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ABSTRACT

Electrokinetic remediation is a method to remove heavy metals such as
arsenic (As), lead (Pb) and mercury (Hg) by application of a constant direct current
connected to the cathode and anode in the electrolyte solution. This experiment is
conducted to remove the heavy metals in contaminated water under controlled time,
types of electrodes, distance between electrodes and voltage applied in a laboratory
scale. The parameters considered in electrokinetic experiments were zinc (Zn),
aluminium (Al) and stainless steel as types of electrodes, electrodes spacing of 3 cm,
7 cm, and 9 cm, and the applied voltage of 30 V, 60V, and 90 V in one hour
treatment. The heavy metals were then extracted with several series of electrokinetic
experiments to obtain the maximum removal of the metals. Heavy metal depositions
in both electrodes were analysed using X-ray fluorescence (XRF) spectroscopy. The
concentrations of heavy metals in the simulated contaminated water were analysed
using inductively coupled plasma - optical emission spectroscopy (ICP-OES). It was
found that the stainless steel as electrode, 5 cm for the distance between electrodes
and 90 V for the voltage provide the optimal condition. When the optimal parameters
were applied to contaminated water of Sungai Masai, Johor, the study found the
presence of As and Hg at 4.46 ppm and 2.08 ppm concentration, respectively, but Pb
was not detected. Later, all Hg was removed in the electrokinetic remediation
experiment. In summary, voltage, spacing and type of electrode affect the heavy

metals removal in contaminated water.



ABSTRAK

Pemulihan elektrokinetik adalah satu kaedah untuk menyingkirkan logam
berat seperti arsenik (As), plumbum (Pb), dan merkuri (Hg) dengan menggunakan
arus terus malar yang disambungkan kepada katod dan anod dalam larutan elektrolit.
Eksperimen ini dijalankan untuk menyingkirkan logam berat dalam air tercemar di
bawah masa terkawal, jenis elektrod, jarak antara elektrod dan voltan yang
digunakan dalam skala makmal. Parameter yang dipertimbangkan dalam eksperimen
elektrokinetik adalah zink (Zn), aluminium (Al) dan keluli tahan karat sebagai jenis
elektrod, jarak antara elektrod iaitu 3 cm, 7 cm dan 9 ¢cm, dan voltan yang digunakan
iaitu 30 V, 60 V dan 90 V dalam rawatan satu jam. Logam berat kemudian diekstrak
dengan beberapa siri eksperimen untuk memastikan penyingkiran maksimum logam.
Pengendapan logam berat di kedua-dua permukaan elektrod dianalisis menggunakan
spektroskopi pendarfluor sinar-X (XRF). Kepekatan logam berat dalam simulasi air
yang tercemar dianalisis menggunakan spektroskopi pemancaran optik - plasma
berganding aruhan (ICP-OES). la didapati bahawa keluli tahan karat sebagai
elektrod, 5 cm untuk jarak antara elektrod dan 90 V untuk voltan memberikan
keadaan optimum. Apabila parameter optimum digunakan terhadap air tercemar di
Sungai Masai, Johor, kajian mendapati kehadiran As dan Hg masing-masing pada
kepekatan 4.46 ppm dan 2.08 ppm, tetapi Pb tidak dikesan. Kemudian, semua Hg
disingkirkan dalam eksperimen pemulihan elektrokinetik. Kesimpulannya, voltan,

jarak dan jenis elektrod mempengaruhi penyingkiran logam berat dalam air tercemar.
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CHAPTER 1

INTRODUCTION

1.1 Overview

Poor water quality becomes a major threat to human health and other living
organism. In this country, mostly the source of water pollution is in the industrial,
domestic area and industrial activities. Even though some action is taken, it still has not
solved the issues. As a responsible community, an action must be taken to make sure the

water pollution is not worse from time to time.

Water pollution is defined when the quality of water in terms of biological,
physical or chemical changes affect the living organisms in a bad way. Unsafe water
supply is one of the biggest issues that scared the human being as water is a necessity in
daily life. Without clean water, many problems will arise. Once the water is polluted it

will spread through the other places.

Water pollutants consist of heavy metals, microorganisms, bacteria and
thousands of toxic organic compounds. For this research, heavy metals are the most
concern subject to study where the residents in that area are exposed to health hazards

cause by water pollution (Danuta et al., 2006).



