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Abstract

BACKGROUND: Reclamation of heavy metal-contaminated
agricultural fields has intensively been done to ensure the
soil quality and food security. This study evaluated the
efficiency and longevity of current physical and chemical
approaches for heavy metal-contaminated soils.

METHODS AND RESULTS: Concentrations of 0.1 N
HCl-leachable trace metals of Cd, Pb, and As from the
stabilizing agents-treated soils decreased by 50%, 70%, and
40%, respectively, compared to the control. Among the
stabilizing agents, the CaCO; was the best for stabilization.
For physical stabilization, the soil dressing reduced the
concentrations of Cd, Pb, and As by 88%, 94%,and 88%,
respectively, compared to the control. Moreover, the dilution
of the contaminated soils decreased the metals by an
average of 25.3% when compared with the control. The
longevity of each stabilization method was determined by
using the availability assessment of heavy metals in the
soils. Results showed that the leaching methods using HCI
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and NH4NOs had 120 and 32 weeks longevity, respectively.
Interestingly, any stabilization efficacy was not found over
the time for Cd and Pb (i.e., cation metals), whereas the
stabilization efficacy of As was sharply decreased under
50% after 32 weeks. However, the change of metal
concentration was not significant with the physical
stabilization compared to the chemical stabilization.
CONCLUSION: The stabilization methods should carefully
be selected based on long-term monitoring under climate
conditions.

Key words: Agricultural lands, Heavy metal, Longevity,
Stabilization
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U F - Ak A9 edEd 8 2l digk AAl - By e edEd 715 50% olske gy
el F7h o]Fo)A x| ka1 glo] A&H o FH 379 & uf HYol| AME- ThsetEE gk ).
QAFA} FEE] AZIE Qs ARolch el AbAst olg} o] glekA] W Fel4 Hdst W A Tus
ik B 2 ) el A S5, Aeka 9 FAA Hgdel vl$ a8 WHOoE QHo] %
w n)F&ato] 130170, 285708 1,285/ 4% AA v]&-<] 20 %2 ATHI YA HY F g3t el % as
oF 53% O Kalwal Qltk o= A4k el Y & A&7l tist 2kmrt FEet Aol edsl WRe] A
Fe A, AN A Az RE SAdske Adigst AET ES Ul e9E5ds 9ds] AEshs AFN, AW s
A 9l Fule] ok AF Al 9l fa ol ot B 9 4 2] B U LAEAE 384 oHyet Fel= wdlshs o]
Ae9ow RuE gtk 7] el 941 Bkl A8 & a8 %4 (Longevity)ol 9
] Agdtola el gat el XS FE Al T#o] olek= wo] gtk g E eky s} uhe o3t
A A SRS T FERS S Aol oRERbd A o a&40] fAEE 7IREE gefshe Zlo] Alap RS 4= Sl

A AR 7S 2ekE A CE A UTHKIm ef al,
1999). H3k $H35-9] FAbe] w2 85.6 hal] ZAMHA 5

6.6 ha (°F 8%)°] 47N Tus TFo) 7|EAE 27
SHe sAEo] AMjEIa oF 19 B SAHES 7% Zo
2 Bysky glek #J7)e FAEe] A Ft=FY gl ojgt
Q0ddo] P WLyl o Ao FEQy, FAE HE 4

W Fe] e4do] 53] AAE Zow HuEi §ltk

TEEOE 299 A9 BdS AYgE 58e ¢
of Fal 7|Ee EEFEAQ] B WRThE B A
SAE rAAY AAE & Sl st el 48]
7¥akal 9ltK(Yang et al, 2008; Ok et al, 2011). F43}
e A Bl HsHAlE Aelste] Sagd 2 2
=49 o]t 545 e o R AAT)E §eHE
Wik HQHESS ARGt dAAoR ePEdEYYH
NS grels B9 WHeE 7478 < SltHHseu e
al, 2010; Ahmad et al, 2012a).

s}eta] QPgsl Wi AElgh PgskAlel oJs
2 29549 A=frad(Bioavailability) 3
o Z kg3t PH Y AFEE A, T £ THAIA A
o] o]& 7Fsst FHY Fu5 sEE AAITIE R
(Kumpiene et al, 2008; Ahmad et al, 2012a). ©|¥|
N 54A 0 A48 49 B Y 09ELY fak
2AA A FAFE Fo] Hst FAES e
Wk opzt ¥l AS 3EAA g vk dFle] 9l
(Oh et al, 2012).
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A B4o] Fsiotel, L9BAY gl AY £2L W

