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Abstract: Soil salinity has become one of the environmental issues around the world. The most typical
example in Turkey was the soil salinization in Harran and Ak¢akale Plains in recent years. Especially
the Harran Plain has the big potential of water and land resources. Irrigated farming is common in the
plain. Excessive and uncontrolled irrigation contributed to the high groundwater level and soil salinity
in the region. The deficiency of the drainage network in the farmlands was the most important factor in
the salinity. In-field drainage systems are newly established. In some areas, irrigation is conducted
through the main drainage channel with high salt content (13.5 dS/m). On the other hand, pumping
irrigation waters in Akgakale region have high salt content. This problem has grown especially when
dealing with low-permeable soils where conventional remedial techniques are inadequate and often
ineffective. Electrokinetic treatment is an innovative and clean technology for the restoration of saline
soils. This process has proven to be the most effective, promising technique for the optimal and
sustainable improvement of salt-affected soils.
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1. Introduction

Every year, 10 million ha of land becomes unusable due to salinity. Chlorine, sulfate, sodium,
calcium, and magnesium are the main elements causing salinity, especially in arid and semi-arid
climates. Especially in arid and semi-arid climatic zones, the soluble salts which are washed and mixed
into the groundwater are brought to the soil surface by capillarity together with the high groundwater
level and accumulation of salts occurs on the soil surface by evaporation of water [1, 2]. This
accumulation takes place on the soil surface or just below the surface due to the high-temperature effect.
Inaccurate irrigation practices can also lead to salinity, especially in areas with poor drainage conditions

[1].
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The most typical example of the soil salinization in recent years was the Harran plain. Harran
plain is a very old agricultural area and important crops have been harvested in the plain from past to
present. However, some of the farmlands in the area have been turned into barren lands due to
salinization. For this reason, it is very important to remediate and economically evaluate the saline soils
[3].

Many conventional treatment methods for soil salinization are based on irrigation, soil deposition,
salt storage plants and soil changes [4-6]. Also, oxidation, ion exchange, and precipitation, photolysis,
dechlorination, soil vapor extraction, soil washing, soil flushing, soil substitution mixing and
exchanging saline soil with clean soil and phytoremediation methods are used in desalination. However,
some of these techniques are expensive and relatively consuming methods, requiring large quantities of
cleaned water and fresh soil and they cannot remove all salts from the land [7, 8]. Although the
cultivation of salt accumulating plants is temporarily effective, it only reduces the intake of salt. As a
result, a large amount of salt remains in the porous medium [9]. Bioremediation and chemical restoration
are less effective, time-consuming and extremely expensive [10, 11]. Recently, the Electrokinetic (EK)
technique has removed salts from saline soil in a laboratory scale [12-14] and pilot-scale works [15-17].
Many studies on desalination using EK remediation have been reported [18-20]. The electrochemical
treatment (ECT) is an innovative, sustainable and low-cost method that has been proven for its feasibility
and potential for reclaiming low permeable saline soils [21-23]. In this study, it is tried to explain the
applicability of the electrokinetic remediation method in the saline Harran Plain soils.

2. Salinity in Harran Plain Soils

Harran plain is the most typical example of soil salinization in recent years (Fig. 1). The area has
a semi-arid climate and poorly drained soils because of the high (>60%) clay content. Clayey soil texture
has a significant risk for salinization. High clay content negatively affects the permeability of the soil
and prevents the movement of water and air in the soil. Low permeability capacity increases the risk of
salinization. Harran plain soils are rich in lime and potassium and are poor in nitrogen, phosphorus and
organic matter. There is 24% lime in the upper soils and 26% in the lower soils. The pH of the soils
varies between 7.5-8.0.

Soil salinity problems occurred due to excessive irrigation by farmers with little or no irrigation
experience, topography, soil characteristics, climatic conditions, and insufficient drainage problems.
Irrigated farming continues within the scope of GAP, 150,000 hectares of Harran plain lands. Clayey
soil texture has a significant risk for salinization. Today, approximately 30,000 hectares of agricultural
land in the plain have been salted and left out of production and use. The deficiency of the drainage
network in the farmlands was another important factor in the salinity of soil and groundwater. Moreover,
surface irrigation with these waters (saline groundwater) on heavier textured soil of the area usually
leads to building up of salinity and sodicity problems and thus unsustainable crop yields. Therefore,
there is a need to adopt specialized and efficient methods of irrigation like micro-irrigation which can
help in attaining the twin objectives of higher productivity and optimum use of water [24].
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Figure 2. Salinization of agricultural lands in the area.

Salinization in the Harran plain first started with the groundwater wells drilled in Akgakale after
1970. These wells drilled by the State Hydraulic Works in Akgakale supplied water from the
groundwater due to the cheap cost. Saline groundwater in shallow depth occurred due to insufficient
drainage network and saline soils began to form over time (Fig. 2). The amount of salinity increased due
to drainage problems after 1995 starting irrigated farming. The salinization on the South of Harran plain
has reached serious dimensions due to insufficient underground and surface drainage. The area of saline
soils will increase in the near future unless the necessary rehabilitation works are carried out.

