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Graphical abstract Abstract

River pollution may lead to the cause of death and diseases. The cause of its
pollution could due to the mobility of the hazardous or toxic element from the
human activities point sources through the groundwater system, and may
resulting to aheavy metal migration into the river stream system. Therefore, an
agro-based remediation methods known as Electrokinetic (EK)-assisted
phytoremediation was implemented in this research. This technique is versatfile
and economical in decontaminating heavy metal at the river bank soil area.
Hence, this research was focused on investigating the difference in frace
elemental concentration in riverbank soil sample between pre- and post-
phytoremediation under the electrokinetic influence. The riverbank soil sample
was divided into two conditions which are: 1) control (as-received) and 2) EK-
assisted phytoremediation by using a tropical plant species known as
Dieffenbachia spp. In this study, two stainless steel electrodes were slotf in at 5.0
cm depth on both side of this particular plant. A direct current (DC) voltage of 60
V was applied on both cathode and anode electrodes to form a uniform electric
field with a magnitude of éV/cm! around the plant root area. This electric field
was applied consistently for 4 hours per day. Within a month, the reduction of
frace element composition in the riverbank soil sample for pre and post
experiment were determined using a non-destfructive analytical technique, X-ray
Fluorescence Spectroscopy (XRF) and Energy Dispersive X-ray Spectroscopy (EDX)
analysis. The analysis show a significant correlation of elemental concentration
between pre and post experiment for the soil sample where the solil
concentration tend to reduce due to the EK assisted phytoremediation effect.
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1.0 INTRODUCTION

Environment could be contaminated by heavy
metals either naturally or by anthropogenic activities
[2] such as agrculture, mining, smelfing,
electroplafing and other industrial activities. Heavy
metals originating from anthropogenic activities are
frequently detected in sediments and water columns
of river/lake, generating a substantial number of the
world’s rivers/lakes severely contaminated [7, 8, 12,
16, 17]. Intensive industrial development has lead to
worldwide concern on environmental and health
impacts following decades of contaminated effluent
discharge [14].

There are various methods that could be
implemented to recover or remediate the
contaminated soil  and sediment such as
amendments, sand cap, washing, electrochemical
remediation, phytoremediation and etfc. [10]. Among
all these methods, phytoremediation appears to be
a green solution to the problems of heavy metals
contamination in  soil, rivers and sediments.
Phytoremediation is define as clean up of pollutants
primarily mediated by photosynthetic plant by
destructing, inactivating or immobilizing the pollutant
in a harmless form [13]. The process may be divided
info several heads based on the nature of their
remediating process which are phytoextraction,
phytostabilization, phytodegradation, rhizofiliration,
phytovolatilization and etc. [3]. Phytoexiraction
utilizes the roots of the plants to absorb, translocate
and concenfrate  heavy metals from the
contaminated soil to the above ground harvestable
plant fissues [13].

Although this method is a promising approach in
heavy metals deconfamination due to its cost
effectiveness, tfime would be its greatest limitation for
it has to face with a slow rate of plant growth and a
longer time required for soil clean up (Ali, et al., 2013;
Anjum, et al., 2013). However, number of research
has been done and elecfrokinetic remediation has
been listed as one of the combined methods that
could enhance the potential of heavy metal uptake
by the phytoremediation plants [15]. Lim et al. [9]
demonstrate the effectiveness of Indian mustard
(Brassica juncea) in accumulating high fissue
concenfration of Pb, with the addition of
ethylenediaminetetraaceticacid (EDTA) in the soil
and the application of a DC electric field around the
plant. They reported that the accumulation of Pb in
the shoofts using EDTA and a DC electric field was
increase two to four times compared to using EDTA
only. In 2008, Aboughalma et al. [1] studied the use
of potato tubers to decontaminate soil polluted with
In, Pb, Cu and Cd and the result reveal that the
plant roots’ heavy metals uptake under the influence
of electric fields was generally higher than the
control. A study by Cang et al. [5] on the effect of
DCelectric field current towards the growth of Indian
mustard (Brassica juncea) in soil heavy metals proved
that plant uptake of metal was increased by the
electrokinetic-assisted phytoremediation. Thus this

research was conducted in order fo investigate the
effectiveness of the EK-assisted phytoremediation
method in remediating a contaminated riverbank
soil.

2.0 MATERIALS AND METHODS
2.1 Soil Sampling

The riverbank soil samples were acquired 2 m from
the river stream of the interested area; SediRiver,
Yong Peng, Johor as illustrated in Figure 1. The
measurement of natural radioactivity dose-rate was
performed using handheld Ludlum Micro R Meter
(Model 19) prior to soil sampling. Besides that, the
riverbank soil pH, the humidity percentage and
coordinate location readings were also recorded by
using Soil pH and Moisture Tester (DM-15) Takemura
Japan and Global Positioning System (GPS), Garmin
GPSmap Model 62s and tabulated in Table 1.

