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Abstract: Heavy metal contamination in soil has become a global issue that demands
adequate attention and resolution. The related soil contaminant may affect human health
and other living organisms in the ecosystem. Electrokinetic Remediation (EKR), which is
a green technology-based approach that promotes a sustainable ecosystem, can be be used
to resolve soil contaminated with heavy metals. Ex situ analysis has shown that more than
50 percent of electrokinetic remediation successfully removes heavy metals in soil. Hence,
it is crucial that in situ remediations be implemented in field and environmental contexts.
However, there are some challenges and a lack of guidelines on the field application of in
situ remediations. This paper aims to propose a design guideline on in situ remediation
application in field and environmental contexts based on a pilot study. The electrokinetic
process of uncontaminated soil was conducted using a pure system. Preliminary data based
on electrical resistivity tomography (ERT) before and after the remediation process were
also applied.
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Introduction effect on the ecosystem and being responsible

Land may be contaminated when it contains a for significant health concerns worldwide (Dixit

sufficient amount of toxic or harmful material
that poses a threat to the health and safety
of users of the land or workers engaged in its
redevelopment. Similarly, the integrity of
buildings and plants may also be at risk. Due to
rapid industrialization and urbanization, there
has been a considerable increase in the discharge
of industrial waste into the ecosystem, leading
to the accumulation of heavy metals in the soil,
groundwater, and surface water (Sruthy et. al.,
2014). Basically, some metals are required
by plants in tiny amounts for their growth and
optimum performance. However, many of these
metals even in low concentration are highly toxic
to the environment. Some of these metals, such
as arsenic, cadmium, chromium, copper, lead,
mercury, nickel, selenium, silver and zinc, are
especially harmful because of their high level of
toxicity. Furthermore, these metals are especially
dangerous because they cannot be broken down
quickly, as well as them having a long-lasting

etal.,2015).

Due to population growth, the increasing
number of landfills represents a growing threat
to the environment and public health (air and
groundwater pollution) (Dumont et. al., 2016).
Similarly, the production of fly ash from power
plant operations contains heavy metal toxicity,
which causes groundwater and surface water
pollution as well as presents a high risk to aquatic
habitats and wildlife (Lemly, 2017).

Electrokinetic Remediation (EKR)

According to previous research (Mosavat,
2012), in comparison to conventional
remediation technologies, EKR is cost-effective,
and applicable to in situ and ex situ, is easy to
install and operate (simplicity), has a silent
operation, has the benefit of not disrupting site
activities and has a relatively short treatment
duration. To achieve high efficiency in the
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application of the EKR technique, the soil
samples need to have a high concentration of
heavy metal ions in their metallic state to make
sure the process is successfully dissolved and
that the heavy metal can be separated from the
soil sample. The electrokinetic remediation is
mainly characterized by cost-effectiveness in
terms of its soil properties, such as the depth of
contamination, cost of placing treatment zones,
clean-up time and cost of labour and electrical
power (Virtutyte et al., 2002). The higher
voltage that is applied to the soil may increase
the temperature of the soil which aids the
electrokinetic process (Balia, 2018). However,
the efficiency of the treatment may decrease
due to temperature (Virtutyte et al., 2002).
Moreover, the parameters of EKR also depends
on the current supply, voltage drop, pH value,
electrolyte concentration, ionic concentration,
and time duration for the migration of heavy
metal towards the anode and cathode based on
its ionic charge (Athmer & Ho, 2009; Azhar
et al., 2016a; 2016b; Cameselle & Pena 2016;
Elicker et al., 2014; Hamdan & Reddy, 2008).
Presently, the current state of research is limited
to the remediated artificially contaminated soil
in the laboratory. However, the future research
landscape is expected to focus on the field
application of EKR technique (Chaudhary et
al., 2017). Therefore, it is essential that more
attention is given to the evaluation method for
in-situ remediation assessment (Song et al.,
2017).

Methodology

The methodology provides a rigorous approach
and guideline needed to achieve the objective of
a research based on a specified strategy. Figure
1 summarizes the procedures into a flowchart
of in-situ electrokinetic remediation (EKR).
Firstly, the researcher identified the efficient
field application based on previous studies and
fundamental theory. Because the researcher
aims to compare the electrical resistivity
tomography (ERT) in a pilot study to provide
design guidelines for in-situ remediations,

therefore, ERT was categorized into 3 main
types of mapping which includes:

A. Preliminary mapping as a reference for
soil mapping,

B. Remediation mapping aims to compare
the duration for electro-osmosis process.

C. Post-remediation aims to justify the
obtained results.

‘ Identify in situ remediation set up |

|

‘ Electrical Resistivity Tomography ERT |

| | |

Preliminary Remediation Post remediation
mapping mapping mapping

I_I_I

| Conclusion and recommendation ‘

Figure 1: Flowchart of in situ electrokinetic
remediations (EKR)

Identify In Situ Remediation Set Up

The electrokinetic process application will
present the in-situ remediation under real
environmental conditions. Basically, in-situ
remediations was redesigned and enhanced
from (Suied et al., 2018) where the remediation
spacing was scaled up to 400 centimetres
between the anode and cathode terminal as
illustrated in Figure 2. The electrode terminal
was made of stainless steel which is connected
to the power supply.

