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Evaluating Heavy Metal Stabilization Efficiency of Chemical Amendment
in Agricultural Field: Field Experiment

Se-Jin Oh, Sung-Chul Kim, Hyun-Soo Yoon, Ha-Na Kim, Tae-Hwan Kim, Kyu-Hun Yeonl,
Jin-Soo Lee', Sung-Jo Hongz, and Jae E. Yang*

Department of Biological Environment, Kangwon National University, Chuncheon 200-701, Korea
'Korea Mine Reclamation Corporation, Seoul 110-727, Korea
’Tae Seo, Inc., Taebaek 235-800, Korea

Residual of heavy metals originated from abandoned metal mines in agricultural field can cause adverse effect
on ecosystem and eventually on human health. For this reason, remediation of heavy metal contaminated
agriculture field is a critical issue. In this study, five different amendments, agriculture lime, dolomite, steel
slag, zeolite, and compost, were evaluated for stabilization efficiency of heavy metals in agricultural field.
Applied mixing ratio of amendments was varied (2% or 6%) depending on properties of amendments.
Result showed that soil pH was increased compared to control (6.1-6.7) after mixing with amendments and
ordered as dolomite (7.2~8.3) > steel slag (6.7~8.1) > agriculture lime (6.6~7.4) > zeolite (6.2~6.9) > compost
(6.1~7.1). Among other amendments, agriculture lime, steel slag, and dolomite showed the highest
stabilization efficiency of heavy metals in soil. For Cd, stabilization efficiency was 49~72%, 51~83%, and
0~36% for agriculture lime, steel slag, and dolomite respectively. In case of Pb, 43~64, 37~73%, and
51~73% of stabilization efficiency was observed for agriculture lime, steel slag, and dolomite respectively.
However, minimal effect of heavy metal stabilization was observed for zeolite and compost. Based on result
of this study, amendments that can increase the soil pH were the most efficient to stabilize heavy metal
residuals and can be adapted for remediation purpose in agricultural field.
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3, A 59 B9k =9, 318}, A& 7152 &
FEAIA 2] AT a50] fAE ookl (Yang et
al., 2008).

2ol Fas5 29 A HYe ol UL
SHY3PH (stabilization)o] 9-2|ufafollA w9 {83t &
o= QAEAL Qlr QHYshHO F9 edEHe] BEYgL
FE A o2 AAEA = EAIRE, L FEG ¢F
e AEAA BEYH S559 FHE &8li=U =40]
< FEHE HEAA A S S HaAlTl=
B PRI FRIIRE A Yo vl % 2
aiAolgkar & 4= Ut} (Yun et al,, 2010),
o] &3t TEE L BEYY e 7144 " BEA

= =3

=

&3 52 pH 1 T A2k EAS A =
Q
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<

(Franchi and Davis, 1997; Kim et al., 2010; Song, 2004),
QL oRFO] Zgol 0] pHE WAgste] Hsh=s o R
23] (Ca0), A3]9t (CaCOy), A&H3] (Coal ash) Y A&
1 5= ARESH AFATE QO™ (Dermatas and Meng,
2003; Lee et al, 2008), Zerovalent Iron (ZVI)Q} -2 A5}
- 717 EAS e BES ARG aEE St
AP AH= ATt (Lim, et al,, 2010; Yoo et al,, 2006).
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w2} Y Fsto] EA o ARg-SFGITE AHFE AR 7242l
£2] - 3feH] B4 Table 19] UeRfQIt, TEge] B4
2 OFAALE (Sand 84.42%, Silt 15.41%, Clay 0.17%) 2 1}
ERSITh pHE 6,73 + 0,0102 Ao vefuy, &
7|, Fol2X ek, FadlAike] T 47 AAeE
o} A Yepg A g Zuba o 2 273t Frge W
ERfieh. E3F At iR 9] L HdEE2 Cdit Pbo]
Z o8 UERIT)

rﬂ—iaﬁ

-y i

e ® 2gr)zo] Tt BEAUS gt F7H Bk
o]|R2oJX| x| ¢Fo Al o]t} (Brookins, 1988; Dermatas and
Meng, 2003; Moon et al., 2010; US EPA, 2007), T3t &
FE BUs] Y8l a5 PP EEES meAde o
A 9] L ol et A-8El= EFeE o] gk uet
3t ago] A ER MR thE Aol o) 2
H 555 vge R SIS Adgstket 2 olgeol o
oh, & AtollA= a9 B B 8ol 7Hs
g Ao s 459 QAT ER (847, W,
A&etolE, A& 1S AAsIITt (Table 2).

