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ABSTRACT: Soil pollution is one of the concern issues in the Asia region. Soil acts as a 

shelter for underground microorganisms and provides nutrients for plants. Most of the organic 

contaminants are sourced from agriculture and industrial areas. Organic contaminants which 

are volatilized and immiscible lead to air and water pollution. Electrokinetic remediation is a 

technology that has been developed for soil remediation since a few decades ago. It is not fully 

developed and is still under investigation. Electrokinetic remediation is being applied to 

improve the removal efficiency of organic contaminants which exist in low hydraulic 

conductivity of soil or fine-grained soil.  Generally, a low direct current, 1DCV/cm is applied. 

Facilitating agents including surfactant and co-solvent combined with electrokinetic 

remediation eliminated more organic contaminants compared with electrokinetic remediation 

alone. Electrokinetic remediation with the addition of bioremediation or phytoremediation 

process manipulates the transportation of organic contaminants in soil to increase the efficiency 

of remediation technologies. Electrokinetic remediation is recommended due to its flexibility, 

cost-effectiveness, and safety. One of the drawbacks is low effectiveness in removing non-

polar organic pollutants due to weak desorption capacity and poor solubility in water. Co-

solvents and surfactants can be introduced as alternatives to enhancing the solubility of non-

polar pollutants and reducing surface tension, which improves their mobility within the soil 

matrix. These facilitating agents help improve the overall effectiveness of electrokinetic 

remediation, particularly for challenging contaminants. 

KEYWORDS: Soil pollution; electrokinetic; organic contaminants; remediation technique; 

surfactants; bioremediation  

1. Introduction 

In the past few decades, industrialization and urbanisation in Asia have grown rapidly. This 

swift progress has transformed rural areas into bustling urban hubs, driving economic 
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prosperity and a significant rise in population density. The development of industrial and 

economic growth raises the population. However, this rapid population escalated the demand 

for natural resources, often leading to overuse and environmental harm. Our environment is 

contaminated with different types of pollutants at the same time. Soil covers roughly 25% of 

the Earth’s surface, and is a critical part of our terrestrial ecosystem [1]. Despite this, only 7.5% 

of this area can be used for agriculture, which requires preserving this crucial resource. As in 

the ecosystem, soil provides a habitat for a wide range of organisms, including bacteria, fungi, 

insects, and small mammals. These organisms are important for soil health and plant growth, 

where they contribute to nutrient cycling, organic matter breakdown, and maintaining soil 

structure and fertility. Soil offers nutrients and water for plant growth, which is an essential 

medium on land. This support is not only crucial for food crop production but also vital for 

human survival. Besides, the penetration of surface water into the soil will be naturally filtered 

by the soil layers. This natural filtration system safeguards groundwater from contamination 

by capturing and degrading pollutants. Despite its significance, soil is increasingly under threat 

from pollution. Soil pollution in Asia countries is a growing concern due to the region’s fast-

paced industrial and agricultural expansion. In agricultural activities, the extensive use of 

pesticides and fertilizers further contributes to soil degradation and contamination.  

Heavy metals such as lead, cadmium, and mercury, are the common pollutants 

discharged from industrial processes that end up in the soil. This contaminated soil can pose 

serious risks to human health and the environment. Besides, these contaminants can be 

absorbed by crops, which then enter the food chain, and lead to pose health risks to humans 

[2]. Under certain conditions, these contaminants can seep into groundwater and cause negative 

impacts on drinking water supplies. While pesticides and fertilizers are used to improve 

agricultural productivity, inside them contain harmful chemicals that can linger in the soil and 

water. These chemicals can change soil composition and decrease its fertility over time, which 

lowers agricultural productivity. The persistence of such pollutants in the environment 

endangers biodiversity. Toxic substances are known to cause harm to soil organisms and 

disrupt ecosystem functions. The implications of soil pollution go beyond environmental 

effects to socio-economic aspects. Soil degradation can jeopardize food security by lowering 

the quality and quantity of agricultural produce, which is particularly crucial in densely 

populated and economically vulnerable regions. Moreover, the cleanup of contaminated soils 

is expensive and resource-intensive, imposing a financial strain on governments and 

communities. Due to that, researchers and scientists across Asia are concentrating on this issue. 

