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Abstract
Growing water scarcity that will create a crisis next years in the Gaza Strip requires a necessity
to find an immediate solution. The wastewater reuse seems to be promising in the Gaza Strip.
The expected amount of wastewater to be used for irrigation will progressively increased on the
coming twenty years saving more than half of groundwater needed for irrigation. This is due to a
combination of severe water shortage, threat of pollution to its diminishing water resources and a
concentrated urban population with high levels of water consumption and wastewater
production. One of the various solutions is treating wastewater for landscape irrigation and
plantation to augment available water resources and protecting the environment from pollution
caused by the improper wastewater disposals. An innovative cheap and effective method of
purifying and cleaning wastewater before discharging into any other water systems was needed.
A wide range of wastewater treatment techniques are known which include biological processes
and physicochemical processes. A host of promising techniques based on electrochemical
technology are being developed. The primary goal of this study was to investigate the effect of
electrocoagulation (EC) process on removal of wastewater contaminants under different
operational conditions for reuse in agriculture. This experimental study was performed using
electrodes. The electrodes were connected as monopolar and a power supply was used for
supplying direct electrical current. Laboratory experiments using electrocoagulation (EC)
process were performed to treat secondary wastewater from Sheikh Ejlein basins.
Electrocoagulation is the process of passing electric current through a liquid, using anode and
cathode. Effect of various variables such as electrode types (Auminium, Stainless-steel, Iron),
current density(1.18 mA/cm2, 2.15 mA/cm2 , 3.18 ma/cm2), pH (5, 7.45, 11.8) and interelectrode spacing (1cm, 2cm, 3cm) and the sample is made up to run at different intervals of time
of 20, 30and 40 minutes. These variables were evaluated to achieve the maximum possible
removal efficiency for wastewater contaminants such as: Turbidity, Total Dissolved Solid
(TDS), Chemical oxygen demand (COD), Nitrate, Total hardness, Calcium, Magnesium, Fecal
Coliforms, Odour and Colour. Under the following optimal condition (pH=7.45, inter-electrode
spacing =1cm, time = 40 minutes and current density = 3.18mA/cm2, the removal efficiency of
contaminants were 74.72%, 94.56%, 93.33%, 95.20%, 70.94%, 29.09%
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for COD, Total

hardness, Calcium, Magnesium, Nitrate and TDS respectively by using stainless steel electrodes.
High removal of turbidity was 95.20% using aluminum electrodes. Iron electrodes have good
removal efficiency for pollutants. For Fecal coliform, 30 minutes time were sufficient for 100%
removal using aluminum, stainless-steel electrodes and 99.99% for iron electrode. The odor and
the color disappeared by using all types of electrodes. The result obtained showed that the treated
wastewater by using electrocoagulation process is safe for wastewater reuse in irrigation.
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ملخص الدراسة

إّْ اصد٠بد ٔمص اٌّ١بٖ ِٓ شأٔٗ خٍك أصِخ ف ٟاألػٛاَ اٌمبدِخ ف ٟلطبع غضح ٌزا ٠زطٍت األِش إ٠جبد حٍٛي
سش٠ؼخ .إحذ٘ ٜزٖ اٌحٍٛي ِ٘ ٛؼبٌجخ ِ١بٖ اٌصشف اٌصح ٚ ٟإػبدح اسزخذاِٙب ف ٟاٌش ٚ ٞاٌضساػخ
ٌٍّحبفظخ ػٍِ ٝصبدس اٌّ١بٖ ٚحّب٠خ اٌج١ئخ ِٓ اٌزٍٛس اٌز٠ ٟزسجت ف ٗ١اٌزصش٠ف غ١ش اٌسٍ١ٌٍّ ُ١بٖ اٌؼبدِخ.
ٚسخ١صخ ِٚجزىشحوّ١خ ِ١بٖ اٌصشف اٌصح ٟاٌّؼبٌج ٚ ٛاٌّزٛلغ اسزخذاِٙب ف ٟاٌضساػخ ِٓ شأٔٙب اْ رضداد
ف ٟاٌؼشش ٓ٠سٕٜخ اٌمبدِخ  ِٓ ٚصُ اٌحفبظ ػٍ ٝػٍ ٝاوضش ِٓ ٔصف اٌّ١بٖ اٌجٛف١خ اٌز ٟوبٔذ رسزخذَ
الغشاض صساػ١خ  ٚاٌحذ ِٓ ٔمص ف ٟاٌّ١بٖ ٚ،اٌزمٍ ِٓ ً١خطش اٌزٍٛس ػٍِٛ ٝاسد اٌّ١بٖ  ٚاٌّسبّ٘خ فٟ
حً ثؼط ِشبوً إٌّبطك راد اٌزشو١ض ف ٟاٌىضبفخ اٌسىبٔ١خ اٌزٔ ٟسجخ اسزٙالوٙب ٌٍّ١بٖ ػبٌ١خ  ٚوزٌه
رصش٠فٙب ٌٍّ١بٖ
أحذ اٌحٍٛي اٌّخزٍفخ ٌّؼبٌجخ ِ١بٖ اٌصشف اٌصح ِٓ ٟاجً اٌش ٚ ٞحّب٠خ إٌّبظش اٌطج١ؼ١خ ٌ ٚض٠بدح
اٌّٛاسد اٌّ بئ١خ اٌّزبحخ ٌٍضساػخ ٚحّب٠خ اٌج١ئخ ِٓ اٌزٍٛس إٌبجُ ػٓ اٌزصش٠ف غ١ش الئك ٌّ١بٖ اٌصشف
اٌصحٕ٘ .ٟبن طش٠مخ ِجزىشح غ١ش ِىٍفخ ٚفؼبٌخ ٌزٕم١خ ٚرٕظ١ف ِ١بٖ اٌصشف اٌصح ٟلجً رصش٠فٙب ف ٟأٞ
شجىبد اٌّ١بٖ األخش.ٜوّب ٕ٘بن ِجّٛػخ ٚاسؼخ ِٓ رمٕ١بد ِؼبٌجخ اٌّ١بٖ اٌؼبدِخ ِؼشٚفخ ٚاٌز ٟرشًّ
اٌؼٍّ١بد اٌجٌٛٛ١ج١خ ٚاٌؼٍّ١بد اٌف١ض٠بئ١خ ٚ .أحذ اٌطشق اٌز ٟرطٛسرعّٓ ِجّٛػخ وج١شح ِٓ اٌزمٕ١بد
اٌٛاػذح رٍه اٌمبئّخ ػٍ ٝاٌزىٌٕٛٛج١ب اٌىٙشٚو١ّ١بئ١خ اٌغشض األسبس٘ ِٓ ٟزٖ اٌذساسخ ٘ ٛاٌزحمك ِٓ ِذٜ
رأص١ش ػٍّ١خ اٌزخضش اٌىٙشث (Electrocoagulation) ٟف ٟإصاٌخ ثؼط اٌٍّٛصبد اٌى١ّ١بئ١خ  ٚاٌف١ض٠بئ١خ ِٓ
ِ١بٖ اٌصشف اٌصح ٟرحذ رأص١ش ثؼط اٌّزغ١شاد  ٚرٌه ثغشض إػبدح اسزخذاِٙب ثبٌضساػخٌ .زٌه اٌغشض
رُ رصّ ُ١جٙبص اٌزخضش اٌىٙشث١بٌز٠ ٞؼزّذ ػٍ ٝاسزخذاَ اٌىزشٚداد ِؼذٔ١خ ِٛصٌٛخ ثشذح ر١بس وٙشث. ٟ
إلجشاء اٌزجبسة اٌّؼٍّ١خ ػٍ ٝػٕ١بد ِٓ اٌّ١بٖ اٌؼبدِخ اٌخبسجخ ِٓ ِحطخ اٌّؼبٌجخ ثّٕطمخ اٌش١خ ػجٍٓ١
ثؼذ اٌّؼبٌجخ اٌضبٔ٠ٛخ  ٚلذ رُ رم ُ١١رأص١ش ثؼط اٌّزغ١شاد ِضً ,أٔٛاع األلطبثح١ش رُ اسزخذاَ صالس أٛاع ِٓ
االلطبة(إٌّ ,َٛ١اٌفٛالر اٌّمب ِٛٚاٌحذ٠ذ) ,اٌّسبفخ ث ٓ١األلطبة(1سُ2 ,سّ3 ٛسُ) ,شذح اٌز١بس(,1111
 ٍٟ١ِ 3111 ٚ2115اِج١ش /سُ ِشثغ)  ٚدسجخ اٌحّٛظخ(لبػذِ ,ٞؼزذي  ٚحبِع )ٟخالي صالس ِشاحً
صِٕ١خ ( 42 ٚ 32 ,22ل١مخ) ٌٍحصٛي ػٍ ٝأفعً وفبءح ِّىٕخ إلصاٌخ ثؼط اٌٍّٛصبد ِضً :إجّبٌ ٟاألِالح
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اٌزائجخ ) ,(TDSاٌطٍت اٌى١ّ١بئٌ ٟألوسج ,)COD( ٓ١إٌزشاد ,إجّبٌ ٟاٌؼسش ,اٌؼىبسح ,اٌىبٌس,َٛ١
اٌّغٕ١س ,َٛ١ثىزش٠ب اٌمٍ١ٔٛبد اٌجشاص٠خ ,اٌشائحخ  ٚاٌٍٚ ْٛرٌه ٚفمب ألفعً اٌظشٚف اٌز ٟرُ اٌزٛصً إٌٙ١ب
(اٌشلُ اٌ١ٙذسٚج ,7.45 = ٟٕ١اٌّسبفخ ث ٓ١األلطبة  1سُ ,اٌضِٓ=  40دل١مخ ,شذح اٌز١بس =ٍِٟ 3.18
أِج١ش/سُ .)2
 ٚلذ وبٔذ إٌزبئج اٌز ٟرُ اٌحصٛي ػٍٙ١ب ف ٟظً ٘زٖ اٌظشٚف ٘,%93.33 ,%94.56 ,%74 : ٟ
ٌٍ %29.09 ,%70.94 ,%95.20طٍت اٌى١ّ١بئ ٟػٍ ٝاألوسج ,ٓ١إجّبٌ ٟػسش اٌّبء ,اٌىبٌس,َٛ١
اٌّغٕ١س ,َٛ١إٌزشاد ٚإجّبٌ ٟاألِالح اٌزائجخ ػٍ ٝاٌزٛاٌٚ ٟرٌه ثبسزخذاَ ألطبة اٌفٛالر اٌّمبٌٍ َٚصذأٚ
وبٔذ أػٍٔ ٝسجخ إصاٌخ ٌٍؼىبسح  %95.20ثبسزخذاَ ألطبة األٌّٕٚ َٛ١اٌفٛالر اٌّمبٌٍ َٚصذأ %99.99 ٚ
ثبسزخذاَ اٌحذ٠ذ .أِب ثبٌٕسجخ ٌجىزش٠ب اٌم١ٌٔٛٛبد اٌجشاص٠خ فمذ رُ إصاٌزٙب وٍ١ب ثؼذ  30دل١مخ ثبسزخذاَ األٌَّٕٛ١
 ٚاٌفٛالر اٌّمبٌٍ َٚصذأ  ٚثبٌٕسجخ أللطبة اٌحذ٠ذ فمذ ٚصٍذ ٔسجخ اإلصاٌخ إٌ % 99.99 ٝخالي ٔفس
اٌضِٓ .ف ٟح ٓ١أْ اٌشائحخ  ٚاٌٍ ْٛرُ إصاٌزّٙب وٍ١ب ثبٌٕسجخ ٌجّ١غ األلطبة  ٚ.أظٙشد اٌذساسخ ِٓ خالي
ٔزبئج اٌزجبسة اٌز ٟرُ اٌحصٛي ػٍٙ١ب أْ ِ١بٖ اٌصشف اٌصح ٟاٌز ٟرُ ِؼبٌجزٙب إِٓخ إلػبدح اسزخذاِٙب فٟ
اٌش.ٞ
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CHAPTER ONE

