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Abstract 

Electrokinetic remediation is one of the most promising in situ or ex situ processes for 

decontamination of heavy metals, anions and polar organic compositions from the soil. In this 

study, we investigated the efficacy of this method in removing mercury from clayey soil (with 

kaolin to sand weight ratio of 2:1) and from gold mine tailing dam sediment and determined 

optimum removal conditions. Total mercury concentration in the soil and sediment samples was 

800 and210 mg / kg, respectively, and duration of the experiments was considered as 32 and 30 

days, respectively. The experiments were conducted on the samples with two voltage gradients (1.0 

and 1.5 VDC/cm) to assess the effect of voltage gradient when using 0.1 M Na-EDTA, 0.1 and 0.4 

M KI solutions and distilled water. The results showed that the best efficiency (99.07%) was 

reached when the 0.4M KI concentration was used with the 1.0 VDC/cm voltage gradients, leaving 

a residual concentration of 7.47 mg/kg in the soil after the treatment. In addition, the best efficiency 

for mercury removal from the tailing dam sediment was achieved in these conditions. The electrical 

current profiles, pH of the anode and cathode reservoirs, electrical conductivity of the soil and its 

moisture were then plotted and discussed. 

Keywords: Electrokinetic, Mercury, KI, Na-EDTA. 

1–Introduction 

Nowadays, protection of the environment from 

various pollutants is a dilemma with which man 

is involved more than any time before. A 

significant part of pollutants entering the 

environment is generated by industry and 

technology in the current era. Emission of heavy 

metals in the environment is considered as a 

serious hazard for the survival of living 

organisms, due to harmful effects of their 

emissions. Over the past decades, uncontrolled 

and severe increase in production and 

consumption of these metals has led to transfer 

of large quantities of them to the nature cycle by 

water, soil and air due to various natural and 

anthropogenic sources. Because of their stability 

and lack of biodegradation, they have 

extensively appeared in the food chain as a 

serious threat for plants and animals consuming 

these nutrients (Fenglian and Wang, 2011; 

Sengupta, 2002). 

Among the four heavy metals of mercury, 

arsenic, cadmium and lead (considered as the 

most dangerous heavy metals regarding their 

low permitted limit in the environment), 

mercury is the only metal of which 
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accumulation and concentration along a food 

chain has certainly been confirmed (Clarkson, 

1993). Due to such features as high toxicity, the 

ability of disturbing the soil ecosystem and high 

contamination of ground water tables, mercury 

has been recognized as the most dangerous 

heavy metal (Lindqvist, 1991). The values in 

Tables 1 and 2 indicate higher toxicity of 

mercury compared to the other three elements. 

Table 1) Drinking  water standard for heavy metals, 

in ppb (Carr and Neary, 2008). 

WHO Canada EPA Metal 

1 1 2 Mercury 

10 25 2 Arsenic 

5 5 5 Cadmium 

10 10 20 Lead 

Although various mercury forms have been 

used in different applications for a long time 

due to their interesting and unique properties, 

nowadays these compoudes have been 

substituted because of strict environmental 

regulations. 

However, due to recent and past activities, 

various forms and quantities of mercury have 

been released into the environment, which can 

be a risk for both man and environment. 

Therefore, different methods have been used or 

are being developed for mercury removal; some 

of which are presented in Table 3. 

Table 2) Waste water standard for heavy metals, in ppb (Carr and Neary, 2008). 

Agronomy and irrigation 

consumptions 
Discharge to shaft 

Discharge to surface 

waters 
Metal 

Negligible Negligible Negligible Mercury 

100 100 100 Arsenic 

50 100 100 Cadmium 

1000 1000 1000 Lead 

Among the available technologies, drilling and 

ex situ decontamination of contaminated soils 

along with sequestering measures are widely 

used and appreciated, although these methods 

are not usually affordable or technically easy. In 

contrast, the emergency in situ procedures such 

as permeable reactive walls and washing may be 

more appropriate for many mercury 

contaminated sites. 

