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ABSTRACT

Pot experiments were conducted to assess the applicability of ferric chloride (FeCl;) as a washing agent for laboratory
scale in-situ soil washing of paddy soil contaminated with Pb. During the monitoring period for nearly 90 days, the
concentrations of Fe and Mn in the soil solution were lower than that of control soil due to lime (Ca(OH),) amendment for
pH recovery. Lime amendment also affected solubility and fractionation of Pb into soil matrix. The result showed that Pb
concentrations of soil solution were consistently lower than that of control soil, and the concentration in the exchangeable
fraction in washed soil decreased from 13 to 2 mg/kg. There was no significant difference of biomass yield of rice plant in
each pots, and Pb contents in rice roots and grains in washed soil decreased to 50 and 78%, respectively, of the control
soil. Therefore, FeCl; could be used as an acceptable in-situ washing agent for agricultural paddy soil if appropriate soil

pH management is subsequently practiced.
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Table 1. Arsenic and heavy metal concentration of the field soil
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Concentration (mg/kg)

As Cd Cu Pb Zn
Standard® Worrisome 25 4 150 200 300
Countermeasure 75 12 450 600 900

Studied Soil 3.42 +1.06 0.45+0.02 27.18+0.72 235.25+5.60 102.84 £ 1.13

(1) Criteria for agricultural soil from Soil Environment Conservation Act of Korea
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Fig. 1. The schematic diagram of pot experiment.
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Table 2. Sequential extraction procedure for Pb fractionation in studied soil

Step Phase

Extraction solution note

1 Exchangeable

2 Bound to carbonate

3  Bound to Fe & Mn oxides

4 Bound to organic and sulphides
5 Residual

0.5M MgCl, (pH 7)
1M CH;COONa (pH 5)

Li et al. (1995)
0.04 M NH,OH - HCI in 25% HOAc
0.02 M HNO;, 30% H,0, (pH 2), 3.2M NH;OAc in 20% HNO;
Aqua regia KME (2013)
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Fig. 2. The variation of pH, EC and ORP in soil solution.
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Fig. 3. The variation of inorganic elements concentration in soil solution.
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TEEOE odH E4 M3 5o de] 248 <t
ASAE AR 739 B 29E FElY] v TPt
EREYE g A7) AT Lee et al., 2014; Lim
et al., 2013; Koh et al, 2015a; Koh et al., 2015b).
olE PRSI 24312 ol§al] B pH LB A
B ATIME B B F7b s 1
o} AHoR A% PhEI} o 2 Row et A
A1) F7hEvke 9154 ik,

3.22. o|g}gt B4

Table 32 B} FAHNA NFHI AlH=AE ES
olge} F EAANE v Zloltt. MM EK (washed)
S AENY Ol 35 F HWAX(TNRF Fa200HAv.--
P,05), 23 wldl(Ex.-Mg)E Alelgt YA 571 &
BoA 1 w5} 271K Aoz Jepdo)

F1: Exchangeable
2 F2 : Carbonates
‘ = F3: Fe & Mn oxides
& F4 : Organic and Sulphides
F5 : Residual
= Removed by washing

80% 100%

Fig. 4. Fractionation of Pb in the studied soil at postharvest of rice plant.
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Table 3. Chemical properties of studied soil at postharvest of rice plant.

TN Av.-P,05 Av.-SiO, CEC Exchangeable cation (cmol./kg)

ot %) (mgke)  (mgke) ) Ca Mg K
Aﬁ;ﬁgz?ﬁle 6.0~6.5 - 80~120 130~180 - 5.0-6.0 1525 025030
Control ~ 476%0.10 0231001 160.09+4.19 10696+1329 10.74+032 1.76+0.03 044+001 0.29+0.05
Washed ~ 8074005 0204001  87.06+049 40940+ 1640 3097+0.78 28.60+049 1.79+0.16 040+0.12

(1) Yang et al.(2008)

pH= Y= (control)oll A 4.46, AIHEGNA 89
= UeERIT. B% 443](Ca(OH))E o183 X34
ZF A pH 6.55 ERIE 851 E AAsINC
U, AAl= ol ) 9] =4 S8EUT ol A 2
LF B} g2 A3 FARES onfshe Blolth 4
30w AFoME i Edo] =21 A5 BAATE
A 1S T FoskES shal ATHNAAS, 2010). &
AT BAAAGTE Jelsh AM3E FA=T A
Qo] ohd AR FEAFOZ ZIgPst A i EY
o] pH7} 3% pHETF =A] Vet 2o =E dAddnt. ¢
2] B2 S7he Jolnl8ks(cation exchange capacity,
CEC)¥ wghA ofoleo] 712 AZYTKYun et al,
2010). ¥ A7eld= FL3 A= HeERlEH], CEC
7IEo =R 3u) 7o) SRkt AEAe A AEY
0.23%, MIHEDNA 020% Thi 7HAsh A7E HAo
|5 g e 7 e =