They are investigating sustainable practices and innovative technologies to alleviate soil 

contamination and rejuvenate soil health. Tackling soil pollution is not only vital for 

environmental protection but also for ensuring the long-term sustainability of agricultural 

systems and the well-being of populations in Asia. By preserving soil health, we can safeguard 

ecosystems, ensure food security, and foster a healthier, more sustainable future. 

2. Source and Type of Organic Pollutants in Asia 

In Asia, the pollutants in soil are from anthropogenic activities and are mostly sourced from 

agriculture and industry. Table 1 shows the general organic pollutants that are always found in 

agricultural and industry fields. Due to the population growth, the demand for food supply 

increases. The agriculture field is gradually developing. To ensure the supply amount and 

quality of crops, pesticides, insecticides, and herbicides are widely used. The machinery used 
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for cultivation or harvesting might have petroleum leakage problems [3]. Besides that, the 

accidental spill and petroleum products leakage from industries are one of the pollutant sources 

as well [4]. The organic contaminants like petroleum, oil and grease are hydrophobic so they 

adsorb on the surface of soil particles. Other sources such as electronic appliances, household, 

furnishing, and others [5]. Table 2 shows different organic pollutants can be found in different 

countries. 

Table 1. Organic pollutants in agricultural and industrial fields stemming from pesticides [6, 7]. 

Agricultural Industry 

• Aldrin 

• Chlordane 

• DDT 

• Dieldrin 

• Endrin 

• Heptachlor 

• Hexachlorobenzene 

• Mirex 

• Toxaphene 

• Alpha hexachlorocyclohexane 

• Beta hexachlorocyclohexane 

• Chlordecone 

• Lindane 

• Pentachlorobenzene 

• Polychlorinated biphenyls (PCBs) 

• Polybrominated diphenyl ethers 

(PBDEs) 

• Polyaromatic or polycyclic 

aromatic hydrocarbons (PAHs) 

 

Table 2. Organic pollutants in different Asian countries. 

Asia countries Organic pollutants Source Reference 

China PAHs, Organochlorine pesticides 

(OCPs), Phthalic acid esters (PAEs),  

Polychlorinated biphenyls (PCBs)  

Fossil fuel combustion, 

Agriculture, Industrial,  

Improper electronic waste 

processing 

[8] 

Northern Indo-

Gangetic alluvial 

plains 

OCPs Agriculture [9] 

Hong Kong PAHs Incomplete combustion and 

petroleum 

[10] 

Vietnam Persistent toxic substances (PTSs), 

Toxaphene, PAHs 

Agriculture, petrogenic and 

pyrogenic sources 

[11] 

2. Effect of Organic Contaminants in Soil 

Soil pollution creates a chain reaction between living things and the environment. The organic 

contaminants in soil may cause air pollution and water pollution. Organic contaminants such 

as gasoline and chlorinated solvents undergo volatilization and vaporization into air leading to 

air pollution [12]. Immiscible organic contaminants in liquid form like trichloroethene or 

dissolved organic contaminants flow into groundwater, aquifers, rivers, lakes, or other water 

bodies through surface runoff or rainfall [12, 13]. Furthermore, soil pollution causes 

underground living organisms to loss of habitat. The organisms might not survive in a polluted 

environment or migrate to a new environment. This might decrease the organic matter of soil 

and lower the natural nutrients in the soil indirectly. In other words, the fertility of the soil is 

affected. The organic contaminants in the soil create abiotic stress on plants and influence the 

photosynthesis process and growth of plants leading to the rise of stress volatile emission and 

carotenoid pigments [14].  The contaminants enter the food web through the crops eaten by 

humans. The plants or crops with contaminants ingested by primary consumers accumulate in 

the bodies of secondary consumers and tertiary consumers and end up in the human body 

through biomagnification. Biomagnification indicates that the density of contaminants 

increases with trophic levels within the same food web [15]. The highest density of 

contaminants in the human body and the density of contaminants increases with time through 

bioaccumulation affects human health adversely. Organic pollutants are carcinogenic, disrupt 
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the immune system, bring chronic diseases, depression of the nervous system, and other health 

issues [16]. Various technologies using remediation approaches have been developed to 

address soil pollution. For instance, the use of electrokinetic techniques combined with 

facilitating agents and other remediation technologies. Table 3 provides a summary of 

combined technologies with electrokinetic methods [17]. 