AAE YsHA| Q] 712 A Q] FehA B2 pHas 10,02
+ 0.08~12.66 * 0.13 =2] ebze] 242 Uehgte
ECEA] A3} %-843] (7.2 £ 0,46 dS m )2 A3t ¢H4
Ao 4] 2 dS m ' H T} Y2 0.3 £0,05~0.4 £ 0,11 dS m’
QAo = yeputt XgHdgole BAET A3t AdE
o o FHFo] A5z (348,88 £ 8,14 cmole kg
56.28 £ 4.82 cmol. kg )o] AEEHoH ALTo|EL =
2 FHFe] AFAUER (58.65 0,68 cmol. kg )o] HE
ook ool A das el YA (F84
3], A7F&e )9 0d™ 2 CaCos%} WHE-8Le] 3l8h4] ke
AL CACOs FEf = AR = o] ¢S} Hl= ACR Bl

o

AL 90 em oM F 304E EFFHARYHA Aol ofs) o] AHAle] FEFER Sl A4
Table 1. Physicochemical properties of contaminated soil.
) Exch. Cation .
pH EC oM CEC Avail. P,Os - Soil texture
Sand Silt Clay

(1:5) dS m' g kg’ cmol, kg mg kg’ %
Upland soil 6.73+£0.01 007+0.01 142+350 829+0.67 840.38+68.65 84.42 1541 0.17 Loamy sand
Paddy soil 6.64+003 0.06+001 106+122 733+0.17 30.08+4.62 61.08 28.52 10.40 Sandy loam
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Table 2. Types of soil amendments.
Amendment Uses Cost Advantages Disadvantages

Nutrient source; Organic
matter (OM) source;

