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Chelating agents have been proposed to improve the efficiency of phytoextraction of heavy metal
hyperaccumulator. However, little studies to elucidate mechanism of chelating agents to increase cadmium
(Cd) extractability have been conducted. The objectives of this study were to evaluate effect of different
chelating agents on Cd extractability and to determine mechanism of Cd mobilization affected by these agents.
An arable soil was spiked with inorganic Cd (CdClL,) to give a total Cd concentration of 20 mg Cd kg'l.
Ethylenediaminetetraacetic acid (EDTA) and citric acid (CA) were selected and mixed with the arable soil at
the rates of 0 and 5 mmol kg'l. The mixture soils were incubated at 25°C for 4 weeks in dark condition.
Concentration of F1 Cd fractions (water soluble) significantly increased with addition of EDTA but did not
changed with addition of CA. Especially; concentration of F5 Cd fractions (residual) significantly increased
with addition of CA. Increase in water soluble with EDTA might be attributed to complexation of Cd and
EDTA. Dissolved organic carbon concentration significantly increased with EDTA addition, but did not with
CA implying that considerable amount of CA was decomposed to inorganic carbon by microorganism. Log
activity of carbonate (CO32') which might be generated from CA increased with addition of CA. Increase in
residual Cd fraction might be due to precipitation of Cd as CdCOs. As a result, EDTA was effective in
increasing Cd extractability, by contrast CA had significant effect in reducing Cd extractability.

Key words: Cadmium fraction, Carbonate, Chelating agent, Heavy metal, Phytoremediation

Distribution of Cd fractions in soil added with different chelating agents after 4 weeks of incubation.

Cadmium fraction (mg kg'l)

Chelating  Addition rate
Total Recovery

agent  (mmol kg") FI* F2" F3' F4" Fs' SUM® codminm  1ate (%)
Control 0 0.18" 7.8° 10.2° 0.98" 1.1° 203 20.0° 101
EDTA’ 5 13.1° 2.5° 34° 0.62" 1.3° 20.9 21.0° 99

CA’ 5 0.73" 8.2" 9.3 0.88° 34° 225 22 102

“EDTA : Ethylenediaminetetraacetic acid.
YCA: Citric acid.

*F1: Water Soluble.

“F2: Exchangable + acidic.

'F3 : Reducible.

“F4 : Oxidizable.

‘F5 : Residual.

*SUM : F1 + F2 + F3 + F4 + F5.
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Materials and Methods
SAEY &Y 7= s3] fsl Ad 2
A e AaAeke FAlieh
(85°30°07” 6N 128°43°16” 0E)& HA|EFO & XA}t
dR o] B AT ot EYolRlon] pHE
6.70]%! 72 17.6 g kg ol Atk AT FAE
aFe] stela B2 Table 1o vebict.

Rl {7)E o
3o T
=

AUAI™E  FAES 20 kgg AFste] FAME F 2
mm A2 Aelct, 443t Cd sE=E A5 {8l cdel
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Table 1. Selected chemical properties of the studied soil.
pH OM? T-NY Av. P,Os® Exchangeable cations (cmolc kg'l)
(1:5, H0) (g/kg) (g/kg) (mg/kg) K Ca Mg
6.7 17.6 1.05 142 0.42 5.76 1.25
“OM : organic matter
"T-N : total nitrogen

*Av. P,Os : available P,Os
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Results and Discussion
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Table 2. Distribution of Cd fractions in soil added with different chelating agents after 4 weeks of incubation.

Cadmium fraction (mg kg')

Chelating Addition rate

agent  (mmol kg')  FI' F2 F3" F4" Fs' SUM® cazﬁm Ifaetiogr)y
Control 0 0.18° 7.8° 10.2° 0.98" 1.1° 20.3 20.0° 101
EDTA’ 5 13.1° 2.5° 34° 0.62" 1.3° 20.9 21.0° 99

CA’ 5 0.73" 8.2° 93" 0.88° 3.4° 225 22.2° 102

“EDTA : Ethylenediaminetetraacetic acid.
YCA : Citric acid.