The electrolyte tank was installed in an
artificial embankment as shown in Figure 3. The
artificial embankment was built using real clay
soil from Ayer Hitam, Johor (an area classified as
a restricted research area). Therefore, there are
no requirements for original soil or groundwater.
Other equipment required to initiate the electric
supply throughout the electrokinetic process
includes the power supply and crocodile clipper
(2 meters in length) as shown in Figure 4.
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Figure 2: Schematic diagram for Electrokinetic Remediation (EKR) set up
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Figure 3: Schematic Diagram of EKR set up on
Artificial Embankment

The electrolyte is one of the vital elements
that is used to generate the electroosmotic
process. However, the electrode tank was
mentioned in Suied et al. (2018) as shown in
Figure 4(a). The approach shown in Figure
4(a) was impractical and inconvenient. Hence,
the preliminary investigation successfully
demonstrated that the electrode tank causes
electrolyte leakage and this leakage was
absorbed into the soil as shown in Figure 4 (b).

Since the electrolyte tank is unable to
hold the electrolyte, this study identified the
solution for electrolyte compartment using a
soil box of ex situ remediation (Jo et al., 2012;
Rojo et al., 2012; Suzuki et al., 2013) which
can be scaled up for field application for in situ

~\ I ; ' : iy A
Figure 4: (a) In Situ Electrokinetic Remediation (EKR) set up using electrolyte tank; (b) Cracking of
Electrolyte tank installed into the soil
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remediations. Therefore, cementation is one
of the approaches that can be adopted for the
electrolyte compartment in field application.
The electrolyte compartment was covered with
a cement surface except for the surface opposite
the anode and cathode terminal. The soil surface
was attached with a stainless-steel plate to

promote the electric field towards the electro-
osmosis process as demonstrated in Figure 5.
In addition, the stainless steel was perforated
and covered with filter paper. This was done to
enhance the electro-osmotic flow. Figure 6 shows
the in situ remediation application successfully
connected to a 100 Volt power supply.

Figure 6: In situ electrokinetic remediation (EKR) set up using cementation method as electrolyte
compartment

Electrical Resistivity Tomography (ERT)

The electrical resistivity method is one of the
approaches used in environmental studies.
Hence, the resistivity set up was applied as
shown in Figure 7 below. The soil mapping
was measured at the inclined surface of the
embankment. Therefore, in Table 1 the recorded

details of related equipment, such as the ABEM
Terrameter LS2 (as shown in Figure 8), the
modified electrode (16 cm in length), land
cable and other accessories are shown. The
measurement was analysed using RES2DINV

software for electrical resistivity tomography
(ERT).
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Figure 7: Schematic diagram for resistivity set up

Results and Discussion
Preliminary Mapping

The electrical resistivity method (ERM) was
conducted at the artificial embankment as shown
in Figure 7, which was built from original soil
from Ayer Hitam, Johor, as shown in Figure
9. The electrical resistivity imaging (ERI) in a
previous study by (Azhar et al., 2016) underlined
that the slope could be categorized into two
main zones and the resistivity values range
between (i) Dry shale zone (600-2000 ©2.m) and
(i1) Shale zone near groundwater (20-600 Q.m).
For the electrical resistivity tomography (ERT)

Table 1: Electrical resistivity equipment

Equipment Value/Quantity
ABEM Terrameter LS2 1 unit
Stainless steel Electrode 42 unit
Electrode spacing 10 cm
Land Cable 2 unit
Jumper cable 42 unit
Battery 12V 2 unit
Rubber Hammer 2 unit

Software

Data Transaction

Adapter cable (for laptop)

Terrameter Toolbox, RES2DINV
1 unit of Dongle

1 unit
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Table 2: The time duration of the array set up

Protocol Array Number of Datum Point Time Estimation
Wenner 190 45 minutes
Schlumberger 524 2 hours 30 minutes

recorded in Figure 10, the Schlumberger array in Figure 11 is the Wenner array for horizontal
has a high potential for vertical resolution for a  resolution with a shallow depth of 35 meters.
depth of 40 meters. Moreover, the ERT shown

Figure 9: Soil slope located in Ayer Hitam Johor (Azhar ef al., 2016)
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Figure 10: Electrical Resistivity Tomography (ERT) based on Schlumberger array
(Azhar et al., 2016)
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Figure 11: Electrical Resistivity Tomography (ERT) based on Wenner array
(Azhar et al., 2016)

