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Extraction Condition for Heavy Metals from Contaminated Soil by Using Low Molecular Organic Acids
YANG Hai-lin"? LIAO Bo—han !
1.Biotechnology Core Facilities, Central South University of Forestry and Technology, Changsha 410004,China; 2.College of Forestry, Cen—
tral South University of Forestry and Technology, Changsha 410004,China
Abstract Chemical extraction experiments were conducted to study the effects of three low molecular organic acids, including citric acid, ox—
alic acid and tartaric acid, on extraction efficiency of heavy metals from polluted soils at various conditions. The contaminated soils were col—
lected from two red paddy soils from Chenzhou and Hengyang in Hunan Province. The goals of this study were making sure the best extraction
conditions for rehabilitation of polluted soils. The results were summarized as follows It was practical and viable to rehabilitate the soils pol—
luted by heavy metals in Chenzhou and Hengyang through chemical extraction using low molecular organic acids. Citric acid, tartaric acid,
and oxalic acid were effective in heavy metal extraction from the soils. For the polluted soils, the suitable extraction conditions for single—fac—
tor experiment were concentration of organic acids 100 mmol - .7, solid—to—liquid ratio 1:5, temperature 35 °C, pH3, and contact time 24 h.
Extraction efficiencies of organic acids removing soil heavy metals increased with concentrations of supporting electrolyte. Some kind of rela—
tivity existed between speciation of soil heavy metals and extraction efficiency of organic acids. The higher the contents of stable heavy metals
residual, sulfuration and organic bound, and iron-manganese oxide bound , the lower the extraction efficiency. For Hengyang soil, three or—
ganic acids were all effective to remove heavy metals, but the sequence of extraction efficiency was tartaric acid > oxalic acid > citric acid.
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1
Table 1 Efficiency of various agents extracting heavy metals from polluted soils
Pagilla Krishna R®  0.12 mol-L""  Na,P;0; 0.1 mol-L""  NaF 1.0 mol-L" Na,P,0, 73%

Lombi E 1 mol-L"  NH,NO; 0.05 8m01'L’I NH,; H,PO; 0.2 mol-L™" As  5151% NH, HPO, 6.51%
Papassiopi N EDTA Pb.Zn 50%~98% .50%~100%
Mulligan C NI 5 Cu  70%.Zn  22%

Elliort H A 1.0 mol -1 In  80%.
NH,OH-HCl pH 2 16h @
o 30% H,0, 1h
85C 1h 30% H,0, 85<C 1h
s-16], 1.0 mol-I." CH;COONH, pH 2
16h @ 0
o, 3 2 3
o 1.3 sl
1 pH S5¢g 50 mL
100 mL. 1 min lh
1.1 pH CEC  ED-
TA- -
o o Pb.Cu.Cd Zn -
2 mm o o
1.2 AA7000W °
100 mL o
4¢ 2
1% pH 2.1
o 2,
5 3000 r*min™ @ N 1l
15 min o 0.45 pm 2~0.02 mm . 0.02~0.002
1% mm . <0.002 mm
o 4C . - @
o 16.7 cmol + kg™
32.4 cmol + -kg™
E= / )
x100% Pb. Cu. Cd. Zn
Excel GB15618—1995
o Pb<300 mg-kg”. Cu<100mg-kg'. Cd<0.6
1 4 mg-kg'.  Zn<250 mg-kg! . @ pH
@® 0.1 mol -L"" CH:COOH .