2–Electrokinetic method principles 

Electrokinetic is the term used for remediation 

process of contaminated soils using electrical 

field; it is also called soil electrokinetic 

procedure, electrical reclamation, 

electrochemical decontamination and electrical 

remediation (Van, 1997). This method has been 

described in detail by Lageman (2005). In this 

system, low level direct electric current is used 

to apply several mAs per square centimeter of 

soil between the electrodes. Thus, the electrical 

potential of several volts per centimeter soil is 

applied between the two electrodes. For the 

effective functioning of this system, it is 

necessary that the soil pore water be able to 

maintain the electrical potential between the 

electrodes (Lindgren, 1991). 

The results of applying electric current in soil-

water system in saturated or non-saturated 

conditions are as follows: 

1- Ionic varieties present in the soil pore water 

move towards the electrode of opposite 

charge (electrical migration). 
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2- Charged particles in the soil pore water move 

toward the electrode with the opposite 

charge. 

3- Water mass moves towards the cathode 

(electro-osmosis phenomenon). 

4- Electrolysis reaction occurs in the electrodes 

(Hunter, 1981). 

The combination of these phenomena results in 

the movement of contaminants toward the 

electrodes. Direction and rate of movement are 

dependent upon the charge of ions (both 

magnitude and type), degree of ion adsorption 

to soil particles and flow rate of electro-

osmosis. Contaminants reaching the electrodes 

can be eliminated by extraction of the water 

existing in the soil pores near the electrodes, 

adsorption of contaminants on the electrodes, 

precipitation or co-precipitation of 

contamination in the electrodes or making 

complex with ion exchange resins (Mattson and 

Lindgren, 1993). 

 Table 3) Various technologies of mercury remediation 

Various technologies 

of remediation 
Subdivisions References 

Out-site excavation and 

treatment 

Physical separation 
(Biester et al., 2000; Hempel and 

Thoeming, 1999) 

Thermal treatment 

(Hinton and Veiga, 2001; Biester et al., 

2000; Matsuyama et al., 1999; Larry and 

Jose, 1990) 

Hydrometallurgical treatment (Thoming et al., 1999) 

In-situ recovery 

Soil vapour extraction coupled 

with soil heating 
(Unger et al., 1995; Johnson et al., 1990) 

Permeable reactive walls 
(Domenico and Schwartz, 1998; 

Waybrandt et al., 1998) 

In-situ leaching and extraction 
(Hinton and Veiga, 2001; Waybrandt et 

al., 1998)  

Electrokinetic separation 

(Lageman et al., 2005; Biester et al., 2000; 

U.S. Army Engineering Corp., 2000; 

Sobolev et al., 1996) 

Electrochemical remediation 

technologies (ECRTs) 
(Hinton and Veiga, 2001) 

Interceptor systems (Hinton and Veiga, 2001) 

Phytoremediation (Hinton and Veiga, 2001) 

Passive remediation-wetlands (Anonymous, 2000) 

Containment 

Pump and treat (Hinton and Veiga, 2001) 

Impermeable barriers, surface 

seals and drains 
(Domenico and Schwartz, 1998) 

Stabilization and solidification 
(Hinton and Veiga, 2001; Domenico and 

Schwartz, 1998) 

Sediment capping (Palermo, 1998) 

Studies on electrokinetic remediation of Hg-

contaminated sediments are rare. Cox (1996) 

used an iodine/ iodide (I2/I
-
) lixiviant solution in 

cathode for the electrokinetic remediation of 
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HgS-contaminated sediments. Their ultimate 

aim was to use the lixiviant solution to oxidize 

the HgS compounds in the sediment and cause 

the mercury to be released as a soluble 

complex(HgI42-). This anion complex would 

then electromigrate towards the anode reservoir 

where it could be removed. Cox (1996) 

explained that the electrokinetic remediation of 

Hg-contaminated sediments was difficult due to 

the low solubility of mercury compounds in 

most natural sediments. Mercury pollution, 

however, may be in an elemental (Hg0) form. 