INTRODUCTION

1

1.1 Introduction
The combination of severe water shortage, contamination of water resources, densely populated
area and highly intensive irrigated agriculture characterize the Gaza Strip which is described as
one of the most exploited places in the world where the level of demand on water and land
resources exceed the capacity of the environment. The water balance records revealed a water
deficit of 80 MCM in 2012 ( Palestinian Water Authority, 2012) due to economic development
and population increase resulting from natural growth and returnees, while the water resources
are constant or even decreasing due to urban development. The current sustainable yield of the
aquifer segment underlying the Gaza Strip is estimated at about 57 MCM. Around 15% of the
total yield of the shared aquifer, which is estimated at 360-420 MCM Abstractions in recent
years have been running well above any estimate of sustainable yield. The overdraft in (2008)
estimated at 100 MCM, almost 200%. As a result, there has been a continual decline in the static
water level, water quality has been deteriorating, and there is an increase of seawater intrusion.
Now only 5-10% only of the portion of the aquifer underlying the Gaza Strip is drinkable, with
more than 90% of all 150 municipal wells having salt and nitrate levels above WHO standards
and so unfit for human consumption (Chopra et al., 2011).
The use of wastewater as a supplemental source of irrigation is inevitable for increased
agricultural production in the Gaza Strip, where irrigation supplies are insufficient to meet crop
water needs. Moreover, irrigation with treated wastewater is considered a promising practice that
helps in minimizing the pollution of the ecosystem subjected to contamination by direct disposal
of wastewater (WW) into surface or groundwater.
The treated wastewater has several advantages over other sources of water, it minimizes
pollution, augments groundwater resources by artificial recharge and it is a good nutrient source
for landscape and farm irrigation (Saleem et al., 2000).

2

1.2 Background
Concern about water quality is related to two very important aspects: on one hand, contamination
of drinking water or the poor quality of some sources and, on the other hand, the quality of the
treated wastewater that is discharged into other water bodies, leading to a problem of dispersion
of pollutants. Many regions of the world suffer from water shortages, while in others regions, the
problem is not lack of resources, but poor management and distribution (Restrepo et al., 2006).
Stathatou (2011) proposed a step-wise approach for the analysis of treated wastewater reuse
potential in the islands of the Aegean and the assessment of its contribution in the mitigation of
water scarcity problems. A Geographic Information System (GIS) was used for the classification
of the islands according to certain criteria (e.g. operative WWTPs, vulnerability to water
scarcity, population density, etc.) and their clustering according to wastewater reuse potential.
For the cluster of high reuse potential, the quality of treated effluents was compared to the
standards specified by the Greek wastewater reuse legislation, to identify potential reclaimed
water uses. The contribution of reclaimed water in alleviating water deficits in the islands with
high reuse potential was estimated to be significant, thus indicating that it could be an effective
option towards water scarcity mitigation.
Affifi et al., (2002) summarized a guideline for the reuse of treated wastewater from housing,
municipalities, industry and commercial enterprises in the Gaza-Strip, Palestine. Also it provides
vital information for collection, additional treatment and storage of treated effluent in such a
manner that the use of ground water can be replaced, the aquifer can be enriched and the inflow
of saline water into coastal aquifer can be reduced.
The reuse of wastewater has become an absolute necessity. Demands to the cleaning industrial
and domestic wastewater to avoid environmental pollution and especially contamination of pure
water resources are becoming national and international issues. Innovative, cheap and effective
methods of purifying and cleaning wastewater before discharging into any other water systems
are needed.
In the past, all the attention in wastewater treatment had given mainly to the amounts of nutrients
and organic matter in wastewater. Lately, more attention has been started to pay to harmful or
hazardous chemicals and other substances that end up to the receiving water with effluent.
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Conventional wastewater treatment plants have not been designed to remove the harmful nor the
dangerous chemicals from wastewater.
Nowadays, the lack of water resources in many countries promotes the research in the finding of
new sources. Regeneration is one of the best choices, a simple, affordable, and efficient sewage
water treatment systems are urgently needed in developing countries because most of the
conventional technologies currently in use in industrialized nations are too expensive and
complex (Grau et al.,1996).
Although the Treatment of wastewater by electrocoagulation (EC) has been practiced for most of
the 20th century with limited success (Daneshvar et al, 2004). Electrochemical treatment seems to
be an interesting alternative to the existing technologies, a promising treatment method due to its
high effectiveness, its lower maintenance cost, less need for labour and rapid achievement of
results (Feng et al., 2003).
Using electricity to treat water was first proposed in UK in 1889, and the application of
electrolysis in mineral beneficiation was patented by Elmore in 1904 (Chen et al., 2004). The
principle of EC was used to treat bilge water from ships was first patented in 1906 by A. E.
Dietrich (Pathak et al., 2003).
Electrocoagulation (EC) is an effective process for the destabilisation of finely dispersed
particles by removing hydrocarbons, greases, suspended solids and heavy metals from different
types of wastewater treatment (Kumar et al., 2004 and Larue et al., 2003).
Electrocoagulation has been proposed in recent years as an effective method to treat various
wastewaters such as: landfill leachate, restaurant wastewater, saline wastewater, tar sand and oil
shale wastewater, urban wastewater, laundry wastewater, nitrate and arsenic bearing wastewater,
and chemical mechanical polishing wastewater. This process includes a cell with metal anode
(mostly iron and aluminium) and uses direct electrical current (Xiong et al., 2001; Daida et
al.,2005 and Kim et al., 2002).
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1.3 Problem Definition
The wastewater quality from GWWTP is not sufficiently treated to be used for direct irrigation
and plantation. The final effluent discharged to the sea estimated by 75000 m3 by day, (PWA). In
order to solve the problem and to decrease the pressure of wastewater disposal to the sea, the
PWA find some small scale and pilot projects such as groundwater recharge with treated
wastewater and for irrigation. Due to the semi bad quality of the final effluents (BOD 90 mg/l,
COD 230 mg/l, Faecal Coliforms 8*104 CFU/100 ml) and the malfunction of the treatment plant,
the direct use of this water is dangerous to be used directly in irrigation. The reclaimed
wastewater may contain undesirable chemical compounds and pathogens that pose
environmental and health effects. Consequently mismanagements of reclaimed wastewater
irrigation would create environmental and health impacts to the ecosystem and human beings.
Recently the water authority is implementing a demonstration project for wastewater reuse in
irrigation. Irrigation water is coming from Gaza wastewater treatment plant to a storage tank then
transferred to a sand filter for advance treatment for irrigation. The baseline report for
environmental monitoring program (18) indicated that quality of wastewater after the sand filter
(BOD 60 mg/l, COD 185 mg/l, Fecal Coliforms 3*104 CFU/100 ml) is not really improved and
suitable for irrigation. Searching for other treatment methods such as electrochemical treatment
is very important for improving the quality of reclaimed wastewater. Chemical coagulation and
flocculation are commonly used as a part of the water purification systems for the removal of
pollutants from wastewaters. Electrocoagulation has been suggested as an advanced alternative
to chemical coagulation in pollutant removal from raw waters and wastewaters.
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1.4 Main Goal of Study
The main goal of this research work was to investigate the treatment efficiency of the
electrochemical (electro-coagulation) process for removal of some contaminants from
wastewater to improve the effluent quality prior to wastewater reuse for agriculture purpose.

1.5 Specific objectives of study:
1) To investigate the treatment efficiency of the electrocoagulation process for removal of
some WW contaminants (COD, Total Hardness, Calcium, Magnesium, TDS, NO3-,
Fecal Coliform, Turbidity), in addition to Colour and Odour from wastewater.
2) To study the effect of current density, reaction time, pH, electrode types and inter –
electrodes distance on the removal efficiency of wastewater contaminants.

1.6 Significance of study:
The significances of study are:
* The electrocoagulation process can be considered as the learning purpose to the student,
researcher and industry
* Economically, the process can be commercialized in the market as small scale for many
industrial manufacturing as olive mills and slaughterhouses in other to reduce the
environmental pollution

6

CHAPTER TWO

LITERATURE REVIEW
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2.1 Municipal wastewater
Municipal wastewater is the mixture of domestic wastewater, (the basic component), small
amounts of industrial and storm water, drain water, surface infiltration, and groundwater. It
usually consists of a number of contaminants, such as suspended solids, biodegradable organics,
pathogens, nutrients, refractory organics, heavy metals and dissolved inorganic compounds.
Direct discharge of untreated wastewater into the natural water bodies is not desirable, as the
decomposition of the organic waste would seriously deteriorate the water quality
(Blasubramaniam et al., 2001). In addition, communicable diseases can be transmitted by the
pathogenic microorganisms.

2.2 Benefits of wastewater reuse
Sewage, on the one hand, normally contained of biological, chemical and physical composition
which is usually high in Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand
(COD) and Suspended Solid (SS). So, direct discharge of raw or improper treated sewage into
the water body is one of the main sources of pollution on a global scale (Blasubramaniam et al.,
2001).There are two main objectives of wastewater treatment, one is protecting the environment
and the other one is conserving fresh water resources (Bukhari, A. A. et al.,2008).
The advantages of wastewater reuse can be summarized in the following points:
-

Wastewater reuse reduces the demand on potable sources of freshwater.

