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Abstract
Background and Objective: Electrokinetic (EK) remediation used to remove organic and inorganic compounds by using an electric
potential. The purpose of this study was to reduce Cu, Mo and As contents from contaminated industrial soil using the EK remediation.
Materials and Methods: The  soil  samples  were  collected  at  0-100  cm  depth  in  industrial  area,  Erdenet  mine,  Mongolia. The Cu
(7312 mg kgG1), Mo (176 mg kgG1) and As (114 mg kgG1) content in topsoil sample was exceeded the toxic level of Mongolian National
Soil Quality Standards (500, 20, 30 mg kgG1, respectively). The heavy metals removal from contaminated soil by EK remediation was studied
via comparing electrolyte solution (de-ionized water and 0.1 M NaCl), voltage (10-20 V) and time (108-200 h). Results: Based on results,
the maximum removal of Cu was 90% of initial concentration occurred near the anode, in the condition of 0.1 M NaCl electrolyte solution,
15 V constant voltage and 156 h. Besides, the contents of Mo and As in anode and cathode were removed almost 89 and 79%, respectively.
Conclusion: This study showed that EK remediation is a viable, environmentally friendly method for treatment of the copper contaminated
soil.
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INTRODUCTION

The soil is the basic materials of constituting the
ecosystem and human life1. The contamination of soil usually
arises from anthropogenic such as pesticide, wastewater,
urban, industrial, traffic, mining, petroleum, motor oil and
military areas2-4. Then, soil contaminated by organic and
inorganic compounds has become hazard to the environment,
human and animal health, food safety and agriculture5.
Therefore, proper attention should be devoted to reduce or
eliminate contaminants from the soil as much rapidly as
possible. Depending on the origin and characteristics of soil
pollution, the remediation has been already successfully
introduced in practice on earth6. Nevertheless, our country as
compared to the developed countries, the investment and
research in the remediation of contaminated soil was not far
enough7. The aim of soil remediation is not only to eliminate
contamination from the soil but also to regenerate the quality
of the soil. Environmental remediation technologies apply
physical, chemical or biological processes to remove, reduce,
stabilize or separated contaminants6,8. Physical methods of soil
reclamation are the simple engineering methods such as soil
spading, new soil importing and soil replacement. These
techniques are not responsible to change the chemical
properties of the pollutants accumulated in the soil to be
cleaned9. The chemical reclamation method uses techniques
such as washing, leaching, fixation, EK and vitrifies technology
using chemical reagents and chemical processes10. Biological
remediation methods are based on animals, plants
(Phytoremediation) and microorganisms (Bioremediation),
which are commonly used for the reclamation of soils polluted
by heavy metals11. The nature and concentration of the
contaminant are one of the most important factors to be taken
into account in remediation technologies. Another factor is
the economic cost12. From those reclamation methods, the
advantage of electrokinetic remediation technique is
technologically easy, low cost, the high removal efficiency of
pollutants, less time consuming and a low electric potential is
applied across the anodes and the cathodes13. Electrokinetic
remediation is to remove organic and inorganic compounds
by using an electric current14. Contaminants are transported
by 3 contributive processes: electromigration (migration of
ions species to the oppositely charged electrode),
electroosmosis (movement of liquid containing ions) and
electrophoresis (the movement of charged colloids and
particles to the oppositely charged electrode)15. The purpose
of this study was to reduce Cu, Mo and As content from
contaminated industrial soil using the EK remediation.

MATERIALS AND METHODS

Study object is Erdenet copper mine, it’s an open-pit mine
that  has    been    operated16    since    1978.    Every   year,
22.23 million t of ore are extracted from this mine,  with
126700 t Cu and 1954 t Mo produced. The research team was
assessed  the  topsoil  pollution  around   the   Erdenet  city
and  Erdenet  mine, the study found that content of Cu, Mo
and  As  in  the  topsoil  of  the industrial zone was high in the
4 seasons17.

This study was conducted in the Laboratory of
Environmental Analysis, the National University of Mongolia
from January-October, 2019.

Soil properties: The soil samples (0-100 cm depth) were taken
from Erdenet mine industrial area (north latitude 49E02’35.9”,
east longitude 104E08’38.9”) that are shown17 in Fig. 1 and 2.
Soil color was classified via the Munsell methods18. The topsoil
samples were dried at room temperature (25EC) for 2-3 days
and soil pH and electrical conductivity (EC) were measured in
a 1:2.5 soil/water suspension using a Mettler Toledo S47 pH
meter and a Horiba B-173 electrical conductivity meter,
respectively. The content of organic carbon (OC) was
measured using the loss of ignition (LOI) method19. The
concentration of elements in the soil samples was measured
using an “Axios-Panalytical” X-ray fluorescence (XRF)
spectrometry.

