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Abstract: This study aims to investigate the effect of citric acid on cadmium leaching and chemical forms in soil and to develop a combined dissolution—
leaching-drainage system for the in-situ removal of cadmium ( Cd) from agricultural soil. The optimal leaching parameters ( citric acid concentration solid—
liquid ratio leaching time reaction time and leaching method) using citric acid as an environmentally friendly leaching agent was determined using batch
experiments. We developed a leaching bottle and integrated leaching and drainage box to simulate the in-situ removal of Cd from soil and to verify the
optimal parameters from batch experiments.The Cd in the collected leachate was removed by flocculation with CaO.The mobility and availability of Cd in
soil were assessed by the BCR sequential extraction method.The results show that the removal rate of Cd reached 81.3% under optimal parameters ( 0.3
mol*L™" citric acid 1:1.5 soliddiquid ratio 6.0 h contact time and 3 times continuous shaking) .The citric acid-water sequential leaching effectively
removed 78.0% of Cd through the integrated leaching-drainage box and 95.6% of Cd in the leachate was removed by CaO flocculation. The removal
percentages of Cd in the acid-extractable reducible oxidizable and residual fractions were 83.0% 70.3% 44.0% and 25.0% respectively.The results
show that the combination of leaching drainage and flocculation can effectively remove Cd from contaminated soil and prevent leachate pollution.Further
research is required to further explore the methodology under field conditions.
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(2.0 mgeke ™) cdcl, cd cd 1.
25 C 2
1 Cd
Table 1 Main physical and chemical properties of simulated Cd contaminated brown soil
/ / Cd / HNO,
(geem™) (g°kg™) oft (mgekg™) Cd  /(mgkg™)
0.47 0.22
2.14~2.27 26.21 5.66 4.93% 28.88% 66.19% 530 197
2.2 )
2.2.1 500 Cd :
50 mL 25 C 3 . 4000 r*min”' 10
180 remin”' N min Cd

.pH (0.1 mol*L™" HCl 1 mol+L™" KOH

2
Table 2 Batch experimental parameters of citric acid solubilization
/ /
(gemL™") (mol*L™" /mL pH /h
1:1.5 0.05.0.10.0.30.0.60 7.5 3.0 u( )6 ) |
IRBENENEE 0.30 5.7.5.10.15 3.0 w0 ) |
1:1.5 0.30 7.5 3.0 1.6.12.24 1
pH 1015 0.30 75 20.3.0.40.50.60 24 ) 6 ) 1
1:1.5 0.30 7.5 3.0 w0 )6 ) 3
2.2.2 4% PVC
pvcC ( 6 cm 10 cm)
Cd
1 . 60
1 em.4%
100 ¢ : 2.2.1 150 mL
1h 5h 23h
— 6om — () ()
— 1 15 ml, 50 ml,
4000 r*min”' 10 min Cd
2
2.2.3
PVC ( x x =55cmx40 cmx40 cm)
2
R ( X X =55cmX5 ecmx
W 10 cm) 1.25 cm
! 30 kg

Fig.1 Schematic diagram of the solubilization bottle
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2.15~2.21 g'cm%. 45.00 kg  2.2.1 2.2.2 30 kg
6 h
4000 r*min”' 10 min 3
360 remin”' 1h 5h ICP-MS Cd
( 60 2
)
12
2 (1. 2. 3. 4. 5. 6. 7. 8. 9. 10.
11. 12. )
Fig.2 Schematic diagram of the solubilization and drainage integrated box
Ca0O 3 . 0 mol*L™'( )
0.00.0.25.0.50.1.00.0.10.1.50.2.50+ 0.3 molL™" Cd
3.50.4.00 5.00 g CaO 50 mL ( p<0.05) 0.7% 0.8%
10 min pH ICP-MS 34.4% 53.3%( 3a).
Cd 3 —COOH
2.24 Cd
1.2 3
( Yoo et al. 2017) Cd 0.6 molL"" cd
A A (p<0.05) Cd
3 ( Udovic et al. 2017) .
2.3 (
H 2.5:1 H
P o pi 2016)
’ 6.4% ~25.0%.
( K,Cr,0,) ; cd
HF+HNO, +HCIO,
( ICP-MS (p<0.05) ( 3hb) Cd
) 30.9% ~57.3%.
2.4
SPSS 19.0
OriginPro 9.0 ( 2014)
3 ( Results and discussion) H*
3.1 Cd
( Gao

Cd
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Fig.3 The removal rate of Cd in soil under different citric acid solubilization conditions
1~12h  «d ( 2014) .
(p<0.05)  12.7% 29.6%: cd )
1~6h Cd Cd
(p<0.05)  45.5% 53.7%(  3c).
( ) ( 2016) .
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pH ( 3d) ( 2015;
pH 3 Cd (p< 2015; Beiyuan et al. 2018) .
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( . 1:1.5 24 h. 6 h 2
) ( 2017; Feng et al. 2020). pH Cd
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1 ( p<0.05) . ( Ke et al. 2020)
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Fig.4 Effect of solubilization removal of Cd in soil with citric acid through 6 h (a) and 24 h ( b) under different solubilization drainage methods
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e |
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Fig.5 Effect of sequential leaching of Cd in soil using solubilization ( 2013:
and drainage integrated box
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Cd 0.50 Ca0
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— ( 2017) . CaO 2.50 g/50 mL.
pH 4.93 Cd 0.39
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Fig.6  The effect of CaO addition on the Cd content and pH value in the leachate
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