EQ U £3 A2 MY
2.3.1 EQEMubY
0 Egolgatd 54

ol AL mEdtd EALS ASTM XA HEARAS Eito nIdFiA
El‘?:?‘r% "a”\]o Aot EY pHeF A7 HAEE=(EC)+ EYH 29 v[&S 1 52 3}
(Av. P205)¢#3 CEC+ 77} Lancasterd ¥ 1IN Acetic acid9 &
2o IN-NH40Ac &40 8 HZalo] §w23Zeb=vid7(ICP
spectrometer) 2 A3 ATHEEA S, 2000). 7158 FS AXAIEE 550CAA atF &< 337 &

o] &3t AAd F AARTF ks St AMSHATH

ATA Gl FABA
o]
1

(USDA)°ll 2 %k

2
o>
o,

offl
%

é

_>.:

_1[}11

oZi
ol

ed)
>
iﬂ

:{o

l‘E

ot r}d

EAAReH, A8y Okcﬂ%

O E¢Asaddd

Eatalsld A9 e KS A (EFHE : KS I ISO 11271) o #3le] =4S sk ARe 7] 4
Elo 4 B3t g AdTs 7 A9 Wy Bl 10cm ZolZ AFd thg, oF 30&°] A T AdAe}
AdstHRon olF At (Salt bridge)E ES 9] @l AXste] AAaE S5t oo &
Ao A o] &3 Eh meter(FUJIWARA: PRN-41)= A&l g o7 30mol G3aZF(KCHEHE =
%7&3}01 ARESEA AL, 717] AA A FaRHEF TEd sE A2 BRAET] vl HEe] HA o
[ez]

o] AAA A =A% S A E ALY T

O EYZFE 08 ZAHELFLIFTAANYY)

EYS AdAx F ARE(<2mm)3te] 0.IN HClI(As= IN HCD) &= &%
3}—7: vHEFA(ICP spectrometer) & ©]-&3ke] AR etadar, A 4 =

100mesh °]stz &3 EGAEE 4 (HCI 21m1+HN03 Tm)E o] &3to] ¢
XJ—E*@H —?, FEASZ = E LA JICP spectrometer) 2 & 33 B3 oHEA4 5, 2007).

FaE odvEE SUuUY EGadnEdde Eded3AATRel Fokd s4RAndEa
Q.
[e)

O 9% 3+ (sequential extraction)

2= (Sequential Extraction)2 E% W 5% &4 delE 193ty Y3t B9 ) 743
=S AgHor §EA7v= WHORE %:LiT AEe EAgE ) ole s F AASTFEE AdFstEd
aA Fg&Hx 9o, Shuman(1979), Tessier(1979), Khalid(1981), Badri and Aston(1983), Gibson and

Farmer(1986) ¢ @< At oe] A& oz wdyojgity & AFoMs gAY EF U +
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e

8 ed=ARd HA JEH, ofd 55 B AEFEHE ol &ste FEH SATHES dolE U

B o 2= <8 7> 9 o] 0.11M acetic acidE 7}ste] X84 2 carbonate 23 =&
%4/ %  (exchangeable+acidic phase)S HE3sta, YUm A Eo 0.1M NHOH - HCIE 4 S 7138}
Fe/Mn oxide A% H T334 & (reducible phase)S &3 & 30% H0.5 71ste] &TCollA R71E5S
Tald v IM NH40Ac §9o =2 {715 AFH o554 (oxidizable)S % &3} 2" (Ariza, 2000),
FE U 24" FESHES TE ol&ste IFRELSS 4 s =745 th(Kaasalainen,
2003). olw 7zt A HENE Ttelvld FRTE EGS AAHEte] ARAdEed did eAE HAas st
gom HAEH L BaHNe 02um cellulose acetate membrane filter® o3 & FrAdZefAnl W33
% 7 (Inducible coupled plasma)® A ZFalo] FF<E T FS =A st

| Soil sample |

‘ 0.11M HOACc shake for 16h

I. Exchangeable and Carbonate bound fraction ‘

‘ 0.1M NH,OH HCI shake for 16h

| II. Reducible phase(Fe/Mn oxides bound fraction) |

‘ 30% H,O, 85°C for 2h, 1M NH,OA shake for 16h

‘ II. Oxidizable phase(Organic matter bound fraction)

‘ aqua regia (HCl: HNO3 = 3 : 1)

