Korean Journal of Environmental Agriculture

Korean J Environ Agric (2013) Online ISSN: 2233-4173
Vol. 32, No. 1, pp. 1-8  http://dx.doi.org/10.5338/KJEA.2013.32.1.1 Print ISSN: 1225-3537

Research Article

S5 28 =EAM FI=EF2| F3=10
& k=3

= = —
AS0|Sd0ll CHet M3 A =3
YV ST 0IME, WA 437 &5F mME AL

Liming Effect on Cadmium Immobilization and Phytoavailability in Paddy Soil

Affected by Mining Activity

Chang Oh Hong,”* Yong Gyun Kim,' Sang Mong Lee,' Hyean Cheal Park," Keun Ki Kim,' Hong Joo Son,' Jae
Hwan Cho® and Pil Joo Kim™" (‘Department of Life Science and Environmental Biochemistry, Pusan National
University, Miryang 627-706, South Korea, 2Department of Agricultural Economics, Pusan National University,
Miryang 627-706, South Korea, ’Institute of Agriculture and Life Sciences, Gyeongsang National University, 900,
Kaswa-dong, Jinju, 660-701, South Korea, “Division of Applied Life Science, Graduate School (Brain Korea 21

Program), Gyeongsang National University, 900, Kaswa-dong, Jinju, 660-701, South Korea)

Received: 9 January 2013 / Revised: 28 February 2013 / Accepted: 3 March 2013

(© 2013 The Korean Society of Environmental Agriculture

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License

(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any

medium, provided the original work is properly cited.

Abstract

BACKGROUND: Many studies associated with cadmium
(Cd) immobilization using lime fertilizer have been
conducted for several decades. However, these studies did
not suggest exact mechanism of Cd immobilization using
lime fertilizer and evaluated effect of lime fertilizer on Cd
phytoavailability in rice paddy soil under field condition.

METHODS AND RESULTS: This study was conducted
to determine exact mechanism of Cd immobilization using
lime fertilizer and evaluate liming effect on Cd uptake of
rice in contaminated paddy soil. Ca(OH), was mixed with
Cd contaminated arable soil at rates corresponding to 0,
1,000, 2,000, 4,000, and 8,000 mg/kg. The limed soil was
moistened to paddy soil condition, and incubated at 25C
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for 4 weeks. NH4OAc extractable Cd concentration in soil
decreased significantly with increasing Ca(OH); rate, since
Ca(OH), markedly increased net negative charge of soil by
pH increase, and decreased bioavailable Cd fractions (F1;
exchangeable + acidic and reducible Cd fraction).
Calculated solubility diagram indicated that Cd solubility
was controlled by soil-Cd. NHsOAc extractable Cd and F1
concentration were negatively related to soil pH and
negative charge. Ca(OH), was applied at rates 0, 2, 4, and 8
Mg/ha and then cultivated rice in the paddy soil under field
condition. Cadmium concentrations in grain, straw, and
root of rice plant decreased significantly with increasing
application rate of Ca(OH),.

CONCLUSION(S): Alleviation of Cd phytoavailability
with Ca(OH), can be attributed primarily to Cd immobilization
due to the increase in soil pH and negative charge rather
than precipitation of Cd(OH), or CdCOs, and therefore,
Ca(OH), is effective for reducing Cd phytoavailability of
rice in paddy soil.
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Table 1. Chemical properties of the soil before the test

[tems Concentration W?I‘DJ;H
criteria
pH (1:5 with HO) 5.54
Organic matter (g/kg) 28.9
Total nitrogen (g/kg) 25
Available phosphorus (mg/kg) 101
Cation exchange capacity 6.10
(cmol./kg)
Exchangeable cation (cmol./kg)
K 0.17
Ca 3.97
Mg 0.87
Na 0.03
Total heavy metals (mg/kg) 4
Cd 6.5
150
Cu 449 200
Pb 56.4
Cd fraction” (mg/kg)
F1 0.86
F2 1.71
F3 3.07
F4 0.78

Ymeans warning criteria of each heavy metals established

by Korean Soil Environmental Conservation Act; IPraction
means F1: Exchangeable + acidic fraction, F2: Reducible
fraction, F3: Oxidizable fraction, F4: Residual fraction.