-

It may reduce the need for large wastewater treatment systems if significant portions of the
waste stream are reused or recycled.

-

It may decrease the volume of wastewater discharged, resulting in a beneficial impact on the
aquatic environment.

8

2.3 Electrochemical technologies in wastewater treatment
The use of electricity in wastewater treatment has been started in the late 1900s. The capital
investment and the electricity costs of electrochemical treatment have been high and applications
were not used widely in the 20th century. However, electrochemical technologies have been
started to investigate and use again during the past two decades. Nowadays, the costs of the
electrochemical treatment are comparable with other technologies and in some cases,
electrochemical treatment may be more efficient and compact than other technologies.
Electrochemical wastewater treatment technologies are electrodeposition, electrocoagulation
(EC),

electroflotation,

electrooxidation

(electrochemical

oxidation),

electrodisinfection

andelectroreduction. Electrocoagulation and electrooxidation has been shown that they can have
a good potential to remove harmful contaminants from wastewater. Both treatments occur in an
electrochemical reactor.
The earlier studies have reported the potential of electrocoagulation to treat a variety of industrial
and domestic wastewater (Vlyssides et al., 2000; Kobya et al., 2003; Can and Kobya, 2006; Holt
et al., 2006; Bensadok et al., 2008; Merzouk et al., 2009 and Virkutyte et al., 2010).
Unlike biological treatment which requires specific conditions, therefore limiting the ability to
treat many wastewaters with high toxicity, xenobiotic compounds and pH, eletrocoagulation can
be used to treat multifaceted wastewaters, including industrial, agricultural and domestic (Butler,
E.et al.,2011).

2.4 Advantages of EC process in wastewater treatment:
(Organization of American States. Water Reuse. Unit for Sustainable Development and
Environment).
 EC requires simple equipment and is easy to operate with sufficient operational latitude to
handle most problems encountered on running.


Wastewater treated by EC gives palatable, clear, colorless and odorless water.



Sludge formed by EC tends to be readily settable and easy to de-water, because it is
composed of mainly metallic oxides/hydroxides. Above all, it is a low sludge
technique.
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producing



Flocs formed by EC are similar to chemical floc, except that EC floc tends to be much
larger, contains less bound water, is acid-resistant and more stable, and therefore, can be
separated faster by filtration.



The EC process has the advantage of removing the smallest colloidal particles, because the
applied electric field sets them in faster motion, thereby facilitating the coagulation.



The EC process avoids uses of chemicals, and so there is no problem of neutralizing excess
chemicals and no possibility of secondary pollution caused by chemical substances added at
high concentration as when chemical coagulation of wastewater is used.



The gas bubbles produced during electrolysis can carry the pollutant to the top of the
solution where it can be more easily concentrated, collected and removed.



The EC technique can be conveniently used in rural areas where electricity is not available,
since a solar panel attached to the unit may be sufficient to carry out the process.



Operation and maintenance are relatively simple except in direct reuse systems, where more
extensive technology and quality control are required.



Provision of nutrient-rich wastewaters can increase agricultural production in water-poor
areas.