Besides HgS, it may also convert into other 

species such as HgCl2, Hg(OH)2, or toxic 

organic forms like dimethylmercury (CH3)2Hg. 

Hem (1970) found that HgS (cinnabar), Hg(I), 

HgO, Hg2Cl2 and HgCl2 are 

thermodynamically stable solid-phase species, 

and to allow the formation of the HgI42- 

complex, species such as HgS, Hg(I) and 

Hg2Cl2, require oxidation by I2 or another 

oxidizing agent, whereas more oxidized species 

such as HgCl2 and HgO will readily form 

HgI42- complex in the presence of I2 alone. 

HgS has a very low aqueous solubility; 

however, Gilmour (1971) has found that the 

insolubility of HgS compounds excludes them 

from consideration in normal soil-water 

systems. He further determined that Cl- and 

OH- inorganic ligands would form complexes 

with Hg (II), and dominate in normal water 

systems because they are present at high 

concentrations and possess high stability 

constants. Hanke (1993) reported the aqueous 

solubility of HgCl2, Hg2Cl2, and HgO as 

70000, 2.0 and 53 mg/L, respectively, whereas 

the solubility of HgS was only 10 mg/L. 

Therefore, if the soils possessing a low amount 

of sulfide are contaminated due to an accidental 

spill or industrial release of mercury, there 

would be a greater tendency for Hg to associate 

with Cl- and/or OH-. According to the 

investigation by Cox (1996), Hg (II) removal 

could be accomplished by using an iodide 

solution (KI) at the cathode to form HgI42- 

complexes that would electromigrate towards 

the anode for removal. However, strong 

oxidizing conditions are not necessary since the 

initial state of Hg contaminant would be in the 

form of HgCl2 and not a relatively insoluble 

species like HgS. 

In this research, in line with other activities 

performed in this context, the efficiency of 

electrotectokinetic method in removal of 

mercury from the artificially contaminated soil 

and tailing dam sediment of Takab Gold Mine 

in West Azerbaijan Province of Iran was 

investigated. 

3–Materials and equipment 

3.1–Samples 

Two samples were used in this study: 

- Soil with a 2:1 weight ratio of Kaolinite to 

sand (sample 1) 

- Sediment taken from the tailing dam of gold 

mine (sample 2( 

Table 4) Samples properties. 

Property Sample 1 Sample 2 

Liquid limit (%) 65 31 

Plastic limit (%) 18 18 

Optimum moisture (%) 25 20 

pH 7.92 8.83 

Electrical conductivity 

(µS/cm) 

7370 1036 

Mercury concentration 

(mg/kg) 

800 210 

The physical and chemical properties of these 

samples are given in Table 4. Kaolinite is a type 

of clay that has a great ability to absorb cations. 

It has very fine grains and a high specific 

surface, so the experimental contaminant [Hg 

(II)] formed strong bonds with its negative 

surface and was highly absorbed in its fine 



Journal of Tethys: Vol. 1, No. 4, 266–281                                                                                                      ISSN: 2345–2471 ©2013 

particles. In other words, the contaminant was 

not easily desorbed after adsorbing on the 

surface of particles, and could not be removed 

from the soil by water washing. Decreased 

concentration of mercury in the soil showed 

high efficiency of electrokinetic method in 

removing the contaminant. The sand passed 

through sieve No. 40 (0.420 mm), remained on 

the sieve No. 200 (0.075 mm), was washed with 

water after being placed in 2% sulfuric acid for 

24 hours. This soil was artificially contaminated 

with 800 mg of Hg (II) per kilogram dry soil. In 

the second sample taken from around the gold 

mine’s tailing dam, mercury was found with a 

concentration of 210 mg per kilogram dry soil. 