Materials generally
free; Municipalities

Multi-purpose, multibenefit soil
amendment; highly

Public concern/public perceptions; High

Biosolids Sorbent properties may pay for cost-effective; EPA regulated; nutrient loadings in some setting; Some
increase with increasing Y pay well characterized consistent sources have high moisture content.
. transport and use. .
iron content. quality.
. Not consistently regulated; Variable
. Materials generally . . . .
Nutrient source; Widespread and readily quality; Not routinely treated for
Manures free; Transport and . R
OM source. . available. pathogen reduction; Generally
application fee. .
. uncharacterized.
Organics - - — —
. Product and Readily accepted; Stable High cost; Limited availability; N
Nutrient source; . . ..
Compost transport costs can product; Can be used in or near  quantity usually significantly lower than
OM source. . .
be high. water. non-composted materials.
Highly variable quality; May contain
. . other residuals, fly ash, waste lime, clay,
Materials generally ~ High C content; . .
OM source; Slope which can be benefit or detriment for
pulp sludge . free; Transport and  Large volumes; .
stabilizer. application fee Locally available intended use.
PP ’ Y ' Total C may not reflect available C.
Very low nutrient value.
Product, transport Agricultural limestone has low
Lime Increase pH; Increase and application is Regulated; Well characterized;  solubility and can become coated and
Ca. $830/ton based on Very uniform soil aggregation.  ineffective at severely acidic sites.
transport distances. Can be source of fugitive dust.
In'crease pH;V Source of  Materials gener.ally Acceptance; Cost; Highly variable; Lime equivalent will
mineral nutrients, Ca, free; Locally viable . L. vary by bum temperature and age of
Wood Ash Multi-purpose; Can limit odor . ..
Ma, K; Can work for cover and transport . . material; Dioxins should be conducted
of organic soil amendments. .
odor control. costs. to verify.
Regulated; Well characterized;
Soil aggregation; Light color
1 I H; Material ) t fi . .
pH Coal ‘ ncrease pH; aterials generally reduc'es surface temperature for Varies plant to plant; can by high b and
Combustion Source of mineral free; Transport and  seedlings; Increases
. L. . . . salts; can leach Se and As.
Products nutrients. application fee. moisture-holding capacity;
Reduces odor of organic soil
amendments.
Material h:
. ae1:1a s can have Potential fugitive dust; Highly caustic;
Cement kiln; Increase pH; High Ca associated cost; highly soluble and reactive Variable content; May contain
Lime kiln PEs Hug " Transport and Y . > VY
L contaminants.
application fee.
. Demonstrated effective in
Commercial product limited testing in Australia and
Red Mud Increase pH; Sorbent. from a residual . g . Potentially content; variable CCE.
other sites at moderation pH and
under development. .
sorbing metals
Modifies texture; Materials generally Can have trace metals, Significant Na;
foundry sand Sorbent free; transport and Good filler; San replacement. Only Fe and steel sands currently
’ handling fee. acceptable.
CCE. sorbent and Mn Materials generally Combination of CCe and .. .
Steel slag . free; Transport and . . May volatilize ammonia.
fertilizer. L sorbent, including Mn.
grinding fee.
Modifies texture; Top Materials generally  Can be top soil substitute; Ideal ~Needs dewatering;
Derdged . . . . . .
. soil substitute useful for free; Transport may  for blending with other Can have wide range of contaminants;
Material . . . :
Mineral covering sites. be paid by generator. residuals. Can have Na.
Good for sodic soil; . . Different sources of waste gypsum and
. materials generally Improves aggregation; Offsets . . .
Gypsum Good for low pH soil; . . side range of potential contaminants,
. free; Transport fee.  aluminum toxicity. .
Good for soil structure. many of which are regulated.
Sorbent; Improve
1 ter-holdi ity;  Material 11 iti 11
Coal . water-hol dmg capacity; aterials generally May have CCE value; Large Large quantities generally necessary to
Combustion Excellent mix for free; Transport and volumes available achieve benefits; Can have contaminants
Products biosolids; Compost to application fee. ’ including Se, B, As, and metals.

create cover soil

US EPA (2007), Yang et al. (2008).
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Soll &Jaf ergshd Zloz AErt (Pickering, 1982 Rob gt AREEo] 7k As EIE o] e AR
et al., 1987: Song, 2004). EZF}, AFEH LY TR Fol a5 Adaee] IFS T Ao wdErh
FexOs, AlOs, SiO; 0.2 g% o] St 2ol 23 = ERF QMY B8/ BIsh] 91% thE W or v
SABHESS pHZE oA ROl SX8HE HA o £ °]83 ¥ A5t Table 32 AAH <H4s)
501 2S T 5 Qe Zlor Huse] FEH & Ao AW vpgho s APE W)= Cdofl digh §E
AlE B3 A Fa HEE 5T 4 AT S AZEIE) 5843 ) AdE L) wR o
(Franchi and Davis, 1997). o]#|3t 542 2h= HAsHA| & Wkggo] &=gkom ppol| et vREe AFsE L )
of thall < (Cd, Pb) =8H-& o3t g3t XIS = 83 ) WA ) AlZEelE sor vhgH o] Eqlth

o
£
20
o
fn O~
il
i)
=2

Astglom Avk= Fig, 19} Zo| Let
3t 234 ATES AEE Fduk 5243 Aleaol|E, Table 3. Half life of Cd and Pb with different mixing