2.5 Previous Studies on Electrocoagulation Process
The use of electrocoagulation for the treatment of wastewater has been reported by various
authors, a literature survey indicates that EC is an efficient treatment process for different wastes,
e.g. soluble oils, liquids from the food, textile industries, or cellulose and effluents from the
paper industry (Calvo et al, 2003, Carmona et al, 2006).
Mohd, N.et al. (2012) studied the treatment of sewage water by electrocoagulation with high
cell current densities (605 A/m2, 908 A/m2, 1211 A/m2, 1513 A/m2 and 1816 A/m2) using
stainless steel, iron and aluminium electrodes. High current densities applied were very effective
for the removal of COD, BOD and SS in 30 minutes. The effect of electrode material, current
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densities, electrocoagulation time, inter-electrode distance and initial pH were examined. The
optimum operating range for each operating variable was experimentally determined in order to
provide an economical and effective treatment for the sewage water. Therefore, the optimum
condition for this treatment is in 30 minutes, by using stainless steel electrode, at 1816 A/m2, in
pH 7 and 10mm electrode distances. The optimum treatment condition reduced COD by 98.07%,
BOD by 98.07% and SS by 97.64%.
Perez-Sicairos, S.et al., (2011) studied the removal of water turbidity from three sources:
Tamazula River, the Degremont Wastewater Treatment Plant and a pond of a botanical garden in
the region of Culiacan, Sinaloa. For this purpose, they use a parallel plate and continuous
electrochemical reactors, with perforated plate aluminium as anodes and iron mesh as cathodes,
for the application of electro-coagulation. Applied current and concentration of supporting
electrolyte were the variables. According to the results, it was possible to eliminate the turbidity
of the Tamazula river water with this process, achieving compliance with the Mexican standards
under the conditions studied.
Moulin, P. et al.(2004) provide an overview of electrochemical process using electro oxidation
and electrocoagulation as a pre-treatment step to enhance the biodegrability of wastewater
containing recalcitrant or inhibitory compounds by formation of intermediate, which is easily
degraded in subsequent biological treatment. The enhanced degradation of wastewater may
attribute to the electrochemical oxidation of the organic compounds present in the aqueous phase
to simple molecules, which may be easily biodegraded.
Malakootian, M. Yousefi, N. (2009) studied how to investigate the efficiency of
electrocoagulation method to remove the water hardness under different condition. Drinking
water of Kerman (southeast of Iran) was used in the experiments. For this purpose a pilot plant is
used containing an Aluminium electrodes connected as monopolar and a power supply was used
for supplying direct electrical current. The efficiency of the system in three different pH,
voltages and time intervals were determined. Results showed the efficiency of 95.6% for
electrocoagulation technique in hardness removal. pH and electrical potential had direct effect on
hardness removal in a way that the highest efficiency rate was obtained in pH=10.1, potential
difference of 20 volt and retention time of 60 minutes. Considering the obtained efficiency in the
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present study, electrocoagulation technique may be suggested as an effective alternative
technique in hardness removal.
Andrade, G. M. (2009) studied the removal efficiency for copper (Cu), nickel (Ni), and zinc
(Zn) using Electrocoagulation (EC) technique in a continuous flow reactor with a synthetic bilge
water emulsion; and additionally, to discuss the operation cost of the treatment. Aluminum and
carbon steel were used for this purpose; flow rate of 1 L/min; effluent recycling and 7.5 amps;
this optimal configuration achieved 99% of zinc removal efficiency, 70% of both, copper and
nickel removal efficiency, and low operation costs. The current intensity did not have
significance incidence on the removal efficiency. The analysis of cost per gram of removed
contaminant indicated that nickel had an average cost of $1.95 per gram removed, zinc and
copper had $0.60 and $0.88 per gram removed, respectively.
Ni’am, M.F. et al. (2007) presented a preliminary study for the removal of COD and suspended
solids in wastewater treatment by combining magnetic field and electrocoagulation (EC)
technology. A batch experiments with two monopolar iron (Fe) plate anodes and cathodes were
employed as electrodes. Wastewater samples were prepared from milk powder with an initial
COD of 1140 mg/l and suspended solids of 1400 mg/l and acidic conditions were employed
(pH= 3). DC current was varied from 0.5 - 0.8 Amperes and operating times were between 30
and 50 min. The results showed that the effluent wastewater was very clear (turbidity 9 NTU)
and its quality exceeded the direct discharge standard. The suspended solids and COD removal
efficiencies were as high as 30.6 and 75.5%, respectively.
Maghanga, J. et al. (2009) employed a simple and efficient electrochemical method that utilizes
two steel electrodes and is capable of reducing the colour of tea effluent before its discharge into
the river. The effects of potential difference, inter-electrode distance, and surface area of
electrodes to effluent volume ratio (S/V), effluent pH, temperature and effluent dilution on
power consumption were investigated. This method was effective at a potential difference of 24
volts, inter-electrode distance of 5 mm, S/V of 18.2 m2/m3 and effluent pH of 6. Electrochemical
method reduced COD, BOD and electrical conductivity by 96.6%, 84.0% and 31.5%
respectively but increased pH by 10.32%.
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Bazrafshan, E. et al.(2013) investigated the effects of the operating parameters, such as applied
voltage, number of electrodes and reaction time on a real dairy wastewater in the
electrocoagulation process. For this purpose aluminium electrodes were used in the presence of
potassium chloride as electrolytes. It has been shown that the removal efficiency of COD,
BOD5, and TSS increased with the increasing applied voltage and reaction time. The results
indicated that electrocoagulation is efficient and able to achieve a removal of 98.84% for COD,
97.95% for BOD5, 97.75% for TSS and >99.9% bacterial indicators at 60 V during 60 min.
These results demonstrated the technical feasibility of electrocoagulation process using
aluminium electrodes as a reliable technique for removal of pollutants from dairy wastewaters.
Khandegar, V. and Anil. K. Saroha (2012) studied the electrochemical treatment of distillery
spent wash using different combinations of aluminium and iron electrodes in batch mode of
operation. Analysis and the treatment results were analysed in terms of chemical oxygen demand
(COD) removal efficiency. Current density, pH of the spent wash, agitation speed, electrolysis
time and the distance between the electrodes was performed as parameters. It was observed that
aluminium electrodes were more suitable for treatment of distillery spent wash as compared to
iron electrodes. The maximum COD removal efficiency of 81.3% was obtained with Al-Al
electrodes at the current density of 0.187 A/cm2 and pH 3 for an electrolysis time of 2 h.
Zongo et al. (2012)studied the assessment of industrial liquid waste of Ouagadougou which
shows 91262 m3.yr-1 total quantity of effluent composed mainly of tannery effluent. Treatment
experiment by electrocoagulation of these effluents allowed to eliminate chromium and to lower
COD up to 86% abatement. The process designed for the treatment of liquid waste from tannery
works at 10.5m3 hr-1 for current density of 67.5 A.m-2, 62.5 V, 1.2 kWh.m-3 energy consumption,
and produces 86,000 m3 of clear water with 200 mg/l COD, 0 turbidity, 91% colour abatement, 0
ppm chromium. The treatment produces nearly 480 m3.yr-1 of sludge after compression using
filter-press and 216 T of dry matter containing chromium and iron hydroxides, organic and
inorganic pollutants.
Jafarzadeh, M. T. et al.(2011) determined electrocoagulation as a possibility to remove phenol
from petrochemical wastewater. Compared with traditional chemical coagulation, the results
showed that electrocoagulation can remove phenol successfully from the wastewater. Influence
of electrode type, initial pH, current density and operating time were evaluated in this study.
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Choudhary, A. et al. (2008) investigated Electrocoagulation process using iron electrode to
have optimized combination of affecting parameters like applied voltage, detention time and
current supplied. Sample was prepared by dissolving basic red dye 5001 BC in tap water. Effect
of applied voltage and detention time on COD removal efficiency was investigated for horizontal
continuous plug flow reactor and horizontal batch plug flow reactor. A comparative study
between horizontal continuous plug flow reactor and horizontal batch plug flow reactor was
made to predict their effectiveness in term of COD removal efficiencies and economics of
treatment. The results showed that continuous reactors have better removal efficiency and
economics of treatment.
Phalakornkule, C. et al. (2009) investigated in their study electrochemical variables and an
application of the optimal parameters in operating a continuous upflow electro-coagulation
reactor in removing dye. Direct red 23, was used as a representative of direct dyes. A batch mode
was employed to optimize: electrode type, electrode distance, current density and
electrocoagulation time. The optimal parameters were found to be iron anode, distance between
electrodes of 8 mm and current density of 30 A·m-2 with contact time of 5 min. The performance
of the continuous upflow reactor with these parameter was satisfactory, with >95% colour
removal and energy consumption in the order of 0.6-0.7 kWh.m-3.
Etiégni, L. et al. (2011) reported on the successful application of ash leachate as supporting
electrolyte for the reduction of electric power consumption during decolourization of wastewater
from pulp and paper manufacture and coffee processing by electrocoagulation. Two types of
wood ash were used, when applied on samples of pulp and paper mill effluent, the leachate
inclusion reduced energy consumption by over 80%. With coffee factory effluent, the
consumption of power decreased by 57%. Besides the 100% colour removal, parameters such as
BOD5, COD were reduced between 78.1% and 88%, 82.6% and 91.1% respectively; other
wastewater characteristics i.e. TS and TDS were substantially reduced. They recommended ash
leachate to be considered as a viable inexpensive supporting electrolyte when using
electrocoagulation for wastewater treatment.
Jotin, R. et al. (2012) presented the results of research in removal of COD from landfill
leachate by electrocoagulation (EC) process using aluminium as a sacrificial electrode. Applied
voltage, conductivity and initial pH were studied to achieve higher removal. The performance of
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EC process was carried out in batch reactor. In this process, samples of 25 ml were taken out
from the batch at 10, 20, 40, 60, 80 and 100 minutes. The Results obtained show that the most
effective removal efficiency could be achieved at 10 V. In addition, the increase of wastewater
conductivity, in the range of 28.00-31.00 mS/cm, reduced the EC performance on COD removal.
The highest COD removal efficiency of 74.08% occurred at a voltage of 10 V, conductivity of
28.00mS/cm, initial pH of 4 and contact time of 100 min. They concluded that the EC
process was proved effective and was capable in degrading COD from landfill leachate.
Kuokkanen, V. et al. (2013) reviewed studies, conducted mainly during 2008-2011, on the wide
and versatile range of feasible EC applications employed in the purification of different types of
water and wastewater. The EC applications discussed here were divided into 7 following
categories: tannery, textile and coloured wastewater; pulp and paper industry wastewater; oily
wastewater; food industry wastewater; other types of industrial wastewater; surface water as well
as model water and wastewater containing heavy metals, nutrients, cyanide and other elements
and ions. Also they overviewed the optimum process conditions (treatment times, current
densities, and initial pH) and removal efficiencies (mostly high) achieved for the EC applications
discussed. In the vast majority of the studies discussed in this review, the aforementioned values
were found to be in the range of 5 - 60 min (typically less than 30 min), 10 – 150 A/m2 and near
neutral pH, respectively. Both operating costs and electrical energy consumption values were
found to vary greatly depending on the type of solution being treated, being between 0.0047 6.74 €/m3 and 0.002 - 58.0 kWh.m-3, but in general they were rather low (typically around 0.1 1.0 €/m3 and 0.4 - 4.0 kWh.m-3).
Sekman, E. et al. (2011) investigated oil/water emulsification and treatment of oily wastewater
originated from port waste reception facilities by electro coagulation using aluminium electrodes
in a batch reactor. The efficiency of Al electrodes in removing SS, COD, and oil & grease from
wastewater, current densities and operational times were investigated. The characteristics of the
wastewater vary in a wide range e.g. SS 13.3-660 mg/l, COD 240-2783 mg/l, and oil & grease
6.5–736 mg/l. The study indicated that the SS, COD, and oil & grease can be removed
effectively by EC process using Al electrodes. The optimum EC time and current density for SS
removal (98.8%) was determined as 5 min and 16mA/cm2, respectively. The first 5 min of the
EC process gave a considerable removal of COD for all current intensities (61-90%). The
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optimal current density for COD removal was determined as 12 mA/cm2 with the EC time of 20
min. Results indicated that oil & grease removal reached to a rate higher than 80% after EC time
of 10 min for all current densities. The results demonstrated the applicability of
electrocoagulation as a possible and reliable technique for the treatment of wastewater of port
waste reception facilities.
Sarala, C. (2012) investigated the applicability of the electrocoagulation technique for the
treatment of domestic wastewater at JNTU Hyderabad. In this experiment iron electrodes were
used and the sample was made up to run at different intervals of time i.e., 5, 10, 15 and 20
minutes and different amperes of current is passed in the sample (0.12 A, 0.25 A, 0.36 A). It
observed that the batch which was operated at 0.25A for 20 minutes has maximum removal
efficiency of chemical oxygen demand, total dissolved solids, pH, colour, chlorides etc.
Holt, P.K. et al. (2007) studied the capability of removing pollutant material from water by
electrocoagulation. A sacrificial aluminium anode was used and hydrogen bubbles evolved at an
inert cathode. Rates of clay particle flotation and settling were experimentally determined in a 7
L batch reactor over a range of currents (0.25–2.0 A) and pollutant loadings (0.1–1.7 g/L).
Sedimentation and flotation are the dominant removal mechanism at low and high currents,
respectively.
Ali, E.and Yaakob, Z. (2012) studied the treatment of raw palm oil mill effluent (POME) which
contributes 83% of the industrial organic pollution load in Malaysia, they use Electrocoagulation
technology to pre-treat the Palm oil mill effluent (POME), Aluminium and iron electrodes were
used as Sacrificing anodes. The study was also partially focused to compare the effectiveness of
Aluminium (Al) and Iron (Fe) as electrodes to reduce the polluting nature of Palm Oil Mill
Effluent (POME) and simultaneous hydrogen production during Electrocoagulation (EC). The
metal (anode) based coagulants were found enough efficient to reduce the chemical oxygen
demand (COD) and turbidity of POME. The remarkable pollutants removal was also associated
with the hydrogen production as revenue to contribute the operational cost of wastewater
treatment. Hydrogen production was also found helpful to remove the lighter suspended solids
towards surface.
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Chin-Jung Lin et al. (2005) worked on designing a reclaimed water system, the work
established a compact and inexpensive treatment methods. They used electrocoagulation process
with a capacity of 28m3/day to reclaim domestic grey water for human noncontact usage. The
total unit cost of on-site domestic grey water reuse was U.S. $0.27/m3, which was below the
local potable water rate. Moreover, the treatment facility required an area of 8 m2. Both unit cost
and required area in this work are lower than those reported in the literature. The experimental
results support the feasibility of the on-site reuse of grey water in high-rise buildings.
Chithraand, K. and Balasubramanian, N. (2010) carried out experiments to treat Acid Blue
113 dye effluent by electrocoagulation using aluminium and mild steel anodes covering a wide
range in operating conditions. The influence of operating parameters such as applied current,
electrolyte pH and initial effluent concentration on electrocoagulation efficiency has been
critically examined. More than 90% removal has been recorded for COD removal under
optimum experimental conditions. The electrocoagulation mechanism has been modelled using
isotherm and kinetics models. It has been observed from the present analysis that the
electrocoagulation process follows pseudo-second-order kinetics. The Freundlich isotherm
model simulations matched satisfactorily with the experimental observations.
Ozyonar, F. and Karagozoglu, B. (2011) investigated the treatment of domestic wastewater
(DWW) by electrocoagulation, the experimental studies were conducted to determine the
optimum operating conditions such as electrode type, initial pH, current density and EC time,
aluminium and iron were used. The aluminium electrodes were preferred since it had a high
removal rate of COD, turbidity and phosphate than the iron electrodes. The study showed that
the optimal operating conditions were found for original pH (7.8), 100 A/m2, and 10 min EC
time and obtained removal efficiencies of COD, turbidity and phosphorus (72%, 98%, and 98%),
respectively.
Mohan, R. (2009) used electrocoagulation (EC) technology for reclamation of the brine to save
large amounts of water as the brine is very concentrated (~1000 ppm silica), the silica content in
water still amounts to about 1 g of silica per kilogram of water assuming density of water is 1
kg/l or (~1 g silica/1 kg water). The study showed an effective means to remove most of the
silica from the brine. Besides, another study was done to treat arsenic and hardness from water
using the EC technology as the Arsenic in potable water leads to serious toxic consequences
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Arsenic removal: the result showed that for every one mole of iron or aluminum dose, 0.5 moles
of arsenic are removed. Presence of arsenic in water also promotes removal of hardness.
Al Anbari, R. et al. (2008) investigated electrocoagulation method for heavy metal removal,
iron electrodes were used, several working parameters, such as pH, current density and heavy
metal ions concentration were studied in an attempt to achieve a higher removal capacity. The
continuous flow electrocoagulation system, required a reactor of twelve electrolytic cells in
series, each cell contained stainless steel cathode and iron anode. The treatment of synthetic
solutions containing Zn2+, Cu2+, Ni2+, Cr3+, Cd2+ and Co2+ has been investigated.
Results obtained indicated that:


The most effective removal capacities of studied metals could be achieved when the
pH was kept at ~7.



Charge loading was found to be the only variable that affected the removal efficiency
significantly.



An increase of charge loading is observed for all metals ions, when current density
was varied in the range 0.27-1.35 mA/cm2.



The removal efficiencies of all studied ions increased with charge loading (Qe).



The removal rate has decreased upon increasing initial concentration.



The amount of iron delivered per unit of pollutant removed is not affected by the
initial concentration.



Longer electrolysis times are necessary for chromium, cadmium and cobalt removal.



Lower efficient removal of chromium compared to zinc, copper and nickel and the
less efficient removal of cadmium and cobalt.



Result showed that iron is very effective as sacrificial electrode material for heavy
metals removal efficiency and cost points.