3.2–Chemicals 

Mercuric chloride (HgCl2) was used for 

contaminating the soil with mercury. One of the 

extracting materials in the cathode reservoir was 

potassium iodide (KI), which was used in 0.1M 

and 0.4M concentrations. Disodium ethylene 

diamine tetra acetate (Na-EDTA) was used in 

0.1M concentration. The cells and sand were 

washed using sulfuric and nitric acids. All 

chemicals used were manufactured by the 

MERCK Company (Germany). 

3.3–Characteristics of pilot equipment 

The Figure 1 shows the system used in this 

study. According to this figure, four pilots made 

of Plexiglas in rectangular cube form with an 

internal surface area of 16 cm2 and a total 

length of 26.4 cm was made. Each pilot 

consisted of three parts. The median part was 12 

cm long and housesd compacted soil, and the 

electrodes (2 cm in length) and their reservoirs 

(anolyte and catholyte solutions each 4 cm in 

length) can be found in the two end parts. For 

discharging the hydrogen and oxygen gases 

produced at anode and cathode, respectively, 

small openings were made in the upper parts of 

the chambers. Two cylindrical reservoirs with a 

volume of more than 700 ml were connected to 

the cell by two plastic tubes. These reservoirs 

are storage places for the anolyte and catholyte 

solutions. In each reservoir, the spout was 

placed where the volume of liquid within the 

cylindrical reservoir had a volume of 700 ml 

and a height of 10 cm. To prevent entrance of 

soil or electrode particles to other parts, a 

fiberglass filter layer (1.4 mm thick and 6 

micron pore size) was used in the interface of 

the electrodes and in the middle part of cell. The 

electrodes used in this study were made of 

graphite with 15×23×40 dimension.  

 

Figure 1) Electrokinetic test setup: a) Schematic 

(dimensions in cm); b) Laboratory. 

Each electrode was in a sealed chamber; one 

side was connected to soil and the other to the 

reservoirs. These electrodes were connected to 

the voltage source by a copper wire (3mm 

thick). The density of current used and the 

voltage gradients applied on the soil in this 

study were 0.5 mA/cm2, 1 and 1.5 VDC/cm, 

respectively. To supply the electric field and 

measure the voltage and electrical current, a 

power source with direct current, and 12 and 18 

volt constant voltages along with an accurate 

digital multimeter were used, respectively. 
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4–Results and discussion 

4.1–Mercury removal 

The purpose of this study was to evaluate the 

efficiency of removing mercury from both 

naturally and artificially contaminated soils 

using electrokinetic method to determine the 

optimum removal conditions. Figures 2a and b 

show the mercury removal percentage in the soil 

after electrokinetic remediation with the voltage 

gradients of 1 and 1.5 VDC/cm, respectively. 

 
Figure 2) Mercury removal percentage in the soil after electrokinetic remediation a) with the voltage 

gradient of 1.0VDC/cm. b) with the voltage gradient of 1.5VDC/cm. 

Assessment of these diagrams showed that 

performing this method using distilled water as 

control in the cathode reservoir has a relatively 

low efficiency. The reason is the low solubility 

of mercury compounds in most soils. The 

results also showed that, due to the positive 

charge of mercury (Hg2+), the efficacy of its 

removal was higher in the soil adjacent to the 

cathode. 

The use of 0.1M concentration of Na-EDTA 

(Na2H2Y) as catholyte had an efficiency 

between 48 to 64 percent with the highest 

efficacy in the soil near the anode. After 

hydrolysis, Na2H2Y was converted into H2Y2-, 

HY3- and y4-, and the value of y4- increased in 

higher pHs. By combining Na2H2Y with Hg2+ 

and its hydrolysis, HgH2Y, HgHY- and HgY2- 

are formed, the percent of which is dependent 

on the environment pH. In this study, due to low 

soil pH within the cell, mercury removal 

efficiency was not very high. Also, due to 

positive charge of the anode and negative 

charge of some of the complexes formed, 

efficiency of removal in the soil near the anode 

was higher than in the other parts. 

