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Quantity

Characteristics Method
measured
Liquid limit, (%) 38.2
Plasticity index, (%) 19
Soil classification CL
Maximum dry density 156 [35]
3 .
(9/cm’)
Optimum water content,
(%) 28.5
CEC (cmol/kg-soil) 12.5
SSA (m?/g) 25 [3, 14]
pH 8.82
Mineral composition Kaolinite, XRD
(in decreasing amount) Quartz, Calcite  pattern

Table 1. Physico-chemical properties of soil sample.
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Fig. 2. Variation of Pb and Zn concentration in the soil sample
under different times of EK treatment.
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Abstract:

Electrokinetic (EK) remediation is a very effective option for the soil decontamination; however, its
efficiency depends on several factors. In the present study, the potentials of Ethylene-diaminete-traacetic-
acid (EDTA) and pulsed current in improving this method for treating fine-grained soils containing heavy
metals (HMs) was investigated. In so doing, first, the studied sample (mainly kaolinite) was mixed with a
concentration of 5000 mg/kg zinc (Zn) and lead (Pb) and then subjected to an electrokinetic test with voltage
gradient of 2 V(DC)/cm? (in the form of continuous and pulsed current) during 7, 14 and 28 days. The pulsed
current used was ON for 30 minutes and OFF for 10 minutes. In this process, different concentrations of
EDTA (including a concentration of 0.1 M and 0.2 M) were also added to the anode and cathode reservoirs,
separately and simultaneously. The obtained results showed that in the conditions of continuous current and
without EDTA addition (the common EK method), the EK removal efficiency, especially for lead, was not
noticeable. According to the changes in the microstructure of soil sample and its electrical conductivity (EC)
between the anode and the cathode electrodes, the reason can be ascribed to the simultaneous decrease in
current density due to precipitation of pollutants in the soil matrix and decline in the HMs transportation in
the cathode side, as clearly confirmed by the XRD patterns and EC tests. In this case, increasing the test time
from 7 to 28 days (despite more energy consumption) mainly resulted in the change of the pollution position
around the anode side while the HMs removal in the cathode side was not positively affected, indicating
limited effect (about 20%) on the total efficiency of the EK tests. It was also found that the addition of only
EDTA in the form of catholyte solution, even with the equivalent concentration of soil pollution, does not
have a significant effect on improving the electrokinetic response. On the other hand, the presence of the
chelating agent in both reservoirs of the EK device, especially with the application of pulsed current (with a
frequency equal to 36 cycles/day) would accelerate the treating process of EK remediation. In fact, as the
results of macro-structural tests, scanning electron microscope (SEM) images and X-ray diffraction (XRD)
analyses indicated, such improvement can be attributed to two major changes in soil-pollutant interaction.
First, the presented EK method, by developing the penetration of the acid front towards the cathode side and
limiting the polarization ability of clay particles, causes the formation of flocculation and reduces the soil
ability to keep pollutants. Also, this system greatly reduces the contribution of insoluble phases through the
processes of redissolution and formation of the stable complexes just as it generates a disturbance in the
initial formation of metal precipitation due to the reduction in the hydrolysis reaction of the cathode part.
Synergy of these changes has an prominent role in accelerating the EK mechanisms; so that compared to the
conventional EK model, while reducing energy consumption by 25%, it can also increase the removal
efficiency by nearly 2.6 times.

Keywords: EK, HM-contaminated soil, EDTA, Pulsed current, Enhanced removal efficiency.
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