
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 12, 2019 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 493 

Arsenic Removal from Contaminated Soil by Means of Electro-Kinetic-

EDTA Method 

C. Mathi1 A. Shanmuga Sundaram2 

1,2S.Veerasamy Chettiar College of Engineering and Technology, India 

Abstract— Soil contains various amounts of organic matters. 

The Heavy metals like arsenic (Ar), copper (Cu), nickel (Ni), 

cadmium (Cd), lead (Pb) and zinc (Zn) contamination is also 

involved in it due to industrial activities.Electro kinetic 

extraction is a feasible technology for efficient remediation 

of contaminated soils under certain circumstances. This paper 

involes remediation of heavy metals from contaminated clay 

soil, by means of electro remediation technique, analysis of 

efficiency of electro-kinetic technique and EDTA as an 

Anode electrolyte solution. 
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I. INTRODUCTION 

Soil is formed from rocks and decaying plants and animals. 

Soil has varying amounts of organic matter (living and dead 

organisms). Heavy metal contamination is primary focus due 

to industrial activities. Examples of heavy metals include 

arsenic (Ar), copper (Cu), nickel (Ni), cadmium (Cd), lead 

(Pb) and zinc (Zn).  

 The improper disposal and accidental spillage of 

toxic and hazardous chemicals from domestic, agricultural 

and industrial activities have led to serious soil 

contamination, creating an urgent need to find feasible 

solutions to the problem. Heavy metals, such as lead, 

chromium, nickel cadmium and arsenic are major soil 

contaminants at numerous industrial sites. The remediation of 

soil polluted by heavy metals may take a very long time, often 

hundreds of years. Generally, removal of excess heavy metals 

from contaminated sites is brought about by chemical, 

physicochemical, or biological approaches.  

 Electro kinetic remediation is one of the developing 

techniques that has significant potential for in situ 

remediation of the fine grained soils. Electro kinetics 

provides an in situ method for removal of the contaminant. It 

can be designed to target a specific area or contaminant. If 

some of the materials in the plume are beneficial to the site, 

then it would be wisest to keep them there. Certain chemicals 

can be added to the electrodes that will only remove the 

undesirable particles in the plume. 

II. METHODOLOGY 

The success of electro kinetic treatments will depend on the 

amount and speciation of metal that can be brought into 

solution. Metals may be distributed among many components 

of the soil solids and may be associated with them in different 

ways such as ion exchange, adsorption, precipitation, 

complexation or present in mineral structures. The 

application of sequential extraction procedures (SEP) 

provides significant information on the speciation of toxic 

metals in soils and may also assist in determining the extent 

of remediation that can be achieved. 

The schematic representation of methodology 

 

III. COLLECTION OF SOIL SAMPLE 

Soil sample is collected at 15cm depth in Thoothukudi 

(nearest sterlite copper industry) region. The sample is 

collected in a plastic bag and transported to the laboratory and 

stored at room temperature. Soil sampling was done 

according as per EPA guidelines. 

A. Sieve Analysis 

This test is performed to determine the percentage of different 

grain sizes contained within a soil. The mechanical or sieve 

analysis is performed to Determine the distribution of the 

coarser, larger-sized particles, and the hydrometer method is 

used to determine the distribution of the finer particles 

B. Moisture Content 

Initially the homogenized soil sample is being dried in a hot 

air oven at 105OC till constant weight is achieved. Then 10 g 

air-dry soil is taken and weighed. It can be the initial weight 

of soil sample (I).Then the dried soil is cooled in desiccators 

and its final weight is recorded. 
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C. Specific Gravity 

Specific gravity is determined by using the formula given 

below 

Specific gravity of soil =  (y-y1/ z-z1)  (3.1) 

y = final weight of bottle with soil  

y1 = initial weight of bottle used for soil   

z = final weight of bottle with distilled water 

z1 = initial weight of bottle used for water 

D. Atterberg limits 

The Atterberg limits are a basic measure of the critical water 

contents of a fine-grained soil, such as its shrinkage limit, 

plastic limit, and liquid limit.  