Heavy metals are toxic and non-biodegradable elements and can accumulate in
the living things (Zayadi et al., 2016; Abdullah et al., 2014). These elements are causing
a threat to the environment through human activities such drinking of contaminated
water with heavy metals. The concentration of heavy metals in natural water resources
has been the subject of research for decades (Raeisi et al., 2014). Some of the heavy
metals are necessary in small quantities for biological viability such as zinc (Zn),
manganese (Mn), copper (Cu) and iron (Fe) but heavy metals such as arsenic (As), lead
(Pb), mercury (Hg) and cadmium (Cd) has become hazardous to the human body when
exposed with high dose of concentration (Barka et al., 2001). In fact, heavy metals are
taken into the body through consumption of food, inhalation and also skin absorption.
These actions may lead to serious health effects such as allergic reaction, decreases

metabolic rate and cardiovascular disease (Tchounwou et al., 2012).

During the past decades, many treatment techniques have been introduced for the
efficient removal of the contaminant of heavy metals, organic and inorganic compounds
and other hazardous materials from groundwater, soil and associated ecosystems
(Krishna et al., 2009). Many attempts are being made to treat the polluted water with
mixed contaminants for both inorganic and organic contaminants. There are several
techniques in a range of both in-situ and ex-situ treatment such as nanofiltration
membranes, which is an intermediate process between ultrafiltration (UF) and reverse
osmosis (RO) (Ortega et al., 2008), hydrocolloid liquid-core capsules (Nussinovitch et
al., 2015), chemical precipitation such as hydroxide and sulfide precipitation (Fu et al.,
2011) and biosorption system (Amirna et al., 2015). To date, ion exchange (Kang et al.,
2004), and electrokinetic remediation (Embong et al., 2017) techniques are the most
frequently studied for heavy metal removal treatment. Electrokinetic remediation studies
in Malaysia are limited and there is not much research has been done for the past few

years.



Electrokinetic remediation is one of the promising technologies to treat the
contaminated water by heavy metals (Albert et al., 2011; Embong et al., 2015;
Rosestolato et al., 2015; Embong et al., 2017) that can be carried out either ex-situ or in-
situ. For a decade, electrokinetic technology has involved large company’s investment as
the electricity supply is expensive. Hence, due to high investment, it has not been widely
applied yet in Malaysia. In this research, the small scale of apparatus and equipment are
proposed using an electrokinetic technique which is useful and economical for low
concentration of heavy metals. Therefore, the main aim of the study is to improve a
system of heavy metals remediation in contaminated water in the river by using

electrokinetics method.

1.2 Problem Statement

In Malaysia, electrokinetic remediation technique has not been introduced
widely. A study has been conducted using these techniques in Sri Gading Industrial
Area, Batu Pahat, Johor where the place is chosen due to high levels of radiation
background in soil (Johar et al, 2015). Also, Embong et al. (2017) has conducted a study
on Zn(Il) removal from Sembrong river, Johor is using electrokinetic remediation. This
electrokinetic method is needed to treat the groundwater, sediment and soil with the

polluted critical condition.

For this research, Sungai Masai has been chosen as a place to do the experiment
where local residents use as the main route for fisherman to the jetty or sea (Berita
Harian, 2018). Moreover, in a rural area people are exposed to the risk of health hazard
where the water supply is contaminated, especially by heavy metals (Akoto et al., 2014).

Heavy metals must be removed from water resources before it is released to the



environment. To overcome this problem, the planning, design, operation of the
remediation process of removal of heavy metals should be considered as the main
concerned with this problem. Therefore, in this work, an alternative remediation process

needs to perform, known as electrokinetics.

The purpose of the experiment is to explore if an electrokinetic remediation
system is applicable to use in river water. The system is simulated by varying several
parameters involved to obtain the optimum efficiency. This will provide new data
concerning an electrokinetic remediation process for river water from Sungai Masai,

Johor.