The use of a 0.1M solution of KI in the cathode 

reservoir as cathalyte gave an efficiency 

between 93.62% and 97.26%. 0.1M potassium 

iodide (KI) salt in combination with Hg (II) 

formed a stable complex of HgI42-. Then it was 

moved toward the anode (positive pole), cleaned 

out of the soil and decontaminated. Unlike 

mercury, this high efficiency was due to 

complete solubility of HgI42- complex in the 

soil. Upon the appearance of iodide (I-) in the 

soil, mercury was removed from the soil matrix 

and moved toward the anode. 

Experimental results with 0.4M KI cathalyte 

showed higher efficiency than with 0.1M KI 

cathalyte. The removal of mercury was in the 

range of 98.51-99.55% in this situation. This 

increase in recovery was due to higher 

concentration of iodide in the pilot, and 

increased likelihood of its combination with 

mercury. Thus, a higher level of mercury was 

converted into HgI42-, which was followed by 



Journal of Tethys: Vol. 1, No. 4, 266–281                                                                                                      ISSN: 2345–2471 ©2013 

increased removal efficiency. In this situation, 

the efficiency of removal near the anode (with 

positive charge) was higher due to higher 

attraction near the anode. 

The removal efficiencies (from the cathode to 

the anode) in the cell number 1 that were tested 

as a control with distilled water as catholyte 

solution were 71, 49, 31 and 30%, respectively. 

Due to increased gradient applied to the soil (1.5 

VDC / cm), efficiency of 71% for the soil 

samples in the vicinity of the cathode was 

reached. However, the efficiency of the two soil 

samples near the anode was, however, low 

because of distance from the cathode (negative 

pole) and low solubility of mercury. 

 
Figure 3) Mercury removal percentage in the sediment after electrokinetic remediationa) with the voltage 

gradient of 1.0VDC/cm– b) with the voltage gradient of 1.5VDC/cm. 

The use of Na-EDTA as catholyte also did not 

bring about a good return. In this case, the 

removal efficiencies from the cathode to the 

anode were respectively 41, 39, 45 and 64%. 

The reason for higher efficiency of soil near the 

anode was the negative charge of some 

complexes formed and higher attraction force 

near the positive pole (anode). 

Removal of mercury using a 0.1 M KI washing 

solution and the voltage gradient of 1.5 

VDC/cm had a very good yield. The efficiencies 

obtained in different parts of the soil were in the 

range of 90-94%. In this situation, the best 

efficiency for the soil sample was obtained near 

the anode too, due to higher ion attraction force. 

The experiments with 0.4 M KI solution also 

resulted in mercury removal with the 

efficiencies of 96.7, 99, 98.7 and 98.3%, 

respectively, from the cathode to the anode. 

Figures 3a and b show the mercury removal 

percentage in the sediment after electrokinetic 

remediation with the voltage gradients of 1 and 

1.5 VDC/cm, respectively. 

Figure 3a shows that the potassium iodide (KI) 

solution was more efficient than distilled water 

and 0.1 M Na-EDTA solution and the average 

percentages of Hg removed from the sediment 

were 49.5 and 69.6 with using 0.1 and 0.4 M KI 

solutions, respectively. This indicates that the 

effect of increasing of KI concentration is major 

for Hg removal from the sediment with the 

voltage gradient of 1 VDC/cm. Figure 3b like 

figure 2a presents the same mercury removal 

from the sediment; with this difference that 

using lower KI concentration had a better effect 

than the other. This figure also indicates that 

electrokinetic treatment of Takab sediment 

using 0.1M KI purging solution and voltage 

gradient of 1.5 VDC/cm has the best efficiency 

(65.2%). Since mercury compounds are 

insoluble in most natural soils, electrokinetic 

remediation of Takab tailing dam sediment 

using distilled water as catholyte has low 
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efficiency. The reaction of mercury with Na-

EDTA (Na2H2Y) produces three compounds of 

HgH2Y, HgHY- and HgY2-, and pH is an 

important function in the formation of these 

compounds. In this study, due to lack of the 

formation of enough negatively charged 

compounds, mercury removal was low. In the 

reaction of mercury with KI, instant and soluble 

complexes of HgI42- are formed, which are 

then transported toward the anode by ionic 

migration. 