Table 3. Technologies which combine with electrokinetic [17]. 

Facilitating agent Remediation technology 

Surfactants 

Co-solvents 

Phytoremediation 

Bioremediation 

Electrokinetic remediation is innovative technology that uses electric fields to mobilize 

contaminants in the soil. The addition of facilitating agents such as surfactants and co-solvents, 

enhanced the process by increasing the solubility and mobility of contaminants [18]. 

Surfactants are used to reduce the surface tension between pollutants and water, aiding in the 

desorption of contaminants from soil particles [19]. While co-solvents enable to modification 

of chemical compounds to further enhance the mobility of contaminants [20]. These facilitating 

agents are often used in combination with other remediation technologies like 

phytoremediation and bioremediation. 

Phytoremediation is the process that uses plants to absorb, accumulate, and detoxify 

contaminants from the soil [21], meanwhile, bioremediation involves microorganisms to 

degrade and detoxify pollutants [22]. In combination with electrokinetic methods, these 

technologies are able to improve the efficiency of soil remediation processes, offering more 

sustainable and effective solutions to soil pollution. This integrated approach not only 

addresses the contamination but also helps restore the ecological balance and fertility of the 

soil, ensuring long-term environmental and agricultural sustainability. 

3. Electrokinetic  

Electrokinetic remediation is applicable for both organic and inorganic contaminants. At first, 

electrokinetic remediation is developed to remediate inorganic contaminants such as heavy 

metals [17]. The pH value of soil affects the removal efficiency of contaminants because the 

amount of H+ and OH- ions present in soil react with heavy metals [23]. After that, the 

electrokinetic remediation used to remove the organic contaminants in soil is developed and 

grows rapidly. Some experiments and studies are done. Organic contaminants discovered in 

the soil such as benzene, toluene, phenol, and trichloroethylene can be removed by using 

electrokinetic remediation [24]. For example, direct current is applied to remove phenol and 

hydrocarbon from saturated kaolinite and clay respectively [25, 26]. 

Electrokinetic remediation is considered one of the environmental remediation 

techniques that take advantage of the properties of contaminants and do not produce any 

secondary pollution to the environment. Electrokinetic remediation is used to treat 

contaminants in soil, sediments, sludge, and any solid porous material frequently [27]. This 

remediation technology is suitable and efficient for low permeability of porous matrix and fine-

grained soil [28, 29]. The application of electrokinetic remediation is to utilize the voltage for 

the formation of an electric field gradient [30]. It utilises the low direct current, generally 

1DCV/cm, and a pair of electrodes (anode and cathode) which is embedded in contaminated 

soil. During operation, the mobilized anions and cations of contaminants will move toward the 
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anodes and cathodes through electroosmotic, electromigration, or electrophoresis [29, 30]. The 

charge transfer for area between the electrodes is no difference due to the constant current but 

only resistivity in soil is different because high current in low resistivity soil zone [31]. Figure 

1 briefs the electrokinetic transport in soil. Anode and cathode are inserted into chambers full 

of water or fluid to gather, collect, bring out, and treat the contaminants that exist in soil [27].  

 

 
Figure 1. Electrokinetic transport in soil. 

