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ABSTRACT 

The capability of electrokinetic 

(EK) remediation innovation has been 

effectively exhibited for the 

remediation of heavy metal-

contaminated fine-grained soils 

through lab scale and field application 

contemplates. Arsenic contamination 

in soil is a difficult issue influencing 

both site use and groundwater quality. 

The EK innovation was assessed for 

the expulsion of arsenic from two soil 

tests; alluvial mud soil and red mud 

soil taken from the Tamilnadu zone. 

The viability of upgrading specialists 

was examined utilizing three unique 

kinds of cathodic electrolytes; 

deionized water (DIW), potassium 

phosphate (KH2PO4) and sodium 

hydroxide (NaOH). The consequences 

of the examinations on the alluvial 

mud soil show that the potassium 

phosphate was the best in extricating 

arsenic, likely because of anion trade 

of arsenic species by phosphate.  Then 

again, the sodium hydroxide appeared 

to be the most proficient in eliminating 

arsenic from the red soil. This 

outcome might be clarified by the way 

that the sodium hydroxide expanded 

the  soil pH and quickened ionic 

relocation of arsenic species through 

the desorption of arsenic  species just 

as the disintegration of arsenic-

bearing minerals 

 

Keywords: arsenic, electrokinetic 

remediation, alluvial soil, red soil. 

Introduction 

Arsenic (As), a poisonous and cancer-

causing component, is broadly found 

in a few normal minerals [1,2]. The As 

primarily exists as inorganic types of 

As (V) and As (III). Both normal (e.g., 

volcanic ejection and rock enduring) 

and anthropogenic (e.g., mining, 

metallurgy, and bug spray 
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applications) exercises have brought 

about a huge expansion in As fixation 

in the soil [3,4]. Moreover, there have 

been numerous As harming 

occurrences brought about by mining 

exercises overall [5]. The worldwide 

dissemination of As assets is lopsided 

and the normal estimation of As in soil 

has been assessed to be 6.83 mg/kg 

[6]. Arsenic and heavy metal 

contamination of the agrarian soils and 

harvests encompassing these zones 

has as of late been identified as one of 

the most genuine natural issues 

confronting India. It has been 

accounted for  that some zone in India 

have amazingly acidic to unbiased pH 

esteems, and contain elevated  levels 

of arsenic and other heavy metals.  

South-India experiences a semi-arid 

tropical climate [7], so a few sorts of 

clayey stores like sedimentary, 

alluvial, and red and remaining are 

seen here. These far and wide shallow 

arrangements are among the most 

utilized crude materials, particularly 

for street works and as development 

materials [8]. Alluvial soil has a solid 

bearing on the resultant warm 

adjustments during the terminating 

phase of building blocks and tiles [9]. 

In this district, there is an immense 

use of soil by the neighborhood 

populace for both terminated and 

unfired blocks, tiles and earthenware. 

Nonetheless, such abuse is wasteful in 

light of the fact that no primer 

assessment and testing have been 

done, regardless of the way that is 

helpful for all crude materials. From a 

mechanical perspective, it is essential 

to assess the chance of the utilization 

of alluvial and red soil in the creation 

of blocks and tiles. In Tamilnadu, 

there is broad mud stores 

fundamentally alluvial and red soil. 

Soil from this district is broadly 

utilized as crude materials for red 

blocks and material tiles by the 

neighborhood clay industry, which 

gathers in excess of 140 plants.  

Regardless of the immense utilization 

of this soil, helpless understanding of 

the compound arrangement, molecule 

size and mineralogy on properties of 

this soil has diminished the nature of 

the eventual outcomes.  

Up to this point, numerous 

advances have been utilized for the 

remediation of As contaminated soil, 

including soil flushing, 

phytoremediation, bioremediation and 

electrokinetic  remediation (EKR) [10-

12]. Among these procedures, EKR is 

a promising in-situ innovation for the 

partition of heavy-metals from low-

penetrability soils, which is finished 

by forcing an immediate flow electric 

field [13-16]. By and large, EKR 

eliminates impurities by electro 
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assimilation, electromigration, and 

electrophoresis. These instruments 

oversee the versatility and transport of 

soil toxins under the electric field [17, 

18]. During the utilization of EKR, As 

was in every case unequivocally 

adsorbed on soil-molecule surface, 

hence impeding its movement in the 

soil. In this manner, an added 

substance specialist is needed to 

strengthen the effectiveness of the 

EKR strategy [19-22].  