*F1 : Water Soluble.

“F2 : Exchangable + acidic.

'F3 : Reducible.

“F4 : Oxidizable.

‘F5 : Residual.

SUM : F1 + F2 + F3 + F4 + F5.

Table 3. Chemical properties of soil solution added with different chelating agents after 4 weeks of incubation.

. Addition rate pH Log activity (mol L)
Chelating agent . s " >
(mmol) (1:5 with H,0) Cd Cd-DOC CO;
Control 0 6.83 -5.820 -6.158 -10.665
EDTA” 5 6.71 -3.859 -4.183 -10.806
CAY 5 6.99 -5.364 -5.709 -9.888

“EDTA : Ethylenediaminetetraacetic acid.

YCA : Citric acid.

*Cd™ : Free Cd ion.

'Cd-DOC : complex of Cd and dissolved organic carbon.

3 EA9| 79 FI, F2, F3, F4, F5= 27} 0.2%, 12%,
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o tha S7He 23S AT (Table 3). B4 | Cd9] &
292 pHo| Wstel #eAo] =} (Lindsay, 1979). EOF
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Ol%"JJ Cd= Bl o5 A S2EH (Bolan et
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pHO| o8l Fie¥ B 25tdo Stie Edmde] 2
H e cdQl F29] RS A7l Ao g HoEn)
3} CAE Cd2} B3] (CA-CA)E FAsIo] EoF mAof| &
zZElo] 23] Fejo cagdse F/MAIITE (Li et al,
2001), EDTA®} CAE FU3t o7 A3l o4 EDTA}
|20l 2 784 FH9 Cd FEe AT &Y
7} CA B3l St Ao 2 J&%%E}. T2 Ag-a ol A
% EDTAZ} Al M]3l Cde] BE4S TS Z7hAIC
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B 73}t (Niinae and Aoki,, 2005).

CAZ} Aejdl B W Cdo] £ S 7H 58

3 e F5] §epol HAelel EDTAREle] ]3] £o/5t
Al F7Ft Aot} (Table 2), Fo= 3+2] AApol| AglE o]
AL ARFo R ek casl Fe|E ejojsto] =
oA A 8EEA ot AlEAE FE7] fe= FH
9] Cdo|ch, Hong et al, (2010)-2 EF W F59 g} Ut
27 W Cdo] S Folgh Fof A7 9len F5o
Hepol Z7Falel wet Aerel W cae) BEE aadt
I Huskele), ool AE vige® & © CA= EDTA
of vlal Cd9] &85 SHAII= A E=2 Aew =
AtERlen @3] Cdol §&41 A=l et Fakes
AT S S Ao waEd

o

v

FIEEL| sIetE BM ES 89 Y EAsk= cd9]
sletES ZARH] €13 Visual MINTEQ 2132 o]&
sto] mulee ARt Az, EDTAZE HelE Eoke] g
Yl cd” o]} cdel DOCe] E3H (Cd-DO0)2] et
FA 22} cATY HejE EoF §Mof v|sl| dAs] 5718k
T} (Table 3). EDTAS] #2fof wh2 EoF U] FI gl 51
£ E9F 89 ] cd”’ o] 23} Cd-DOC B2 Frfof 7
¢l Ao gt} (Table 3, Fig, 1), 484 FEje] Cd
% Cd-DOCZ AlEA4| HejolA <=2 uff A28 9] X2 o]
Fure] 444715 4A B2 4= glof ca” olewmrt 4
Al 4=t} (Phinney and Bruland,, 1994).