Charoenlarp, K. and Choyphan, W. (2009) studied the reuse of dye wastewater by removing
the colours using the electrocoagulation process. Specifically, Experiments were carried out on a
laboratory scale on two types of dyes, namely, reactive dye and basic dye, with a variation of two
types of electrode, namely, aluminium and iron. It was found that the electrode materials had
influence on the dye removal efficiency. The aluminium electrode with 20 volts and 180 minutes
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of electrolysis was efficient in removing 96.05% of reactive dyes and 35.18% of dissolved
solids, while the iron electrode with 25 volts and 180 minutes of electrolysis could reduce almost
85.61% of basic dye, 30.67% of dissolved solids, 66.67% of suspended solids, 20.61% of
turbidity and 79.51% of COD. The findings indicated that it may be possible to reuse dye
wastewater treated by electrochemical process if turbidity and suspended solids are removed by
filtration process.
Butler, E. et al. (2011) presented a review of the literature published in topics related to
electrochemical treatment within wastewater from 2008 to 2010 on. The review included several
sections such as optimization, modelling, various wastewater treatment techniques, analytical
and instrumentation, and comparison with other treatment methods.
Holt, P. K. et al. (2006) identified a conceptual framework for electrocoagulation that focuses
on the interactions between electrochemistry, coagulation and flotation. Data were provided from
a batch reactor system removing suspended solids together with a mathematical analysis based
on the white water model for the dissolved air flotation process. Current density was identified as
the key operational parameter influencing which pollutant removal mechanism dominates. They
concluded that electrocoagulation had a future as a decentralized water treatment technology.
Whipple, D. et al. (2007) evaluated the effectiveness of electrocoagulation (EC) as a method of
treating wastewater streams in the semiconductor manufacturing industry. Three parameters
were evaluated. These parameters were coagulant (Al or Fe), dose amount, and pH of the
solution. To accomplish this, aqueous solutions were prepared that mimicked those from inlet
process streams. The key properties were pH, conductivity, and contaminant concentration, with
the three key contaminants being silica, calcium and magnesium. This water was then treated via
electrocoagulation under varying conditions and the concentrations of the contaminants were
measured before and after the treatment. Results shows that almost complete removal of silica
from the test waters was possible also Calcium and magnesium were removed.
Arslan-Alaton, I. et al. (2008) investigated the influence of operating parameters (electrolyte
concentration, applied electrical current, initial reaction pH) on colour and COD removals from a
simulated acid dye bath effluent by employing electrocoagulation with aluminium (Al) and
stainless steel (SS) electrodes. The study results indicated that almost complete (100% for EC
with SS electrodes) colour and partial (around 50% for EC with SS electrodes) COD removal
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could be achieved via electrocoagulation using Al as well as SS electrodes once working
conditions were optimized. The study also revealed that Electrocoagulation with SS electrodes
was more attractive both in terms of treatment performance as well as electrical energy and
sludge handling costs.
Saleem, M. et al. (2011) studied via the electrocoagulation process how to bring the quality up
to the international wastewater reuse standards. Effect of various operating parameters such as
operating time, current density and inter-electrode spacing was evaluated to achieve the
maximum possible treatment efficiency. It was found that the application of 24.7 mA/cm2
current density with an inter-electrode spacing of 5 cm may provide 91.8%, 77.2% and 68.5%
removal in turbidity, COD and TSS within 30 minutes of EC treatment. The study shows that
the raw wastewater generated at the study site after EC treatment is safe for landscape irrigation
and plantation.
Malakootian, M. et al. (2011) investigated in this study the electrocoagulation process for
nitrate removal from aqueous solution. In this study pH, electrical potential difference, nitrate
initial concentration, total dissolved solid, kind of electrode, electrode connection methods and
number of electrode were studied. Moreover, obtained optimum conditions were tested on
Kerman water. The results showed that the electrocoagulation process can reach nitrate to less
than standard limit. They found that pH, electrical potential difference, total dissolved solids and
number of electrodes have direct effect and initial concentration of nitrate has reverse effect on
nitrate removal. This study also showed that under optimum condition, nitrate removal from
Kerman water distribution system was 89.7%. They concluded According to the results, that
Electrocoagulation process was suggested as an effective technique in nitrate removal.
RameshBabu, R. et al. (2007) studied the application of electrocoagulation technique in the
treatment of tannery effluent, using iron as anode and aluminium as cathode in a continuous
process. For reducing maximal COD, BOD, TDS and Chromium removal, they work on current
density and time as parameters. The study showed that the higher flow rate and applied current,
significantly influenced the reduction of COD, BOD, TDS and Chromium removal.
Kanyokaand, Ph. And Eshtawi, T. (2012) developed an integrated system modelling
framework which will contribute to the design of comprehensive wastewater management
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regimes that make use of wastewater safer and more sustainable without relying on nonaffordable treatment technologies. In addition the study potted wastewater on the policy agenda
by demonstrating the economic and environmental benefits of wastewater reuse in agriculture
and also assessed possible trade off which have to be taken into account when