I V. Residual phase ‘

:137 io‘j

Iy
it

FEu

2.3.2 $£HAE BMuY
o) 834 5 4
$E/ 05 AP AT EFE R AEF dAAE FFA7) 0dsm 9 oIAAMES

A04SAMMTA)E AFHZ(GAST DOA-P704-AA)E o] &84 o743 & pH, ECi= pH & EC
Meter(Thermo : Orion 550A)E o] &-38lo] =43}

O TFE YWY

Aol A AAT EFF L A5 55 420 deiAs ddedEde] dudow {1
o] B =EYA S Adste] FATAANIEY T A4 BAHE ol&dte] TEE AES &
Attty BAM o v (&2 100mlS Blo] A ¥ A4 5mlS 7hala oF 15mle] 2 wizbA A A
8] kst A F, WY ge dA 5m1FJr G+ SmlE Far wiae] gabrparh By v
7HA bR - ogeh o] & HHddE S dEE Holvl Astd S S0mlE Zhskel 7] A

7HA] A8 7FE 3 b NO. 6 o] ##](Toyo ROShl Kaisha. Ltd.)& °¢] &3t o3t & FEZAdE
Mass spectrometer) & ©]&3lo] UIFEYS oA ES SAHIAH(EAEFE, 2007).

3.1 CHeeEYel olatety 54 ¥ 53 2 FA

b UEi . g e d

of\
Ipr
A
X
i
o
il
A
=5
\]
%
s
A

«
w
\
o
=)

HedEgel oshety 543}

- 1461 -



¢l pHi 6472 S-2uet EFe] dutH <l pHES
Z

3 21 pH#S! 6.0 712
o AE 77 441%2 S £ AwAe §71% FHE~5%)S Gt agn 248
WY SRS 2T md ol 50%0] 4 |
3} A ¢

JS slal dlew, v EEA(USDA)O 93t EFEF

E 2 0 edEF olstety 54
+ B A4
cops| P OM EC | Av.POs x. Cation Bariticle ?izf )
S ) o - . (cmol” kg ) characteristics(%
(02 ) (ds m™) | (mg kg™) Ca Mg Na sand silt clay
EH/\]—_Q_ oJ
éook“ 6.47 4.41 0.16 53.96 522 | 073 | 0.29 69 18 13
NI AELY Tud BAEHds ESo v, 7l=F 283 ofd Sl 47t 13.88mg kg-1,
2.33mg Kg' 2213 34441mg Kg'& 87|55 238E Aoz Jeht A3 Ao dESd Bw5F
A& 2AARE FAR FEE FFS B
X 3 U 2949 U EYY FEE5EY AHESFTHAAIEEH)
" BAA7} (mg kg )
= As Cd Cu Pb Zn
27 & 15 4 125 300 700
ST E 6 15 50 100 300
AL HdEY 13.88 2.33 5.46 17.83 344.41

(100lmg kg-1)& 7122 2190%(0.75mg kg-1)=& EY W & 24
7 =L vES Bt

Fractionated Cd phase (mg kg ')
& Exchangeable Reducible Oxidizable ,
& Carbonates (Fe—=Mn oxides) (Organic matter) Residual Total
0.75 1.18 0.13 1.49
8 5] =
e 9= (271.90) (34.60) (3.80) (43.50) 8.42
¥ ()0 F gegol] digh 7} 89 NS WEE(%)E YEY

o] 5 Aol FJl=H(Cd) > oA Zn) > T8 (Cu) > B (Ph) =A=E JI=FH
(Cdel 7Hd =vh= oY 714 A A3dE3 A 43S vetdileon, didedEd Wl 7t=w9
EAFE = FFA el (residual) > T BBl (Fe-Mn oxides) > 134 9 B (exchangeable) > AF3}A]
& Bl (Oxidizable) =41 = YEFRLTH
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s AdubARl o] AAS A= o] Aol F3] Aot A E oA EolA= H(Fe)d Wit
(Mn) AiE59 892 A& 1 olsAdo] T7tste 94 (Fe-Mn oxides) FH ZF=F H3g 34.60% ©]
dog EFAsta = Ao=m yEut

wESY AS 2 Al 547 A 2 #A-e] de AS mEE] & oo, dRkHl 2As
BolA ols/dol vl =& =S FEil 13k (exchangeable) & Ef Rt O}‘J‘:ﬂr A Gl A o] F
ol & BEUAG R doEH= U (Fe-Mn oxides) FEO] AEER F’_E‘ﬂlﬂoiok g Ro= 3}
GHo] uE =Ege giAedEYd U Jt=F9 W34 (exchangeable) 3 B 9} A (Fe-Mn