A& LE He) 95-99%0] Ca& AZHAZor, wjgy Mo of amendments.
2

L 40~80%2] Cd& AZTAIFHTE Cd eHAS}o] 9ake u| Cd 1% wv) 3% Wv) 5% Wv)  10% (W)
aelef o3 AwiE Azt cd A7hgo] E9kH BAS F min
EZQl EAL =0 pHE zk= BEFEo|glon, od A-E Lime 0.01 0.02 0.02 0.02
& Ul 20 pHE ZHe BRJo] MO O Za g Dolomite 9.02 10.54 832 3.08
N WA wf ol &e] et 2FEo] Hoj cdo| Slag 2786 905 66 18
AREEO) WA et Aoz shereeh poof gt Ay Zolie 002 001 001 001
20 w0 M3| AL WO ALetolE mE 95~ Pb 1% (wWiv) 3% (W) 5% wiv)  10% (Wiv)
99%2] A7EE-S UEhAT) cdofl hs) Ango] He & min
AEE PholAE Aggol A eht cazt pb Hgted O PR e 1O
o] Belo] HRAQ] PSR AFEE 2 98 Ao Tt Dolomite 2.29 L6 1.56 2.39
S, w3 ogEAe) g whE o, Pho] AES B e ol oot
& ATE A3 el o] BTRIE Fase] e B
120 120
(a) - Cd (b) - Cd
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Fig. 1. Comparison of stabilization efficiency among 4 different amendments with varied mixing ratio.
(a) 1% mixed; (b) 3% mixed; (¢) 5% mixed; (d) 10% mixed (W/v).
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HE:HW Metal Concerrtraton

+ Surface soil (0~50 cm): TDL < HM < CAL
* Subsurface soil (50 cm~): HM > CAL

Heawy Metal Concentration

* Heavy metal concentration is lower than CAL

1

v
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Heawy Metal Concentration

* Heavy metal concentration is increased as depth is increased

=

g

Dep‘ti , ©m
g

Heawy Metal Concentratien

+ Pollution in occurred uniformly in depth
* Heavy metal concentration is exceed the CAL

TDL: Threshold of Danger Level
HM: Heavy Metals
CAL: Corrective Action Level

Fig. 2. Possible remediation scenario based on contamination pattemn.
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AT X2l A A 5EH 485 ¢
?2} LHFHAY LA EAAT| mE AHE oY
1o W A BAUE] 0= Fig, 29 Zo] A
FE‘;E} AT GG e F SESHa] et =

=4 Afolg Holug WE T @Yo 80| 7Msdt
AuEle s AAstdlon, AU s sk HdaH
< EMH@].O:IE]. Oil:rl-EH/“'X]J:- =g Cdi’]r Ppo 2 gdgo%
o Aol wEkbM = £33 BRF ohlgl 4S5 (1 m) A7t
A LHH Aom FAMEO] A2l S HYIAIE 1 m
7HA] ERbehe F= A85ksit. A2t BYEE o
ShA|o] A arA (NIAST, 200022 A5k
o}, ehaariddol oJs AE A= B AHs
Z3tsto] QHYsHAlo] m&4dS Brkekqtt Altell £
Sk QPYSHA 2 A2t [PFE 1.5 m X A& 1.5 m X Flo
0.8 mlof] 2=R¥ Eoko] oF (7PUE: 1.38 g cm )ol| thH]3}
of AAstlct. ATkl A2gt HSAl = s
ofsl A ¥ v FEQl 5843 2% (29.2 kg), W

og
:Z

oX
ol

A, AlEEtolE, AdEs1 9 EH] 6% (87.6 ke)E FUs)
gtk ol ebgabdle] AHE A ole W] o3 4
gAY mapt 2o g Aot FAk (o BHY sat
B RolE e SRR &4, 2 5o gt &
ofe] §-Alof ufeh HPYElE 4 o sl B
o] AAlEl AL o#dlo] AlA| AL M| o]Atol
AHEAS Helart,
wUEY 7|7k $o F1H0R YHY ARE

B3 ePgsiAl FRol WE oo 57 X
B71sic. Figure 38 egsigel @4
2 2g8 el mawolct

=
=]

£

&

o fob

o’i

SEt X2|7e BLIEZ IAHIAE Tl IR
SAIE At 2] SHE F7]1H s FE (10~30 cm)
o} AE (60~80 cm)E A|EAZ7]Z (MOE, 2002; NIAST,
2000)0]l =sto] ZfF ATt AR B ol A2ld 2k
sHA9] aah Ud-S Wty I8l 2, 4, 16, 32, 9052t
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3) Plot composition 4) Completion

Lime
Dolomite
Amendments Zeaolite
Steel slag
+ Compost

9 EEE e
/

Stabilization
Contaminated soil

Contaminated soil

Field application schematic

Fig. 3. Procedure and schematic diagram of field construction for remediation.