Figure 1 The location of sampling sites; (i) Sediriver

Table 1 Soil pH, Coordinate and Environmental Radiation
Dose at the sampling site

Site pH Coordinate Survey
Meter
Reading
(uR/hr)
Sedi 4.9%0.1 N01°59.918 13.7+0.6
River E 103° 04.832'

The collected riverbank soil samples were
distributed into a phytoremediation reactor which
consists of two clay pots designated as ‘control’ and
‘EK’  which stands for electrokinetic-assisted
phytoremediation. The ‘EK’ clay pot was planted with
the phytoremediation plant and installed with EK
system while the ‘control’ clay pot was not disturbed.

2.2 Phytoremediation Plant Candidate

The chosen phytoremediation plant (phytoexiractor
candidate) was Dumb cane (Dieffenbachia spp)
plant which was named after the German physician
and botanist J. D. Dieffenbach (1794 — 1847) [6].
Representing a large group of fropical plants in the
Araceae family, Dieffenbachiaspp contains raphides
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(needle-like crystals) of calcium oxalate contained in
idioblasts (cells) which could create severe irritation
of skin and mucous membranes and inflammation
when having direct contacts with the plant
discharge [4]. Due to its natural habitat at humid and
heavy watering such as a riverbank area, this plant
was chosen to be the phytoexiractor candidate in
this research. The photo of the phytoremediation
plant Dieffenbachia spp is shown in Figure 2.

=

Figure 2 A photo of the phytoremediation plant:
Dieffenbachia spp

2.3 Electrokinetic (EK) Setup

The EK system which was installed in the “EK’ clay pot
consists of a pair of identical stainless steel plate
electrode with a dimension of 17.5 cm x 2.5 cm and
a DC power supply (0-110 V; 0-3 A) os illustrated in
Figure 3. With a distance of 10 cm between each
electrode, they were inserted vertically info the
riverbank soil sample and the phyto-exiractor
candidate Dumb cane (Dieffenbachia spp) plant
was positioned in between of it. 2.5 cm length of
each electrode was left above the soil surface for DC
power supply connection and 60 V of DC voltage
was applied continuously for 4 hours per day within a
month.

Dieffenbachia spp
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Claypot
22 em Electrodes
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Figure 3 A photo of EK system arrangement

The EK system which was installed in the “EK’ clay
pot consists of a pair of identical stainless steel plate

electrode with a dimension of 17.5 cm x 2.5 cm and
a DC power supply (0-110 V; 0-3 A). With a distance
of 10 cm between each electrode, they were
insertfed vertically intfo the riverbank soil sample and
the  phytoexiractor candidate Dumb cane
(Dieffenbachia spp) plant was positioned in between
of it. 2.5 cm length of each electrode was left above
the soil surface for DC power supply connection and
60 V of DC voltage was applied continuously for 4
hours per day within a month.

2.4 Sample Preparation

The harvested riverbank soil sample from ‘control’
and ‘EK’ clay potfs were dried in a furnace (Model
Memmert) at 105°C for 24 hours after a period of one
month. The ‘EK’ clay pot riverbank soil sample were
partitioned into three sections according to ifs region;
anode, middle and cathode region prior to the
drying session. Subsequent to moisture removal
process, the soil underwent the particle size reduction
process (grinding) using a grinder model Planetary
Mono Mill Pulverisette 6 and sieved with 50 um
Laboratory Test Sieve to achieve fine and
homogeneous powder form samples.

2.5 Elemental Composition Analysis

The ground soil samples were analysed by two
elemental composition analysis techniques which are
X-ray Fluorescence Spectroscopy (XRF) and Energy
Dispersive X-ray Spectroscopy (EDX).Hence, the
ground soil samples were divided intfo two parts; one
for XRF analysis and the other part was for EDX
analysis. XRF analysis requires the sample to be in a
pellet form. 7 g of powder form soil sample was
mixed with 3 g of wax homogenously and
compressed with 8 N forces by PE-FMAN compressor
tfo become a 4 cm diameter and 5mm thick pellet.
The pellets were sent for XRF elemental composition
analysis afterward. The non-destructive x-ray analysis
by XRF is suitable for rocks, minerals, sediments and
fluids. The interaction of radiaftion with atoms
generates X-ray fluorescence emission that could be
ufilised to analysed major and frace elements in
material. When materials are excited with high-
energy, short wavelength radiation like X-rays, they
can become ionized. The atom becomes unstable
and an outer electron replaces the ejected inner
electron. The emitted radiation is of lower energy
than the primary incident X-rays and is fermed
fluorescent radiation. Because the energy of the
emitted photon is characteristic of a transition
between specific electron orbital in a particular
element, the resulting fluorescent X-rays can be used
fo detfect the abundances of elements that are
present in the soil sample. XRF can provide the
information of ppm level for soils sample.