The electrokinetic (EK) procedure is 

one of the most encouraging 

decontamination  measures, and has a 

high productivity and time-adequacy 

in low-porous media, for example,  

slime and dirt soils. The EK soil 

preparing is additionally alluded to as 

electrokinetic remediation, 

electroreclamation, and 

electrochemical decontamination, and 

the upside of this technique is its low 

activity cost and likely 

appropriateness to a wide scope of 

pollutant types [23]. The EK soil 

handling is visualized as a method to 

eliminate and to isolate natural and 

inorganic impurities and 

radionuclides. The capability of this 

method for squander remediation has 

been accounted for in a few 

investigations [24]. There have been 

different upgrade methods  proposed 

and actualized to defeat the 

deformities of the cycle and to 

improve its adequacy: (1) infusion of 

upgrading specialists, for example, 

acidic corrosive or utilization of a 

hydroxyl  particle particular layer in 

the cathode supply to forestall 

precipitation or solubilize accelerates 

of  cationic metal impurities close to 

the cathode [25-27] (2) molding of the 

anode and/or the  cathode repositories 

to control the pH and zeta potential, 

upgrade desorption, and increment the  

electroosmotic stream rate to build 

portability of foreign substances [28-

30]; and (3) expansion or blending of 

emphatically complexing specialists, 

for example, smelling salts, citrate, 

and  EDTA into soil, which rival soil 

for metal toxins to frame solvent 

edifices [31-33].  

The destinations of this examination 

were to explore the relevance of the 

EK cycle for the remediation of 

arsenic-contaminated soils, to inspect 

the significant instruments and factors 

overseeing the cycle, and to assess the 

adequacy of the distinctive upgrading 

specialists during the cycle. 

Study Area: 

 Figure 1 shows 

Ramanathapuram taluk which is 

located in Ramanathapuram district in 

Tamilnadu southern part on India east 
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coast. Their geographical location 

extends among 9ᵒ 22’ of North 

Latitude and  

78ᵒ 49’ of East Longitude.It exhibiting 

longer coastline of 102.34 km and  

10 m of mean sea level. The climate 

succeeds with 36 ᵒ C max in summer 

and 25ᵒ C of min temperature in 

winter, 500 mm average rainfall is 

recorded. The Ramanathapuram taluk 

soil can be mixed into significant 

types like sand and alluvial, clay, 

sandy clay, sandy loam. Vaigai is 

considered to be the important river of 

the taluk, which is stream and channel 

in mandapam and tirupullani blocks. 

Ramanathapuramtaluk total 

population is 1,66.232 as per 2011 

census. 

 

Figure 1 Geographical map of study 

area 

Experimental Setup 

 The experimental apparatus 

schematic dimension are shown in 

Figure 2. The experimental apparatus 

comprised with four major parts like 

power supply, soil cell, reservoirs of 

electrolyte solutions and electrode 

compartments. In order to avoid 

sudden pH variations in electrolyte 

solutions, every electrode 

compartment comprised with 

electrolyte solution with sufficient 

volume. The electrolyte solution has 

been measured again in both electrode 

compartments using peristaltic pumps 

and a BIORAD DC 96 power source 

(model PowerPac 200, 5-200 V, 0.01-

2 A, 200 W) (Masterflex, 1–100 rpm, 

3 heads).Arsenic contaminated soil of 

arsenic  is shown in following Figure 

3.4. Every 4 hours, a number of 

physical chemical parameters have 

measured during the experiment 

performed. The total voltage drops 

from electrode compartments and soil 

cell. Both electrolyte solutions shows 

pH differentiations. By electro-

osmotic flow, transported pore water 

volume and soil pH variation is 

observed. From soil bed, samples 

obtained directly using stainless steel 

sampler with 1.2 cm diameter after 

treatment in order to determine the 

PERIODICO di MINERALOGIA                                                                                                           Volume 91, No. 4, 2022

                                                                                                                                         https://doi.org/10.37896/pd91.4/91420

ISSN: 0369-8963

Page 304



final soil pHs and arsenic residual 

concentrations. 

 

Figure 2 Experimental reactor 

schematic diagram and dimension 

 Using aqua regia, arsenic 

from soil samples was removed, 

which has an HCL:HNO3 ratio of 3:1. 

Each dry soil sample was first treated 

with aqua regia and then further 

agitation (100 rpm, 70 °C, and 1 hour) 

after wet soil samples were dried at 

105 °C. Through hydride generator 

atomic absorption spectrometry(HG-

AAS, Perkin–Elmer ZL 5100), arsenic 

concentrations have evaluated. 