£%3%7] (hand auger)S ©|&5to] 53 plot 9] FaFo. ol g3t AR F9| T4 s HF 45t
2 AFsto] TIARE B0 = 319t AFHE ESA
59 4= (pH)= EYH =9 HES 1:5 (NIAST, 2000)= Ziq} @ pEt

Eslel ZAs9n, wa 27 It =T &
Eob ) 784 Fade] Here kR nAAe] Eor
L ASHAIEEE (MOE, 2002)9] 0.1 HCL =¥ o= =4
e BA4E ARE Sk 48 Wi ge =2
203 A (Inductively Coupled Plasma Emission
Spectrophotometry: ICP—AES, Perkin—elmer XL 3100)&

i



1058 QA AAE - GRS o HER - A ok AR A
Table 4. Concentration of heavy metals in depth.
Site Depth Cd Cu Pb Ni
cm mg kg'
0-30 0.06 34 176.44 0.96
1 30-60 0.09 4.50 139.07 1.37
60-90 091 12.97 742.22 0.93
0-30 0.82 10.40 476.78 2.10
2 30-60 0.01 6.10 238.02 1.09
60-90 1.12 15.04 998.13 1.21
0-30 0.83 12.95 427.74 115
3 30-60 0.32 9.73 448.15 1.30
60-90 045 9.95 854.48 0.68
0-30 ND 4.79 22244 1.18
4 30-60 0.46 12.38 699.18 1.03
60-90 117 9.13 257.71 1.12
0-30 0.07 6.27 32348 149
5 30-60 0.13 592 380.14 1.28
60-90 ND 3.69 274.11 1.03
0-30 0.85 1241 548.63 1.15
6 30-60 223 28.08 926.44 1.03
60-90 3.14 55.92 2303.61 0.54
0-30 330 37.17 1225.89 1.05
7 30-60 326 31.39 1237.60 0.99
60-90 471 52.81 1879.08 0.4
0-30 1.57 18.59 763.10 1.34
8 30-60 4.16 41.45 1352.85 0.96
60-90 392 40.74 2020.05 223
0-30 1.89 18.64 461.36 1.65
9 30-60 0.81 10.06 388.35 1.28
60-90 0.77 14.40 769.69 0.56
0-30 372 50.34 1292.57 133
10 30-60 3.64 31.25 898.23 1.29
60-90 1.85 17.19 633.39 1.30
Threshold of danger level/Corrective action
level (Minister o%gEnviromnent, 2002) 1.5/4 50/125 100/300 40/100
Number of sites exceeding the criteria 1022 3/0 6/24 00
== 47 33% (103)), 7% (23)7F 23she A= YER 4> (Cd, Pb)¢] eHgstetl oA 7]2ko] dd Ao ddk
ok (MOE, 2009), E3 ATHAIR|o4 2] Zolo] w2 cd 5401 AR A A2letAt,
edo HYEF gﬁLﬂ;ﬂmo oF 4= 9J9ic}. j_{-l]"? Pbol|
ot U 2Ab A3t 140~2,000 mg kg T 0] HAEE HEetAl Xzlof| mE pH ZELIEE  Ea3io] 4
o Zod, YAE LAY S AR A3 e Pb ol WE A71ZE & EYS pH Wt HYE RS 913 Al
AAA e =2 9-27]|% (100%, 303)< 2F6F3AL, tia7|% B EF (0015 cm) Q] B AF5te] A3l @7
= 2she AR 80% (24418) Q1 A L2 LT (Table ATt ol Folel HgshA|el Eqfo] Hhesh 54 ¢F
4). sAoNA HFE B Al=2] 71=A] (MOE, 2002)8 = “golol] YF2 mE = Sl pH HUE Y A I3y gt

o= QP E= Pb (100%) > Cd (40%) > Cu (10%) > Ni (0%)
o] 0.2 Uk, Cud] A9 ©.¢o] SelwAet e

