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ABSTRACT

In a previous study, we assessed the feasibility of ferric chloride (FeCl;) as a washing agent in bench-scale in-situ soil
washing to remove Pb from agricultural paddy soil. Herein is a subsequent study to evaluate variations in soil properties
after FeCl; soil washing in terms of fractionation and bioavailability of Pb and chemical properties of the soil. After soil
washing, the soil pH decreased from 4.8 to 2.6 and the exchangeable fractions of Pb in the soil increased from 12 mg/kg to
15 mg/kg. Variations in the Pb fractionation of the soil increased Pb bioavailability by almost three-fold; however,the base
saturation decreased by 75%. The concentrations of total nitrogen and available phosphate were similar before and after
soil washing. The available silicate concentration significantly increased after soil washing but was two times lower than
that of soil washed with HCI, which is widely used as a washing agent. This indicates that FeCl; can be an acceptable
washing agent that protects the soil clay structure. The results suggest that soil amendment, such as liming, is needed to
recover soil pH, reduce mobility of Pb, and provide exchangeable bases of Ca, Mg, and K as essential elements for the
healthy growth of rice plants in reused soil that has been washed.
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Table 1. Arsenic and heavy metal concentration in the field soil
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Concentration (mg/kg)

As Cd Cu Pb Zn
Standard®) Concern 25 4 150 200 300
Countermeasure 75 12 450 600 900
Studied Soil 4 0.78 33 264 116
(1) Criteria for agricultural soil from Soil Environment Conservation Act of Korea
Table 2. Chemical properties of the field soil
TN Av.-P,05 Av.-SiO, BSP® Exchangeable cation (cmolc/kg)
ot (%) (mg/kg) (mg/kg) (7o) Ex-Ca Ex-Mg Ex-K
Acceptable range® 6.0~6.5 - 80~120 130~180 - 5.0~6.0 1.5~2.5 0.25~0.30
Studied soil 4.76 0.27 133.46 87.82 19.79 1.50 0.58 0.16

(1) base saturation percentage
(2) Yang et al.(2008)

X AG= bench-scale TFEE FaPsiH o, AE A
AR AHARA 2E7VsAS BaAl sld FeClLet
T TE5 LEEYY] 27 & AHIAAAN T2 AE
3lal & HCIOISITE. FeClye HCIP B3] &8 A=

ke 1A (S BElES 7, HERES] fE U
I FEE AFars Eole Aol AUtk (Makino,
2014; Moon et al., 2016). W2 FeCliE T84 &4
Ego] AFAZ AREE A EYE fASHAA T
At AEAe] vl 915 B Aoz ZdEAT

0.1 M~1 M 22 555 223t FeCl; AZAI2] &
|4 HEAT 03M o3 T2 AlFS AAgE A5
3o B Y F57) 155 mghkel® BE 715200 mg/
kgye ¥R Z10& UERdTE HCl 9A] 03 M A8
Al 168 mgkee] TEZ B 7|1ES WSS b
03 M AIFAIE A8t EGS oz AEnse 54
Hals axoz Rlst Aart e Aog wddd
AXAR ke vMEZE I3 2 mm ofst EURIRE
o2 FelH] 1:2, 200 rppm, 1 hr Z719] 3}8hA1H 3
AXRRRES o= SAH@HH] 1:2, 75 vortex, |
min)ye &5k 203l

A A Ao Bl BEAL dE(Loam)E AEZ
olale] HME dgo] 55%S AT EYslehiA
HINAAS, 20100 w2 AF H B olslshi
pH 4.769] AHEFIN O, Fa0%Havailable P,05)7F
o] =EY A Stk 52 A= 97
¥3}% (base saturation percentate, BSP)2] 733 20%¢°l
7R 20|10, ©]& Cho et al(2010)2] = =ESF

J. Soil Groundw. Environ. Vol. 22(1), p. 18~26, 2017

B (52%)°l HI3)] W& S=o|T(Table 2).