1.3 Objectives

The objective of this research is:

i.  To determine optimized parameters of the electrokinetic system efficiency for
heavy metals remediation in terms of treatment time, applied voltage, type of
electrodes, and the distance between electrodes.

ii.  To measure the amount of heavy metal removed from simulated contaminated
water between pre and post electrokinetic process by using X-ray fluorescence
spectroscopy (XRF) and inductively coupled plasma optical emission
spectroscopy (ICP-OES).

iii. To determine the electrokinetic efficiency for heavy metals removal from

contaminated water in Sungai Masai, Johor.



1.4 Scope of Study

The ex-situ experiment is conducted to optimize the efficiency of the electro-
kinetic system for heavy metals remediation in various conditions such as treatment
time, applied voltage, type of electrodes and distance between electrodes. The system is
stimulated by varying the several parameters involved to obtain the optimum efficiency
of the system. The study has been done in a longer period of time to get the highest
percentage of removal in low potential voltage (Yuan et al., 2003). In these experiments,
we test the sample with higher potential voltage in a shorter period. Also, the samples of
contaminated water are self-prepared where the distilled water is contaminated with a
fixed amount of heavy metals with known concentration. The concentration of heavy
metals is set higher than WHO (2008) limits to find out the highest percentage of
removal of heavy metals these experiments will achieve. The heavy metals concerned in
this study are mercury (Hg), arsenic (As), and lead (Pb). These heavy metals are label as
high toxic elements and can affect human health if ingested (Owen, 2012). In addition,
the deposition of heavy metals in the cathode and anode is analyzed by XRF and the
concentration of heavy metals in contaminated water is analyzed by ICP-OES. Then, the
actual contaminated water samples were collected at several areas at river in Sungai

Masai, Johor.



1.5  Significance of Study

Exposure to heavy metals can take place in different ways, such as inhalation,
ingestion and dermal contact. Therefore, the food and drinking water become the
important routes of exposure to the human body. Water, which is a possible route of
exposure, comes from two sources such as surface water (e.g. rivers and reservoir) and
groundwater (Fawel et al., 2003). Lacks of information about the area of contaminated
water in Malaysia become one of the problems with authority to take actions. Besides,
levels of exposures are unknown, and the risks to health are uncertain as a result of lack

of information of the research in this area.

The data findings from this work, will provide information on health hazard
caused by how much heavy metals present in contaminated water and how effective this
electrokinetic remediation technique to remove the heavy metals in the research area.
This issue is one of the important research fields because it involves the resident’s health
and the environmental problems in the affected area. Jauharah (2010) reported that many
cases involving the effect of heavy metals on the human health such as diarrhea, sensory
disturbances, kidney and lung damaged, and may cause fatal. Hence, the findings of this
work hopefully will help to improve the efficiency of the existing water treatment

system in a particular area through implementation of the suitable technology.



1.6 Outline of the Thesis

This thesis consists of five chapters. Chapter 1 introduces the research, including
the problem's statement, objectives of the study, scope and significance of the study.
Chapter 2 is a literature review of this research. Few main topics are described in term of
basic knowledge such as type of heavy metals; distributions of heavy metals research in
worldwide and in Malaysia, and the theory and how the electrokinetic system operated.
In Chapter 3, the preparation of samples for the collection, storage, testing and analyses
of the samples was described. Also, the instruments used in this research are elaborated
briefly. Chapter 4 was focused on collecting data and analysis of the solutions and
electrodes. Both samples, electrodes and contaminated water have been analysed using
XRF and ICP-OES and the results are obtained. From the data, the percentages of heavy
metals removed from the contaminated water are analysed and are predicted for the next
research. Chapter 5 is the last chapter of the study. Conclusions are drawn and some

recommendations for future study are given.






REFERENCES

Abdullah, N, Tair, R., Abdullah, M., H., Heavy Metals Concentration Relationship with
Perna viridis Physical properties in Mengkabong Lagoon, Sabah, Malaysia.
Pakistan Journal of Biological Sciences 17 (1): 62-67, 2014.

Affendi, M., R, Sabri, J., Wahid, S., A, Detection of Heavy Metals in the Muscle and
Skin of Tilapia. 6™ Proceeding of the Seminar on Veterinary Sciences, 11-14
January 2011:41-45

Akoto, O., Abankwa, E., (2014) Heavy Metals Contamination and Specification in
Sediment of the Owabi Reservoir. International Journal of Science and
Technology Volume 3 No. 4, April 2014.