I6h @ - 0.1 mol -
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Table 2 The physicochemical property of heavy metals in contaminated soil
ol " 1 e ot emol kg™ / g'kg"/ mg -T;{' mg '(1?;{' mg -(112{‘ mg'i:"
24.0 69.3 6.6 42 16.71 15.235 504.6 40.009 6.83 345.29
31.9 62.0 6.1 6.0 32.44 14.06 3 407.795 119.84 8.645 1114.84
o 1.470 0 mg kg™ 11.947 0 mg kg™ Zn
2.2 0.120 0 mg kg™ 9.652 0 mg-kg™ Cu
2.2.1 0.181 5 mg-kg™ 2486 5mg-kg’  Cd
1 4 0.285 0 mg-kg™ 0.617 0 mg-kg™s
100 mmol - L. Cd 1~10
Pb  8.8642mg-kg” mmol - L™ Pb.Cu.Zn
Cu 05861 mg-kg” Cd  0.247 8 mg-kg™ Zn 20~100 mmol * L™
3.480 6 mg kg™, Pb.Cu.Zn o
Cd o 222 pH
1~50 mmol - L™ Pb.Cu.Zn 2 pH
6% 2 4 pH
100 mmol - L™ Pb.Cu.Zn Pb.Cu.Cd.Zn o pH
4 Cd>Pb>Cu>Zn, pH
4 Pb.Zn °
Cu.Cd 1~100 mmol - L. - pH 3
Pb 0.920 0 mg -kg™ 8.614 0 Pb.Cu.Cd.Zn
mg-kg” Zn 1.190 0 mg-kg™ 6.9310 pH
mg -kg™ Cu 0.315 0 mg -kg™
0.789 7 mg-kg™ Cd 0.587 5 mg-kg™ . pH 4 7
0.843 0 mg-kg™'s Cd pH7 °
61.71% 1~100 mmol - L 223
Ph.Cu.Zn 10%: 3 Pb.Cu.Cd.Zn
4 Pb.Cu.Cd.Zn
Pb.Zn Cu Cd
N 1~100 mmol - L™ Ph o
701
cok 4 Ph
- Cu
_S0f A-cd /
S sop 7€ -
301
20F
IOMQ
0 I I I I I , 1 L I I I L 1 I L |
1 2 5 10 20 50 100 1 2 5 10 20 50 100 1 2 5 10 20 50 100
C/mmol - L™
15 pH 25°C 241

1

Figure 1 Extraction efficiency of heavy metals from Chenzhou soil at various organic acid concentrations
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Figure 2 Relations of extraction efficiency of heavy metal from polluted soil and original pH values of tartaric acid and citric acid
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Figure 3 Relations of extraction efficiency of heavy metal from polluted soil and temperatures of oxalic acid and tartaric acid

o Pb.Cu.Cd.Zn
Pb.Cu.
Cd.Zn Ph.Cu.
Cd.Zn o 25, o 100 mmol - L™
35.45C Pb.Cu.Cd.Zn 1:5 o
35<C 5.15.25C 45 C 2.2.5
35°C 5 Cu.Pb 24 h
35C o Cd 4 h Zn
2.2.4 12h o
1:2.5.1:5.1:10,
1:20 . 4 1:2.5 1:5 o pH 3 30d
4 Cd 50%
1:10 1:20 o Maiz  Esnaola
o 3

1:2.5

20) .
200 Maiz



L 1

2334 2010 12

7071

ol ~4-Pb

-+ Cu

50 & Cd

g %-7n
= 40F
30
20

0 L 1 1 L L L L L 1 L
1:2.5 1:5 1:10 1:20 1:2.5 1:5 1:10 1:20

4

100 mmol - L™ pH

335%C 24h

1:2.5 1:5 1:10 1:20

Figure 4 Relations of extraction efficiency of heavy metal from polluted soil and solid—to—liquid ratio of citric acid and oxalic acid
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Figure 5 Relations of extraction efficiency of heavy metal from polluted soil and running time of citric acid and oxalic acid
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Figure 6 Relations of extraction efficiency of heavy metal from polluted soil and supporting electrolyte solutions of tartaric acid
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Extraction efficiency of heavy metals from another soil

by citric acid tartaric acid and oxalic acid
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Figure 8 Speciation distribution of heavy metals before and after extraction for Hengyang soil
233 Cu 0
Cu 8 @®
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Cu 37.39 mg*
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