planning

wastewater reuse in agriculture.
Lambert, J. et al. (2013) investigated the feasibility of two decontaminating processes,
ozonation and electrocoagulation, to decolorize wastewater generated by humid finishing leather
production. Bench-scale experiments were conducted with three different colorants,
representative of the main dye groups: di-azo (CI Direct Blue 1), anthraquinone (CI Green G)
and aniline (CI Fast Red B base). Two methods were compared on the basis of electrical energy
consumption. This study revealed that for two of the three studied colorants, CI Direct Blue 1
and CI Fast Red B base. Electrocoagulation achieved better removal, closely 99% of
decolourization in each case. Nonetheless on the case of the third dye, CI Green G, ozonation
achieved higher decolourization, up to 89%.
Bazrafshan, E. et al. (2013) investigated the effects of the operating parameters such applied
voltage, number of electrodes and reaction time on a real dairy wastewater in the
electrocoagulation process. Aluminium were used as electrodes, results indicated that the
removal efficiency of COD, BOD, TDSS increased with increasing the voltage and applied time
to achieve 98.84% COD, 97.75% TSS, and 99.9% bacterial indicator at 60 V during 60 min, the
results demonstrated the feasibility of electrocoagulation using aluminium electrodes for removal
of pollutants from dairy wastewater.
Chen, X. et al. (2002) described the relation between electrolysis voltage and the other variables
of an electrocoagulation process, experiments were conducted to confirm the theoretical analysis
and to determine the constants in the models. Both the theoretical analysis and experiments
demonstrated that water pH and flow rate had little effects on the electrolysis voltage within a
large range. The electrolysis voltage depends primarily on the inter-electrode distance,
conductivity, current density and the electrode surface state. The models obtained can be used to
calculate the total required electrolysis voltage for an electrocoagulation process.
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Chen L. Lai and Sheng H. Lin (2004) investigated the treatment of copper chemical
mechanical polishing (CMP) wastewater from a semiconductor plant by electrocoagulation. The
CMP wastewater was characterized by high suspended solids (SS) content, high turbidity (NTU),
chemical oxygen demand (COD) concentration up to 500 mg/1 and copper concentration up to
100 mg/1. The test results indicated that electrocoagulation with Al/Fe electrode pair was very
efficient and able to achieve 99% copper ion and 96.5% turbidity removal in less than 30 min.
The COD removal obtained in the treatment was more than 85%, with an effluent COD below
100 mg/1. In addition, sludge settling velocities after electrocoagulation were measured and the
data were employed to verify the empirical sludge settling velocity models. Finally, the sludge
settling characteristic data were also utilized to establish the relation between the solids flux (G)
and the initial solids concentration.
Mollaha, M.et al. (2004) reviewed the electrocoagulation technique with emphasis on the
fundamentals and their relationship to the performance of this technology. Besides, the study
presented an in-depth discussion and consideration of the factors that need to be addressed for
optimum performance of this technology.
Dermentzis, K. et al. (2011) worked on the performance of electrocoagulation with aluminium
electrodes for simultaneous removal of nickel, copper, zinc and chromium from synthetic
aqueous aliquot solutions. Parameters affecting the electrocoagulation process, such as initial pH,
current density, initial metal ion concentration, COD and contact time were investigated. Best
removal capacity for all studied metals was achieved in the pH range 4-8. Nickel, copper and
zinc showed similar removal rates. They were completely removed in 20, 40 and 50 minutes
respectively, while for the corresponding complete removal of chromium 40, 60 and 80 minutes
were needed. Increased current density accelerated the electrocoagulation process, however, on
cost of higher energy consumption. Results revealed that best removal was achieved at a current
density of 40 mA/cm2. The electrocoagulation process was successfully applied to the treatment
of an electroplating wastewater sample; consequently, the electrocoagulation process is a
reliable, safe and cost-effective method for removing heavy metals and COD from water and
wastewater.
Saleem, M. et al. (2011) investigated in their study the electrochemical removal of nitrite at a
concentration of 10 mg/l from synthetic aquaculture wastewater by using a batch reactor. The
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effects of operating parameters such as electrode material and applied current density were
studied. The highest nitrite removal is achieved with nickel as compared to stainless steel and
other electrode materials. Optimum nitrite removal was achieved at a current density of 3.75
mA.cm-2, an initial pH of 5 and an inter-electrode spacing of 2 cm. Nitrite concentrations are
reduced to match USEPA’s discharge limit of 1 mg/1 within 5 min of experimental runs. This is
much better than previously reported results. Nitrate concentrations generated remained within
USEPA’s discharge limit of 10 mg/1. Further experiments are recommended for the conversion
of nitrate to nitrogen. Using operating parameters determined here, it was envisaged that real
aquaculture wastewater can also be treated efficiently for the removal of nitrite in both batch and
continuous scales of operation.
Rodriguez, J. et al. (2007) improved the economic feasibility assessment concerning a
continuous operation of electrocoagulation process. Tests was carried out on a 10 l EC reactor,
using extrapolated parameters from a feasibility assessment performed in batch runs prior to this
work. Electrocoagulation provides enough evidence of being not environmental friendly and cost
effective, but also well suited for almost any kind of wastewater even for sewage.
Bukhari, A. (2008) investigated the electrocoagulation process for the removal of total
suspended solids (TSS), turbidity, and particulate BOD using stainless steel electrodes. The
removal efficiency of TSS and turbidity is shown to be depend on the amount of iron generated
from the anode of the reactive electrode used in the study, when applying the lower currents of
0.05 A and 0.1 A. For such lower currents, the results suggested that the removal is consistent
with charge neutralization coagulation mechanism. When applying higher currents of 0.2 A, 0.4
A, and 0.8 A, the results suggested that the dominant removal mechanism is sweep-floc
coagulation as the generated soluble ferrous ions are converted to insoluble ferric ions due to
oxidation with chlorine generated during the electrochemical process at the higher currents. The
highest TSS removal efficiency of 95.4% occurred at a current of 0.8 A, and a contact time of 5
min. The effect of electro-coagulation on the removal of particulate BOD was shown to depend
on the TSS removal efficiency.
Bukhari, A. (2005) studied the capability of electrocoagulation on removing BOD, using
stainless steel electrodes. Electro-oxidation and electrocoagulation were investigated separately
as the two mechanisms of soluble and particulate BOD removals, respectively. The maximum
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soluble BOD removal of 61.34 % occurred at a current of 0.2A, beyond which the removal was
adversely affected. The decrease of removal efficiencies for soluble BOD at higher currents was
attributed to the increase in pH, which resulted in hindering the production of hypochlorous acid
and other oxidizing agents. The removal efficiency of particulate BOD through the electrocoagulation mechanism was shown to increase as the current and contact time increased. This
increase in removal efficiency was attributed to the increase in the amount of coagulant released
as the current and contact time increased. The removal efficiency of total BOD, through the
combined effects of the electro-oxidation and electro-coagulation processes, showed similar
trends as the soluble BOD removal. The maximum removal efficiency of total BOD was 84.5%,
which occurred at a current of 0.2 Amp and a contact time of 30 minutes. The kinetic model that
best simulates the removal efficiency trend of soluble and total BOD was found to follow the
Exponential Association Model, which is part of the Growth–.Saturation Models.
Jianga, J. Q. et al., (2002) studied electrocoagulation by using aluminium electrodes and a
separation/flotation tank by Al (III) ions dissolved from the electrodes, the resulting flocs
floating after being captured by hydrogen gas bubbles generated at cathode surfaces. Apparent
current efficiencies for Al dissolution as aqueous Al(III) species at pH 6.5 and 7.8 were greater
than unity. This was due to additional reactions occurring in parallel with Al dissolution: oxygen
reduction at anodes and cathodes, and hydrogen evolution at cathodes, resulting in net (i.e.
oxidation+reduction) currents at both anodes and cathodes. The water treatment performance of
the electrocoagulation process was found to be superior to that of conventional coagulation with
aluminium sulphate for treating a model-coloured water, with 20% more dissolved organic
carbon (DOC) being removed for the same Al(III) dose. However, for a lowland surface water
sample, the two processes achieved a similar performance for DOC and UV-absorbance removal.
In addition, an up-flow electro-coagulator configuration performed better than a horizontal flow
configuration, with both bipolar and monopolar electrodes.
Agostinho et al., (2012) addressed via their papera study on the performance of the electrolysis
process applied “per se” and with alkaline chemical dosing for removal of noncarbonated
hardness for industrial use. The water used in experiments was the tap water of the reticulation
system of Campina Grande in Paraiba state, Brazil. Results showed that the production of
primary coagulant during electrolysis improved flotation of both calcite (calcium carbonate,
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CaCO3) and magnesium hydroxide, Mg (OH)2. The overall removal rate obtained with this
process was 80% with a detention time of 40 minutes which is about 17% of the time needed in
conventional Water Treatment Plants.
AlenaTetreault et al., (2003) studied A pilot scale Electrocoagulation (EC) unit (supplied,
commissioned and trailed by EC Pacific Pty Limited, Sydney) capable of treating approximately
10 kilolitres/hour (kL/h) was installed at Burrangong Meat Processors (BMP) in Young in May
2000. EC unit at Young has 29 electrodes. It was operated in batch mode, but is readily used as a
continuous unit. Trials were conducted to determine the unit’s performance in treating cooled,
diluted stickwater from the facility’s Low Temperature Rendering Plant. Initial focus during the
first year was on establishing the best type of equipment to permit separation of the EC sludge
from the treated effluent (can be recovered and blended with the meat meals). Approximate
stickwater composition was a COD of 120,000 mg/l; BOD5 of 35,000 mg/l; total nitrogen of
3,000 mg/l; total phosphorus of 500 mg/L; and TSS of 23,000 mg/l. Substantial variability in
composition was normally found. The success of the technology is apparent in that the abattoir
has confirmed its intention to bring the EC unit on-line as a permanent part of the treatment
system.
Chen, G. (2003) reviewed in his paper the development, design and applications of
electrochemical technologies in water and wastewater treatment. Particular focus was given to
electrodeposition, electrocoagulation (EC), electro-flotation (EF) and electro-oxidation. Over
300 related publications were reviewed with 221 cited or analysed. Electrodeposition is effective
in recover heavy metals from wastewater streams. EC has been in use for water production or
wastewater treatment. It is finding more applications using either aluminium, iron or the hybrid
Al/Fe electrodes. The separation of the flocculated sludge from the treated water can be
accomplished by using EF. The EF technology is effective in removing colloidal particles, oil &
grease, as well as organic pollutants. The newly developed stable and active electrodes for
oxygen evolution would definitely boost the adoption of this technology. Electro-oxidation is
finding its application in wastewater treatment in combination with other technologies. It is
effective in degrading the refractory pollutants on the surface of a few electrodes. Titaniumbased boron-doped diamond film electrodes (Ti/BDD) showed high activity and gave reasonable
stability. Its industrial application calls for the production of Ti/BDD anode in large size at
reasonable cost and durability.
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Rahmani, A. R. (2008) investigated electrocoagulation technique for water turbidity removal.
Different voltage (10, 15, 20, 25, 30 V), electrodes (Al, Fe and SS) and electrolyzes time (0 to 40
min), electrodes distance 2 cm and pH=7.5 were investigated. The Results indicated that the
removal efficiency depends on the electrolyze time, types of electrodes and the applied current.
From the experiments carried out at 20V, it was found that in 20 minutes the removal efficiency
for Al, Fe and SS electrodes was 93%, 91% and 51% respectively. Based on turbidity removal
efficiency, Al is prior to Fe and SS as sacrificial electrode material. He concluded that
electrocoagulation methods can be said to be a promising cleaning and purifying method for
water treatment.
Holt, P. et al., (2006) determined electrocoagulation as a complex process with a multitude of
mechanisms operating synergistically to remove pollutants from the water. A wide variety of
opinions exist in the literature for key mechanisms and reactor configurations. A lack of a
systematic approach has resulted in a myriad of designs for electrocoagulation reactors. A
systematic, holistic approach is required to understand electrocoagulation and its controlling
parameters. This will enable a priori prediction of the treatment of various pollutant types.
Chopra, A. K. et al., (2011) explained that the electrochemical remediation methods can be
used as an alternative technology for the purification of wastewater contaminated with toxicants
and for the biological treatments. As this treatment is convenient and may be more efficient to
produce high quality water. Electrodes with Aluminium, Iron, Steel and graphite are generally
the best suited to electrochemical water treatment. They reviewed that the applications of
electrochemical treatment as well as electro-coagulation (EC), electro-flotation (EF) and electrocoagulation/flotation (ECF) to the treatment of wastewater and their operating parameters
(reactor design, current density, time and electrode type and arrangement) affecting these
processes have been discussed. Among the electrochemical processes, EC process should be the
best choice, not only because it can achieve more satisfactory removal but also due to the fact
that the process is cost-effective and simple in technological aspect.
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CHAPTER THREE
STUDY AREA
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3.1 Geography and Demography
The Gaza Strip is a self-governed entity on the eastern coast of the Mediterranean Sea that
borders Egypt on the southwest for 11 kilometres (6.8 miles) and Israel on the east and north
along a 51 km (32 miles) border.
The Gaza Strip population reached1,763,387 capita (CIA World Factbook, 2013). Over half a
million Palestine refugees in the Gaza live in the eight recognized Palestine refugee camps,
which have one of the highest population densities in the world, distributed in five governorates
from north to south they are: North Gaza, Gaza, Middle area, Khan-younes and Rafah.
The Gaza Strip has a hot semi-arid climate with mild winters and dry hot summers.Groundwater
is the main source as water resources in the Gaza Strip for supplying agriculture, domestic and
industrial purposes. The surface water is very limited or almost neglected and represented by
some wadis. The main wadi is Gaza Wadi which is almost dry due to the Israel dams built on the
upper stream before the Gaza Strip political border. The location of the Gaza strip is shown in
Figure (3.1).
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Fig (3.1): The Gaza Strip Location
Source: UN office for coordination of humanitarian affairs, Gaza Strip (2009)

3.2 Gaza Wastewater
Wastewater is becoming a common source for additional water in some water scarce regions and
many countries have included wastewater reuse in their water planning. Water demand in the GS
is increasing continuously due to population increase and economic development resulting from
natural growth and returnees, while the water resources are constant or even decreasing due to
urban development. The use of wastewater as a supplemental source of irrigation is inevitable for
increased agricultural production in Gaza where irrigation supplies are insufficient to meet crop
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water needs. Moreover, irrigation with treated wastewater is considered as promising practice
that helps in minimizing the pollution of the ecosystem subjected to contamination by direct
disposal of wastewater (WW) into surface or groundwater. In addition, wastewater is a valuable
source for plant nutrients and organic matter needed for maintaining fertility and productivity of
arid soils. However, reuse of wastewater for irrigation may potentially create environmental
problems if not properly treated and managed. It is stated in the Palestinian National Water Plan
(NWP) that wastewater investment costs represents about

37% of the overall Palestinian

investment plan for Gaza Strip overall the period time to achieve the strategies and targets
outlined in the National Water Plan. The national investment target for wastewater production
was set for from a careful consideration of the extent of the sewerage work and the construction
of the wastewater treatment plants.