Albert, T., Y., Gu, Y., Y., A review on techniques to enhance electrochemical
remediation of contaminated soils. Journal of Hazardous Materials 195 (2011)
11-29.

Alshawabkeh, A., N, Sheahan, T., C., Wu, X., Coupling of Electrochemical and
Mechanical Processes in Soils under DC Fields. Mechanics of Materials 36
(2004) 453-465.

Amirna, S., Ray, M., B., Margaritis, A., Heavy metals removal from aqueous solutions
using Saccharomyces cerevisiae in a novel continuous bioreactor-biosorption
system. Chemical Engineering Journal 264 (2015) 863-872.

Arienzo, M., Chiarenzelli, J., Scrudato, R., (2001). Remediation of metal-contaminated
aqueous systems by electrochemical peroxidation: an experiment investigation.
Journal of Hazardous Materials B§7 (2001) 187-198.

Awang, H., Daud, Z., Hatta, M., Z.,, M., Hydrology Properties and Water Quality
Assesment of the Sembrong Dam, Johor, Malaysia. World Conference on
Technology, Innovation and Entrepreneurship. Procedia- Social and Behavioral
Sciences 195 (2015) 28-68-2873

Balcerzak M., (2002). Sample digestion methods for the determination of traces of
precious metals by spectrometric techniques. Analytical Science 2002

Jul;18(7):737-50

71



Barka, S., Pavillon, J. F., Amiard, J. C. (2001). Influence of different essential and non-
essential metals on MTLP levels in the copepod Tigriopus brevicornis.
Comparative Biochemistry and Physiology Part C: Toxicology & Pharmacology,
128(4), 479-493.

Berita Harian, 14 Mac 2018, ‘Penduduk resah Sungai Masai kotor’,

[https://www .bharian.com.my/berita/wilayah/2018/03/399559/penduduk-resah-
sungai-masai-kotor], Date access: 5™ May 2018.

Bergado, D, T., Anderson, L., R., Miura, N., Balasubramaniam, A., S., Soft Ground
Improvement. American Society of Civil Engineers, New York, 1996.

Bhattacherjee, S., Chackrabarty, S., Maity, S., Kar, S., Thakur, P., Bhattacharyya, G.,
Removal Lead from Contaminated Water Bodies using Sea Nodule as an
Adsorbent. Water Research 37 (2003) 3954-3966.

Briggs, D., Environmental Pollution and the Global Burden of Disease. British Medical
Bulletin 2003; 68:1-24 DOI 10.1093/bmb/1dg019.

Budhiarta, 1., Siwar, C., Basri, H., Current Status of Municipal Solid Waste generation
in Malaysia. [International Journal on Advanced Science Engineering
Information Technology. Vol. 2 (2012) No. 2 ISSN: 2088-5334.

Council Directive 98/83/EY/, of 3 November 1998, on the quality of water intended for
human consumption, Official Journal of the European Communities, L. 330, s
0032-0054; 1996.

Danuta, L., Hafiz, A., Toxic Elements in Soil and Groundwater: Short-Time Study on
Electrokinetic Removal of Arsenic in the presence of other lons. Infernational
Jurnal Environment Research Public Health 2006, 3(2), 196-201.

Embong, Z., Johar, S., Tajudin, S., A., Sahdan, M., Z., Surface Study of Stainless Steel
Electrode Deposition from Soil Electrkinetic (EK) Treatment using X-ray
Photoelectron Spectroscopy (XPS). AIP Conference Proceedings 1659, 040009
(2015).

Embong, Z., Husna, M, N, F., Shakila, A., Azhar, A, T., S., Arif, A., M., Norshuhaila,
M., S., Zn (II) Removal from River Water Samples of Sembrong, Johor State,

Malaysia by Electrokinetic Remediation. International Research and Innovation

72


https://www.bharian.com.my/berita/wilayah/2018/03/399559/penduduk-resah-

Summit (IRIS2017). IOP Conf Series: Materials Science and Engineering 226
(2017) 012072.

Environmental Quality Act and Regulations Handbook, Laws of Malaysia: Details on
Environmental Quality Act 1974 and Regulations Amendments up to June 2009:
Act 127 with Index”(pp 34-35). Kuala Lumpur: MDC Publisher, 2009.