X 39
Fafoll o 55%0]7d el ofF =2 Hla= FH A0

O o FE A

ofAAd e FEEAHL <G 5> Bt UALAES Ul ofde EAFHE IFA Y H (residual)
> A3k & B (Oxidizable) > 3F9 A4 & Bl (Fe-Mn oxides) > 134 & B (exchangeable) A2 {4 o
B (residual) 7} 88.27%(270.40mg kg-1)o. &2 7} =& vH|gR2 EX3+= Zo=w UrE}HLOEﬁ FH X o

2 ols 7tsAN AEd 557 =2 B FHed w3 (Exchangeable)obd S F o] oF
4.64%(14.69mg kg-1)2 UEto™, A H e (Fe-Mn oxides)?] ofdAl E-2 709/(2243mg kg-1)o.&
el EY Ul ofdAdw T oF 10% ol el ¥ A gk dFo] & JEHE EAS U= A=

o &= A et

FE L UALAES Wl ofde] =AFH

Fractionated Zn phase (mg kg ')
& Exchangeable Reducible Oxidizable :
& Carbonates (Fe—Mn oxides) (Organic matter) Residual Total
14.69 22.43 14.82 279.40
8 5] =
e 9= (4.64) (7.09) (4.68) (88.27) 316.53
¥ ()0 F egol digh 7} 89 NS WEE(%)E YEY

H A B854 <X 6> ZUrh tdedEY Wl vie EAFH s 74 3 (residual)
> 23k & e (Oxidizable) > 344 & Bl (Fe-Mn oxides) > 134 & Bl (exchangeable =2

H (residual) 7} 7F4 =2 H]& & EA5t+= Aoz yerykon w34 (Exchangeable
(44.09mg kg-1)& 7|¥Fo=2 9o 8%(351lmg kg-1), IUA e (Fe-Mn oxides)e HAAELS o
12%(5.33mg kg-1)& UEIY} HIAAHE F oF 20% o|io] =¥ 4o th3k Jako] Z ez EA351a
NE Aoz ofds] Tt

=)
[
rir
q
ofjs
oft

£ 6 UL AEY U nao) £430

Fractionated As phase (mg ke )
= Exchangeable Reducible Oxidizable -
& Carbonates (Fe=Mn oxides) (Organic matter) Residual Total
3.51 5.33 9.28 25.97 44.09
}o o Eok
e e Ed (8.0) (12.1 (27.0) (58.9)
¥ 0 F T gig 4 28 A E WNEES(%E UEY

- 1463 -



3.3 SHHSIA=Z 2| 0]5}stH

_|)I
Jm
ol
¥
x
)
M
AL
1z
/M
ic|

A ERE AHEE As|AY AEY 2 diEiAe 7EAJ] EAAEY 74 XRF(X-ray
fluorescence spectrometer)®41-S& A ste] 8 FAAET E¢ U v D FFEY nAHEI
St AEES &S dolR g, I ARE <x 7>l A

Al 3] A 2} Zﬂﬂj\aﬂll«] pHE= 7 9ol ez A Yewi 53 AZ<Ed 1+ pH 11072 ofF =
< A EE BT Eg XRF 2429 A3 ZaAdies 62% oldew v i3t e
o, zﬂ%%?ﬂ]lﬂ ALY Tu5 AREA] AR ZedE S 44 35%, 33%E HluA =74 &
shal = AoRE YER
X 7. AYAE oge 4 543 XRF A4 %

EC XRF #2414 3H%)

A2 A= pH : .

(dS m?) SiOs Fes0s3 Al,O3 CaO MgO MnO Ps0s5
SRS 9.6 7.98 12.7 2.89 3.24 62.7 14.9 0.52 0.06
A& 11.07 4.95 15.7 35.6 5.33 32.9 3.9 2.34 1.33

3.4 2 PY W EY U EULo| 2MUD

AP AL 7 AP W B AFBAAY WAE wW, G5 AFE BE 360mV o4O

A s e ngot 1de] A FRE QARG @ g AR BT ARBAAN} F5
wrobd Qe 549 300mV olahe] #AYH FAHE Ao vehdrhad ). AdEd T A
B9 4% 40] Agk FHE ASHAA 7 -100mVel stz A BAFE FA5 L, 434 A
B9 A%E TAUEGT WL HHBAAAE vt 1Y o FRE FALnT e Asaan
A48 R ol LR MM ALsH1e] EFow s FAUng JuHo HIust
Aolzl Fo] 990 WAtk = < 1>o] A A9 vl LdE % AYEY AFu(@F wY FA
gur BE e (SuE Bl yst AR} 94§19 Fahs sjiezdel duHoR i B
By WEoR TADRT e AAANNE et Aow Bud.