TR FATAHAY.-SI0,) A&7l whe 2}
7 T e B UEA et 9B i) AIHES
o] T FalikilA A, faTrtlA ST
A o2 ERS o= JHIRS 283t A 2 &
ol gk F 7] FEo| 7hesith s AFo R
A gl VIR 38 FRY v AT dAde
otk EAle AMEHORE 1%t slekE F3ke] ko=
A =59 AT Sk Aotk wEbA fagd
2} AR B STRIAY dashs g vRe] FE
o5 A2 A= Jsigo, dAle Sk At
Al UERETE o]9] A1S HESH A7 AlHol] mE
FraEQIMFY] ThAe} FETAH] ke 9EYS W St
< &l o8l HAeEE Ao Almdn. dEYY
gk}l FETARS Yang et al.(2008)0] A|AIZF F73
A=) EY A7 tibl o)Ay ool X wA=

o

FroE AT w4A Aree] W e dele

G, YukEQ) ERORME fEIN fRETAL) 3
o thi AU sk 2 5 9 Aol wep 4t
AR 20 g B ) BeeR EAlshe GRFES]

£

e gejsle] st okn, Aoz Edsh §
BRETH A% S5 Fa)o) 9Por fE 3
7K Aos Bt

33. s&EM) &M

3.3.1. Ho] AP A B Bopd H(Pb) T

Fig. 55 XEA] Aigk B9 F(Pb) TS e, =
7], &, A@n))e] FepEE JeRd Flolth. 1dofA
E 5 o] 71 7o i ke AR ESA s
Hol| A 25 A ERgTh He] el 8% A
FRE7HSIAY) FAE 2 AelE YERIA] et
HAE¥(control)2] WA 295 + 15 g, M2 EL(washed)]
HolA 400 g0 = 2318 AIHEYIA thi EA] 78]
Atk ot A= =EYS FeCLE A3 o]% pH
IRAHT EsIeHIE A 5o 5247 573
Hopd cHAFe =R Qg s AAIsks FAIERRE
Fds Ve Aot

ES U o954 e Bl AEAE fYE &
=714 gujg HojEt}. Salt et al(1995)= 21EA W
a5 FAAEZE BEET(root uptake), AU o]y
(translocation), 552 A& (heavy metal resistance)2] 3
7 W= A8 vl Ut ool WEw AW o|siz}
FToad AY 2 W 35 AV olBHANA Y
Ehe 21EA 179 S0l & 4 ok wEbA] B
oMl LHEH Fovw EY U 9= A} s
7P S8t g 4 Qe ol BEY 54 7
A Ridehs AEAS] 297t Hrelo]r] wiielot. A
AeA] ERd B xe] W] HieEs dEY =
7 289 mg/kg, AHZZNA 147 mg/kg®E 50% 717t
Aashe BoF UehEth AlREACA UERd 21EA
Holer v A B (soil solution)ol] A H
Bt g 9 8Ty EY U w37 (ex-
changeable) FE|9] TEAAZRE oAt u} Q).

AV B ek riRPIRIE AEA W 543 F
S ERIET 2719 J2AFHzAM B 95%
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Fig. 5. The content of Pb in each part of the rice plant (vertical bar means data range).

Table 4. Biological absorption coefficients (BAC) of Pb from soil to the rice plant (Mean + SD)

Roots Stems Leaves Unpolished grains
Control 1.229 £0.037 0.052 £0.020 0.029 £ 0.011 0.0005 +0.0000
Washed 0.931+£0.127 0.004 £0.001 0.002 £ 0.000 0.0002 + 0.0000
A FERAV B oked AAH AR /Rt 9, 7RI A% 5 AR olFTSE A

7R 78% W5 FEI}
=35I FeCliZ o83l =
A5 9 7o L9 EEAAE U
= MAads @A 4 o, ols
SEEM) Mo ARAIE 5 A

Holz

Table 4= F(Pb) LAEUYS] MF F5o] w2 He
7z 7o 2 dEd AETH FFA S (biological
absorption coefficient, BAC)S YeRHd Aot} 3ol
ERd nje} o] AMFHESA A5 WA ge] Mol
o] A YER