Evangelou V. P. Environment Soil and Water Chemistry: Principles and Applications
(1998) John Wiley and Sons. Pg. 6

Fawell, J., Nieuwenhuijsen, M., J., Contaminant in Drinking Water. British Medical
Bulletin 2003; 68:199-208

Fenglian, F., Qi, W., Removal of heavy metals ions from wastewater: A review. Journal
of Environment Management 92 (2011) 407-418.

Food Regulation 1985 [http://fsis2.moh.gov.my/fosimtestsite/ HOM/frmHOMFAR Sec.

aspx?id=21]

Fu, F., Wang, Q., (2011), ‘Removal of heavy metals ions from waste waters: A review’
Journal of Environmental Management, 92 (2011) 407-418

Guzman, D, C., Swartzbaugh, J., T., Weisman, A., W., The use of Electrokinetics for
Hazardous Waste Site Remediation. ISSN 1047-3289. Journal Air Waste
Manage. Assoc.40:1670-1676 (1990)

Hanuman Reddy, V., Prasad, P., M., N, Ramana Reddy, A., V., Rami Reddy, Y., V...
Determination of heavy Metals in Surface and Groundwater in and around
Tirupati, Chittor (Di), Andhra Prakesh, India. Der Pharma Chemica, (2012)
4(6):2442-2448.

Huang, Y., F., Ang, S., Y., Lee, K., M., Lee, T., S., Quality of Water Resources in
Malaysia. Research Practice Water Quality.

Ismaniza, 1., Saleh, 1., M., Analysis of Heavy Metals in Water and Fish (Tilapia sp.)
Samples from Tasik Mutiara, Puchong. The Malaysian Journal of Analytical
Science, Vol 16 No 3 (2012): 346-352.

Jauharah , M., K., Determination of heavy metals in hair of sanitation workers using the
method of EDXRF. Master Thesis, Universiti Teknologi Malaysia.

Jarup, L., (2003), ‘Hazards of heavy metal contamination’, British Medical Bulletin
2003 68: 167-182.

73


http://fsis2.moh.gov.my/fosimtestsite/HOM/frmHOMFARSec

Jeon, E., K, Jung, J, M., Kim, W., S, Ko, S, H, Baek, K, (2015). In situ
Electrokinetic Remediation of As-, Cu-, and Pb- Contaminated Paddy Soil using
Hexagonal Electrode Configuration: A Full Scale Study. Environ. Sci. Pollut.
Res. 22:711-720.

Johar, SM., Embong, Z., (2015), ‘The optimization of electrokinetic remediation for
heavy metals and radioactivity contamination on Holyrood-Lunas Soil (Acrisol
Species) in Sri Gading industrial area, Batu Pahat, Johor, Malaysia. Radiation
protection Dosimetry Advanced.pp 1-5

John, R., M, (2005), ‘Electrokinetic Remediation of Arsenic Contaminated Soils.” P. 41.
Ph.D Thesis, University of Ballarat.

Kang, S.Y., Lee, J.U, Moon, SH., Kim, KW, (2004), Competitive adsorption
characteristics of Co®", Ni*" and Cr’* by IRN-77 cation exchange resin in
synthesized wastewater. Chemosphere 56, 141-147.

Krishna, R., R., Claudio, C., (2009) ‘Electrochemical remediation technologies for
polluted soils, sediments and groundwater’. John Wiley and Sons, 2009.

Ku, Y. and Jung, 1.-L. (2001) Photocatalytic Reduction of Cr(VI) in Aqueous Solutions
by UV Irradiation with the Presence of Titanium Dioxide. Water Research, 35,
135-142.

Mekonnen, M., M., Hoekstra, A., Y., Four billion people facing severe water scarcity.
Sci. Adv. 2, €1500323 (2016)

Michalec, B., K., Lenart-Boron, A., M., Cupak, A., K., Walega, A., S., The Evaluation
of Heavy Metals Content in Water and Sediments of Small Reservoirs in Light of
Various Environmental Quality Regulations. Journal of Environmental Science
and Health, Part 4 (2014) 49, 827-832

National Water Quality Monitoring Programme (NWQMP), Fifth Monitoring Report
(2005-06) (2007). Pakistan Council of Research in Water Resources (PCRWR).
ISBN 978-969-8469-18-4

Nussinovitch, A., Dagan, O., Hydorocolloid liquid-core capsules for the removal of
heavy metal cations from water. Journal of Hazardous Materials 299 (2015)

122-131.

