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Characteristics of Electrokinetic Remediation of Unsaturated Soil Contaminated
by Heavy Metals—I: Experimental Study

Dong Wook Ahn and Soo Sam Kim*
Department of Civil Engineering, Hanyang University, Ansan, Gyeonggi, Korea

Sang Jae Han and Byung Il Kim
Expert Group for Earth & Environment Co. LTD, Anyang, Gyeonggi, Korea

Electrokinetic phenomena and remediation characteristics observed during the experimental application of an electroki-
netic remediation technique for unsaturated soils contaminated by heavy metals were analyzed. Series of column tests were
run in the laboratory at varying degrees of saturation for shooting range soils. The result indicates that lead (Pb) was
removed under unsaturated conditions primarily by electromigration within a diffuse double layer. If the initial contaminant
concentration was below the cation exchange capacity and equal to the adsorption per unit soil solid weight, the remedial
efficiency decreased with decreasing transport efficiency due to changes in the degree of saturation in the electric gradient
of 1 V/cm.

INTRODUCTION

Many techniques have been developed to remedy the contami-
nation of ground and subterranean water by heavy metals. How-
ever, few techniques are available to decontaminate fine-grained
soils effectively and economically. The following problems arise
during remediation of fine-grained soil.

• First, pressure techniques such as pump and retreat are inef-
fective and costly because fine-grained soil is characterized by
low water permeability. If the hydraulic gradient is too low, there
is not enough fluid flow to remedy the soil within a reasonable
time frame; when the hydraulic gradient is too high, it may lead
to cracks in the ground or create a selective flow passage, caus-
ing the hydraulic gradient to move into an uncontaminated area
or fail to move into the area that needs to be purified.

• Second, the large surface area of fine-grained soils provides
a large reaction area in which contaminants are easily absorbed.
These reaction areas lower the efficiency of remediation tech-
niques because a smaller amount of contaminants is present in a
dissolved state.

• Finally, if these reactions are permanent and irreversible, con-
taminants could be fixed in situ and stabilized, but the reactions
change frequently, are subject to varying pH levels, and respond
sensitively to a large number of environmental factors.

Thus these fixation/stabilization reactions cannot be used as a
shield mechanism for permanent pollutants in fine-grained soils.
It is necessary to remedy fine-grained soils contaminated with
inorganic, organic or mixed pollutants in situ. Electrokinetic
(E/K) remediation techniques are being considered as prominent
options.

The efficacy of using an E/K technique to remove inorganic
contaminants from saturated or nearly saturated soils has already
been verified by numerous studies (Acar et al., 1997; Eykholt,
1992; Hamed et al., 1991; and Yeung et al., 1996). Metallic
cations such as copper, zinc, chrome, iron, cobalt, nickel, arsenic,
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cadmium, lead, mercury and uranium, as well as anions such
as chloride, cyanogen, nitrogen and sulfur, have been success-
fully removed from soils by E/K remediation. Many studies have
focused on E/K techniques for remediation of inorganic con-
tamination. However, organic matter such as polycyclic aromatic
hydrocarbons can also be removed with E/K remediation (Kim,
2004).

E/K techniques to remedy contaminated ground have concen-
trated on saturated pure-clay environments, and theories for satu-
rated porous media such as the Helmholtz-Smoluchowski theory
have been used for modeling. However, in-situ soil has a mois-
ture content midway between the dried state and the saturated
state in air. The moisture content can be different in different
locations and directions. E/K phenomena in unsaturated soil are
fundamentally different from those in saturated soil due to varia-
tions in moisture content and degrees of saturation. Also, in-situ
soil has geotechnical, geo-environmental and electrical character-
istics different from those of pure kaolinite usually used in the
laboratory test, including high organic matter content and cation
exchange capacity. When E/K remediation techniques and theo-
ries are applied in real-world environments, the results may differ
from the results of indoor tests and indoor pilot tests.

Hence, the development of E/K phenomena and related reme-
diation techniques for naturally obtained unsaturated soil is criti-
cal to develop E/K remediation techniques as part of an efficient
ground remediation strategy. This study then meant to use the nat-
ural soil contaminated with lead. It confirmed that the soil contam-
ination with lead is at a serious stage as on average 4,351 mg/kg
(max. 4,866 mg/kg) was found in the sample from the shooting
range used in this study.

EXPERIMENT

Sample Ore

The sample ores used for the experiments were collected at a
clay shooting range in Seoul. About 20 cm of grass layer were
first removed, and then sample ore was collected from a disturbed
layer between 20 cm to 60 cm under the surface. Table 1 shows
the sample ore’s geotechnical, geo-environmental and electrical
properties.