4.2–Electrical current results 

Figures 4a and b show the current variations 

measured for the soil in 1 and 1.5 VDC/cm 

voltage gradients, respectively. As these 

diagrams show, in the experiments conducted 

with distilled water and Na-EDTA as catholyte, 

the current was first descending; however, after 

4 to 5 days, the electric current oscillation was 

very low up to the end of the experiments. In the 

experiments conducted with 0.1 and 0.4M KI 

solutions, the electric current was first 

ascending, and after 2 to 3 days, it was 

dramatically reduced, so that after 4 to 6 days, 

the electric current oscillation was low up to the 

end of the experiments. 

 
Figure 4) Current variations in the soil: a) with the voltage gradient of 1.0 VDC/cm. b) with the voltage 

gradient of 1.5 VDC/cm. 

 
Figure 5) Current variations in the sediment: a) with the voltage gradient of 1.0 VDC/cm. b) with the voltage 

gradient of 1.5 VDC/cm. 
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Figures 5 and b show the current variations 

measured for the sediment in during the whole 

period of the electrokinetic remediation in 1 and 

1.5 VDC/cm voltage gradients, respectively. In 

cells using distilled water and 0.1 M Na-EDTA 

solution as catholyte, the behavior of current in 

the sediment is as described. 

When water is added, the salts associated with 

the dry soil particles dissolve into the water and 

produce an ionic solution. As the voltage 

gradient is applied, the initial current is high as 

a result of strong ionic concentration. As time 

passes, the electric current decreases because of 

the cations and anions electromigrate towards 

the respective electrode. In addition, the 

products of electrolysis reactions may contribute 

to the neutralization of migrating ions. In 

particular, H+ ions migrating toward the 

cathode could be neutralized by the OH- ions 

migrating towards the anode, thereby, forming 

water and diluting the number of ions in the 

solution. 

In the cells using KI solution, as the solution 

begins to migrate into the soil, it supplies 

additional ions and causes further salt 

dissolution to occur, thereby increasing the 

electric current. The use of a higher 

concentration KI solution will increase the 

number of ions in the pore solution, and thus 

increases the current. The use of a higher 

voltage gradient affects ion movement because 

the ions that were previously electro-statically 

fixed in the test using the lower voltage gradient 

may become mobile when the electric potential 

is increased. It is also likely that the higher 

voltage gradient will increase the rate of 

electrolysis, and the time-dependent pH changes 

could affect the current by causing changes such 

as greater salt dissolution, soil degradation or 

salt precipitation. 

4.3–Reservoir pH profiles 

The Figure 6 shows the pH of the cathode and 

anode reservoirs in soil decontamination using 

electrokinetic method with a voltage gradient of 

1 VDC /cm. 

 
Figure 6) pH variations of the reservoirs with the voltage gradient of 1.0 VDC/cm in soil remediation: a) 

Cathode. b) Anode. 

The trend observed in these diagrams indicates 

similarity of pH change behavior in all the 4 

cells. At the start of operations, due to the 

presence of a large number of ions in the soil, 

the electric current through it was high. 

Therefore, there was higher electrolysis of water 

and thus higher H+ and OH-. As a result, pH at 

the cathode reservoir in the beginning of the 

experiment was higher than later on. In contrast, 

pH of the anode reservoir was lower at the 
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beginning of the experiment than later on in the 

experiment. Sudden changes in pH were due to 

the exchange of solutions in the anode and 

cathode reservoirs, which occurred place once a 

week. 