3.3 Gaza WWTP
The Gaza Wastewater Treatment Plant (GWWTP) serves the municipality of Gaza and part of
the North Gaza Governorate, although this area is expected eventually to be diverted to the
Northern WWTP. The GWWTP plant is located on an elevated position to the south of the Gaza
city in the area of Sheikh Ejleen (Figure 3.2). The plant covers an area of 130,000 m2. Originally,
the plant was constructed in 1977 as a two-pond treatment system (ADA/PWA, 2011). It was
expanded in 1986 by UNDP when two additional ponds were constructed. Part of this expansion
included reuse facilities, consisting of three large recharge basins, a booster pumping stations, a
5,000 m³ storage tank, a distribution piping system and an overflow pipeline to the Wadi Gaza.
Modifications were made in 1996 which were funded by USAID, including the addition of two
“bio-tower” trickling filters. In 2006, the Gaza Municipality commenced construction of an
additional fourth anaerobic pond. Currently, CMWU and the Municipality of Gaza are upgrading
the plant for improving the effluent quality on the medium term. Figure 3.2 shows the current
location of the Gaza wastewater treatment plant and Figure 3.3 shows the proposed location of
the central Gaza wastewater treatment plant.
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GWWTP

Fig (3.2): Arial photo of the Gaza Treatment Plant (Source: Google earth)

Fig (3.3): Existing and planned wastewater treatment plants in the Gaza Strip (Source:
PWA, MOPIC, 1998)
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3.4 Sheikh Ejleen Pilot Project
Two areas in the Gaza Strip were selected for the WW pilot project. The first area was in
northern area at Om Al Naser village where the effluent from BLWWTP was used to irrigate
alfalfa crops of an area of about 13 dunum (dunum = 0.1 ha). The second proposed pilot farm
aimed to demonstrate the interest of using treated wastewater for the irrigation of citrus and olive
orchards. This area is located around the Salah El Deen road, close to the network conveying the
effluent from GWWTP to the infiltration basins and wadis. In 2004, the Job Creation Program
(JCP) in cooperation with Palestinian Hydrologists Group has proposed a project to use treated
wastewater from Sheikh Ejleen WWTP for irrigating 100 dunums of citrus and olive trees. The
project has been established with French fund and the supervision of PWA and Municipality of
Gaza with coordination with MoH and MoA. This project was successful, thereafter, extension
has made till the last Israeli invasion that led to the destruction of some of infrastructure of the
project. However, rehabilitation is currently done under the French and Spanish funds. This
project was operated again on November 2010 covering 186 dunums.

3.5 Sand Filter Pilot Project
Reuse of wastewater may be seasonal in nature, this will resulting in the overloading of treatment
and disposal facilities during the rainy season, health problems such as water-borne diseases and
skin irritations, may occur to people coming into direct or indirect contact with reused
wastewater. Gases produced during the treatment process can result in chronic health problems.
In some cases, reuse of wastewater is not economically feasible because of the requirement for
an additional distribution system. Application of improper treated wastewater as irrigation water
or as recharge water may result in groundwater contamination. The baseline report for
environmental monitoring program indicates the quality of wastewater after the sand filter
(BOD 60 mg/l, COD 185 mg/l, Fecal Coliforms 3*104 CFU/100ml) is not really improved and
still unsuitable for irrigation.
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3.6 Palestinian Standards for Wastewater Reuse
Recently, there is a Palestinian Standard (PS) for the treated wastewater (PS-742-2003) which
has been established by the Palestinian Ministry of the Environment and accredited by the
Palestinian Standards Institute, after the establishment of Palestinian law in 1999, which states in
(Article 29): "The Ministry of environment (MENA), in coordination with the competent
agencies, shall set standards and norms for collecting, treating, reusing, or disposing wastewater
and storm water in a sound manner, which comply with the preservation of the environment and
public health" (EQA, 1999).
The Palestinian standards (Table 3.1) developed in 2003 have general criteria for the treated
wastewater reuse in agriculture:


The treated wastewater must meet the specified standards that vary according to the
planned use;



When treated effluent is used for irrigation of fruit trees, cooked vegetables and fodder
crops, irrigation must be ceased two weeks before collecting the products. Fallen fruit
should be discarded;



The adverse effect of certain effluent quality parameters on the soil characteristics and on
certain crops should be considered;



Use of sprinkler systems for irrigation is prohibited;



Use of treated effluent in the irrigation of crops that can be eaten raw such as tomatoes,
cucumber, carrots, lettuce, radish, mint, or parsley is prohibited;



Closed conduits or lined channels must be used for transmission of treated effluent in
areas where the soil permeability is high, which can affect underground and surface water
that could be used for potable purposes;



Dilution of treated water effluent by mixing at the treatment site with clean water in order
to achieve the requirements of this standard is prohibited (EQA, 2003).

According to the Palestinian Standards Institution for treated wastewater, characteristics of
which are shown in Table (3.1).
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Table (3.1): Palestinian Standards for Treated Wastewater Characteristics (PS-742-2003)

Parameter (mg/1)

Fodder Irrigation

except otherwise
indicated
COD

Dry

Wet

Gardens,

Industrial

Groundwater

Seawater

playgrounds,

Crops

Recharge

Outfall

Landscapes

Trees
Citrus

Recreational

Olive

200

150

150

200

150

200

200

150

TDS

1500

1500

1200

1500

1500

-

1500

1500

TSS

50

40

30

50

50

60

50

40

pH

6 -9

6-9

6-9

6-9

6-9

6-9

6-9

6-9

Color (PCU)

Free

Free

Free

Free

Free of

Free of

Free

Free

colored matter

colored matter

NO³-N

50

50

50

50

15

25

50

50

Mg

60

60

60

60

150

-

60

60

Ca

400

400

400

400

400

-

400

400
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Chapter Four

Materials and Methods
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To achieve the objectives of this study, it was important to seek in the most parameters and
variables concerns the electrocoagulation (EC) process in order to achieve clear and complete
information about the capacity of the EC in removal of wastewater contaminants. Study of waste
contaminants removal from the applied secondary treated wastewater by the EC system is an
important issue because they may deteriorate the soil, impede wastewater reuse and contaminate
the groundwater causing serious health problems.
Therefore, this chapter is provided with details about experimental methods which were
conducted separately to investigate the treatment efficiency of the electrochemicalelectrocoagulation process for removal of contaminants such as COD, TDS, NO3-, Total
hardness, Calcium, Magnesium, Fecal Coliforms, odour and colour from wastewater to improve
the effluent quality prior to wastewater reuse for agriculture purposes. Experimental methods
were classified as laboratory bench scale (batch experiment) and different variables such as
current density, reaction time, pH, and electrode types were studied. During the research period,
data were collected from the tests carried on the wastewater samples before and after treatment
for chemical and microbiological analysis and removal trends were established. The materials,
experimental setups and experimental procedures that were used during this research are
delineated below.

4.1 Principals and Fundamentals of Electrocoagulation
An electrochemical cell is composed of an anode and cathode immersed in an electrolyte, as
shown in Figure (4.1). An external voltage is applied between the plates via an external circuit,
completing the path for current to flow in the system as follows: an electron leaves the negative
terminal of the power supply and moves to the cathode, where a charge transfer reaction occurs
between the electron and a molecule on the cathode surface. This reaction produces a negatively
charged ion which crosses the electrolyte to the anode. At the anode, a second charge transfer
reaction transfers the electron to the anode and it moves through the external circuit to the
positive terminal of the power supply. Therefore, an electric current flows through the external
circuit from the cathode to the anode and ionic current flows through the electrolyte from the
anode to the cathode. The charge transfer reactions occurring at each cell plate are called half-36

cell reactions.The technique relies on the electrochemical dissolution of sacrificial Al or Fe
electrodes. The generated cations contribute by diminishing the stability of the suspended
entities, by decreasing their zeta potential. Also, upon formation of hydroxide ions at the
cathode, metal ions complex with iron or aluminium hydroxides, which are known to be efficient
coagulants. The hydrogen bubbles formed at the cathode adsorb the flocs formed from the
process, and ensure their flotation, which simplest their separation from the treated water (Zongo
et al., 2009).
The pollutants from many different effluents are removed by applying the principle of
coagulation; however, in electro-coagulation, no use is made of a chemical coagulant. Electrocoagulation can be defined as a process in which the suspended pollutants are destabilized,
emulsified or dissolved in an aqueous medium, by inducing electrical current in the water
through parallel metal plates of different materials, iron and aluminum being the most commonly
used (Holt et al., 2005, Chen et al., 2004). Usually, the instability of pollutant molecules
produces stable, less emulsified colloidal particles, yielding hydrophobic components that
precipitate or float, facilitating their removal by some form metallic of secondary separation. The
metal ions released and dispersed in the liquid tend to form oxides that bond contaminants that
have been destabilized (Chen et al, 2004). The electrochemical reactions with metal (M) as
anode may be summarized as follows:

Fig (4.1): Schematic diagram of an electrochemical cell (Essadki, 2012)
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The following physiochemical reactions may also take place in the EC cell (Paul et al., 1996).
-

Cathodic reduction of impurities present in wastewater.

-

Discharge and coagulation of colloidal particles.

-

Electrophoretic migration of the ions in solution.

-

Electroflotation of the coagulated particles by O2 and H2 bubbles produced at the
electrodes.

-

Reduction of metal ions at the cathode.

-

Other electrochemical and chemical processes.

In an EC experiment the electrode or electrode assembly is usually connected to an external DC
source. The amount of metal dissolved or deposited is dependent on the quantity of electricity
passed through the electrolytic solution (Paul et al., 1996).
If in this process M is considered as anode, the following reactions will occur:
a. At anode:
M (s)
2 H2O

→
→

M n+ (aq) + n e-

(1)

4 H+(g) + O2 (g) + 4e-

(2)

b. At cathode:
M n+(aq) + n e2 H2O

+

2 e-

→
→

M (s)

(3)

H2(g) + 2 OH-

(4)

If iron and aluminium electrodes are used, Fe(aq)3+ and Al(aq)3+ are produced. These metal ions
after reaction with hydroxyl ions will produce metal hydroxides or poly-hydroxides (Ramesh et
al., 2007). For instance, aluminium in water produces [Al(H2O)6]3+ , [Al(H2O)5OH]2+

,

[Al(H2O)4OH]1+or monomer or polymer strains of: [Al(OH)2]+, [Al2(OH)2 ]4+, [Al6(OH)15 ]3+,
[Al13(OH)34 ]5+, over a wide range of pH. These compounds increase the elimination efficiency
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(Jiang et al., 2002; Bazrafshan and Mahvi, 2007; Kim et al., 2007; Druiche et al., 2008). These
Al - hydroxides compounds have large surface area as coagulant, which are beneficial for a rapid
adsorption of soluble organic compounds and metal ions (Daneshvar et al., 2006). Since Al(OH)3
has higher weight and density, it settles faster (Malakootian, et al., 2009) and it is easier to make
the trapped colloidal separate from the aqueous medium by sedimentation or H2 flotation
(Kobya et al., 2006).
The final compound of the eliminated matter by this process depends on parameters such as
electrode type and electrode shape (Mavrov et al, 2006; Druiche et al, 2008). In recent decades,
three dimensional electrodes have been used instead of two dimensional, that are suitable for the
treatment of low concentration pollutants (Daida, 2005; Ghernaout et al., 2008). In this process
because of hydrogen release from cathode and oxygen release from anode, flotation takes place
(Jiang et al., 2002; Mavrov et al., 2006). Moreover, the adsorption rate of produced hydroxides
by this process is 100 times as much as hydroxides produced through chemical processes and
they do not produce secondary pollutants (Gurses et al., 2002).