 

Experimental Program  

 Six tests from test 1 to test 6 

were developed and performed for 

analyze the arsenic removal from soils 

through electrokinetic remediation 

process.   Two enhanced tests as well 

as one control test were carried out on 

two types of samples, including 

alluvial and red soil. Using the DIW- 

deionized water as neutral electrolyte 

solution, control tests have performed. 

0.1 M sodium hydroxide (NaOH) and 

0.1 M potassium phosphate (KH2PO4) 

solutions have used in enhanced tests 

as catholytes for alkaline and acidic 

conditions simulation. Specifically, 

because of the anion exchange 

capacity with arsenic species, 

phosphate solution has chosen in 

between different kind of acid 

solutions.As anolytes, sodium 

carbonate (Na2CO3) solutions have 

used in tests 2 and test 5 for hydrogen 

ions neutralization which are 

generated through electrolysis of 

anodic water and which prevents 

developing acidic conditions within 

soil bed. The test plan for alluvial and 

red soil is  presented in Table 2.The 

experimental program is explained in 

the Table 3.      

For all the test platinum and titanium 

electrode were used as anode and 
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cathode respectively. The initial 

concentration of arsenic in contained 

soil was 1500mg/kg of soil and 

duration is 100 hr for each test 

Table 1 Test plan for alluvial soil 

Alluvial 

soil 
Red soil Anolyte Catholyte 

Test 1 

Controlled 

Test 4 

Controlled 

Deionised 

water 

(DIW) 

Deionised 

water 

(DIW) 

Test 2 

Enhanced 

Test 5 

Enhanced 

Deionised 

water 

(DIW) 

Potassium 

phosphate 

(0.1N) 

Test 3 

Enhanced 

Test 6 

Enhanced 

Sodium 

carbonate 

(0.1 N) 

Sodium 

Hydroxide 

(0.1N) 

Table 2 Arsenic electrokinetic 

removal- experimental program and 

evaluated parameters 

Anode Platinum plate 

Cathode Titanium plate 

Dimensions of the 

reactor 

10 cm (W) · 10 cm (H) · 

15 cm (L); cross 

sectional 

Current 0.1 A (current density 

1mA/cm2) 

Initial arsenic 

concentration 

mg/kg 

1500 

Duration (hr) 100 

   For every 24 hr, every 

electrolyte solution has refreshed for 

diminishing the water electrolysis 

impact which presented in both the 

electrode compartments. Constant-

current mode has used except in test 4 

for maintains the net rates of constant 

electrolytic reactions and difficult 

current boundary conditions 

minimized. In test 4, due to the 

electric resistance which has increased 

continuously the applied current has 

controlled from 0.1 to 0.05 A in 

stepwise manner after 28 hr, after 64 

hr, again 0.05 to 0.03 A. 

Results And Discussion 

 The results obtained from six 

various tests for both contaminated 

soil were analyzed to study the effect 

of various parameters involved in the 

electrokinetic process. 

Variation Of pH 

 The pH variation in the soil 

bed has been represented in this  

Figure 2 & 3.. The electrolytic process 

of H2O leads to the generation of –OH 

ions at the cathode and H+ ions at the 

anode region.  
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Figure 2. variation of pH in the soil 

bed for alluvial soil (where X is the 

distance to the anode and L is the 

length of the soil bed). 

 With no conditioning of the 

electrolytic solutions, the alkaline and 

acid fronts will move towards the 

anode and cathode causing increase 

and decrease in the pH of the soil in 

both cathode and anode region. As 

represented in the Figure 5.1, the pH 

of the soil possesses a characteristic 

pattern in the test. These tests revealed 

that there is no conditioning of the 

electrolytes. The rate of soil pH 

change was observed to be 

insignificant in between the red soil 

and the alluvial soil because of their 

various and differing initial and 

buffering capacity of the pH. 

Meanwhile in the test 2 and 5, the 

generation of –OH ions at the cathode 

region has been found to be contracted 

by the inclusion of the phosphatase 

solution. Due to this process, the soil 

bed's overall pH level has been kept as 

low as possible. Accordingly, the pH 

of the soil was found to be increases in 

the overall soil bed in the test 3 and 6 

and it leads to the inclusion of alkaline 

solutions to both catholyte and 

anolyte.   

 

Figure 3 After testing, the soil bed's 

pH variation   for  red (where X is 

the distance to the anode and L is 

the length of the soil bed). 