ALHAI

CEG W 7H=FS FEstel gk 439 giE 2AK|
Slate] AlgellA i gl XSRS FAX AR
kel ol Alde S8 EekaE &) Ul HE
500 goll 24312 AZTOZ 1,000, 2,000, 4,000, 8,000
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Fig. 1. Changes of NH/OAc extractable Cd, pH, and
net negative charge of soil amended with different
rates of Ca(OH), after 4 weeks of incubation at 25T
(Different letters denote significant differences at
p<0.05 level).
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Shi} QITKBrallier ef al, 1996; Fernandes et al, 1999).
B W 7840 AgHde FHlE EAshs e A
=of 93 gA SErtiAdriano, 2001). & A4 EoF
W 7t=we] Fele &43]9 Aglel oJsf A&l o]§ap]
7 F19] &Hjolld A=) o]83sh7] oH&- F33} F42] &
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Table 2. Distribution of Cd fractions in soil amended with
different rates of Ca(OH), after 4 weeks of incubation at
25 TC

Ca(OH), addition Cd fraction” (mg/kg)

(mg/kg) F1 R F3 F4
0 0.86 1.71 3.07 0.78
1,000 0.75 1.54 3.14 0.77
2,000 0.66 1.42 3.24 1.05
4,000 0.56 1.09 3.54 1.06
8,000 0.44 0.89 3.65 1.20
LSDy 05" 0.03 033 045 0.32

DPraction means Fl: exchangeable+acidic fraction, F2:
reducible fraction, F3: oxidizable fraction, F4: residual
fraction; Ieast significant deviation (p<0.05).

7IEE2| #33t

24382 Aol g&f FtEES ES Ul %ﬁt’&g = &l
CdCOsH Cd(OH), & 73t %d— g0l ¢ Qle =9

Yl s8ES- oS 22l Visual MINTEQ®] ]3] ZAHe
FI=H 3 (Cd minerals)d] HH-5-212 Table 3¢ YER)
o,

Table 3. Solubility products of cadmium minerals
(Lindsay, 1979)

Minerals Equilibrium reaction Log Kspl)
soil-Cd soil-Cd <> Cd* -7.00
CdCO; CdCO; <> Cd™ + CO” -12.01
Cd(OH),  Cd(OH), <> Cd* + 20H -14.7

YKgp: solubility product constant.

223515 8,000 mg/kgOE AHEslols W B & U
FFEHS] FEE CACOs°l tlste] HrsPdeE Exlsh= 2
o2 YeRtont 8,000 mg/kg ©15k] Azl Bk
FFER9] galEe Soil-Cd(Egu o] &3¢ 7h=F)] 9
Eshe 1 o® YERGtFig. 2). %S pHZE 8.0 oldo]
A 7IEES CdCOsE @Aste] F&381=7 FriLindsay,
1979). 2435 8,000 mg/kg HFoE AEslsle W E

&<l pHi= 857k FHi=o] CdCOs
SI9lE A ow dehErh e £4]35]F 8,000 mg/kg ©]
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ok olefet Avks Bl JhEEe] g9 B¢ pH B &
shelzmste] kel 8] S otk(Table 4). £
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log Cd**
[}

Soi-cd ® v u
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A Ca(OH), 8,000 mg/kg " €O, =0.003 atm

10 . . . .
5 6 7 8 9 10
pH

Fig. 2. Cadmium solubility diagram with soil
solution speciation at different rates of Ca(OH), after
4 weeks of incubation at 25T.

Table 4. Correlation coefficient between soil Cds and soil
properties

Net negative

Soil pH charge of soil
NH,OAc extractable Cd ~ -0.983" 0955
F1 -0.992™ 09717
2 -0.8917" -0.883"
F3 0.734" 0.743"
F4 0.707" 0.733"

DPraction means F1: exchangeable+acidic fraction, F2:
reducible fraction, F3: oxidizable fraction, F4: residual
fraction; ?** and ** denote significance at 99% and
99.9%, respectively.

Hel 7l1EE 8554
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el 4= QltiJohn et al, 1972; Khan and Frankland,
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Fig. 3. Response of Cd concentration in rice plant
cultivated in soil amended with different rates of
Ca(OH), at field condition (Plant samples were
collected at harvest time. Different letters denote
significant differences at p<0.05 level).
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Te B AY FIEEY ool Hrks S ekt W
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