E. Hydraulic conductivity 

Hydraulic conductivity is one of the hydraulic properties of 

the soil; the other involves the soil's fluid retention 

characteristics. The hydraulic conductivity of a soil is a 

measure of the soil's ability to transmit water when submitted 

to a hydraulic gradient. Hydraulic conductivity is defined by 

Darcy's law, which, for one-dimensional vertical flow, can be 

written as follows: 

U=-K
dh

dz
 

 where U is Darcy's velocity (or the average velocity 

of the soil fluid through a geometric cross-sectional area 

within the soil), h is the hydraulic head, and z is the vertical 

distance in the soil. The coefficient of proportionality, K,  is 

called the hydraulic conductivity. 

F. pH of the Soil 

pH = -log[H+], where the brackets around the H+ symbolize 

"concentration". The pH of a material ranges on a logarithmic 

scale from 1-14, where pH 1-6 are acidic, pH 7 is neutral, and 

pH 8-14 are basic. Lower pH corresponds with higher [H+], 

while higher pH is associated with lower [H+]. 

G. Electrical Conductivity 

Electrical conductivity (EC) is a measurement of the 

dissolved material in an aqueous solution, which relates to the 

ability of the material to conduct electrical current through it.. 

H. Fabrication of the reactor 

The reactor is fabricated with acrylic plastic material. The 

acrylic plastic material has excellent resistance to many 

chemicals including, 

1) Solutions of EDTA 

2) Dilltued water  

 

I. Ethylene diamine tetra acetic acid 

Ethylene diamine tetra acetic acid, widely abbreviated 

as EDTA (for other names, see Table), is an amino 

polycarboxylic acid and a colourless, water-soluble solid. 

Its conjugate base is named ethylene diamine tetra acetate. It 

is widely used to dissolve limescale.  

 Formula: C10H16N2O8 

 Molar mass: 292.24 g/mol 

 IUPAC ID: 2,2',2'',2'''-(Ethane-1,2-diyldinitrilo)tetra 

acetic acid 

 Melting point: 237 °C 

 Density: 860.00 kg/m³ 

 Soluble in: Water 

 In industry, EDTA is mainly used to sequester metal 

ions in aqueous solution. In the textile industry, it prevents 

metal ion impurities from modifying colors of dyed products.  

IV. ELECTROKINETIC EXPERIMENTS 

For all the tests, the soils were spiked with heavy metals Lead 

(Pb) and Arsenic (As) at a target concentration of 500 mg/kg 

(mass of heavy metals/mass of dry soil), which represents the 

typical heavy metals concentrations found near source zones 

at contaminated sites (virapandiya puram).Approximately 1.5 

kg of soil was  for each test. Initially, the mass of heavy 

metals required to yield the target concentration was 

measured and then completely dissolved in about 1000 ml of 

distilled water  was used to acidify water because AS has 

extremely low solubility in water. The Pb and As heavy 

metals was subsequently mixed with the measured amount of 

soil.  The mixtures were stirred with stainless steel spoons, 

and all mixing operations were performed in glass beakers. 

The soil–Pb &As mixture was then placed in a ventilation 

hood for nearly a 2 days until the contaminated soil was dry. 

The initial concentration of heavy metals Pb and As in the soil 

was then determined. 

 The heavy metals contaminated soil was 

subsequently mixed with a measured amount of deionised 

water in a glass pan. The target water content for the soil was 

its saturation limit. The moist soil was then placed in the soil 

chamber in layers, and each layer was tamped into the 

chamber using an aluminium pestle so that the amount of void 

space was minimized. Once the soil was fully packed into the 

chamber, the peripheral equipment was attached to complete 

the assembly of the apparatus. Graphite electrodes was placed 

in the anode and cathode compartments. Two test run were 

conducted normal electro kinetic remediation and surfactant 

enhanced electro kinetic remediation. For normal electro 

kinetic remediation, the cathode compartment was filled with 

deionised water, and the anode compartment was filled with 

the deionised water. For surfactant enhanced electro kinetic 

remediation, the cathode compartment was filled with 

deionised water, and the anode compartment were filled with 

the surfactant solution For both the run the constant DC 

voltage gradient of 9 V DC/cm was then applied between the 

electrodes. 

 The electrical current and the volume of effluent 

were routinely measured, and sample of the effluent solution 

were collected for chemical analysis and the determination of 

contaminant mass removal. The electrical potential (voltage) 

value from the cathode to each of the four ports was also 

measured using a multimeter to examine the spatial variation 

of electrical potential through the soil. The tests were run until 

the applied current greatly decreased through the soil or it 

appeared that the heavy metals (Pb &As) concentrations in 

the effluent had reached a steady state condition. After the 

tests were completed, the soil was extruded and divided into 
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four sections that corresponded to the four port positions and 

then divided along the vertical and horizontal directions, 

where each section was about 3cm×4cm×4 cm. 