(Fig. 5). PEeAPZE A2ld WEFS pHe W24 (7.2~8.3)
> AFEHL (6.7~8.1) ) 5843 (6.6~7.4) ) AlETol|E
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(6.2~6.9) » EH] (6.1~7.1)9] ¢o= R (6.1~6.7)f
uls) Zd) 15 unite] pH7 BT A0 veteh, ol
SPgSHAloll b T Ca, Mgo] FFoe= B Yol &
Aotz olitatetaet B Hhgsto] SRS sk, A
So o2 BeEt, Ea pHO| 450 F34 ok
ol gt A7} e 202 whekEch, Cast Mg o]
29 WUEL BEY W G4 HIE NAAAA ESY] E &
1} =210 8 ®oFzo] A E |t E ) (Kim et al,, 2011;
Lee et al., 2005).

w4, A3t ARSeLe] pivl 1-8 BEE B4
Efyt=t], ol Bl FUH HystAlel oJa pH7} 17
Elo] olgjgt AvE YEhd Z o R ddEY, Zw (Ca)S
o malel Asle] A9 AiHoR 48 ool Ueg
3ESete WA HIs pH7F W2 Ao Uehyl=t] o]
= TAA 54 ZEo] AulEr AlEo] Fol (NOs,
S0 H)E} oleg wol FalAl H Hslel 2
W] 8 S o] 28 B 7|RelA F]ele A
TETh (Kim et al., 2011), B=gF, 9]3-4)9] Z9- pH7} 8
oA QHgstE]o] B o)At Ad5sHAl (Ft=Tl ©l= Kim and
Kim (1981) S¢] Aol M2} o] chepe] weo] 3
2lEjoli ehzte] 2ol wle-Ao] Tk Sk MgO

9
—e—— Control
........ Qveeeee lee
——-¥-—— Dolomite
— A= Zeolite | - = v
g{—®— Slag -7~
—-—0O——  Compost /r / ~ ~a

pH1:5) of upland soil
~

5 T

Initial 1 week 4weeks  32weeks 90 weeks

Fig. 4. Result of pH (1:5) variance of S different amendments
during experimental period.
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o] g7t =53] HobA ool a7t F whEe| WeA
T =0l GaliEhe 5400 717 Ao = ddtEn, B3, F
Blo] 79 wke=2 o pH7E 27]9F vt 0l Ao
UebdEtl ol f718 Y&l 93k Ca” 1} Mg o 22 1]

29 EAlou} Aol S A F = Sl vy A A
|71 o5t Ao & ket (Kim et al., 2011), Figure 4
o] A} Zro] 3252} AlRol|A] PYSIAI7 FH At
oA izt Blal 0.5-1 unit HE7} Adgshes AR
Epyt=t] o= Bkl AHEld g StA 7t 7390l olgt =5
THOE ST} Eobxl Aol 7|Q1gt Ao R wrhEr)

obMSIH| Malol M2 F34 otNst 58 Ay
o] QPABHAIE Helsta FolEl Qs Fas o
o} Bl Ashelth ebgEAle] mg A mUjE e
o4 F71H o A Almo) BAATE o|§3te
LR W FE4 BAPHE Sae e dushs
21 0,1M HOL 32 o}83le] 718 (Cd), & (P2 3
WISk WUE ) SHolT (ME, 2002), Figure 59} Figure 6
QPHBHAIZE Ml e FolA AHE AR Cdvt P
P WBkE Lehdl Alolth WAl et 2
S £9) Hel 7o) Cd RS VR0 F249 o
S-S BRE An B pH SR} 7P B9
4 (0~367)] H3) A3lek AL Cd Pt
8-890] Z1ZF 49~72%, 51~83% Q1 Ao 2 ZALE|QIc} Hbd
A&eto] £ (3~-43%)2} BH] (~30~-84)9] A ThxTo]
H3) F40] §2o] Z7Ishert (Table 5), Pbo] A
= 48], 9es, AEHL, e Hel e cdut v 4

o,

1o o o = T orlo o
ot

ook

&

L

L O

oo e

=z

of oJgt pH WA} QAo theF ShfE]o] ¢l CaCOs
of oJ8) FF< o (Cd”, Pb”)o] CdCOs, PbCOs FE|=
SHASHA| el & M E= S} AU Fo] 285
= Ao E AHECH (Pickering, 1982; Rob et al,, 1987).

