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A Study on the Removal of Heavy Metals from Soils
Using Electrokinetic Soil Processing and
Ion Exchange Membrane

Soon-Oh Kim*, Seung-Hyeon Moon* and Kyoung-Woong Kim*

ABSTRACT : In order to remediate hazardous waste site, a process of electrokinetically purging chemicals from sa-
turated soil is examined by laboratory experiments. Electrokinetic soil remediation is one of the most promising soil
decontamination processes that have high removal efficiency and time-effectiveness in low-permeability soils such as
clay. Being combined with several mechanisms-electromigration, elec troosmosis, diffusion and electrolysis of water,
electrokinetic soil processing can remove non-polar organics as well as ionic contaminants. The objectives of this study
are; (1) the exploration of the feasibility of electrokinetic soil processing on the removal of heavy metals, (2) the in-
vestigation of applicability to the tailing-soils in aban doned mining area, (3) the examination of effects of soil pH and
conductivity on the transport phenomena of elements in soils, and (4) the investigation of the applicabili ty of the ion-
exchange membrane to the efficient collection of heavy metals removed from contaminated soils. With the result of this
study, it is suggested that the removal efficiency is significantly influenced by applied voltage & current, type of purg-
ing solutions, soil pH, permeability and zeta potentials of soil. Although further study should be needed, it is possible
to collect removed heavy metals with ion-exchange membrane in cathode compartment.
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Fig. 1. Experimental apparatus for Electrokinetic Soil Pro-
cessing.

Table 1. Physical properties of kaolinite soils used in this
study.

Physical property Measured value

Group symbol according to USCS CL
Liquid limit (%) 78
Plastic limit (%) 32
Specific gravity 2.64
pH of soil at 50% water content 4.93~5.20
Permeability (cm/sec) 1X1077
Initial water content (%) 50~54
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Fig. 2. Experimental apparatus for removal of heavy me-
tals with ion exchange membrane.
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Table 2. Summary of testing program and measured parameters for the removal experiment of heavy metals.

Parameter Test 1 Test 2 Test 3
Soil Specimen Kaolinite Kaolinite Tailing* (Gubong Mine)
Contaminants Lead (Pb(NOs),) Cadmium (Cd(NOs})) Pb, Cd
Initial Concentration of Contaminants (lLg/g) 390.850 367.045 1488.368, 22.027
Applied Current (A) 0.1 0.1 0.1
Area of Soil Cell (Cm’) 81 81 81
Length of Soil Cell (Cm) 15 15 15
Duration (hr) 96 96 96

Anode Purging Solution
Cathode Electrolyte Solution

0.05N H,SO. Solution 2L 0.05N H,SO, Solution 2L 0.05N H,SO, Solution 2L
0.5N H.SO, Solution 1L  0.5N H,SO, Solution 1L 0.5N HSO; Solution 1L

* Mineralogy (Kaneda, 1986; So et al, 1988); quartz, pyrite, galena, sphalerite, chalcopyrite, arsenopyrite, pyrrhotite.

* Particle size analysis; sand (24.8%), silt (62.7%), clay (12.5%).
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Table 3. Characteristics of ion exchange membranes used ia this study.

CMX AMX
Type Strongly acidic cation permeable Strongly basic anion permeable
Characteristics High mechanical strength (Na-form) High mechanical strength (Cl-form)
Electrical Conductivity (Q-cm’) 2.0~3.5 20~35
Burst Strength (kgf/cm’) 3.5~6.0 4555
Thickness (mm) 0.16~0.20 0.14~0.18

Table 4. Summary of experimental program for the removal of heavy metals using jon exchange membrenes.

Parameter Exp. 1 Exp. 2 Exp. 3
Anode electrolyte 0.1 M NaOH solution 500 mL 0.1 M NaOH solution 500 mL. 0.1 M NaOH solution 500 mL
Cathode electrolyte 0.1 M HNO3 solution 500 mL 0.1 M HNO3 solution 500 mL. 0.1 M HNO3 solution 500 mL
Contaminated Cu, Pb, Cd 500ppm 500 mL Cu, Pb, Cd 500 ppm+100 ppm  Cu, Pb, Cd 500 ppm+100 ppm
Humic Acid 500 mL Humic Acid 500 mL
Duration (min) 180 180 180
Current (A) 0.1 0.1 0.1
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Fig. 3. Variation of pH in soil cell.
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Table 5. Removal efficiency for each test (unit : %).

Time (day) Test 1 Test 2 Test 3 (Pb) Test 3 (Cd)

1 14.5 342 12.7 39.2

2 289 45.8 203 53.6

3 55.1 66.1 34.6 63.6

4 74.9 85.5 49.8 67.6
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Table 6. Removal efficiency of heavy metals by ion exchange membrane.

Exp. 1 Exp. 2 Exp. 3
Time (hr) (No Humic acid) (10 ppm Humic acid) (50 ppm Humic acid)
Cu Pb Cd Cu Pb Cd Cu Pb Cd
1 36 33 29 30 34 27 27 28 25
2 68 64 52 59 60 51 42 41 48
3 90 88 85 82 83 83 76 78 78
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