An important point in Figure 7 is lower pH 

profile of Na-EDTA relative to the other three 

solutions because of the acidity of Na-EDTA. In 

addition, due to passage of higher flow from the 

cell containing 0.4M potassium iodide than the 

cells containing 0.1M potassium iodide and 

distilled water, its pH profile was also in a 

higher position.  

 
Figure 7) pH variations of the reservoirs with the voltage gradient of 1.5 VDC/cm in soil remediation: a) 

Cathode. b) Anode. 

 
Figure 8) pH variations of the reservoirs with the voltage gradient of 1.0 VDC/cm in sediment remediation 

a) Cathode.b) Anode. 
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Figure 9) pH variations of the reservoirs with the voltage gradient of 1.5 VDC/cm in sediment remediation 

a) Cathode. b) Anode. 

Therefore, in general, it was concluded that the 

higher the flow from the cell, the higher the 

cathode pH and the lower the pH of distilled 

water in the anode. In other words, pH profiles 

of the cathode and anode reservoirs were, 

respectively, higher and lower than the other pH 

profiles, respectively. 

Figure 7 also shows pH changes of the anode 

and cathode reservoirs with 1.5 VDC/cm 

voltage gradients. The reason for higher pH of 

the cathode and lower pH of the anode solutions 

relative to the experiment with 1 VDC/cm 

voltage is the higher electrical potential applied 

on the cells and the resulting increased electrical 

current. It can also be observed that after 19 

days, pH profile of the anode solution in the cell 

using Na-EDTA is lower relative to the other 

three cells due to increased flow in this cell and 

its decrease in the other cells. 

Figures 8 and 9 present the pH values measured 

in the cathode and anode reservoirs during the 

electrokinetic experiments with the voltage 

gradients of 1 and 1.5 VDC/cm, respectively. 

As shown, the pH of cathode reservoir is basic 

in all cells, except in those using Na-EDTA as 

extracting agent, because this agent is basically 

a weak acid and the pH of these two cells is 

around 6 in the cathode reservoir. In addition, 

the pH of anode reservoir in all cells is acidic. In 

the beginning of electrokinetic remediation, 

because the sediment was not treated and the 

electric current through the sediment was high, 

the electrolysis rate was high and therefore the 

pH in cathode and anode reservoirs was higher 

and lower, respectively, than during the 

continuation of the tests. Hence, for increasing 

the efficiency of treatment, the anolytes and 

catholytes were replaced once a week; therefore, 

a breakage in the diagrams is observed. 

4.4–Soil and sediment pH profiles 

The pH values of the soil samples extracted 

from the cells after decontamination with the 

voltage gradients of 1 and 1.5 VDC /cm are 

shown in Figures 10a and b. As can be seen, the 

pH behavior is similar in the cells with the 

decontamination solutions of distilled water and 

0.1M and 0.4M KI, but a different behavior is 

seen in the cell using a 0.1M solution of Na-

EDTA due to the acidic nature of the material. 
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Figure 10) Soil pH variations a) with the voltage gradient of 1.0 VDC/cm. b) With the voltage gradient of 1.5 

VDC/cm. 

The pH values of the sediment samples 

extracted from the cells after decontamination 

with the voltage gradients of 1 and 1.5 VDC/cm 

are shown in Figures 11a and b. Initially, before 

conducting the electrokinetic treatment, the pH 

of Takab tailing dam sediment was 8.83. 

As shown in Figures 11a and b, the pH 

distribution within the sediment in all tests is 

similar in the region between the cathode and 

anode electrodes, where the pH values are 

around 8-12. Since the sediment has buffer 

capacity, 16.8% of the sediment consists of CaO 

that was added to gold ore in the process, and 

the electrolysis reaction products (H+ and OH-) 

did not affect the sediment pH; thus, this item 

had a low variation. 

 
Figure 11) Sediment pH variations a) with the voltage gradient of 1.0 VDC/cm. b) With the voltage gradient 

of 1.5 VDC/cm. 