The artificial embankment was extracted soil tomography illustrated that the artificial
from the shale zone where preliminary analysis embankment is relatively in the range of 20 -
was extended to compare between both arrays, 600 Q.m as mentioned in Azhar et al. (2016).
as shown in Figure 12 and Figure 13. The
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The resistivity value was slightly reduced
due to equipment differences, electrode spacing,
environmental factors and more. The equipment
used in previous research for soil slope in Ayer
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Hitam, Johor, were ABEM Terrameter SAS
4000 while the artificial embankment analysis
used the ABEM Terrameter LS2.
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Figure 12: Electrical Resistivity Tomography (ERT) for artificial embankment based on Wenner array
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Figure 13: Electrical Resistivity Tomography (ERT) for artificial embankment based on Schlumberger array

Based on the specification for electrokinetic
remediation (EKR), the electricity supply flows
across the soil medium horizontally. Moreover,
the stainless-steel plate was inserted into 30 cm
of the electrolyte. Based on detailed Figures, the
in-situ remediation was expected to provide an
analysis for 30 cm to 40 cm depth. By comparing
Figure 12 and Figure 13 above, the datum point
had been covered up to 0.70 meters for both
arrays. Therefore, the Wenner array should be
precisely analysed since time constraint was
one of the factors that determined the successful
integration of the EKR and ERM methods as
mentioned in Table 2.

Moisture Content is one of the parameters
for electrical resistivity value (Azhar et al,
2017). Therefore, a preliminary analysis was
conducted to determine the potential of the soil

in absorbing water, which is poured on the soil
surface. The resistivity value for the artificial
embankment was measured at about half an
hour. Based on the preliminary analysis, results
show that this study can be limited to the Wenner
array as a relatively horizontal resolution. As
demonstrated in the previous mapping in Figure
12, there is soil tomography based on 190 datum
points as references. In order to determine the
variation of water content that is absorbed into
the soil, Figure 14 shows that the resistivity
value dropped enormously due to the absorption
of water. For the depth of 0.1 m until 0.2 m for
both tomography, there is an apparent reduction
in the resistivity value from 0.1 — 100 Q.m to
resistivity value of 0.1 — 60 Q.m. In short, there
was a 40 percent decrease in resistivity value
after an hour of water absorption into the ground.
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Figure 14: Electrical Resistivity Tomography (ERT) based on Wenner array for moisture soil

Remediation Mapping from the anode to the cathode terminal as shown
in Figure 15. At the anode and cathode terminals,
the electrical resistivity value (ERV) decreased

electrolyte. Figure 12 demonstrated the soil for more than 40 pe.rcent. Hf)wever, the ERV
tomography for uncontaminated clayey soil in Femalned unchanged in the m1dd1§ area. HCI.ICC,
the artificial embankment. In Figure 12, there are it can be concluded that the remediation requires
three main areas that had been categorized as the ~ ™©°™® than two hours foF the water molecules to
anode, the middle and the cathode. Firstly, the ™Y€ .ur%der the electric field. Therefore, the
researcher aimed to observe the electroosmotic ~ emediation proceeded for 8 hours.

process after two hours of movement of water

In situ remediation was also conducted using
a pure system with distilled water (DW) as an
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Figure 15: Electrical Resistivity Tomography (ERT) based on Wenner array before remediation
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Figure 16: Electrical Resistivity Tomography (ERT) based on Wenner array after 2 hours of remediation
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Figure 16 shows the soil tomography for
8 hours of remediation. Based on observation
during the remediation process, it was recorded
that the electrolyte level remained unchanged
from 5 to 8 hours. The ERV, on the other hand,
increased drastically to a range of 100 Q.m due
to the electricity supply to the anode, middle
and cathode areas. This occurred as a result of

28

the electrokinetic process which supplied 100 to
110 Volts. Hence, it proves that it is adequate
to remediate 400 meters of contaminated area.
However, water occupied the air void inside
the soil medium, resulting in no more water
movement from the electrolyte. Moreover, the
water content in the soil surface may dry in
environmental conditions.
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Figure 17: Electrical Resistivity Tomography (ERT) based on Wenner array after 8 hours of remediation

Post-remediation Mapping

Figure 18 also shows that the electric field
can be discharged from the clayey soil when
the tomography is altered back to a previous
mapping after 24 hours remediation had
been completed. Therefore, the electrokinetic
remediation (EKR) with high potential can be

successfully done under high moisture of soil
types such as clay. However, field application
will lead to environmental factors, such as hot
weather absorbing the moisture. Therefore,
during remediation, the soil needs extra support
to ensure that the soil continuously has high
moisture.
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Figure 18: Electrical Resistivity Tomography (ERT) based on Wenner array after 24 hours discharge from
remediation

Conclusion

In this study, electrokinetic remediation set
up was developed to remediate clay soil for
400 cm in length and 30 cm in depth. The
electrolyte should be adequately supplied to the
contaminated area. In addition, the moisture of

the soil surface should be maintained for more
than 3 hours of remediation. Other than distilled
water (DW) being used as an electrolyte in
pure systems, the electrokinetic process and
remediation can be enhanced using chelating
agents, such as nitric acid, EDTA and more.
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