The EDX analysis was implemented by means of
EDX spectrometer model JEOL JSM-6380-LA.
Operating at a 15 kV voltage, it was set to 500x
magnification power for images purposes. The
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powder form soil samples were mounted on a stub
with conductive carbon tape prior to analysis. The
EDX spectrometer is coupled with Scanning Electron
Microscopy (SEM) system. The electron gun from the
system produces an electron beam that being
scanned across the sample's surface. A variety of
signals are generated and the detection of specific
signals produces an image or a sample's elemental
composition. Secondary electrons emitted from the
atoms on the top surface producing an inferpretable
image of the surface. EDX is an x-ray fechnique used
to identify the elemental composition of a sample.
Aftached to SEM instruments, the imaging capability
of the microscope is used to identify the specimen of
interest. Three fine spot areas are selected and the
determination of elemental percentages is based on
the average scanning. In this case, the elements of
interest are consisting of Ni, Cu and Zn.

3.0 RESULTS AND DISCUSSION
3.1 Strength Development of Cement-SCB

In this research, the soil sample were analysed by XRF
and EDX analysis involving two types of soil; ‘control’
and ‘EK’ soil sample which have already being
divided into three regions (anode, middle and
cathode regions). The data acquired from the
analysis was distributed in the Table 2. It is revealed
that the highest preliminary elemental concentration
by XRF analysis on ‘control’ or pre EK assisted
phytoremediation soil sample is Zn with (38 £ 0) ppm
while Ni and Cu concentrations are (14 + 1) ppm and
(10 £ 1) ppm respectively. The post EK assisted
phytoremediation elemental concentration analysis
in soilwhich executed in three regions of EK clay pot
demonstrates a similar pattern obtained by Cang et
al. [58] in their previous research which is the
elemental concenfrations in anode region are
always higher than cathode and middle region.

Table 2 Soil Elemental Composition Analysis for Ni, Cu and Zn
for pre and post EK assisted Phytoremediation by a) XRF
analysis, and b) EDX analysis

XRF Analysis
Element
Control Anode Middle
(ppm) (ppm) (ppm) Cathode (ppm)
Ni 14+1 160 15+1 14+0
Cu 10+1 13+1 10£1 12+0
In 38+0 42+1 39+1 41+0
EDX Analysis
Element
Control Anode Middle Cathode
(%) (%) (%) (%)
0.060.0
Ni 0.16£0.09 0.49+0.20 4 0.45+0.26
0.46x0.2
Cu 0.43+0.05 0.57+0.07 0 0.28+0.12
0.1120.0
In 0.24+0.02 0.27+.19 4 0.21+0.06

The EDX analysis on the other hand demonstrate that
Cu element gives the highest elemental percentages
compared to Ni and Zn for the pre EK assisted
phytoremediation soil sample. The range of
elemental percentages of Ni, Cu and Zn is (0.16 *
0.09) %. (0.43 £ 0.05) % and (024 += 0.02) %
respectively. The semi quantification of the post EK
freatment soil sample at anode, cathode and
middle area demonstrate a fluctuation in the
elemental percentages measurement for each
element. However, it is clearly noted that the count
rate at the anode is slightly higher than cathode
area, where the same result obtained from the XRF
analysis above and also reported by Cang ef al. [5].
This phenomenon occurs due to the process of plant
rootfs’ absorption and ion mobility under electrical
influence.

The heavy metals ions which close to the root of
the plant were originally being absorbed by root
under the process of phytoremediation. The provision
of electricity and presence of soil moisture during EK
freatment has initiated the mobility of ions towards
their opposite charged electrodes [11]. The mobility
of these ions makes the process of heavy metals’
absorption easier because the ions were nearer to
the root thus creating a depletion of ion
concentration in the middle region. The ions that
were managed to pass through the root confinue to
move fowards the electrodes and increasing the
concentration of elements near the anode and
cathode regions. The correlation between the
elemental concentration of Ni, Cu and Zn and the
soil sample section (control, cathode, anode and
middle area) from XRF and EDX analysis is illustrated
in Figure 4.

XRF Pre and Post EK Soil Elemental
Concentration
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Figure 4 Soil Elemental Composition Analysis for Ni, Cu and
In for pre and post EK assisted Phytoremediation by (a) XRF
analysis, and (b) EDX analysis.

4.0 CONCLUSION

The elemental composition concentration of the
frace elements (Ni, Cu and Zn) between pre- and
post- EK assisted phytoremediation is successfully
investigated in this research. There is a significant
correlation between XRF and EDX analysis. XRF and
EDX measurement proportional to the soil elemental
concentration, therefore both methods agreed with
each other. The trace element remediation process
in soil involved two important mechanisms, which are
ion absorption by the plant root and the ion mobility
under the effect of uniform electric field which has
lead to an increment in soil elemental concentration
from cathode to anode. The depletion of the tfrace
element metals at the middle of area of cathode
andanode revealed that the riverbank soil s
successfully remediated.
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