Representative samples were taken from each soil section for 

the determination of soil pH and heavy metals concentration. 

Soil pH measurements were determined using a soil-to-water 

ratio of 1:1 as described by Mitchell(1993). Generally, 10 ML 

of deionised water was added to 10 g of soil, and the pH was 

measured using a Digi Sense digital pH meter that was 

calibrated using standardized pH solutions. Water contents 

were determined using ASTM D 2216. 

V. ELECTROKINETIC EXPERIMENT (DEIONIZED WATER) 

The soil is analyzed for PH VS Time at low voltage and given 

in table 4.6 

Distance from cathode(cm) PH 

0 3.1 

1 3.0 

2 3.7 

3 3.8 

4 3.6 

5 3.0 

6 3.9 

7 3.5 

8 3.4 

9 4.3 

10 4.0 

11 4.2 

12 4.4 

13 5.3 

14 5.6 

15 5.9 

 
 The soil is analyzed for PH VS Time at High voltage 

and given in table 4.7 

 

A. The removal efficiency of arsenic in polluted soil (edta+ 

deionized water) (day -1) 

TIME 

(Hrs) 

Concentration 

(mg/kg) 

Removal 

Efficiency(％) 

1 754 0 

2 696 7.69 

3 671 11 

4 627 16.84 

5 540 28.38 

6 497 34.08 

7 465 38.33 

 

Distance from cathode(cm) PH 

0 3.4 

1 3.8 

2 3.9 

3 4.1 

4 4.7 

5 4.9 

6 5.2 

7 5.4 

8 5.6 

9 5.9 

10 6.3 

11 6.5 

12 6.9 

13 7.4 

14 8.3 

15 8.7 
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B. The Removal Efficiency of Arsenic In Polltued Soil ( 

Edta+ Deionized Water ) Day-2 

TIME 

(Hrs) 

Concentration 

(mg/kg) 

Removal 

Efficiency(％) 

30 432 42.7 

1 414 45.09 

1.5 396 47.48 

2 374 50.39 

2.5 365 51.59 

3 321 57.42 

3.5 300 60.21 

4 297 60.16 

4.5 290 61.54 

5 284 62.33 

C. The Removal Efficiency of Lead in Polluted Soil (Edta+ 

Deionized Water) (Day-1) 

TIME 
Concentration 

(mg/kg) 

Removal 

Efficiency(％) 

1 412 0 

2 396 6.07 

3 374 9.22 

4 351 14.8 

5 296 28.15 

6 263 36.17 

7 254 38.35 

 

 

D. The Remove. Efficiency of Lead in Polluted Soil (Edta+ 

Deionized Water) (Day-2) 

TIME 
Concentration 

(mg/kg) 

Removal 

Efficiency(％) 

30 231 43.95 

1 224 45.63 

1.5 217 47.33 

2 194 52.91 

2.5 185 55.09 

3 178 56.8 

3.5 164 60.19 

4 156 62.14 

4.5 150 63.5 

5 143 65.3 

 

VI. CONCLUSION  

 Electro kinetic experiments should be carried out at low 

voltage for longer period of time. When Electro kinetic is 

operated at high voltage for shorter time there is formation of 

acidic gradient at cathode end due to accumulation of 

H+.normal Electro kinetic is operated low voltage current gets 

decreased after reversing the polarity current gets increased. 

The Removal Efficiency of Normal Electro kinetic is 

54.6%As was not effectively removed from contaminated 

soils without the presence of EDTA due to its poor waters 

solubility. The remediation efficiency was significantly 
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enhanced by adding EDTA, indicating that the formation of 

the Pb–EDTA complexes increased the apparent ARSENIC 

water solubility. And the migration rate As was also further 

improved when both EDTA  were used in the experiment.The 

EK process not only improved the removal efficiency of Pb 

but also decreased the lead accumulation phenomenon in soil. 

The average removal efficiency of ARSENIC was 80.5 % for 

EK. In addition, the total operating time and the energy 

consumed were accordingly saved. The efficiency of electro 

kinetic remediation was closely related to As speciation, and 

the exchangeable and carbonate-bounded Pb were the 

dominant forms which could be removed. 
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