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1. Introduction

There are many techniques for the remediation of contaminated soil. One of these methods is electrokinetics.
The electrokinetics technique is comprised of three major processes such as: electro-osmosis, electro osmosis and
electrolysis. Electropheresis is referred to the process that causes the movement of colloid sized particles under an
electrical field within the soil moisture. Electro-osmosis is the process of movement soil moisture from anode to
cathode. The electrolysis is only due to the movement of ions and ion complexes in soil. The electrokinetics method
is recognized as an effective technique in remediation of metal contaminated soils. Recently researchers showed that
showed that it is possible to use this technique to remove a range of water soluble organic contaminates from soil. A
review of the literature shows that the treatment of soils contaminated with MTBE has not been studied.
Therefore,the aim of this work is to investigate the remediation of a soil contaminated with MTBE using the
electrokinetic method

2. Materials and Methodology
2.1. Materials

The soil that was used in this work was kaolin. This soil was located in an area around Tabriz city. MTBE that
was used in this work was a clear and colourless liquid with an ether-like odour. It was a production of Merk
company. Distilled water and EDTA were used as electrolyte in this work. EDTA (ethylenediaminetetra acetic
acide) is a member of the aminopolycarboxylic acid family of ligands. Its molecular formula and density are
CioH16N,Og and 292.24 g/mol respectively. In this research the behaviour of this ligand agent and its effect on
breaking of persistent organics (to aid their removal from the contaminated soil) is investigated.

2.2. Methodology

For each test, about 8 kg of natural soil was selected and this soil was divided into 8 portions, each with a mass
of 1 kg. Each portion was mixed with 480 cm® water containing MTBE and the mixture was changed to slurry form.
It was stirred by hand for about 30 minutes to allow the MTBE distribution to equilibrate between the solid and
liquid phases. The water content of the prepared mixture was 48%. The prepared slurry was poured into the main
cell of apparatus (Fig.1) in several layers, and by shaking, the cell air was removed and compaction was uniform.
The tests carried out in this research were divided into two groups; for the first group the fluid in anode and cathode
reservoirs was distilled water and in the second group the anode reservoir was filled, by EDTA solution with the
concentration of 0.2 molar and cathode with distilled water. The tests were conducted at different times and under
different gradients of voltage as shown in Table 1.
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After finishing the test the anode and cathode reservoirs were emptied of the fluid and 5 samples were taken
from the middle section of soil in the main cell (by removing the upper layer of it) in the longitudinal direction, at
the same distance from the anode reservoir. The concentration of MTBE for each sample was determined by GC
(gas chromatography) apparatus [1].

Table 1. Electro kinetic testing program
Voltage gradient

Test No. Anode solution Cathode solution (VDClem) Test Duration (Days)
1 Distilled water Distilled water 2 7
2 EDTA-0.1M Distilled water 1 7
3 EDTA-0.1M Distilled water 15 7
4 EDTA-0.1M Distilled water 2 7
5 EDTA-0.1M Distilled water 2 14
6 EDTA-0.1M Distilled water 2 21

3. Results and discussion

3.1. Effect of electrical potential gradient

Fig. 1a shows the variation of k. (electro-osmosis permeability) for different tests (1, 2, 3 and 4). The results
show that, at the same gradient of voltage, the values of k. for distilled water and EDTA as electrolyte are 0.131 and
0.159 cm?*10®/v.sec respectively. It is resulted that the value of k. is dependent on the type of electrolyte. It is
obvious from this figure that by decreasing the gradient of voltage the value of k. is increased. In other words, the
value of k. is dependent on the value of applied voltage, Fig. 1b shows the cumulative discharge from the sample
for different tests. As shown in this figure, the volume of discharge at the end of test 1 is 335 cm?® and for test 2, it is
changed to 406 cm?, showing an increase of about 21.2%. This shows the significance of the type of electrolyte in
the behaviour of soil during the test.

Fig. 2. shows the results of remediation of the soil contaminated with MTBE. The results of test 1 show that in
the first point near, the anode the percent of remediation is 93.51% but for test 2 at this point, it is changed to the
87.91%. This indicates that EDTA is effective in removing MTBE from the soil. Comparing the results of tests 3
and 4 shows that the reduction in gradient of voltage can cause reduction in remediation of soil. Hence, for the 2
volt/cm gradient, the amount of MTBE removed near the anode is 89.72% for test 3 and 92.51% for test 4. It is
resulted that increasing voltage is effective in remediation of soil. These findings are consistent with the results that
were reported by [2].
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3.2. Effect of removal time

Fig. 3a shows the variations of cumulative discharge from the cathode reservoir. It shows that for increasing the
time of the test from 7 to 14 days, the increase in the volume of discharge is about 35.3 and 13.3 % for tests 5 and 6
in comparison with test 2. Fig. 3b shows the percent of removal of MTBE from the soil for different tests. As it is
shown in this figure, the greatest percent of removal of MTBE is near the anode and by increasing the distance from
anode the percent of removal is decreased. Comparing the results of tests 4, 5 and 6 shows that the percent of
removal of MTBE near the anode is 87.91, 74 and 82.49% respectively. It shows that the test with the duration of 14
days is effective in removing the MTBE from the soil in comparison with the test with durations of 21 or 7 days.
These results are in agreement with the findings that were reported by [3].
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4. Conclusions

An experimental program was designed and carried out to investigate the remediation of a clay soil contaminated
with MTBE. The tests were conducted with two types of electrolyte: distilled water and EDTA solutions. In
addition, tests were conducted with different voltage gradients and times. It is resulted from this work that:

EDTA as electrolyte is effective in remediation of soil contaminated with MTBE. Decreasing voltage gradient at
constant time has less influence on remediation of contaminated soil. At constant voltage gradient, increasing time

does not have a uniform trend in remediation of contaminated soil. Maximum remediation is achieved after duration
of 14 days.
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