 This study discovered that, 

despite identical conditions, the soil 

pH in test 6's final stage is lower than 

it was in test 3's, and that the starting 

pH of the alluvial used in test 3 was 

higher than that of the red soil used in 

test 6's. The cause was found to be due 

to the investigated tests' various 

processing times. Additionally, test 3's 

processing time was shorter than test 
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6's, and less -OH was dispersed across 

the soil bed once test 3 was finished, 

which resulted in test 3's low pH. 

Variation Of Voltage  

 The electrical conductivity 

differential and the anticipated voltage 

drop during processing represented the 

movement of species inside the soil 

bed. Every experiment's total voltage 

drop throughout the soil bed is 

depicted in the figure. Because of the 

steadily rising voltage from across bed 

region, the applied current is adjusted 

progressively in test 4 rather than 

remaining constant, as was initially 

planned, in the other experiments. 

Figure 4 a&b represented the variation 

of voltage drops during the 

experiments. 

 For test 1 and 4, the voltage 

drop increases constantly , suggesting 

that the EC reduced in a gradual 

manner in soil bed. Aside from the 

hydrogen and hydroxide ions 

produced by water electrolysis in both 

electrode compartments, there were no 

other sufficient species present to flow 

across the soil bed throughout this 

experimental method. In contrast, the 

other 4 conductivity test increased in a 

gradual manner during the experiment. 

Such increase in the conductivity 

attributes to migrate three types of 

species in which the H+ and OH- ions 

were produced by electrolysis of 

water, the ions were produced in the 

system by adding improved agents 

like phosphatase ions in in cathode in 

second and fifth test. Further OH ions 

H ions in catholyte and anolyte 

respectively were found in test 3 and 

6. Accordingly, the species extracted 

from the original soil specimen 

because of mobilizing process like ion 

exchange, dissolution and desorption 

etc 

 

Figure 4 a)  Profile of voltage during 

experiments:Alluvial and Red soil 
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 The impact of produced ions 

by water electrolysis either through 

enhancing chemicals was disregarded 

in the test when the test conditions are 

applied equally when the study 

evaluate to contribute every species to 

a significant increase in the 

conductivity inside the soil bed. 

Because of this, it is possible to match 

the voltage profile to the movement 

and transport of species found in soil 

samples. Particularly the voltage 

signified the importance of migration 

and mobilization of the arsenic species 

in both the red soil and alluvial soil 

due to the contamination with only 

arsenic concentration and other 

contaminants of the red soil. Further, 

within the soilbed, the reduction of 

voltage in these four tests (2,3,5, and 

6)represented the transport and 

mobilization of As species. 

Arsenic Concentration Distribution 

In The Soil And Removal Efficiency 

 The concentration of arsenic 

in anode and cathode  compartment is 

explained graphically in Figure 5 

During the experiment, the total 

amount of arsenic in the electrolyte 

was estimated. The As amount has 

been increased in both catholyte and 

anolyte in the entire experiment. But 

the elevated arsenic rate in all the 

electrolyte was more than the 

catholyte in the anolyte that 

represented that the As species 

predominantly shifted towards the 

anode and are accumulate to anolyte. 

Additionally the arsenic amount 

estimated in the electrolytes were 

constrained in the test 4 representing 

that more arsenic has been removed 

from the river bed 

 In every electrolyte the 

arsenic accumulative amount has 

calculated. In both catholyte and 

anolyte, arsenic amount has increased 

gradually. Compared with catholyte, 

the arsenic increasing rate has 

importantly higher in anolyte. It shows 

that arsenic species mainly 

accumulated to anolyte through 

moving towards anode. Moreover, 

among the tests experiments, arsenic 

increasing rate observation was 

different in every electrolyte.  

 In particular, the amount of 

arsenic found in both electrolytes, 

which indicates that it was severely 

limited in test 4, indicates that more or 

a faster rate of arsenic removal from 

the soil bed. Figure 5 a & b represents 

the accumulation of arsenic in 

electrode compartment for red soil 

PERIODICO di MINERALOGIA                                                                                                           Volume 91, No. 4, 2022

                                                                                                                                         https://doi.org/10.37896/pd91.4/91420

ISSN: 0369-8963

Page 309



 

 

Figure 5 .Arsenic accumulation 

during the alluvial experiment was 

measured in two places: (a) the 

anode electrolyte (b) Cathode 

Electrolyte 

Figure 6 a & b gives the distribution 

of arsenic concentration in the soil bed 

for alluvial and red soil.In all types of 

studies, the arsenic concentrations 

generally decreased compared to 

beginning concentrations. But 

compared with other four tests, the 

residual arsenic concentrations 

distribution trends for tests 1 & 3 

shows different. Towards the anode, 

residual arsenic concentrations shows 

decrease in rate seen in tests 1 & 3, 

but in other tests it shows increase in 

rate towards the anode. During the 

process, it can be recognized to 

difference in magnitude and direction 

of       

 

           

 

Figure 6 a)  b) Red soil experiment- 

Arsenic accumulative amount 

measured in electrode compartment  

anode  & Cathode 

electro-osmotic flow tests 1 & 3, 

predominantly build towards cathode. 