2.2. MM EQo| B4

0.3 M FeCl; AIHESe] E4JHs) HEG L
9P ESF W EYEAFH)T BETH =
(bioavailability), ESEAAS] o|g}etdoltt. o] EF U
7 A2 FaEe] B9 HCl AREFS 7t
Aoz FAsle] 71E E91A] AAFANA Bl HeF]
3 = AFAL vl HESA

Fol2 LATER] Fe] EY Ul RYEAL
o8 HESNL B Adore seA A
ARESI=], Tessier et al.(1979)9] FES B
Li et al.(1995)°] ST B48xE F&31dth. o
A9t sEA] FENQl 73 (residual) Felle =)
AZHAF7IFE(KME, 20130014 AASHs Sr5=
o2 BEASItHTable 3). 0]9] F71Fow 23
AP ARl sl dFEHETFE)eE A
g AN & AEFEAR AT YeRE 7 O
o] F3 vl 3¢S A3 THKoh et al,

s

AP
I ! N Sﬁ,
oﬁoi05$f+r EEN‘F'
2ot o e

f A fr > 1O

ng o J

p

2015). ol EY F71dAe] dA5F= A3 v

G e A &, o 9 8 A 2 5 9l
© AlRS &dolu AR EY U AFE 502
&l ks FEHA A ERIsH] Adtolth(Li
et al., 1995; Wenzel et al., 2001).

ol9] o] B AE 8%+ 1 M NHNO; F=
HKS 1 1SO 19730), AHEGS] o|gshyd EAgEL
Table 20| AAE =02 EYSISHIATHE (NAAS, 2010)



2 =ERY] AA] Al1HS 3} FeCl;9] Bench-scale 21-84 7} A2 A% £ EAHE 21

Table 3. Sequential extraction procedure for Pb fractionation in the studied soil

Step Phase

Extraction solution note

Exchangeable
Bound to carbonate

Bound to organic and sulphides

0.5M MgCl, (pH 7)

1M CH;COONa (pH 5)

0.04 M NH,OH-HCI in 25% HOAc

0.02 M HNO;, 30% H,0, (pH 2), 32 M NH,0Ac in 20% HNO;

Li et al. (1995)

1
2
3 Bound to Fe & Mn oxides
4
5

Residual Aqua regia

KME (2013)

©1F1: Exchangeable

Control

=

1 F2 : Carbonates

£ F3:Fe & Mn oxides
5 F4 : Organicand Sulphides

Fec | ==t

[ F5 : Residual

2 Removed by washing

HO | %HHJLH

0% 20% 40% 60%

80% 100%

Fig. 1. Fractionation of Pb in the soil washed with washing solutions at concentration at 0.3 M concentration.
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Fig. 2. Bioavailability of Pb in the soil washed with washing
solution at 0.3 M concentration.
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Fig. 3. Chemical properties of the soil washed with 0.3 M FeCls.
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A0t (Chae, 2012). WEPA FaETFAE] Eafo] b
EEYS o E A5 AFA EE AlFES
Mgt 739 31etA Fsle] ko ol ks ZUM
H gl QoA A FAAR] aHE JE 5 s
Ao 7 FET)

BEYS dHeHor vEEe AYS JHRE adA
A71(Ca, Mg, K, Nay®] g8 Yehll= A3 G7|%
3} % (base saturation percentage, BSP)= A& A
19.79%0014 A& & 5% FASHA A3t A7
=71 B pHOF AvlEEdS 1H3IHKIm et al,
2009), ¥ AFA AA] Al o3t wE F7]9]
g adE B 4 Qo olgfe Ave L (Ca), WM
FMg), ZF(K)9 sEHINNE I 4 de=d], £
a9 MH T = AES A7 67%, 78%, 25%
olt}. Z<, vllgy, ZFS AEAS] I ke s
2 f7159] 71 FAJAAKC, H, O, N) thog @
o] Fash, AEAE ol YAE EJoIHE Azt
HHo2 T3 Gwak and Yoon, 2011). wehA] kA
Ak vk} o] FeCl; AIHEY] 5747 A& <
M= A3A18-S B3 pH ME o5 B takda
o] FFo] 71ed Aoz dekE)

rlo

>

]

i

4.2 £

B AFoHe G(PheE 29F T84 B dii
3= 999 A1F F 03 M FeCly AlEA12] 284
AESH AgPAol] sk FLo0z AFH M Bk
Qs s ARSI AHEYe] EAHEE FU &
oA =2 $ AEAeA Bol AHEEA e HC
AHe] oJgt AHEST nluske Aoz Agsigon,
ES U gl FEEHEAFH) 2 AESY fras |
SHHET} oldl] sFet. of&® FeCly; AHEYS A<
ojglsl FHEo] FEHskE HESINon, O FES thy
3} 2t}