4. Electrokinetic Transport Process      

Three main mechanisms drive electrokinetic processes including electroosmosis, 

electromigration, and electrophoresis. Owing to the influences of the electric field, 

electroosmosis denotes the process when pore water (water in the soil) moves from anode to 

cathode, electromigration denotes the process when the ions in the soil move to the electrode 

with opposite charge and electrophoresis denotes the process when the charged bacteria and 

macroparticles with the move to electrode with opposite charge [27]. The common point of 

these three mechanisms is that charged particles or molecules are necessary. However, the 

electroosmosis process is likely to happen in the removal of hydrophobic organic contaminants 

in low hydraulic conductivity soil whereas the electroosmosis process is likely to happen in 

soluble organic contaminants in soil. The electroosmosis will be more efficient in removing 

pollutants in water in terms of soil saturated, low hydraulic conductivity, and fine particles. To 

allow the water molecules to move towards the cathode in low hydraulic conductivity soil the 

electricity consumption is high and professional as well as advanced equipment are required 

[32]. Azo dye such as Reactive Black 5 (RB5) which is a soluble organic contaminant in 

kaolinite clay can be removed through the electromigration towards the anode and will undergo 

an oxidation process resulting in colour degradation and elimination [33]. Capillary 

electrophoresis is a new technique to separate the components of a mixture by utilizing electric 

field and it is used to analyse the organic contaminants in food [34, 35]. 

5. Surfactant and Co-Solvents 

Electrokinetic and surfactant are mainly focused on the remediation of hydrophobic 

contaminants in low hydraulic conductivity soil. The mechanism of this combination is 

electroosmosis. The addition of surfactant in electrokinetic remediation enhances the solubility 

of hydrophobic organic contaminants and slows their movement [36]. This is because the 
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characteristics of surfactants which contain hydrophilic and hydrophobic functional groups 

enhance the critical micelle concentration [37]. There are some experiments carried out to 

compare the presence of surfactants with removal efficiency or to compare the efficiency of 

ionic and non-ionic surfactants shown in Table 4. Obviously, the removal efficiency of 

surfactants with electrokinetic remediation is higher than electrokinetic remediation itself only. 

From Table 4, the removal efficiency increased from 40% to 45% (with non-ionic surfactants) 

and 50% (with ionic surfactants). Furthermore, the removal rate of organic contaminants is 

high with the usage of ionic surfactant compared to non-ionic surfactant. SDS has a higher 

removal rate of kerosene compared to the Tween 80. In the removal of the DDT experiment, 

DDT is more soluble in water with the presence of SDBS compared to Tween 80. Therefore, 

the surfactant carries charge has higher reaction with organic contaminants by solubilizing 

contaminants into micelles [38]. Even though the ionic surfactant has high removal efficiency, 

there are some disadvantages. Anionic surfactants which have negative charges will form a 

repulsion force with soil particles as most of the soil is negatively charged. It does lower the 

adsorption of surfactant onto soil particles but the electroosmotic flow might be affected [38]. 

The toxicity of ionic surfactants is more significant in comparison with non-ionic surfactants. 

Cation surfactant is more harmful to microorganisms compared to anionic surfactant [39]. 

However, anionic surfactant is still used for remediation as the toxicity is not significant and 

removal efficiency is higher.  Non-ionic surfactants are neutral and most of them are 

biodegradable [38]. In terms of environmental-friendly, non-ionic surfactant is recommended 

for electrokinetic remediation even if it has lower removal efficiency.             

Table 4. Ionic surfactant vs non-ionic surfactant. 

Organic 

contaminant 

Surfactants 
Result / Observation Reference 

Non-ionic Ionic 

Kerosene Tween 80 Sodium dodecyl 

sulfate (SDS) 

Removal efficiency 

• Electrokinetic = 40% 

• Electrokinetic + SDS = 50%  

• Electrokinetic + Tween 80 = 

45% 

[40] 

DDT Tween 80 Sodium 

dodecylbenzene 

sulfonate 

(SDBS) 

• Mass of DDT in aqueous with 

SDBS is higher compare with 

the aqueous with Tween 80. 

• DDT did not have significant 

movement with Tween 80.    