3. Electrokinetic Remediation Methods

Soil salinity can be represented by the high electrical conductivity (EC, dS/m) of the soil.
Electrokinetic (EK) remediation has considerable potential for the decontamination of saline soils with
low permeability. EK remediation technology is an innovative, sustainable and low-cost method used
for the stabilization and restoration of saline soils [25-27]. The major advantage of the method is that it
is cost-effective for both in-situ and ex-situ treatment (Fig. 3).
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Figure 3. Application of the electrokinetic remediation in a contaminated site [28].

Soil salinity problems are very common in arid and semi-arid regions. Most of the cultivation
activities of salt-affected soils are partly or totally unsuccessful. These failures are often due to the lack
of appropriate diagnosis and the subsequent use of incorrect irrigation methods. This leads to the loss of
both money and potential crop production. But the electrokinetic remediation process is the most
promising, inexpensive and easily applicable green technology for the treatment of saline soils.

Electrokinetic treatment technologies basically work as a simple battery assembly. Accordingly,
a series of electrodes (lead, copper, zinc, graphite, titanium, etc.) are connected to the contaminated zone
and a certain amount of direct current is supplied to these electrodes. Due to the electrical current given
to the electrical load in the ground a movement occurs towards the reverse charged electrode through
the pollutants by electromigration, electro-osmosis, electrolysis, and diffusion. [29-31] (Fig. 4). The
contaminant coming to the reverse charged electrode is deposited on the electrode, depending on its type
and preference, or transported to the surface by the pump assembly and treated there. Recently, the EK
remediation technique has been used for the recovery and reuse of saline soils. Tab.1. showed EK
remediation studies in literature.
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Figure 4. Transport mechanism of electrokinetic restoration [29].
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Table 1. EK remediation studies in literatures.

Reference Region Efficiency/feasibility
Saline greenhouse soil EK system could lower the corrosion rate of an
at Gumi, Gyeongbuk, | electrode by approximately 38% and reduce electrical
[8] Republic of Korea. Surface | energy consumption by approximately 60% compared
soil (0-20 cm). to the DC system, which would allow for longer
application in the field.
An actual greenhouse in | The pulsed electrokinetic process lowered the
[9] Gumi, Korea. Surface soil (0— | electrical energy consumption to 42% of that of the
20 cm). conventional process
Surface saline soil (0-25 cm) | EK treatment resulted in the removal of approximately
[16] was sampled from a | 30% of K and Ca from the system.
greenhouse at Gumi, South
Korea.
Dakhla Oasis, central | Linear spectral unmixing (LSU) proved to predict
Western Desert of Egypt. | salinity more accurately with 76% correctness than
[32] Surface soil (0-20 cm). mixture tuned matched filtering (MTMF) model
(67%) and the band combination and spectral indices
(55% at most).
North-west of Algeria, in the | The proposed technique achieved removal rates of
[33] lower valleys of West|83% and 58% for sodium and calcium ions
Mostaganem, especially in | respectively after 15 days of EK treatment.
the region of Ain Nouissy.

4. Electrode Materials and Configuration

Fig. 5 shows a schematic of the EK remediation system. Soil compartments are placed between
electrode chambers and are filled with compacted saline soil. Electrode compartments acted as overflow
systems. The EK process involves direct application of a low voltage gradient or electrical current to
polluted soil through installed electrodes as anode and cathode (graphite, platinum, etc). Salts, which
have high water solubility and exist as charged ions, are transported and removed by electromigration
(movement of charged ions), electro-osmosis (liquid flow from anode to the cathode through the pore
spaces between particles), and electrophoresis (transfer of charged particles) from the soil surface.
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Figure 5. Schematic of an EK remediation system [7].
5. Applicability and Limitations of EK Remediation

Electrokinetic (EK) remediation technology has a significant potential for the cultivation of crops
on saline soils (such as clay) with low permeability. This technology is an innovative, sustainable and
inexpensive method proposed for the stabilization and reuse of soils in general and especially fine grains.
EK remediation involves applying the electric current directly to the contaminated soil with a low
voltage gradient or electrodes placed in the soil [33].

Long-term EK applications require a low voltage gradient because the property of the earth may
be affected by the EK process under a high voltage gradient and may consume a lot of electricity [7]. In
situ and ex situ applications of EK remediation have been developed [34]. The EK technique can be
applied to widely dispersed pollutants in soils containing clay or sand in both unsaturated and saturated
regions. The EC can remove polar and / or water-soluble organic compounds such as contaminants,
heavy metals, arsenic, nitrates, phosphates, halogenides and cyanides, phenols and nitro aromatics (such
as TNT).

6. Conclusion

As a result, the salinity problem is an important issue in the Harran Plain in Sanliurfa due to the
high groundwater levels. In recent years, agricultural lands in this region have become impracticable
and unusable. Electrokinetic treatment is an un-attempt, innovative and clean technology for the
restoration of saline soils for this region. This process is thought to be the most effective, promising
technique for the optimal and sustainable improvement of salt-affected soils in the Harran plain.
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