2
=l 0 r
=

1 %(mv)
=
2
32

% 100
200 [ oz
200 Bt P = BT
EEEES
-400
1 2 3 4 5 6 7 B L] 10 11 12 13 14
BE217HY)
ad 8 #Z7|Et 7 A EFe] Atshekdde] st

BE/)0ES 74 BHME AAT EFFe pH 45 LAY} S0 FANA S 4%

- 1464 -



fS
=

=

I FA 7}
]

q

73

A1 AHYE

E

=

=

=

A1 AYETE 7 v

=

2=

(Mn)A &2 A7

t

HEFe) pHAF ehrhis

Fo 2 At
3|4 5%
H 3|

kel
Rl

(b) A7 H == (EC) W3}

Rt Fi

A 2
14 -T2

12

=
=

(Fe, Mn)2|

}\EH:I
|
=

=

=
=

[ ==

|

-

I

34 > A%
(a) pH W3}

S|
ol
& HEsdd 5%
M54 5%

g

AE BE A

Ay >
pe)
X

p=

A Azl 7B = dERu (™ 9).
e

dl, °l

SEEE

pu

2=
=

PN

1)

=

EEE B9t}
T

T

hul

A7 :
e Rl e,

[e)

3.4.3 Z} ZH L EAx2| JIBYE

M2 AL

o] e}
A 9]

)l
A

=0

[e)

J1s g3 APE] B

A ke d 10).

I pH7F 74 =9k

9

34 A&l H

0 A

A
L& 5%

5] 5%

=

)
A

\]

—— 23z

ro=i=g

A 2]

10
08

T

=)

=

p—

A =7 o

ki3
21 5%

&<
B2
314 5%

=

——2xe]

sl

10
08

AGEd 12

[2d)

iR

Eu
qul

-

aL, ool s A7
e AT ™ 11).

A
=

A

(o3

=
7

&

(b) &Zt(Mn)

3 29 A 7bE = S=E
- 1465 -

=

H (Fe)

(a)

910 74 AW W EF5] e

A

&

=
el Mjaow

3.4.4 Zt ZE | EA9|

o 7

2=



) = =
2 §&d e e oy AGEY
& 73%9F 79% oo =& A&

——oxe|

b L T

MM 55

cdpg-kg?)

a9 11 B =g 5=

Total Cdi{pg-kg'!)
o

H =

25z HZzed 5% 41514 5%

o ofd

#5717 T FAY] E¥Te 1~2¢d9A 7PE &2 ofdo]l &&H AL, ofdl Hls] AFE 1ot

Hsdon A SRR BPPE FUHOR ofF e SR} BAAAHIY 1), B2 BT
= 7}y 7}

W 77

1S g M, 85 BEE U
ggtort Agselash A &
41% ol%e] A&ES HA ‘3}(1% 14).

=
+3(-||%;§ it

—~ a0 F 5|4 5o

- 1466 -



RN T ol B mﬁmﬂu
‘JI~| . "I—I
Wﬂ%mﬁﬂqv_ux
F_ B g T
=N ﬂ@ﬂ.ﬂﬂ_‘in
OE o z#o _ﬂ_ o <0 ﬂ_v o
I !
i =0 =
Wrde b E o] NN
L O_JHX_.EMAE.*Q
;o\_.foTﬁ_l ,_Iﬂ_ylAﬂDIO
— LI:.L = XX
o . Ar N pl TS
Nroo ﬂ,mﬂ.‘.ﬂ ﬂ_vl%_.A;
W I g R H
o T o e T e o
(LR L »
T g B e e T
A FL
o I o R I L) Mo
O_Lokﬁxk‘.__l_a
. ) i W 0 @ our = el . M e
n B ,._uohﬁ E‘t X £ A
S = X = oo\o|0t_l_1r Ho T o
) ~ =) Iy oo 5 olo ol
+ o RET e R a |,
mﬁo WLﬁﬁauomﬂa_e H_sm.@,m mu.o.,o
0 or ™ ) 0
W 1,U_.|2MLTEoﬂﬂm,mwﬂ2|ﬂ_aw _..ﬁm_M = W
- o .h N K o AJny M’ N
® NN - BRI - =
- 7 N o . 1
¥ TN o AR BT T
o _.A_Mo Jlﬂﬁ o dmﬂi% o T o 3 o MO
) S L EEEREEEEER - i~
. V W.l - 17_11_ = _éu,l [ O_ =1 vl V
2 985882898 ° N o:Vﬂeﬁa .,moi,_ﬂq (. 2n-8rl)sy N % 8 %8 %8R ° N
(20 uz 1oy _M,.m oy _@. &+ Y W._o ) T = (3035 peroy M.m
. %%Mﬁ%%ﬂﬂéw .
i o CRRL IS =
)
A,_o_‘_x M Ho L
! T AN E MR !
M T T oy~ M N © M
dﬂﬂoﬂu.iq,ﬂﬂ&olyl
R o B B T
el S
Eoﬂ%uﬁm%@ﬂww
TR Ox®O AR 5
TR T BRIV ET
e N
4 ﬁ?ﬂi;vojl_zal,Ur
T = G-
N T A o %o T ol
0 MW o 2o