[36] 

 

The introduction of cosolvent with electrokinetic remediation is to improve the removal 

efficiency of hydrophobic organic contaminants as well. The presence of cosolvent upgraded 

the solubility of immiscible solution leading to the hydrophobic organic contaminants being 

more soluble in aqueous solution. Same as surfactant, organic co-solvent which is more 

environmentally friendly will affect the electroosmosis flow as well. The organic co-solvent 

which is low in conductivity will lower the interaction of interstitial fluid and soil particles 

[41]. The addition of cosolvent into surfactant with electrokinetic remediation is more efficient 

compared with using either cosolvent or surfactant only.  

6. Electrokinetic and Bioremediation  

Bioremediation is considered as a green process that has been widely used to treat the organic 

contaminants in soil and groundwater. Bioremediation is a process that makes use of microbes 
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in soil to treat or degrade the organic contaminants into low toxic or unharmful through 

biostimulation and bioaugmentation. Biostimulation is a method that stimulates the native 

microorganisms or microbes in soil by adding or introducing oxygen (bioventing), water, 

nutrients, or electron acceptors [42]. Other than that, bioaugmentation is a method that 

increases the existing microbes in soil by adding the existing microbes or non-indigenous to 

improve the remediation in contaminated areas [42]. In short, biostimulation is to add external 

factors to stimulate the microbes whereas bioaugmentation is to increase the concentration of 

microbes through the addition of native or non-native microbes. The bioremediation process in 

soil is affected by some environmental conditions which are pH, temperature, humidity of soil 

and soil properties as these may affect the distribution or concentration of microorganisms [43]. 

The integration of electrokinetic and biostimulation improves the transportation of 

nutrients to native microbes in soil for enhancement of the interaction of microbes with 

contaminants and the motion of ions in soil [44]. The contribution of electrokinetic in 

bioaugmentation is to lead transport or bring the microbes population to a particular zone [45]. 

Table 5 summarizes the integration of electrokinetic and bioremediation does remove organic 

contaminants more efficiently.  

Table 5. Electrokinetic and bioremediation technology. 

Remediation technology Result / observation Reference 

Electrokinetic + 

biostimulation 

Removal of total petroleum hydrocarbon (TPH) 

• Electrokinetic = 11.5% to 28.6% 

• Electrokinetic + biostimulation = 51.6% 

• Electrokinetic + biostimulation + Tween 80 

(surfactant) = 72.8% to 88.3% 

[46] 

Electrokinetic + 

biostimulation 

Removal rate of organic contaminants with 1.0 Vcm-1  

• Electrokinetic = 28% 

• Electrokinetic + biostimulation = 64% 

[47] 

Electrokinetic + 

biostimulation 

Voltage gradient with DO 

• 0.5 Vcm-1 = 5 mgL-1 of DO 

• 1.0 Vcm-1 = 8 mgL-1 of DO 

[48] 

Electrokinetic + 

bioaugmentation 

• The chlorinated ethene in contaminated soil 

undergoes dechlorination because electrokinetic 

improves the interaction of Dhc bacterial strain 

and lactate ions with contaminants.  

• Dhc bacterial strain used to treat 

perchloroethylene (PCE) in soil.  

[45, 49] 

Electrokinetic + biological 

permeable reactive barriers 

Removal of diesel hydrocarbon 

• With 1.5 Vcm-1, the removal efficiency of 

hydrocarbon reached 36% which is equal to 50% 

of diesel biodegradable fraction 

[50] 

With a constant voltage of 1.0 V/cm, electrokinetic showed its contribution in removal 

efficiency. Based on Table 5, electrokinetic remediation does contribute to the removal 

efficiency of TPH but the addition of surfactant increases the efficiency to the next level. This 

is because the Tween 80 increases the solubility of TPH. The voltage applied is one of the 

factors which affect the removal rate as well. Another experiment was carried out to prove that 

the oxygen dissolved in the soil will be affected by the voltage applied. The higher the voltage 

applied in soil, the higher the level of dissolved oxygen (DO) but this happens until the 

optimum level only. Lastly, electrokinetic does improve the interaction of added 

dehalococcoides (Dhc) bacteria with contaminants. For electrokinetic and bioaugmentation 
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remediation technology, an appropriate number of additional agents is needed as electrokinetic 

remediation aids in the interaction to remove organic contaminants. The excess addition of 

microbes into the soil might lower the efficiency as the porous soil is full of microbes and the 

transportation of microbes might be limited. 

