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Study on remediation of lead—contaminated soil in mining area
by leaching of ionic—malic acid
ZHENG Yan,LIU Xingyuan,ZHANG Jianqiang
(School of Biology and Chemisiry, Pu'er University, Pu'er 665000, China)

Abstract ; Taking the cultivated soil around the old mining area in southern Yunnan as the research ob-
ject, the remediation of lead—contaminated soil by the eutectic ionic liquid + malic acid leaching system
were studied. The leaching process conditions were optimized by response surface method. A new leac-
hing remediation system which was suited to lead—contaminated soil was constructed. The results show
that the leaching effect of choline chloride—urea—malic acid is the best,and the removal rate of lead is
72.29%. The removal rate of lead is 73.13% ,when the malic acid concentration is 0.76 mol/L, the
choline chloride—urea concentration is 6% ,and the oscillation time of 5.05 h. This removal rate is simi-
lar to the predicted value and is better than the result of the single—factor experiment. In addition, this
removal rate is 9.51% higher than that of the system without ionic liquid leaching.
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Table 1 Soil physical and chemical properties and total lead

%) b ®
+3A pH E/o T (HHUR),  (CEC)/  (T-Pb)/
’ (g-kg') (cmol-kg™")(mg-kg™")
X4 6.87 3502  49.33 75.61 15 399.2
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Fig.1 Lead content standard curve
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Fig.2 The effect of malic acid concentration

on lead removal rate
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Fig.3 The effect of different concentrations of
eutectic ionic liquids on lead removal rate
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Fig4 The effect of different oscillation time on lead removal

rate of the eutectic ionic liquid—malic acid system
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Table 2 Design factor coding and factor level

HKFEHE
HE Ah
-1 0 1
SERBRYSE/ (mol - L) A 0.70  0.75 0.80
FACIRGR S R Z R Ll % B 5 6 7
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Table 3 Response surface test design and results

S A B C EBRE/ %
1 0.75 5 4 58.60
2 0.70 5 5 48.88
3 0.75 7 4 56.15
4 0.75 6 5 71.70
5 0.70 7 5 56.63
6 0.80 5 5 59.85
7 0.75 6 5 71.89
8 0.75 6 5 72.11
9 0.80 6 4 61.79
10 0.75 6 5 72.51
11 0.80 6 6 61.79
12 0.75 7 6 60.69
13 0.70 6 6 58.57
14 0.80 7 5 56.30
15 0.75 6 5 72.87
16 0.75 5 6 54.94
17 0.70 6 4 53.63
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Table 4 Analysis of variance in regression equation

Al SS DF MS F Pr>F  WEME
iRl 96021 9 106.69 247.64 <0.0001 x

A 60.61 1 60.61  140.68 <0.000 1  * =

B 7.03 1 7.03 1632 0.004 9 *

C 4.23 1 4.23 9.83  0.0165 *
AB  31.92 1 3192 7410 <0.0001  * =
AC  6.10 1 6.10 1416  0.0070 *
BC  16.81 1 16.81  39.02  0.000 4 *
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Table 5 Statistical analysis of regression equation error

St HiE giitmi H 1

Std. Dev. 0.66 R-Squared 0.996 9
Mean 61.77  Adj R-Squared 0.992 8
Cv /% 106 Pred R-Squared 0.961 7
PRESS 36.91  Adeq Precision 46.781 0
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Fig.5 Interaction between malic acid and ionic liquid
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Fig.6 Interaction between malic acid and oscillation time
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Fig.7 Interaction between ionic liquid and oscillation time
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