74



Nguyen, C., M., Bang, S., Cho, J., Kim, K., W, Performance and Mechanism of Arsenic
Removal from Water by a Nanofiltration Membrane. Desalination 245 (2009)
82-94.

Nzeve, J., K., Njuguna, S., G., Kitur, E., C., (2015) Assessment of Heavy Metals
Contamination in Surface Water of Masinga Resevoir, Kenya. Journal of Natural
Sciences Research. ISSN 2224-3186. Vol.5, No.2.

Ortega, L., M., Lebrun, R., Blais, J., F., Hausler, R. Removal of metal ions from an
acidic leachate solution by nanofiltration membranes. Desalination 227 (2008)
204-216.

Ottosen, L., M., Hansen, H., K., Jensen, P., E., (2009). Electrokinetics Removal of

Heavy metals in Krishna R. Reddy, Electrochemical remediation Technologies
for Polluted Soils, Sediments and Groundwater, John Wiley & Sons. 97-126.

Owen, P., (2012) ‘Experimental methods in oxidation-reduction reaction’ Auris
Reference Ltd.

Pazzi, V., Losito, G., M., S., Mazzarelli, R., Trova, A., Lapenna, V., Rizzo, E., (2012)
‘Electrokinetic remediation (EKR) effect under linear and radial electric field at
laboratory scale’ Boll. Geof. Teor. Appl., 53, 347-365

Raeisi, S., Rad, J,, S., Rad, M, S., Zakariaei, H., (2014) Analysis of heavy metals
content in water, sediments and fish from the Gorgan bay, southeastern Caspian
sea, Iran. International Journal of Advanced Biological and Biomedical
Research. Vol. 2, Issue 6, 2014: 2162-2172.

Rosestolato, D., Bagatin, R., Ferro, S., Electrokinetic Remediation of Soils Polluted by
Heavy Metals (Mercury in Particular). Chemical Engineering Journal 264
(2015) 16-23.

Sim, S, F., Nyanti, T., Y., Lee, t., z, e, Irwan Lu, N, A, L., M, Bakeh, T., Distribution
of major and trace elements in a tropical hydroelectric reservoir in Sarawak,
Malaysia. Hindrawi Publication Corporation, International Scholarly Research
Notices. Vol. 2014

Stanley, E., M., ‘Environment Chemistry’ Taylor and Francis Group, 2010, Ninth
Edition.

75



Tchounwou, P., B., Yedjou, C., G, Patlolla, A., K., Sutton, D., J., (2012), ‘Heavy Metals
Toxicity and the Environment’, EXS. 2012; 101: 133-164.

Wangboje, O., M., Ekundayo, O., T., (2013) Assessment of heavy metals in Surface
Water of the Ikpoba Reservoir, Benin City, Nigeria. Nigerian Journal of
Technology. Vol.32, No.1, pp. 61-66.

Voica, C., Kovacs, M., H., Dehelean, A., Ristoiu, D., lordache, A., (2012). ICP-MS

Determinations of Heave Metals in Surface Waters from Transylvania. Rom.
Journ. Physics., Vol 57, Nos. 7-8, P. 1184-1193, Bucharest.
World Health Organization (WHO). Guidelines for drinking-water quality: incorporating
1st and 2nd addenda, Vol.1, Recommendations. - 3rd Edition, 2008.
World Health Organization (WHO). Preventing Diarrhoea through Better Water,
Sanitation and Hygiene: Exposures and Impacts in Low-and Middle-Income
Countries. World Health Organization, 2014
Yeung, A, T, Gu, Y., Y. A review on techniques to enhance electrochemical
remediation of contaminated soils. Journal ofHazardous Materials 195 (2011)
11-29.

Yuan, C., Sludge dewatering by electrokinetic technique: effect on processing time and
potential gradient. Advances in Environment Research 7 (2003) 727-732.

Zayadi, N., Othman, N., Hamdan, R., A Potential Waste to be Selected as Media for
Metal and Nutrient Removal. IOP Conf. Series: Materials Science and

Engineering 136 (2016) 01205.

76