7. Electrokinetic and Phytoremediation  

Phytoremediation is also considered as a green remediation technology that eliminates or 

degrades the organic or inorganic contaminants in soil by using plants. The mechanisms used 

for phytoremediation are phytoaccumulation, phytodegradation, phytostabilization, 

rhizofiltration, and rhizodegradation [51]. Phytoaccumulation involves the uptake and 

concentration of contaminants within plant tissues, particularly useful for heavy metals and 

certain organic pollutants. Phytodegradation refers to the breakdown of contaminants through 

metabolic processes within the plant. This mechanism is effective for organic pollutants like 

PAHs, PCBs, and halogenated hydrocarbons, which can be metabolized by different plant 

species [52]. Phytostabilization is applied to immobilize contaminants in the soil, reducing their 

bioavailability and preventing their migration, which is beneficial for areas with extensive soil 

contamination. Rhizofiltration and rhizodegradation leverage the plant root system to absorb 

and degrade contaminants present in water or soil, further enhancing the efficiency of 

phytoremediation in managing both organic and inorganic pollutants. 

Incorporating electrokinetic with phytoremediation involves the application of a low 

intensity electric field on contaminated areas with plants to improve the bioavailability of 

pollutants by desorption and transportation of contaminants [53, 54]. This can assume that the 

application of electrokinetic can move organic contaminants towards the plant roots, which 

increases their uptake and degradation. The limitation of traditional phytoremediation is that it 

is less effective in shallow areas and has a low intensity of contaminants. The primary focus of 

the electrokinetic phytoremediation combination technique has been on heavy metals rather 

than organic contaminants. This is due to the easier mobilization of ionic species under electric 

fields compared to non-ionic organic pollutants, which require further research and 

development to optimize electrokinetic systems for organic contaminant removal. 

8. Advantage, Disadvantage, Limitation, Challenge, and Solution  

Electrokinetic remediation offers a range of advantages that make the technique a promising 

technology for soil contamination treatment. One of its benefits is the increased removal 

efficiency. This technology effectively mobilizes and extracts various contaminants from the 

soil using electrical fields. These electric fields have enhanced the overall efficiency of 

contaminant removal compared to traditional methods. Flexible installation is another 

significant advantage. Electrokinetic systems can be easily adapted to different site conditions, 

whether in-situ or ex-situ [55]. This adaptability makes the remediation process suitable for a 

wide range of contamination conditions. In addition, the operation cost is relatively low. 

Compared to energy-intensive methods like thermal remediation, electrokinetic remediation 

requires less electricity and this option provides lower operational expenses. In large-scale or 

long-term remediation projects, cost-effectiveness is crucial making electrokinetic remediation 

a financially viable option for addressing extensive soil contamination. Other than that, 

electrokinetic remediation also provides safe operation where it requires minimal direct 

exposure of operators to contaminants. During the operation, it reduces health risks for workers 
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and minimizes the need for extensive protective measures, particularly in hazardous 

environments. The employ of electrokinetic remediation is not limited to treating small 

contaminated areas [56]. The system can be scaled up to address large amounts of contaminants 

that are applicable for both localized pollution and widespread contamination. This scalability 

ensures that the technology can be used effectively from small industrial sites to large 

agricultural lands. Despite its numerous advantages, electrokinetic remediation also has 

prominent disadvantages. One major drawback is its low effectiveness in removing non-polar 

organic pollutants [55]. These contaminants, including certain pesticides and industrial 

chemicals, have weak desorption capacity and poor solubility in water. These characteristics 

are difficult to mobilize using electrical fields alone, and therefore, reduce the overall 

effectiveness of electrokinetic remediation for a wide range of common soil contaminants. 