Table S. Stabilization efficiency of Cd and Pb in soil mixed with different amendments.

2 weeks 4 weeks 16 weeks 32 weeks 64 weeks
Cd Pb Cd Pb Cd Pb Cd Pb Cd Pb
%
Lime 63 49 67 51 55 55 49 43 72 64
Dolomite 26 66 23 73 1 51 -1 70 36 68
Zeolite -31 7 -39 6 24 -13 43 3 5 3
Slag 62 37 61 51 59 54 51 64 83 73
Compost -64 -37 -71 -35 -72 -48 -84 -65 -30 -23
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2 EAsks Sa5ol dish
1“5«] 01:9_ zs}x-l E]
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2010). EH] A7} o]Foix] Au|qtoA A3}t mEol 1]
H|gE o]f= B Wl E2Aet= 5559 skt 74
(Humus) 9] -+d 84¢1 F-414F (Humic acid) @] 5&=7F U5
== A TS o] #AHL 7 ERAE 9
AeAY S f1tt Ak 9] FAdo] oA Hrke A8
AT} AFESIC} (Lim et al,, 2002; Song, 2004), E3F,
EF Wl E}E“’E sk S ol &
2 B Cd o] 7] HEH
oﬁﬂﬁ}oﬁ F2Hso] AstEth= A%
A-gE} (Kim et al., 1998), T12]al EH]|2] &
a5 8ETS Cdet Pho] Hlgo] 5
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Fig. 5. Cd concentration in soil mixed with different
amendments during experimental period.
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Fig. 6. Pb concentration in soil mixed with different
amendments during experimental period.

7telthe Azbe 28w A o2 webkEh (Ahn et al,, 2002).

559 F0 o A3 a8 H3)e AtE
1ol A Cd (49~72, 51~83%)4 olAsl G840 Pb
(43~64, 37~73%)°l BI3|| =2 O = et ol 4

e BF Uel] EATH: FES o259 BT L
(Ca, Mg )°l e dako.z BehEith B el ebg
SAE A Ca 5 AB% ool they EAsh Aslet
AR 83 A% olo) Canet ool F2e

A5 AAAIZ AL (Paik et al., 1997; Young
1975). SFAIRE W22 Cd (-1~36%)X.ct Pb (51~
T3] o) FEAol Holkk Ao ekt UL
2 534 olge] FREHE
(exchangeable)o]] &gt Ao =2 T?,—E]U:] = 04?—_,] EH/U-E
Q1 Cdat Ph F 7HA] SARFEA O] B Rt os
424 9Jt} (Cheong and Noh, 2005), LA} & &5Lo] ul
240] AT BN S sk Aol
S5 vlo} o] FE4 o] 27te] ARAIE L A%
of o]0l elaf Pbo] cao) ulah T F2hlo] egshe A
S 2 Lt (Chung and Noh, 2005; Lee and Ko, 2007;
Um and Kim, 2003), E3F, SHYSHAI7} A2jd & =k
HESAIgEo] Aatele QHgst agAdS HUER 7|7 B¢t
T ZolE YERA] il o= SHYSHAIZE Bokell A
w3 QPSlE= I olA BEE ohFY He< (Ca, Mg
) A stollA SE5e Skl ARl assde] wd
E|x] okl Ao 2 oty 23 27|20 HUEHS &
sl AZdjoF & Ao E ALRE L (Paik et al,, 1997), &

aol A183 B ) FE40) U PN S0l
ofgt gk Bl] Agol we 2o ey S shwat
98 Ao EEAY, FH40] T Aol
o 7] uffszol] A EFEE B 7] = vHESHA]
58 7oz webE ) (Ko etal,, 2009; Yang et al,, 2008).
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