7 Aol gk oA nfE S QA E v T8t
Hdst e &8 AHAHS 3W4(Batch)olvt AH
(Column leaching)A13-& ©]8-8F ©7|(Short-term) %= &%
(Field) Al9-& ©]&-3t 47|(Long-term) Ay} 2 ERES-S ©]
gato] 718k &= ItiObiri-Nyarko ef al, 2015). 34|51, 2]
B2 ol8ohs WY g AEe) Agatel 87 Qe Y
& Wol W1, @] ARe] g A @RelA] vehks 34
F79] 7ol offrh= wilo] Stk o]#§ o] froll A Wang
5(2014)> QPgstet kel A& W 7hs 7 (Strength), ¢
8% (Buffering capacity), &% (Leachability) s= 1123
271 A% Aol EEAR] A oR Huskal gtk
aYER B AT HYSHAE o] &3k 318y
e e HEYS olgshe =87 S
& A T A dtEE AEeis w A8
e 84S ket stk w1 E, A8 & F
& Fall M3l WY g8ido] A5
o

e ool FF F4 298 534 2 9

o &

v

714
7%
127

7

s}8Ha] b}l Wl ARE-sh QMY SAlE 8 YA
“(Agricultural calcium carbonate, ACC), &3]3 E
(Calcium magnesium carbonate, CMC), All&2}0] E(Zeolite,
ZL)¢} AlZF&1(Basic oxygen furnace slag, BOFS)&
AREERIEE AR HdsiAle) A Sud S #d
AgiAella] AREsh Ab|e] MEsl g84o] & o
aA olom, ehbdg AEY T A =u w3t
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Microcosm plot 2nd monitoring after 4 weeks
installation (October, 2009)

i« &«

4th monitoring after 120 weeks
(September, 2011)

~

~

1%t monitoring after 1 week
(September, 2009)

~

3" monitoring after 64 weeks
(September, 2010)

Fig. 1. Monitoring plan of stabilization technique in field microcosm plot.

TH A Hle TR Fske ddeide el
A BRI AMgsle EdoltiAllen et al, 2007; Koo
et al, 2012). ]2 Hg3} o] ARE-Sh ] L HES
e el g, A4 9 a3 jAel e
EokS WA FHelA A3 st gl

Aol AFEEE LTS, Al B n A EdS =¥
U shebe 54 9 TEE e E%ﬁ‘rﬂv‘i—*—i‘ﬁ,
W BT S wYEEEA el
ool EAEIItk B pHy 118 % 10 gt &7 50
mLE 30%3F HESAIZ] & o332 (Whatman No. 2) %2 ©]3}
3}o] pH meter (FE 20, Mettler-Toledo, Korea)& ©|-&-3}
o] Z4atoiey. Eoke] fEQIAE B bray No1% 7 913}

] SN ARRSlo] R slehie| B ER WA
A A este] 2247 AL B3R A(UV-240, Shimadzu)
= H)A FeFatelal, A2 8] (Hydrometer method)
= ol8st] S4saitk

A8 FH& ekl 75 R0 %1-_/,:(11/\} 1: At 3)=
H7rsto] elAA FET S 0.1(H %) B LO(TH=H,
w E) N HCIZ dAxgst 98 SrastZo=nigPyc
A(ICAP 6000, Thermo, UK)® A 3F3ict. 55 b 5]

o #84 TEE T 1= FEATFT dike

H7kste] pH 5.8%2 22)& 1:209] H]&=E HHA|A o3} &
FEAFEE R PP EAZ SIS

)
TFE(Microcosm scale)® F &3]y, Hdet QHE Fx&
£ FA0E oF §A9 Bk 2% & dYdsh £%s
o} ARgaRalth
shelA] QPgsh Wle] A Ak e dEde] <k
A FARIE 3% (w/w)s 9 e § 4t =)
EWLH=1 m * 1 m * 08 m)°ll 0.4 m®] o]z

ok B2)A obgdl Wo] A4S v QHEGS ARl &
Eo]—ﬂl/]- A= o7 HAEkITh liE‘i](Soil covering,

SO k84 ohdst o] sriLel st el Sol st
Hol| @AES 04 mE T8, A Oﬂ B QHUES 04 m
5 FHsk] sk 31499 (Soil dilution, SD)&- %E*ﬁ

7} EUF o] QAR oARFS g Eq] F
% SR /1EA olgliA sk wies 4 sk
a5 2 BeA ega Pel AeE A AFAYT

o] RUERE 12072009 9€-2011d 99) <t 21ay3}3d
(Fig. 1), F714 02 EE0~30 cm)E AH5t] 43131
o AT B dxdeld Fdskia, dxd B9S2
mm °J3= AAFE ] LA G0 *}ﬁs}“ﬂ g3}
9 AL ukE BEF W 5] shds a8 9 A5EE
7HA FRo R kSl 0.1 B 1.0 N HC3 1.0 M
NHNO; 0.2 AA2] § FEdiEazrit g3z
Askoic.