The limitations of electrokinetic remediation are closely linked to the nature of the 

contaminants that it can effectively address. Most organic contaminants found in soil are 

neutral in charge and have low solubility in water. The mechanisms that drive electrokinetic 

remediation (electroosmosis and electromigration) rely on the presence of molecules with 

charges and adequate solubility in fluids [57]. Therefore, the remediation of neutral and poorly 

soluble organic contaminants is limited. This poses a significant challenge for contaminated 

sites with complex mixtures of pollutants. One of the operational challenges of electrokinetic 

remediation is the impact on soil pH conditions. During the process, water within the soil 

undergoes oxidation and reduction reactions at the electrodes [58]. The cathode, undergoing 

oxidation, releases hydroxide ions (OH-), which create an alkaline environment, while the 

anode, undergoing reduction, releases hydrogen ions (H+), resulting in an acidic environment 

[31]. These varying pH conditions can affect the chemical reactions of pollutants, potentially 

complicating the remediation process and affecting the stability of certain contaminants. 

Moreover, the effectiveness of single electrokinetic remediation is limited by time and pollutant 

removal efficiency [55]. It often requires prolonged treatment periods to achieve desired levels 

of contaminant removal, which can be impractical for sites needing quick remediation. This 

time-consuming process can also increase overall project costs and delay the return of the site 

to productive use. 

To overcome these challenges, several solutions have been proposed and implemented. 

One effective approach is the introduction of co-solvents and surfactants [17]. Co-solvents, 

such as alcohols or organic solvents, can enhance the solubility of non-polar pollutants, making 

them more amenable to mobilization and removal. Surfactants, which are compounds that 

reduce surface tension, can facilitate the desorption of contaminants from soil particles and 

increase their mobility within the soil matrix. These facilitating agents help improve the overall 

effectiveness of electrokinetic remediation, particularly for challenging contaminants. 

Combining electrokinetic remediation with other technologies is another recommended 

solution [59]. Integrating electrokinetic methods with technologies like bioremediation and 

phytoremediation enhances contaminant removal by leveraging the strengths of each approach. 

For example, bioremediation uses microorganisms to degrade pollutants, while 

phytoremediation employs plants to absorb and accumulate contaminants [60]. When used in 

conjunction with electrokinetic techniques, these methods provide a more comprehensive and 

effective remediation strategy, addressing a broader range of contaminants and improving 

overall site cleanup. Additionally, addressing the variable pH conditions requires careful 

management. Techniques such as buffering the soil to stabilize pH levels or using pH-
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neutralizing agents can help mitigate the impact of pH fluctuations on the remediation process 

[61, 62]. This ensures that the chemical environment remains conducive to effective 

contaminant removal and prevents potential adverse effects on soil health and contaminant 

behavior. 

9. Conclusions 

In conclusion, the function of electrokinetic remediation is to improve the removal of organic 

contaminants in low hydraulic conductivity of soil. This is because the majority of the organic 

contaminants are hydrophobic (repel from water) and non-polar. When direct current is 

applied, the organic contaminants are charged and the transportation of contaminants can be 

controlled. Thus, the electrokinetic combined with bioremediation or phytoremediation is able 

to raise the removal efficiency of organic contaminants. The addition of surfactants and 

cosolvent is to overcome the hydrophobic characteristics by increasing the solubility of 

contaminants. Electrokinetic remediation can be recommended as it is eco-friendly as stated in 

most of the review articles. The application of electrokinetic has been widely accepted as it is 

flexible, cost-effective, and safe. However, the removal efficiency of non-polar organic 

contaminants in soil is low, and professional knowledge is required for operation. In summary, 

electrokinetic remediation can be recommended as it is eco-friendly as stated in most of the 

literature and some remediation technology does produce secondary contamination on the 

environment. The best solution is to reduce the usage of pesticides, insecticides, and herbicides 

that contain high organic contamination and replace them with those that are biodegradable. 

Machinery should be sent for servicing regularly to avoid oil and grease leakage. 
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