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Development of remediation methods for lead
contaminated soil and water by using electrokinetic

process and phytoremediation
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There has been increasing concern in recent years over the discharge of metals and other
chemicals into soil. The background levels of lead in soil are typically in the range from 2 to 200 pg/g,
with an average value of 10 ug/g. The permissible limit of lead in drinking water is 0.05 mg/L. The
presence of lead in drinking water and soil above the permissible limit causes various types of diseases,
such as anemia, encephalopathy, hepatitis and nephritic syndrome. Thus, it is imperative to develop
innovative technology to clean up lead in contaminated soil. Phytoremediation is considered as a
promising process since it’s a publicly appealing for green remediation and the lowest cost among other
technologies, but it needs special plant with a high enough biomass. Several studies have been reported
and reviewed on the potential use of electrokinetic (EK) process in laboratory studies and field
application. However, the slow desorption of heavy metals from soils has been a major impediment to
the successful EK remediation of contaminated sites. Another approach to remove heavy metals from
contaminated soil and groundwater was a hybrid technique of EK remediation and phytoremediation.
However, those methods have not yet been tested comprehensively in laboratory studies and
economically evaluated in a real field scale. It is therefore important to investigate the desorption
behavior of heavy metals from soils and to deploy appropriate strategies to enhance the desorption
efficiency for EK remediation. The aim of the study was (1) to develop remediation on the enhancement
of the desorption characteristics of Pb?* from kaolinite clay with various kinds of ligand, electrolyte and
in their implication in the EK process, (2) to evaluate a potential application of drinking water sludge
(DWS) as an entrapping zone (EZ) coupled with EK on the removal of Pb?* from kaolinite clay, (3) to
assess enhancement of electrokinetic/electrochemical on the phytoremediation of contaminated water
and soil by using Kentucky bluegrass as a hyperaccumulator species. This doctoral thesis was consisting
of five chapters:

Chapter 1. The background of this study was described and theoretical aspect in considering of
electrokinetic and phytoremediation was discussed. The study objective was also stated in this chapter.
Chapter 2. Development of innovative experimental apparatus for water and soil remediation was
described in detail here.

Chapter 3. The influence of electrolyte and ligand on the adsorption of lead ion into kaolinite clay and
the removal of lead by electrokinetic process was investigated.

This study provided a guidance for the selection of chelating agents (e.g. DTPA, EDTA, NTA, PDA,
ADA and SCMC) as well as electrolytes (sodium salts of NO3, NO2,, SO4Z, SO;%, CO5>, HCOy5', CI,
ClO4, H,POy, and nitrate salt of Na*, K*, Li*, NH,", Ca®, Mg®") to enhance the efficiency in
electrokinetic (EK) remediation of lead from kaolin soil. In this study, the batch adsorption experiment
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of Pb** into kaolinite clay was evaluated at different ionic strength, ligand concentration and solution pH
values. Experimental isotherms were adjusted by Langmuir model values. The results showed that the
presence of ligand in clay solution was implied to the extension of pH in which lead desorption could be
proceeded in alkalinized environment. The addition of high concentration of cation electrolyte in clay
solution slightly enhanced the desorption of lead ion by roughly 80 to 100%. The enhancement ability of
combined use ligand and low electrolyte concentration (0.001 M) has similar capability with a single
high electrolyte concentration (0.1 M). The combined use of 0.1 M EDTA or SCMC with 0.001 M
KNO; has prospectus to enhance the removal of lead ion from kaolinite clay by electrokinetic process.

Chapter 4. The combined use of aluminum drinking water treatment residuals as an entrapping zone
with electrokinetic remediation was discussed in this chapter.

Waste recycling and re-utilization are two energy-efficient processes that have gained popularity due to
environment-friendly and cost-reductive advantages. Aluminum drinking water treatment residuals (Al-
WTRs) are waste by-products from the drinking water treatment process which are produced daily in
large quantities and are typically disposed in landfills. Nowadays in Japan, Al-WTRs are produced by
the addition of polymeric aluminum salts (PAC) into raw water to remove colloids, silt and clay-size
particles and color. In this study, the assesment potential application of AI-WTRs coupled with a well
known technology, Electrokinetic (EK) remediation as an entrapping zone (EZ) to remove lead (Pb)
from kaolinite clay soil was presented. Laboratory experiments were performed with variable conditions
including (i) type of AI-WTRs materials and the application of AI-WTRs as an entrapping zone (EZ)
system during the EK processing, (ii) pH and (iii) type of electrolyte. The potential of leachability of
aluminum from Al-WTRs as the result of EK process was also discussed. The results show that the lead
ions in the contaminated soil were transferred into the EZ by EK process and immobilized by the
reaction with polymeric aluminum residual in the AlI-WTRs. The lead-polymeric aluminum residual
compound, which was not dissolved by diluted organic acid (0.1 M acetate buffer), was retained in the
EZ and accumulated there. The total amount of lead in the EZ was much more than the initial
concentration in the contaminated soil after the electrokinetic process for 72 h. It is expected that the
results reported here would provide useful information for remediation of lead contaminated sites and
also the potential economic value of a waste by-product from drinking water industries

Chapter 5. The combined use of electrokinetic with phytoremediation (EAPR) on the removal lead ion
from contaminated water and soil by using Kentucky bluegrass (Poa pratensis) was described in this
chapter.

The use of a combination of electrokinetic remediation and phytoremediation to decontaminate water
and soil with Pb** has been demonstrated in a laboratory-scale experiment. A hydroponic setting was
used to evaluate the potential uptake of initial lead concentration (e.g. 300 and 500 mg/L) into Kentucky
bluegrass both by phytoremediation and EAPR process for contaminated water. The effectiveness of
common agrochemical, urea used as a chaotropic agent to facilitate Pb?* removal was also studied. Our
finding showed that lead accumulation was generally higher in the plant roots treated with EAPR than
that by phytoremediation, although there was similar accumulation of lead concentration in the plant
shoot for both method. The overall metal uptake in plant shoots was higher under EAPR treatment
compared to phytoremediation. Analysis of chlorophyll content in treated plant with high lead
concentration for both methods has showed that Kentucky bluegrass could not cope with the stress by
lead compared to the control. In contrast, the presence of chaotropic agent in aqueous media (e.g. 0.1 or
0.01%) has increased plant tolerance to the lead uptake.
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