%4H0.17} 1.0 N HQI) %-%‘ﬂﬁ Eook 10 goll %%ﬂ 50
mLE 9il 2AIKF v &

M

THAEAZ A8t NH4N03 % e 1.0 M2 £
Agt A& 25 mLe}F B 10 g& 2413 vk AA &5
oS FEAETr R AR EAesit st
He) A5 7k XM?L B v B FuE 9
F71A 0% HUEslaL, 20 3 vk MEt Fols

e A3 ekt
Zo w o

HEstH A EYO| £

B AelM ATAIRe] 13 o 57449 B 2
61.1%, YAl 28.5%$F HE 10.4%= USDAS] A2 +
Froll wt AFFE(Sandy loam)E UEFHTE £ pHise
6.64°] oFag o|3lal, FaQlit Feke 30.1 mg/kg & U

Table 1. Heavy metal concentration and pHis of contaminated and uncontaminated soil used in this experiment

ol oHis As' cd’ Pb’
- mg/kg -----------
Criteria - 6/25 1.5/4 100/300
Contaminated 6.64 10.6 1.21 148
Uncontaminated 6.44 0.68 0.06 0.71

"1.0 N HCI extractable concentration, ¥0.1 N HCI extractable concentration
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Table 2. Heavy metal concentration and pHis of soil amendment used in this experiment
Leachable’ Total"
Amendment pHis As Cd Pb As Cd Pb
---- mg/L - --— mg/kg -
ACC 9.14 ND ND ND 0.94 0.98 8.56
CMC 10.3 ND ND ND 0.54 0.08 1.27
ZL 11.1 ND ND ND 0.58 0.01 0.45
BOFS 10.7 ND ND ND 0.01 17.4 7.31
"Water soluble concentration (pH 5.8), iAqua regia extractable concentration
ebah QglEekel Wi, AATE W Wel P Y §F S, FUSHE Ei B o ollsheka, B S ukg
& 77 106, 1217 148 mg/kgO 2 B0 H& 4% o] AME HCOy i AMESEY 7o o dao
THEE 289, FFEES $E7IEe] sk o 7 W tKBrady and Weil, 2010). o83t A¥-= Gray &
[e]

55 YeRithTable 1 B Al AF e Bk A A
A Ao FFA = EAAQoOTT B I AR T FQ
o] FAastH, ¥y 7| AS TuEY FHEFS U]
izell PYstae Ao Brkehe WHoRE A Xe
o] 7 TS B 7 Sl 71ES AESElt

=4 ePgdshiel ARSdF vl L AEYC] pHisv 6.44
2 ARG vE o oMo R YR, v, 7t
TH Y 9] ik A s 2 0.68, 0.067F 0.71
mg/kgCE 5734 %3471%14 %2 Ao YeRsth Al
ol ARg-SE ] R PEFS] EAS FEAAL S 3
i i o Bl R R) ﬁuﬂ(gok Y = 2:5: Bero e
A 71EA19] 50% o) RHEehs ECR UERT

s}h) g3l Whlol] ARRSE Y8 eHdE, B S
IE, AlEeolESL A& 1S pHist 9.14, 10.3, 11.1%
1072 2oz A 2 20% Yt sl
_/F%H H]/K 7}1:‘:' o) 1E!L 6]—%]:_1_: nE o}x%g}.;q]oﬂ/\ﬂ ”‘='74

Z(Not detected, ND)” 91 o2 YePt). &9
735 B4 0.01~094, 7F=FH 0.01~17.43 2 0.45~8.56
mg/Le] ME Yehstom, A&7t sk TR
o] Af w44 BE¥edd Vs W8k FEoE e
o} AEHIE) S B APl ZkERel dish kS
As] HESfof sk Aoz dekenh

ryst WHe =29

stere gl =el4 sl ol A8w a7 ATAE A
27 £ pH Wsh= Fig. 29} 2] ZARQIL: 8184
Pg st n ‘ﬂ% PGSHAl Aol whet =] pHIF A el