3 2ol o

o

j=)

o}

=
=

tew, o1 A

©

2y
- 1467 -

of W TG AR
olw| 2}

He AET

=
ato] UERH AT

]

T

S

Ay shg-ofl A
AodEddEg Ay

+71

"
S

E



N

obAd(Zn)& AT LHFEERA 7H=H(Cd), v (As)ol tiair = SArANG] AstrrdrE(E5d
F)E Agaen, AsterdriEe] 4850 IA @2 obdZn)dd W= LA=EEs 87
(B4 48A1A A=A

p

N o

3.5.1 7IEE
715 7 A ARE AEF W AEFS BT AsF $£27159 10mg Lotz ofF
HE SR §EANCT AW AHN02 AR EFRS| AL L PA ur) g Y
ol WAl AEHReH, 3PV o] FREHE A9 HEHA v Ao® YEuthiad 17). FA2, A%
g agzn MY AR =R F §EFFEES vas) B 27 14587ug LY, 1.949ug L
3726ug L'o® FAE F £ E V)F0 R 86%9F 74% o] e ARES Rt Y 18)
30
—2He|
23 “EH I 5%
20 54 59
I_é 15
g 1.0
DS_ \*‘\‘/.\
0o . M——n_——n___n |
0 1 2 3 4 5 6
Pore volume
a9 17 2 2 W =5 st=w st
E 10
§ 8
: m B
EHE| HZEEe 2 5% AZ|A 5%
a9 18 BE/IEG AHE AEF AR F SEFE
3.5.2 o}od

HEHES 2 AYAA AN AEF F A AgE
F(1000mg LHe ZAsgon Agedast NaNos A PES FEFE wF P

s egs1Eolste] ik HAARHAH 19, 4 DY ) okdel F SEvEs §A2
e das0oug L A4 Lliug Lo $age § S g
N84 e) ohein el B e 247 TI%st 63 e AdEe Rtk 20)

1,400

>*$

r‘

——oya|
1,200
R FIE TR
1,000 )43'*_1 5%

BOO

600
400
oo A

ZnipgLt)

- 1468 -



Total Zn{pg:L')
1=
8
<1
3

1000 |
L -

SHel Hz=ela 5% PP

27 20, BE0BES AHE AEF) o}l F 8EEE

3.5.3 H|&

AZ7)75e 72F A4 AAT AEFE BF A5 A 79 50mg L-10)8t= o}F vhAl v A&
7} AZHQ o Ao A oA AEd B 224 ARIE e #2775 Lo w
H 2% w7 Z7bsls Ao s Uehdth(aE 21). ol Aurdom uavb YA E A o]EAo] o
ez A= =40 7]els Aow wuEd. ubd A4S MEHos Al sarEe]
e BEVEE FAL FEFud vavt Y FERGo, Aol FHAEE va st
HASHA YrelAlE A RATH1d 21)

7 Ay W v F §EFRE FAY 5685ug L1, AZEU T 3856ug L-1, 4184 40.80ug L-1
o2 FAHE F SEFRs s = o, AR osh oMol MaA R &S A 32%5) 28%9]
ARgR ARsdrt b wdo(2Y 22), BB FEE Ud Aeasd v g Bt

7
3
il
, LT EsE
A EEa s
T s sy
Q t L
’ ' ’ Paresvolume ‘ ’ ’
a9 21 4 Ay u e i i
E 30 r
FHe HZEehl 5% 2o |49 59
o 22, #EE AHE AEFY A F EETE
4.2 E