4.5–Water content profiles of soil and 

sediment 

The percent of contaminated soil after 

decontamination with 1 and 1.5 VDC/cm 

voltages gradients is presented in Figures 12a 

and b. 

Although the initial soil moisture content was 

30 percent, as shown in the mentioned figures, 

the percentage of moisture in nearly all the 

samples has become higher than 30 percent after 

decontamination. According to the soil pH 

diagrams and these diagrams, it can be deduced 
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that the lower the soil pH, the higher the 

moisture in the sample. In addition, during the 

extraction, the samples adjacent to the cathode 

were considerably harder. It is noteworthy that 

the difference in moisture content of 

decontaminated samples was higher in the cell 

with higher voltage gradient. 

 
Figure 12) Soil water content variations a) with the voltage gradient of 1.0 VDC/cm. b) With the voltage 

gradient of 1.5 VDC/cm. 

Figures 13a and b show the water content in the 

sediment samples after electrokinetic 

remediation with the voltage gradients of 1 and 

1.5 VDC/cm, respectively. 

 

Figure 13.Sediment water content variations a) with the voltage gradient of 1.0 VDC/cm. b) With the voltage 

gradient of 1.5 VDC/cm. 

Before treatment, the clayey soil was placed in 

the cells with the initial water content of 25 

percent. Except for the two samples near the 

anode, the other samples had water content 

similar to the initial amount. 

4.6–Electrical conductivity profiles 

Electrical conductivity of soil confirms the 

existence of water-soluble salts in the soil. Its 

low value shows removal of ions from the soil 

during the decontamination process, leading to 

the increase the soil’s electrical resistance. 

Increased value of this parameter also indicates 

accumulation of ions and salts in the soil 

sample; however, this is not necessarily an 
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indication that the soil has not been 

decontaminated. In this study, the amount of 

soluble salts was determined by the 1:2 (V:V) 

soil to water extraction method presented by 

Dellavallem (1992). 

Figures 14a and b further show the values of 

this parameter after decontamination of soil by 

the voltage gradients of 1 and 1.5 VDC/cm. 

 

Figure 14.Soil electrical conductivity variations a) with the voltage gradient of 1.0 VDC/cm. b) With the 

voltage gradient of 1.5 VDC/cm. 

As the diagrams show, the lowest value of the 

electrical conductivity of soil was reached when 

the highest efficiency of mercury removal was 

achieved in the cathode reservoir by the 0.4M 

solution of KI as catholyte and the voltage 

gradient of 1 VDC/cm. 

Figures 15a and b present the electrical 

conductivity of the sediment samples measured 

upon completion of the electrokinetic tests. 

 

Figure 15) Sediment electrical conductivity variations a) with the voltage gradient of 1.0 VDC/cm. b) With 

the voltage gradient of 1.5 VDC/cm. 

As shown, the initial electrical conductivity of 

the soil was 1036 μS/cm, which was decreased 

in the cells using distilled water in the cathode 

reservoir, though it was increased in the other 
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cells using KI and Na-EDTA as purging 

solutions. 

5–Conclusions 

- In decontamination of samples, except for the 

cells using distilled water as catholyte, the 

voltage gradient of 1 VDC/cm was more 

efficient than 1.5 VDC/cm. The highest 

efficiency was observed when using distilled 

water anolyte, 0.4M KI catholyte and 1 

VDC/cm voltage gradient. 

- As mercury compounds in the majority of soils 

are poorly soluble, the use of KI in mercury 

removal from the samples resulted in the 

formation of soluble HgI42- complex and 

increased the rate of mercury removal from the 

soil. 

- In using Na-EDTA as catholyte, due to lack of 

sufficient complex formation with negative 

charge, mercury removal efficiency was not 

high as compared to the KI solution. 

- The reason for unsuccessful treatment of 

mercury in the sediment may be due to the 

presence of CaO and organic compounds in it. 

Because metals are soluble in low pH conditions 

in sediment, the presence of CaO causing acidic 

condition was not dominated in the sediment. 
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