B ol S7ketaL, vhAer BUEY A9 pHE ©
AP 3 11 E(8.20)> A Sl 1(7.94)> 5§ BHHR(7.48)>
A& eto] £(6.77)>FHe) H(6.17)9) w02 ek 224
o]_;dﬁ} HH:]P:‘IO] xtg.ﬂ /\]fﬂ j]g]; Eookgl pH*‘E ;_7] gtg
Eof} w9 lEpe] B4 TrjR wedslel RUE Y%
B9k oF 65 FEE AASHE RAoR veht

s}t o3t Wlo] Mg BT B9 HFEA A
22 =l pH 7k 2o dshe] gEle] dd

(2006)+ Madejon 5(2009)9] A-ollA thge] B ES
et E49 AHEE EYC] pHE 741719, A€ o
AgtAlel 9% pH T7h= 22 25713 3d A3 Al7HA]
A& ks 7ol YAkt
EOk LH 7].1:‘3 ‘r]. \E]— 61—31:0 §]_tsl—;<4 o].;ﬂg]. H]—lﬂo] Z-LQ_E]
AelTellA AapHE A% SRk A o® Yebsta, B4
Pyl W Algte] A Al ATl wek A0 F
7¥eh= Ao s UebdtiFig. 33 4). B Wl 71=FY W
of oigk s}eta kg3t e zial TE4E 45~61%%)
36~77%°] WIE FHE bdEy 940 X2 avrt
7V 8 Z10% vt ek kgt we) A9 2y
Elg Al7lel whet Pgst afAdo] gkl Aow YR
a1, ol AgE HstAle] JeFow MFstEAId w8
Fo] 79} 22 - 9le o&) slgEe] FHj7F Hab
UERt Zlow ghdkent. shARE Sl A bgst We) A9
Ed Ul 29549 wxnt 3A5817] ulitel Azt A ret
7] v dEZT 94 %A 224 &3, ZATE F3
SH0) @ AEA o) T B> el & Hgst AT
REAN FH=FT g o] Sk Zo® wdkd
E l 7A=E we Mgt ;E.‘L%*é% 5}8h4] C{Véﬁ} s
el Agow BE HeTela] oF 50% T st a8
s Blal, ARESE KAl & %@ﬁﬁu a&/dol 7HE
E A0 YERTHFig. 3-(a)9 4-(a)). B84 HYst W
Hol ALH ANlFT 5 HEEHS TYHH 7 59 A&4
OF Fud o] ARt SHEs 20eke v
< ofoitt SR wF AEHC] A ARE Aol A EoF
ul FFeET @] o] A& R Skl HF HUH
o AR 2T 70% T 7R, ol d%
o) 9lo] F3] yedllof & AlgoE ghhEr
EoF of vldel st Py st W e] a8 w84 <t
3t W F HEH88%)0] 7MY =2 284S HAL
22 st W el A AIZE Aol wEh A& 0= H
o] ol Frkehs A HUTHFig. 5). aFAINE gkekA <F
st ] A ARTE sk 19 B $5EH EE
QFYSHA| He]rellA sl o, 598 YAFEE(53%)

Bromn oxt
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Fig. 2. Monitoring plan of stabilization technique in field microcosm plot (=3).
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Fig. 4. Variation of Pb concentration in (a) chemical and (b) physical stabilization plot as affected by amendment and

uncontaminated soil treatment (72=3).
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S5t SR A0R

3}s+A] o}x%g]. HHo] ALE A Eoko] HI&
3= Ahmad 5(2012b), Kumpiene 5-(2008)¥} Ok
(2010, 2011)2] Aol B wks} o] Qg 3hA|Z T
ebla) akgkedo] S BHE Ak pHE S7iet
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=
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Fig. 5. Variation of As concentration in (a) chemical and (b) physical stabilization plot as affected by amendment and

uncontaminated soil treatment (72=3).

A spetA o= st FE e F43H5t=(metal-carbonate,
metal-hydroxide, metal-phosphate 5) JHE |4 =

= 2499 7haAZ 4 gtk Absl Qx|sh Ao s whl
ﬂﬁ]r T3, EF of HlAe] 7% Moon ~(2008) o] A+-¢}
o] <Z|(pH >7)4 EorslA oA Ehal ZgelelEo)
#]2]i= 37} HlAE calcium arsenite (Ca-As-O)$} 57} HIAE
sodium calcium arsenate hydrate (NaCaAsO,7.5H0)2] &
Bz rgslet o Qlvhs dael dAjshs 2o whekdt