Electrokinetic remediation: The EK remediation experiments
were carried out in a rectangular translucent plastic test
reactor with the following dimensions: 

Length = 12.0 cm 
Width = 10.0 cm 
Height = 10.0 cm

The graphite electrodes were used for the test, the surface
area of the electrode was 22.58 cm2. For each EK remediation
test, approximately 400 g of dry soil sample was loaded into a
reactor. At the end of each test, in order to study the soil was
extruded from the reactor and divided into 2 equal sections
between the anode and the cathode.

Statistical analysis: The electrokinetic remediation
experiment has performed a frequency of 3 times and was
calculated the amount of variation of heavy metals in the soil
by the standard deviation. Also, the average soil sample of
anode  and  cathode  zones  was  prepared  by  systematic
grid-square methods20.
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Fig. 1: Study area

Fig. 2: Soil profile

To compare of electrolyte solution and position of
electrodes: The electrokinetic remediation must shows
positive impact on the environment. Therefore, the electrolyte
solution is directly linked to reducing pollution and distilled
water and 0.1 M sodium chloride (NaCl) was used as the
electrolysis solution. Depending on the position of the
electrodes, the following comparative experiments were
performed (Table 1). Figure 3 shows, the electrodes of the first
reactor scheme was placed directly on the soil. Whereas, a
graphite electrode assembly of the 2nd reactor scheme is
placed inside both the anode and cathode chambers as
shown in Fig. 4. Also, a glass fiber membrane was used
between the electrode chambers and the soil cell to avoid any
possible leakage. A control test was carried at 10 V and 108 h.

Fig. 3: Electrodes were placed directly on the soil

To compare of voltage and duration changes: In order to
determine the optimum conditions for copper content, was
studied the relationship between voltage and time after the
position of the electrolyte solution and the electrodes. Ten
reactor schemes with peak outputs of 10, 15 and 20 V were
connected to identical and investigate the effectiveness of
electrokinetics to remove the copper after 108, 132, 156 and
200 h of remediation. 0.1 M sodium chloride was used as an
electrolysis solution and the electrodes were placed in the
electrode chamber, on both sides of the soil (Fig. 4) in these
tests.
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Table 1: Electrolyte solution and position of electrodes
Test number Electrolyte solution Position of electrodes
1 H2O Electrodes were placed directly on the soil
2 NaCl
3 H2O Electrodes were placed in electrode chamber, on both sides of the soil
4 NaCl

Table 2: Content of some trace elements in the soil
Elements (ppm)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Profiles As Cu Cr Mo Ni Pb V Zn
0-20 cm 114 7312 58.47 176 16.91 22.72 42.30 183.7
21-40 cm 27.83 130.8 57.12 3.477 27.20 17.92 48.14 82.48
41-60 cm 12.14 22.93 22.03 2.016 5.098 9.955 6.277 72.52
61-80 cm 12.14 36.01 43.79 3.520 4.333 9.602 38.12 71.49
81-100 cm 2.62 40.69 29.30 4.371 12.93 12.14 22.89 75.49
0-100 cm 40.1 3263 43.60 7.90 29.60 20.9 33.57 94.00
MNS 5850:2008* 30 500 400 20 1000 500 600.00 600
*Mongolian soil quality standard (MNS 5850:2008)

Fig. 4: Electrodes were placed in electrode chamber, on both
sides of the soil

RESULTS

Soil properties: The Cu and As concentrations in the soils
around the Erdenet mining area, measured by XRF and
compared with the toxicological level of The Mongolian Soil
Quality  Standard  (MNS  5850:2008)*, these are shown in
Table 2. 
The topsoil (0-20 cm) of the industrial area was

contaminated  with  inorganic   contaminants   such  as
copper,  molybdenum  and  arsenic.  The    concentration  of
Cu, Mo  and   As   in   topsoil   samples   were   7312,   176   and 

114 mg kgG1, respectively.  Whereas,  21-100 cm depths soil
not contaminated by those elements. Hence, due to the
pollution of topsoil, the content of the Cu (3263 mg kgG1) and
As (40.1 mg kgG1) in 0-100 cm soil was high predict.
The mineralogical analysis indicates the presence of

quartz (SiO2), albite (Na(AlSi3O8)), anorthite (CaAl2Si2O8),
magnetite (Fe3O4), hematite (Fe2O3) and chalcopyrite (CuFeS2)
in the study area. Therefore, we predict that the high content
of Cu in the soil of the industrial area is correlated to minerals
from the mining or smelting activities of this area.

Electrokinetic remediation 
To compare of electrolyte solution and position of
electrodes: The heavy  metal  removal  from  contaminated
soil by EK remediation is due to combining the effects of
electrodes position along with the change in the electrolyte
solution during the process. The changes of total Cu
concentration in the soil sample during EK remediation are
displayed in Fig. 5.
The contents of Cu and As in the soil near anode were

decreased by about 67 and 63% (maximum), respectively.
Also, sodium  chloride  was  removed  copper from the soil
than H2O.