AHES U weol 2354 2447 o) AHESG =

i

Ll



T2 =EYe] AR HAS Y3 FeCl;9] Bench-scale 2184 7} A% EYF S49H3s) 25

F 237158 (exchangeableyS Aj2]3k L] 47 e)
R ZAdhe AoE UEyith 53], 3E Wl 243
7} 7P 73t el A8 (residual)e] 4= HClo[L
FeCly AHA] 257 kel o5k 518H4 F315 WUAA E
& ARE FuY @A gErRl es wdEn
BHAFE A% (carbonates)o| L A - 7F 24818 (Fe & Mn
oxides), 7% 2 33}E Z33 (Organic and Sulphides)
o] 75l FeCL= AIA{gE 73 HCI Al&el] Ble] s5=3F
27} Ao E A veh, AlFERE O 2 S
2 Uehdth 23Fsde vl AHES 2F SR
<], A 731 T MEAle] dako = <ls) EY W)
A AgEo] U Hel AgES oAl Ae=E %
ot wEFs3e] 7R 1M NHNO; F2Ros
AESH Fo] BESH FaE SV BHo] e AR
A=t L A=A W3 st s d
U BESH frawrt S71E A9 L9548 e
A F7HE JiAAS THITE maEkA AlFgE o]%
43he s4A Eds o s A5 AAg pH
A5 915 F7HR] ESPlEe] T, ole]
= A 5 s Bloloh

FeCly AHZRESS] olstebd AEZ} EY pHe H
THOFE 48004 2.60F AT ol W Aol A
gk S (pH 6.0~6.5) 3= F13l 941202 H3|AlE-
< 53 pH 7R=Ede] d29ls veRd Aot of
 AIAE-S B3l Fo] wFsHEY e f&
o] Azks olF F S ZoE wddrh

FTALS} RS AIHAT 2 Zol7t AR, H
5] AAHS] vtte 2 EAY faTike MlE &
38 S71s Ao= el o= S8ty Fsll wE o
oz B 7B AU (S RV 34
3] S7HI7] W), BEARR] g 71RIg Blo =
Ede] XS BHH IR 2AHe Ao
Rk Jeu 5 F%] HCl AFAeIME 6 7}
7to] 7k A& 12 ) FeCle] 282 HCIl Hi3)
5ol = Aew dAdE

WY A71e] TS UEle d71EsiEe AIEe
FEFOE AH F FAHH ks Zo® Vet a

3 971 T I, vk, 2ES AEASY 295 o
FRA0|BE, FeCly AHEYS] pH N Al 3=
A& o] &3t IS4 thkAe] FH% 7S Flofth

opte] ARE 3l AR EGAHS AR oF =
Ecko 29| AIE8-S fleire EY pH 3E 2954
9] o5 HAE TR e MERYe] 43

T T A O O o
[o5

i

|

< IR of= At FAZE AH olF- F7A
24 g olof sz, A 4] BRelM AH
FrEdel e B249l A&7 Fadks onditt. of
<t FAAE ez she U9 EFHV IS =
B AETS e s, 9% 2 AErkes g
Hal7] fsirte ks #5u T4 o EY =9
< Ishs FAPIE g9, AR HEe) A=
AH) 4FEEF Aol B3t Q77 FTHE R o]Fo
Aop & Aoltt. vk, AlH A MAshs FHe] Ael=
TESS SRR A AeAelez, |4 e
1853 e 4] FsAEeR® F28] o7t
Ao HeIY}

o
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