212 P43 v = 349 A9 Hseu (2010),]
A9} o] FI=FEY Fo 7 2AE EE(0~20 cm)et 23
A 2 AE (20~40 cm)E EF3IGIE W EY U s&
7b agite Aiel dAshke 742% {‘r tec) st
Hseu 5(2010)% Ahmad 5(2012a)> E%F 3493 22
=93 s e Ae2 5 % ZHHHQE FEEY
TR ARAA Qe Jlo® Wk gtk

Told AFe ESF W S5
1% tol Pgsh ilel a&
FrreRlch B Ul T e A A 10N
HCl, 7F=5¥ & 0.1 N HQ) F&297 59 9 2 AEg|ole]
B %—:Lﬂ AEFEEE FABRE 1.0 M NHNO; 3

By
B
X

mlo

o&m

shea] bt o] 288 AT B BUEY 7]
b B3t FFEF S HCIP NHLNO; JEH el disl o=
THL} 38~51%9}F 52~78% S ¢l FOoRE UEhsitt
(Fig. 6). B9 7k=F S HCl FEHel diall =
(1.16 mg/kg)>A&et]E(0.72 mg/kg)>Ad<&81(0.67
mg/kg)>HE-41(0.64 mg/kg)>5%§ TRIL(057 mg/kg)
7t NH,NO; ZEHel thall thz70.11 mg/kg)>A1&e}o]
E(0.05 mg/kg)>5HE TAFEE(0.04 mg/kg)>AdE
71(0.03 mg/kg)="M>24(0.03 mg/kg)2l +=oF UERITE
53], NHUNO; HEH ] 4 thztolr 5d 9 e AEd]
ofe] A150] Aof e vA= EYA 71521 0.04 mg/kg

£ 2SI, AFEE e WA o] AHE|® 7|EE vh
sh= 7 AN Sl AoE et E84
sk e A Be s dis) 2840 e A
= Ve, tﬂﬁ%} H] w3138 Wl HCI13 NHNOsol
3 247t 43~94%9} 61~77%2) E8ALS LERTH
g],tﬂ—?(—] o}xﬁg], H]—Iﬁ_J x%%g qaal 7]7} ol HCl i]
el diall & ®igt glo] &&/d0] 120577H] fAlsl= A
S HAW, NHNO; F3We 647 7F 0.04~0.09 mg/kg
o FEoE BY YW 9AEFeY] VEAE Fshs Ao
E uepeth w9 S /st Wgo)] 289 A B
& 75 HERS HCI9H NHINO; FHEH el disl] B+ 0.06
mg/kg# 0.05 mg/kg?l T3 FAGAAT, 3499 74
% H3t 0.607} 0.08 mg/kg= hET2] F 60%9t 40%
Rl 7107 ur]:)ruq;} 3k EE] Z o].;ﬂg} H]—lﬂ/} T 32F
7} Z3shd 543 st Tkl A oE UERT
Eok U Yo Ht z;stakQ_ ﬂ,é‘]—?ﬂ ul Zg)A ol 3} vy
o we} thz7-¢} Hlwels W HCl1¥ NHNO; FEHel
oisl 22t 34~72%, 41~96%9} 76~84%, 87~90%2] <H93}
—‘O/HO Eo:h:]. g]_tﬂ—z% o].x%ﬂ tﬂ—lﬂo] ;H%_‘Q_ ﬂ\"/]:r"gl 1#
g2 HCL FEH el disl tizx7+(106 mg/kg)>A1dEe 1
(69.9 mg/kg)>W22(55.0 mg/kg)>Al-&2t0] E(49.3 mg/kg)
>EYE TEE(29.8 mg/kg)d] o= MR T
of et g&Ael & A7k JAARE, NHINO; FEH 9]
735 t2740.29 mg/kg)>AEet0]E(0.07 mg/kg) =54
& TP(0.07 mg/kg)>A1"E2171(0.06 mg/kg)~ M
21(0.05 mg/kg)= P sHAl H A a2t 24 o Al
= Uebsty HEHY A 482 HCL 5ol 9t
FEF 247 4667 61.5 mg/kglE T A0)E HolX|4h
A& 23 w5 0.037) 0.04 mg/kglE & 2018 K
o|A] o= ASE EpTh
Bk 1 Yol okg3l &AL Bald 1 geld okgs)
W ol Agel wt HCl FEHe] 45 1205 <t 443
w840l fAEE AEE ZIAN, NHINO; JEHS A
$3RE well= BE A elA 6475HE 4% s

7

ls
S
o
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by physical and chemical stabilization techniques during 120 weeks (total eight measurements were done and average
values of each measurement [n=3] were indicated).
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