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5. Report

5.1 Proposed Executive Summary

Contaminated sites with heavy metals, organic compounds and hazardous materials
added with inefficient waste handling techniques, leakages and untreated abandoned mines
made enormous impact to groundwater quality, soils and ecosystems. Electro-chemical
principle, known as electrokinetic method is a greatly potential treatment of heavy metal in
contaminated soils, including soils of low permeable clays (Rutigliano et.al 2008); and
groundwater (Cherifi et.al., 2009). (Colletta et.al., 1997) stated that purging liquids of certain
pH is important for heavy metal migration and molar concentration, while Fabienne et.al.
(1999) stated that temperature mainly influences the ionic velocities with changes in
partitioning of heavy metals.

The study will identify and evaluate the amount of heavy metals in the collected
contaminated soil samples, investigate physical characteristics of soils and relate to the
chemical concentration levels of heavy metals, thus recommending the optimum temperature
for efficient removal of heavy metals with appropriate pH. In this study, there are two types of
specimen, i) site specimen, and ii) prepared specimen. For the site specimen, the physical
characteristics and chemical concentration will be identified. For chemical concentration of
both site and prepared samples, samples are digested and analyzed using ICP-MS
equipment. For the prepared specimen, fresh clay specimen are spiked, compacted of low
concentration heavy metals and will be run using electrokinetic under controlled pH and
temperature. The purging liquids will be prepared in the electrode reservoirs to provide an
appropriately-controlled pH for heavy metals adsorption. The electrokinetic tests will be
performed onto 80 prepared spiked samples with initial concentration to a final concentration,
each set of 240 hrs duration, temperature set and observed with daily pH monitored and
recorded. The removal efficiency for optimal heavy-metal desorption, initial and final pH of

the slurry specimen at 5 positions on the test-cell will be recorded, computed and analyzed.



5.2 Enhanced Executive Summary

The application of electrokinetic method to drive the elements of heavy metal has a
great potential for contaminated soil remediation. An experimental model of electrokinetic
setup was developed to investigate the performance of electroosmosis and ion migration
thus lead for removal of four most significant heavy metal elements such as copper (Cu), iron
(Fe), aluminum (Al) and zinc (Zn). The concentration and characteristics of heavy metal
elements from the electrokinetic process was determined from laboratory testing by using DR
5000 Spectrophotometer. The efficiency of electrokinetic method for remediation of
contaminated soil has introduced by the performance of electroosmotic flow and hydraulic
flow by applying the Helmholtz-Smoluchowski equation and Poiseuille’s law equation
respectively. Significantly, the average flow rate of electroosmotic flow is higher up to 20 %
compared to hydraulic flow. Besides contributed by electrical properties of soil such zeta
potential and dielectric constant, the electroosmosis flow is highly influenced by the
permeability characteristic of contaminated soil that measured by the rate of speed water
passing through. The influence of soil permeability in electrokinetic method was presented by
comparative analysis results from falling head test. Determination for coefficient of
permeability in electroosmotic, ke introduces 70 % higher compared to the hydraulic
coefficient of permeability, kn. For higher efficiency of heavy metal removal in electrokinetic
process, temperature was recognized as an important factor to affect the rate at which
chemicals dissolve and react. The temperature effect was observed and found the optimum
temperature is 30°C to 35°C can gives the higher efficiency of heavy metals removal in
electrokinetic process. The temperature effect from the electrokinetic process was evaluated
from the remediation of lead (Pb) and zinc (Zn) in contaminated soil sample. Additional
indicator for heavy metal removal efficiency is also represented by acidic concentration at
anode and cathode. The changes value of pH in anode and cathode was related with the
movement of ion migration as the heavy metal’s ions passing through the electrokinetic cell
in soil decontamination. As the process of electrokinetic happen within seven days, the pH

value at anode was decreased while the pH value at cathode was increased.
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