QltHlo] Al 45= 5 EDTASLE CAE A2t E9F W DOCY]

Tt Bxje) B9 ) Wake wlmst 29, EDIAS A7
sh9i& w) Doce] Fago] Fxjelel cacl Hls) felshA &

Ao ekttt (Fig, 1), =5 W DOC FHo] 57}
of wet cael §54 W ABA W cad] Erwe Sk

o rlo

t} (Antoniadis and Alloway, 2002). S8} 5 mmol kg 2]
EDTA®Q} CAE EFol A 2jsl &0l EtstaL Qlu|eo] A
45 5 CAZ} Ae)dl Efol4] EDTAZF A2 EfolA] 2
t} DOC gFgo] dA8] W& A 47 58 f7|ehasitE
¢l CAZ} w0l ofsf waliE|o] F71e) ©4ao] FEjE A
kel Aog wokEc) ol ek Fig. 1(B)oll AAIE
COs™ 9] Srwslo] o3 FHHc) ¢lFHold 4% &
EDTAZ} A 2]d E9F g9 Yj cos” 9] gheke A2jo] |
3 gt zpo|7h glglout cavt Aujld EoF g
COs" 9] F2 folZ o Z715Hr). CAk HHH|2lopr} &
etz 22104 40417 Fof] 80% o]/do] CO. FE| | 7]
EFASISHET} formic acid, acetic acid, succinic acid9} Z
= AEAe frlEasiRtER wE=EA 2aiEh (Bruce,
1934), AR Ao A CAE ESF WolAl uEe] <& wt
27 HaiEo] gholR0] 854S SHAIZIA itk
R 3514} (Elkhatib et al,, 2001; Romkens et al,, 2002).

CAZF AElH EF 89 Y 0d-COs" 9] EEEt EDTA
of| Hlal @AI3] F7F5F3l=t (Table 8) o|2|3F A= Fig.
1(B)2] E9F Ul COs™ 9] 59} UA|sh= Ayt 4
pH7}F 7.0 o]/l ez doflA Cd =8/d9] CdCOo; &
Bz A= cdo &4 HastA EHoh (McBride,
1994), 2 A5tollA CAZ} A 2jE B9 &4 9] pHE 6,997}
A ZoiEo] cos” 7F A E o & F71% 2704 Cd of
Ao} 2 A MRt FER AR ¢ S AL
&2 T} (Table 3).

CdCOs (Octavite):
Cdcos <> cd™ + cos”

Log Ksp = —11.3 (Santillan—Medrano and Jurinak, 1975),

CAZ} A2|E EoFol| A F5 Fhake] 2o CAZ} u]AYEo]

(A) a (B) a {003
250 - [
200 _
o {002 1
jo)] j)]
£ 150} £
Q e
Q Q
) o
100 | b b
0.01
¢ ? T
50
0 0.00
control EDTA CA control EDTA CA

Chelating agents

Fig. 1. Concentration of dissolved organic carbon (DOC) (A) and carbonate (CO32') (B) in soil solution added with different
chelating agents after 4 weeks of incubation (Different letters on the bar denote significant difference at p > 0.05 level of

probability).
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o3 B 0o’ Fee FreasilEr AshEo]
cde} Agste] octaviteS &4J3ol| oat Ao g TE Tt
]

—46} Cd—J ’Q?H Z% RIS 3] 8= octavite
o] P4 oBRE FRIT 4= Q= X-ray IHEA Y HAF
A
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Conclusion
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20 FrrS ZAA Ao 8E4S FTH7E 2
UERATE RBHHof CA= thaxo] pH F7to] ofsf X|2d 3
gl9] cd §eke Z7hAAoL DOCSt cdQ] EgH] & Aol
oI5t =84 Cd TFY F7h= gl A= Yehitt 5
Hlo]Ad 4 3 & g Eo] CAL uAE| o) EafjE|o
718 BhaslEtEel 00 & AshE o wrkEr) o)y
3l 005" 0] 2= CdCOs9t 22 QHA3t Fefo] Cdel F59]
T 2UE fEs AoR wdEr) AR oF EDTAL
Cde] 84S SUAA phytoremediation 7|&2] TS
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