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1. Introduction
Polycyclic aromatic hydrocarbons (PAHS) are organic
contaminants that are formed of carbon and hydrogen that
are composed of multiple aromatic rings. They are
nonpolar and insoluble in water, persistent in soil and
many of them are recognized as carcinogenic. The source
of them is usually oil production and petrochemical
complex industry. Dimethyl phthalate (DMP) is a
chemical matter from PAHSs group that is commonly found
in soil through industrial activities and causes
contamination of soil. Electrokinetic method is among the
methods used for remediation of contaminated soil. It
comprises of four major processes namely electrophoresis,
electroosmosis, electromigration, and electrolysis.
Electrophoresis describes the transport of large colloidal or
other charged material through soil mass. Electroosmosis
is the main mechanism of water flow through fine-grained
porous media under the influence of an electric field.
Electro-migration explains the movement of ionic species
in pore fluid toward oppositely charged electrodes.
Electrokinetic is a low cost process for remediation of
contaminated soil but suffers from several disadvantages
such as generation of gases and acid at the anode that
reduce the efficiency of the process. Some studies reported
that the electrokinetic technique can successfully remove
heavy metals and organic matters from contaminated soil.
The removal of PAHs from contaminated soil is rather
complex because of their low solubility and their tendency
to remain attached to soil particles and organic matters in
soil. Several methods have been proposed for remediation
of soil contaminated with this kind of organic contaminant.
Electrokinetic technique has been suggested for the
removal of PAHSs from soil. Due to the low water solubility
of most organic contaminants and the neutrality of their
molecules, it is not possible to remove hydrophobic
organics from the soil by electrokinetic technique. In order
to overcome these limitations, the degree of solubility of
organics can be increased by the use of surfactants as
flushing solution in anode and/or cathode. Reviewing the
literature shows that investigation on the removal of DMP
from a contaminated soil is relatively rare. Therefore, the

aim of this work is to investigate the applicability of
electrokinetic in soil flushing with NaOH solution and
non-ionic surfactant (Tween 80) to remove DMP from a
clay contaminated soil. The tests were conducted with
voltage of 50 at times of 7 days. The results were analyzed
and compared with a reference test and with each other.

2. Materials and methods

The soil used in this experimental work was a clay. It was
composed of 2% sand, 45% silt, and 53% clay. It had a
liquid limit of 43.0% and plastic limit of 25.0 %. The
maximum dry unit weight and optimum water content of
the soil were determined from standard compaction test as
17.71 kN/m?® and 17.9%, respectively. The specific gravity
of solids (Gs) was 2.70. According to the Unified Soil
Classification System (USCS), the soil can be classified as
clay with low plasticity (CL).

DMP is a chemical substance from PAHs (Polycyclic
aromatic hydrocarbons) group with chemical formula
C10H1004 and molecular weight and density equal to
194.18 g/mol and 4000 mg/L, respectively. The major
application of DMP is in production of dyes, plastics, and
pesticides.

Tween 80 was selected as non-ionic surfactant in this
work with chemical formula CesH124026 and average
molecular weight of 1310 g/mol. The solution of 0.1 M
NaOH and the above surfactant were used to increase the
efficiency of remediation of contaminated soil.

For preparing samples of soil contaminated with Dimethyl
phthalate, the ratio of 0.04 mg (DMP)/g (soil) was
considered, the amount of 360 mg DMP was mixed with
1800 ml distilled water then this mixture was mixed as
spray with 9 kg soil. Then the water of this mixture was
increased until it reached to the liquid limit and it was kept
in a seal container for five days for uniform distribution of
moisture. The prepared soil was then poured into the main
cell of apparatus in several layers and each layer was
tamped in the cell so that the entrapped air could go out.
After the soil was placed in the main cell, the apparatus
was assembled and other accessories were connected to it.
The anode and cathode reservoirs were then filled with
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desired solution so that the level of fluid in the reservoirs
was the same as the level of soil in the main cell. Three
tests were designed to perform. Test 1 was considered as
the reference test in which the anode and cathode reservoir
were filled with distilled water. For the rest tests the anode
reservoir was filled with solution of 0.1 N NaOH or 3%
solution of Tween 80. During conducting each tests, the
pH and EC of anode and cathode reservoirs and out-flow
of fluid from cathode reservoir were measured. At the end
of each test, soil samples were extracted at certain distance
from anode (4, 12, 19 and 26¢cm) for measuring pH, EC
and the remediation of it. For determining the remediation,
the procedure of preparing sample was done according to
EPA-3540 standard. The liquid that was extracted
according to this standard was injected to the GC (Gas
Chromatography) apparatus for determining the percent
remediation of the soil.