To compare the voltage and duration time: Ten reactor
schemes with peak outputs of 10, 15 and 20 V were connected
to identical and investigate the effectiveness of electrokinetics
to remove the copper after 108, 132, 156 and 200 h of
remediation.
As shown in Fig. 6, before the treatment the

concentration of Cu  was  3263  mg  kgG1  and  Cu  was
removed by 67%, near the anode after the remediation (15 V
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Fig. 5(a-c): Comparison of electrolyte solution and position of electrodes (mg kgG1) (a) Cu, (b) Mo and (c) As
Cath: Cathode, An: Anode

Fig. 6: Comparison of electrolyte solution and position of electrodes (mg kgG1)
Cath: Cathode, An: Anode

and 156 h). Thus,  higher  copper  removal  from  the  anode
section can be concluded that the transport of  copper  in the
soil pore fluid depends principally on the  electro-migration
and electro-osmosis. Results from these studies have shown
that the optimal conditions of remediation were 15 V, 156 h
used by 0.1 M NaCl.

EK remediation of topsoil (0-20 cm) sample: The most
optimal  condition  of  the  previous  study  was  used   in  this
experiment. During this experiment, the grey coating had
arisen  on  the  surface  of the soil after 96 h and is shown in
Fig.  7.  The grey coating was 1.5-2 cm distance from the
anode, 1.5-3 cm in distance from the cathode and the coating 
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Fig. 7: Grey coating on the soil

thickness was approximately 0.1 mm. In order to determine
the  elemental  analysis,  the  grey  coating was cut from anode
and cathode soils. Figure 8 also shows the comparison (%) of
copper concentration in the soil after the EK remediation test
to the initial concentration in the topsoil.
Results from studies have shown that the copper content

by EK remediation was removed by 90% in the anode region
and up to 42% in the cathode region. Besides, the contents of
Mo and As in anode, cathode and grey coating was removed
by about 89 and 79%, respectively. 

DISCUSSIONS

This study identified Cu that is extremely accumulated in
the topsoil (0-20 cm) of the industrial area. Besides, the Cu, Mo
and As  concentration  of  the topsoil was reduced by about
90, 89 and 79%, respectively by electrokinetic reclamation.
Charzynski et al.21 identified technogenic soil that has

been affected by the effects of human activity such as urban,
industry,  transportation,  mining  and military. Our study
results showed  that  technogenic  soil in the industrial area
has been creating by the mining activity such as ore
extraction, concentration  and  transportation  for   40   years. 
Dasgupta et al.22 and Zhou et al.23 removed 74 and 81%,
respectively of the copper pollution in the soil by the support

Fig. 8(a-c): (a) Cu, (b) Mo and (c) As concentration in topsoil
sample after electrokinetic remediation (mg kgG1)
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of the organic solution. Because organic solvents have a
negative effect on the environment, distilled water and
sodium chloride was selected as an electrolyte solution in the
experiment. Figure 5 shows the 0.1 M NaCl solution has
removed  the  heavy  metal  in  the  soil   than   distilled  water
during the electrokinetic remediation test. Because the NaCl
solution has a higher electrical conductivity than distilled
water as explained by Golnabi et al.24.
Electrokinetic remediation method was combining effects

of electroosmosis, electromigration and electrophoresis along 
with the change in the soil pH. In our study, substantially
decreased of the copper content in the soil near the anode
and this result was in agreement with previous studies by
Hassan and Mohamedelhassan7. Whereas, the copper
concentration in the grey coating was 10% increased than the
initial topsoil by effects of electro-osmosis process was high
accumulated.
This study was successfully reduced heavy metals in the

contaminated soil using low voltage for short-term.

CONCLUSION

The  highest  concentrations  of  Cu (7263 mg kgG1), As
(114 mg kgG1) and Mo (176 mg kgG1) were found in topsoil
samples (0-20 cm depth) from the Erdenet mining industrial
area. Also, the content of Cu and As in the 0-100 cm depth soil
samples were 3263 and 40.1 mg kgG1, respectively. Those
contents exceed their toxicological level stated in the Soil
Quality Standards of Mongolia (MNS 5850:2008), whereas
other microelement concentrations were much lower than
their limits listed in these Standards.
The optimal conditions of EK remediation experimental

are constant 15 V, 156 h, 0.1 M NaCl electrolyte solution and
reactor with an anolyte and a catholyte chamber.
The copper content of topsoil was decreased about 90%

(maximum) near anode using by the optimal condition.
Besides, the  contents  of  Mo  and As was removed by about
89 and 79%, respectively.

SIGNIFICANCE STATEMENT

This study discovered the remediation method that can
be beneficial for contaminated soil by Cu, Mo and As in
industrial area moreover, this study will help the researchers
to   uncover the critical  areas  of  environmental  chemistry
and  soil  remediation  that  many  researchers  were not able
to explore. Thus a new theory on electrochemical of
contaminated soil may be arrived at.
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