- 1469 -



Ay W =gl
Z

Al

T

w5
;OLJ:NOW
Ry
X ‘ul
;ﬂ_wu%
T4
M o <O
= o F
o o
ﬁoﬂ]L
= &2
Xﬂo_lumo
CR
T 5w
Eﬁai
= fn fm
aﬂ%wﬁ
® oF
>
P
N B
O ™ 9

H4gA7 AT

=
=

o, A A =

il

ol

o

—

[

o))
K
o]
"

<0

)

0

Ar

Nlo
]

o}

O -
A=

Btk ey Hl4e

YEes

]

>

o))
A

=
kS

=

g7t 7t

9 ga A

Kol
=

il

nze)
il
>l
il

puzel

—_—

0
N

=
lod

O dETFEANA A3

)

ue!

%
™
Z.E
olo

e Ao et

Njo

AL
00

3
I

pul

& o7k uot 2

H] 2 o) T
F717e 13 oA A 5 9

A=

9]

HAZ AArs

=1
=

4§

o

1

%

=
2

H, Bl Al 9lofA

CEEIESE

dupz A

=
K3

glom ofo] A= YL L,

ol
O

K

Tor
Ho

o

AL, e A, A8 91996), Adulel 9

4 73, pp.853-866.

o]
=4

2.

FEE LPEF APt A

#9%

Q2 A-&-(2002),
22¢# 1-B, pp.67-80

’

o
#

X

e
e

0

wjr

A
il

121, 209 4%, pp.2977302

1(2005), E <

9]

15

3
of

5

ﬁo

43

5.

(1999), &

ot
7
%

10. Basta, N.T., McGowen, S.L.(2004), "Evaluation of chemical immobilization treatments for reducing

heavy metal transport in a smelter contaminated soil”, Environmental Pollution 127 (1), pp.73 - 82.
11. Bolan, N.S., Adriano, D.C., Curtin, D.(2003), "Soil acidification and liming interactions with

in Agronomy 78,

Advances

nutrient and heavy metal transformation and bioavailability”,

pp.215-272.
12. Darren shaw(2006), "Mobility of arsenic in saturated, laboratory test sediments under varying pH

- 1470 -



13.

14.

15.

16.

17.

18.

19.

20.

21.

conditions”, Engineering Geology 85, pp.1587164

Garcia, M.A., Chimenos, J.M., Fernandez, A.l, Miralles, L., Segarra, M., Espiell, F.(2004),
"Low-grade MgQO used to stabilize heavy metals in highly contaminated soils”, Chemosphere 56
(5), pp.481 - 491.

Geebelen, W., Adriano, D.C, van der Lelie, D. Mench, M. Carleer, R., Clijsters, H.,
Vangronsveld, J.(2002), "Selected bioavailability assays to test the efficacy of amendment-induced
immobilisation of lead in soils”, Plant and Soil 249, pp.217 - 228.

Hartley, W., Edwards, R., Lepp, N.W.(2004), "Arsenic and heavy metal mobility in iron
oxide-amended contaminated soils as evaluated by short- and long-term leaching tests”,
Environmental Pollution 131, pp.495-504.

J. Murase, M. Kimura(1997), ”"Anaerobic reoxidation of Mn2+, Fe2+, SO and S2- in submerged
paddy soils”, Biol Fertil Soil 25, pp.3027306

Kumpiene, J., Lagerkvist, A., Maurice, C.(2008), "Stabilization of As, Cr, Cu, Pb and Zn in soil
using amendments - A review”, Waste Management 28, pp.215 - 225.

Mench, M., Bussiere, S., Boisson, ]., Castaing, E., Vangronsveld, J., Ruttents, A., De 11. Koe, T.,
Bleeker, P., Assuncao, A., Manceau, A.(2003), "Progress in remediation and revegetation of the
barren Jales gold mine spoil after in situ treatment”, Plant and Soil 249, pp.187 - 202.

Marika Kaasalainen, Markku Yli-Halla(2003), “Use of sequential extraction to assess metal
partitioning in soils”, Environmental Pollution 126, pp.225-233.

Seaman, J.C., Hutchison, J.M., Jackson, B.P., Vulava, V.M.(2003), " In situ treatment of metals in
contaminated soils with phytate”, Journal of Environmental Quality 32, pp.153 - 161.

U.S. EPA(2008), "Green Remediation; Incorporating Sustainable Environmental Practices into
Remediation of Contaminated Sites, EPA 542-R-08-002.

- 1471 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