The electro-osmotic flow blocked the 

arsenic electro migration towards 
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anode leads to arsenic removal 

retardation in soil bed of cathodic part. 

It has observed that the EK removal of 

heavy metals major mechanism from 

soil has said to be electro-migration. 

But during EK processing, electro-

osmosis also plays major role in heavy 

metals removal.  

 The phosphate solution is 

claimed to be an extremely effective 

improvising agent between the 

investigated electrolytes in the case of 

the alluvial experiment. In all types of 

tests based on alluvial soil 

experiments, the majority of the 

arsenic species were present mostly as 

absorbed forms. Arsenic species that 

were absorbed were successfully 

mobilised by anion exchange by 

hydroxide as well as phosphate ions. 

The pH is higher when there is anion 

exchange by hydroxide ions, described 

as higher hydroxide ions activity, refer 

generally as desorption. Arsenic 

desorption is essentially described as 

an anion to hydroxide ion exchange in 

terms of the process for arsenic 

mobilisation.  

 The residual arsenic 

concentrations between the three tests 

differ significantly, with test 1 and test 

3 having greater residual arsenic 

concentrations than test 2.  

Figure 7 Distribution of the residual 

arsenic concentration in the soil bed 

following the experiment: a) 

Alluvial soil b) Red soil 

even though the electrolysis of 

cathodic water in tests 1 and 3 

continuously produced hydroxide 

ions. The removal efficiency of 

arsenic in red and alluvial soil is 

explained in the Figure 7. 

 To increase the amount of 

hydroxide ions produced by water 

electrolysis in the cathode 

compartment in test 3, sodium 

hydroxide solution is specifically 

employed as the cathode electrolyte 

solution. It further improvises the 
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anion exchange of the arsenic species 

via hydroxide ions. However, test 3's 

residual arsenic concentration seemed 

to be larger than test 2's. In test 1, 

when hydrogen ions created by the 

anodic water electrolysis came into 

contact with the hydroxide ions 

produced by the cathodic water 

electrolysis, the reaction resulted in 

the formation of water. Their anion 

interchange for arsenic species was 

thus decreased. As a result, following 

test 1, the elimination of arsenic 

decreased and the residual arsenic 

concentration was high. Additionally, 

the rapid electromigration of arsenic 

towards the anode was significantly 

slowed down by the intense electro-

osmotic flow more toward the 

cathode. For these reasons, test 3's 

attempt to remove the arsenic was 

unsuccessful. In test 3, the hydrogen 

ions in the anode compartment were 

neutralised by that of the addition of 

the alkaline solution (Na2CO3), and 

the hydroxide ion level was increased 

as a result of the addition of sodium 

hydroxide solution to the cathode 

compartment. As a result, a high pH 

was created within the soil bed 

 Conclusions  

 This examination 

showed that the EK cycle can be 

applied to eliminate arsenic from soils 

with fitting plans for improvement. 

The anion trade or desorption was a 

principle component in removing 

arsenic species adsorbed onto the soil 

surface, while the disintegration of 

arsenic bearing minerals appeared to 

be a pivotal system for the activation 

of arsenic species related with those 

minerals. Also, those instruments were 

fundamentally affected by the soil 

properties, especially the soil pH. In 

this way, the substance types of 

arsenic and the soil pH should be 

considered, when one chooses the best 

upgrading specialist. Despite the fact 

that electro migration is the important 

instrument in eliminating arsenic 

species from the soil bed into the 

anode compartment, all things 

considered, the course and size of the 

electro osmotic stream influences the 

vehicle of the arsenic species. Thus, 

the effectiveness of the EK cycle in 

eliminating arsenic toxins from soils is 

impacted by various components, for 

example, the soil pH, the substance 

types of the arsenic species, and the 

electro assimilation influenced by the 

zeta capability of the soil and the 

electric field power. 
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