3. Results and discussion

Figure 1 shows the cumulative outflow of fluid from the
cathode reservoir for different tests. For the test with anode
reservoir filled with NaOH solution was nearly 20% more
than the solution of Tween 80 and distilled water. The
difference in the volume of fluid discharge for the cases of
distilled water or Tween 80 as anode fluid can be explained
through the interaction of the NaOH with soil particles.
This interaction leads to the modification of the soil
structure and zeta potential that is an important factor for
the outflow of fluid from cathode.

Figure 2 shows the results of remediation soil at
different distances (4, 12, 19, and 26 cm) from anode. As
seen in this figure, the percentage of remediation for all
tests is reduced by increasing the distance from anode. It
can be seen in this figure that the percentage of emediation
for Tween 80 around the anode and cathode are 53.88%
and 16.5%, respectively but for NaOH solution they are
50.82% and 23.36%. The results indicated that the removal
of DMP from the soil depends on the volume of fluid
discharge from sample and solubility of contaminated with
the used solutions. As Figure 1 shows, with NaOH solution
the volume of outflow fluid is increased in comparison
with distilled water and solution of Tween 80. Therefore,
NaOH solution can be an acceptable candidate for the
remediation of soil from DMP.
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4. Conclusion

The remediation of DMP from a clay soil was studied
through experimental tests using distilled water or NaOH
solution and Tween 80 as anode reservoir fluid. The tests
were conducted under constant voltage and time. The
results showed that the distilled water is not effective for
removing DMP from contaminated soil. The addition of
the NaOH solution increases the outflow of fluid from
cathode. By using NaOH solution the rate of remediation
of contaminated soil increases. The percentage of
removing DMP from the soil decreases when the distance
from anode increases. However, NaOH solution and
Tween 80 improve the contaminant DMP removal
efficiency.
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Remediation of A Clay Soil Contaminated With Dimethyl Phthalate By Using

Electrokinetic Method

Hesam Fathali Ali Raeesi Estabragh Keramatollah.Rezaei Tireh Shabankareh Abdolhossein Hoorfar

Abstract In this research work, the remediation of a clay soil contaminated with dimethyl phthalate was studied by
using electrokinetic method. Contaminated soil was made with the ratio of 0.04 mg/g. Non-ionic (Tween 80) surfactant
and solution of 0.1 M NaOH were used as anolyte. A reference test was also considered with distilled water as anolyte
and catholyte. pH and EC and volume of flow out fluid were measured during the tests in both electrode reservoirs. At
the end of each test the shear strength, pH, EC and degree of remediation of soil was measured at different distance
from anode. The removal of contaminated was measure by a GC (Gas Chromatography) apparatus. The results showed
that the amount of flow out fluid for NaOH was nearly 20% more than the solution of Tween 80 and distilled water. The
results also indicated that the strength of soil for different solution is increased by increasing the distance from anode.
The value of it around the cathode for solution of NaOH was 14 kPa that was about 50 and 57% more than the distilled
water and Tween 80. It was found that the degree of remediation at cathode is less than anode. The percentage of
remediation for Tween 80 solution around the anode and cathode were 53.88 and 16.5% respectively but for NaOH
they changed to 50.82 and 23.26 near anode and cathode reservoir. It was resulted that the effectiveness of NaOH

solution in remediation of soil was more than the other used solutions.
Keyword Electrokinetic, Clay soil, Dimethyl phthalate, Remediation
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