EY Ul 2E9EZR] Hol AEARE Fid=e H=Y
Adolgt & ¢ Ae R dA Y FFATE AES
(control) 1.23, A|ZE%(washed) 0.9302 Yepdt}.
3], AFEXFY B Hedx Uehd e AESFY]
2] tiH] 24% zd FElE vehdt ol2idk A= Al
S AXEA o] B ] gl 30% 7HAgh
Aol Pk WS Aolgt & = otk of&] AlF o]
AEEYS] pH 1785 98 £43](Ca(OH),) FH= o
(Pb)2] o]EAlo] Yold A FEZQ] log B 4=
Uk 9 Fig. 404 B 4 Aol B TR A
Fgt EY Wl o]5S 7HA= 18153 (exchangeable)
Fejo] F-2 YEYNA 6%, AIHESANA 2% F==o|t}.
Z, AlF o QIg EY U Fe] wx3tAh Aot tlEo]
2EA] HorlE A a3 AIHEYY pH 18ES &

s Liehd Bolck.

0% >

4=

X

3
A
A
<
T
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o)

o
HESNM FFATE v P E e
ol HE] o]F A ol MHESF U A3
(Ca(OH),yF FES WX Bo= vkt 23] Fo
2 QI3 B pHY 7= EYE9(soil solution) W
FFeR #2 ol5AdS /e AFHA FEHY |
(Pb*) BIE-S ZAAAFES Aot (Jung et al, 2013). =,
AEA U] B2 RE AR o]sio] YEY| HI3|
iR EUH Ao B 4 Qlry. mEhA HEHo=z
7R AL AT AIHEGIA 9ESY tib]
60% Fra¥ A5 eI

4. &4

=

2 IFE FPh)eE 2 A EYS teR
he AR Al1F F FeCly AFAIL] 284 HES} Al
frol e E] SANsE AES dadTe] 5%
Fgoz S B Aol M= 0.1 M FeCl; AlHE
Foll el 2413)(Ca(OHY,)E ©l83t] EFI=E M
gk 3 A BE Apfelax] ESEH(soil solution) HH
HY, ¥ FEAH ES Ul o ESAFEe} olslstEAdw
3= el HEHoge Heo| 998 Mol ayt
£ gRlstarzt st

ERgd TUHE A pHY AV EE(electrical
conductivity, EC) & EY3= W 2H7 AIFA1S] F3F
7 pH A T8 A43)(Ca(OH),)e] B Al
Z7(wahsed)?] EoIA UE(control) tHH] =& 5
< Yeiglth. AFESY] Vi 9FREY Ve
(4 dS/myll Z3ske AHE HA ot A4 wel A

d



T 9 AR g AeE Yeidt Akl
(oxidation/reduction potential, ORP)= /g2 Fo&
AA3]e] Fko g MIFEYNA 20 mV~180 mVe] B
2 AEYF200mV %) ] w2 S Bt 1Y
u S S50 A(Fe) - B (Mn)2] 8EF%=E pH
IAEHRE QI YEYRT 2 Ao= YeRt oY
g pH 3BT = LAEZ9] §20lx FFS vH=H,
PR AEYNA Tl 8555t BUEY Xuk
A8 Hadhe AFS BAvhA, ARz EYellA
= AEY v A& AR dBY e =85
Hot.

H O] Aol 2FHSH EF W] Fe] SAFEe A1H
Bkl A 137158 (exchangeable)d B2+ A3

(carbonates), 7= % %3}=(organic and sulphides)

Aol 1A B AyPAFME ek F3
o] JFgo =z MNHAT ey FelY Hol Sk
=, & AFdME pH IS 5HoZ Fofgh I
E4o] oz wdrFsdo] 67% A3k AHE
Sl Yehd o] FAdo] =& wlsd e e
Eqo 2 HE w2o] o] 9A AT & Ue-S ER
Zlo]ct.

E o|3lst BAAy F-a9iHAv.-P,0s) ATt
(AV.-Si0,) AHEGA AEY thv] 24} 7349} 7}
ske 27 Yeiliinh oleist dzks AEY Ul EA)
sl Tl JeEe AoE AlsEn F, EY U
FREE e AAHo® QIE kA, AHSFE wvtow
EAhs A sk Fsle] ez Qs faw St

Blo] =8 A] ST AV FAe AHFTl mE
Z AolE HolA| gsir). ofee] AlE EdollA] A
g mie] i ke YR oiHl #Ejelx 50%, 2@
mellA 78% WIS o R 7hashe Ao Yehsith

ool A= EFEPH FeClyes =EUR] A9 A1H
< AT ARAEA S H8HS TE3] AHI A= #
ST} FeCLE o] 8310 Y91x) Al2S 2Ae A9
H 5 AHEYe] pH A W AE 1 4
o] A o] HaEthd B U ed=de] M3
Aok A L HEHe] wahE Mo, Ak A
07} 7hsd Aol

off Ay =

d
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