4.2 Samples Location
Waste samples were collected from the effluents of wastewater drainage basins which follows
directly the outlet pipe of the Sheikh Ejleen Wastewater Treatment Plant in the Gaza City.
Samples were taken from the basins after secondary treatment which was the inlet of the pipes
that extends into the sea for wastewater disposal. Figure (4.2) shows the samples location.

Samples location

Figure (4.2): Sampling location from the Gaza Treatment Plant, (Google Earth)
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4.3 Analytical Methods
Relevant wastewater quality parameters were measured before (initial concentration) and after
treatment (final concentration) to evaluate the performance of the treatment process.
Measurements were determined according to the Standard Methods for Examination of Water
and Wastewater (APHA, 2000). The techniques, reagents and apparatus used to measure
different parameters during the study are delineated below.

4.3.1 Sample Collection and Preservation
Samples containers of 1 L were thoroughly washed with water and detergent. They were left in
concentrated nitric acid overnight and finally rinsed with distilled water and left to dry.
Glassware’s used were soaked by a thorough wash with distilled water. Samples in duplicates
were collected into sterile 500 ml plastic for microbiological analysis. All sample containers
were rinsed three times with distilled water and then filled to the capacity and covered
immediately with lid and properly sealed and labelled. For determination of the physiochemical
parameters, samples were collected in 1.5 L plastic containers. The collected wastewater samples
were stored in an ice box at 4 °C to retard any biochemical and chemical reactions or changes
may happened during sampling transportation and storage. Samples tests were carried out at the
water laboratory of Al-Azhar University in Gaza. The samples analysis was done immediately
after the sample collection from the experiment if it was possible or at maximum before 24 hours
of the end of each experiment for chemical analysis or at maximum 4 hours for microbiological
tests.

4.3.2 Techniques and Apparatus Used
The table below shows the method and apparatuses used for wastewater analysis.
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Table (4.1): Equipments used for wastewater samples
Equipment for sample analysis
Parameters

Unit

Method

Brand &Model

EC

µS/cm

EC meter

Hardness

mg/l as CaCO3

Titrametric method

Ca+2

mg/l

Titrametric method

Mg+2

mg/l

Calculation method

Na

mg/l

Flame emission photometric

Turbidity

NTU

Turbidimetric method

NO3-

mg/l

UV /VISS pectrophotometer UV220-JENWAY 6305

pH
COD

mg/l

Fecal
Coliforms

Colonies/100
ml

HACH Sens ion 7
LOVELAND, COYO, U.S.A

Flame Photometer Sherwood
410
Turbidimeter-HACH 2100 AN

pH meter

Jenway 3310

Closed Reflux Colorimetric
Method

Hach COD Reactor and
JENWAY
6305
Spectrophotometer
Membrane filtration (MF)

Membrane filtration (MF)

4.3.3 Analytical Procedure
All analyses (Total hardness, Calcium, Magnesium, Turbidity, Nitrate, TDS, COD, Color and
Odor) were conducted according to Standard Methods for the Examination of Water and
Wastewater, 20th Edition (APHA, 2000). The following subsections describe the methodologies
used and procedures.

4.3.3.a Total hardness, Calcium and Magnesium
Total hardness represents the sum of the concentrations of the calcium and magnesium ions were
reported in milligrams per litter (parts per million, ppm) as calcium carbonate (mg/L CaCO3). It
was measured by using titrimetric method. For that a 100 ml portion of water sample was put
into a 250 ml conical flask. A 10 ml buffer solution of NH4+/NH3 was added to the sample for
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total hardness test to correct pH and two drops of indicator Erichrome black T for each test was
used to signal the titration end point. The content of the conicoal flask was titrated against 0.02
M. Ethylenediamine tetra acetic acid (EDTA) until the color changed from wined-red to blue
color end point. Titration was repeated until consistent titer was obtained and the average titer
calculated. The same method was used for calcium test using Murexide as indicator and EDTA
until violet color was reached.
Magnesium was calculated by a subtraction of calcium concentration from total hardness in
mg/L. Total Permanent Hardness is equal of the sum of calcium hardness and magnesium
hardness. The magnesium was calculated according to the following formula:
Total Permanent Hardness (CaCO3) = 2.5(Ca2+) + 4.1(Mg2+).

4.3.3.b Nitrate
Nitrate in the wastewater results from many sources. It is the most common pollutant affecting
soil and groundwater all over the Gaza Strip due to the intensive agriculture activities and the
excess use of fertilizer and other sources. Nitrate was measured before and after EC treatment
using UV spectrophotometer method. Nitrate was determined by using the standard curve after
measuring the absorbance at 220 nm of standard solutions and wastewater samples using UV1601 Shimadzu spectrophotometer. Because dissolved organic matter also may absorb at 220 nm
and NO3- does not absorb at 275 nm, a second measurement was made at 275 nm to correct the
NO3- value. For samples and standards, two times the absorbance reading at 275 nm was
subtracted from the reading at 220 nm to obtain absorbance due to NO3-. Then calibration curve
of nitrate concentration in the range of 0 to 7 mg NO3--N/L versus absorbance was prepared
using stock solution of Potassium Nitrate. Using corrected sample absorbance, sample
concentrations were obtained directly from standard curve.

4.3.3.c Chemical Oxygen Demand (COD)
Chemical oxygen demand (COD) is a measure of the amount of the oxygen used in the chemical
oxidation of inorganic and organic matter present in wastewater. Although COD is not a specific
compound, it is considered a conventional pollutant. It is also an indicator of the degree of
pollution in the effluent and of the potential environmental impact of the discharge of wastewater
in bodies of water, to guarantee the quality of treated wastewater, for agriculture purpose COD
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must be analyzed before and after treatment, as it is important pollutant that have to be reduced
to know the rate of removal, this factor must be analyzed, to know the percent of removal using
Closed Reflux Colorimetric Method using Hach COD Reactor and JENWAY 6305
Spectrophotometer. A 2 ml aqueous sample is added to a reagent vial containing mercuric
sulfate, sulfuric acid, and silver sulfate. The vial is reacted for 2 hours at 150 ºC then cooled for
20 minutes to 120 ºC. The vial is inverted twice and placed in the dark for one hour, and an
absorbance reading is taken at 420 nm. Working standards are prepared as dilutions from a single
stock standard. For COD, working standards with concentrations of 7, 20, 30, 50, 90, 120, and
150 mg/L of standard solutions are used to generate the calibration curve every time a new lot of
vials is used, or a new stock standard is prepared. All working standards are prepared from a
1000 mg/l stock standard. Samples for analysis must have results in this calibration range, or
they must be diluted. The absorbance reading, along with the absorbance reading of a method
blank, is entered into an Excel spreadsheet, which calculates COD in mg/L.

4.3.3.d Fecal Coliform
Fecal coliform bacteria are the most common microbiological contaminants of waters. Some
waterborne pathogenic diseases include typhoid fever is an indicator that a potential health risk
exists for individuals exposed to this water. Fecal coliform can enter in soil by wastewater
treatment plants that are not functioning properly when need to reuse it in agriculture purpose.
Fecal coliform bacteria are a group of bacteria that are passed through the fecal excrement of
humans, livestock and wildlife. A specific subgroup of this collection is the fecal coliform
bacteria, the most common member being Escherichia coli. These organisms may be separated
from the total coliform group by their ability to grow at elevated temperatures and are associated
only with the fecal material of warm blooded animals. By growing and counting colonies of fecal
coliform bacteria from a sample of water, we can determine approximately how many bacteria
were originally present. A fecal coliform bacterium indicates the presence of sewage
contamination of a waterway and the possible presence of other pathogenic organisms.
To ensure the removal of this contaminant, an analyses before and after treatment were done.
Membrane filtration is the method of choice for the analysis of fecal coliforms in water. A water
sample is collected in a sterile container. Sample volumes of 1 ml, 10 ml and 100 ml were used
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for the water testing, with the goal of achieving a final desirable colony density range of 20-60
colonies/filter. Contaminated sources may require dilution to achieve a "countable” membrane.
A 100 ml volume of a water sample is drawn through a membrane filter (45 μm pore size)
through the use of a vacuum pump. The filter is placed on a Petri dish containing M-FC agar and
incubated for 24 hours at 44.5 0C. This elevated temperature heat shocks non-fecal bacteria and
suppresses their growth. As the fecal coliform colonies grow they produce an acid (through
fermenting lactose) that reacts with the aniline dye in the agar thus giving the colonies their blue
color. According to the WHO (2006) standards, the Fecal coliform bacteria in drinking water
should be zero. The results are calculated and reported as the number of fecal coliform colonies
per 100 ml of water.

4.3.3.e Turbidity
Turbidity refers to an optical property of liquids that measures the scattering and/or absorption of
light due to material suspended in solution. Suspended material includes inorganic and organic
solids as well as living organisms. It was reported that the turbidity of the samples depends upon
the strength and the concentration of wastewater. The stronger or more concentrated the waste
the higher its turbidity. Turbidity is measured and expressed as Nephelometric Turbidity Units
(NTUs). In short, turbidity is a measurement of how much suspended material is in the water,
which means how efficient the EC method is capable on the removal of turbidity. Hence, the
control of turbidity and sedimentation should be accomplished to avoid its impact on soil, to
avoid blocking pipes used as point irrigation and protect water quality used for land irrigation. A
turbedimetric device was used to analyse samples before and after treatment to mark the
difference in removal efficiencies. The turbidity meter was calibrated using standard calibration
solution and the cuvette was rinsed three times with the samples before measurements.

4.3.3.f Total Dissolved Solids (TDS)
Ions from the dissolved solids in water create the ability for that water to conduct an electrical
current, which can be measured using a conventional conductivity meter or TDS meter as
electrical conductivity of water is directly related to the concentration of dissolved ionized solids
in the water. The relationship of TDS and specific conductance of groundwater can be
approximated by the following equation:
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TDS = keEC
Where TDS is expressed in mg/L and EC is the electrical conductivity in micro- Siemens per
centimetre at 25° C. The correlation factor ke varies between 0.55 and 0.8. After several water
testing trials the correlation factor is found to be nearly 0.62. Thus in this study the conductivity
was measured by conductivity meter for wastewater samples and the correlation factor was
applied. The conductivity meter was calibrated using a buffer solution of known concentration of
conductivity. The electrode of the meter was rinsed and placed in storage distilled water after
calibration and after each wastewater samples tests.
4.3.3.g pH
pH is a measure of how acidic/basic water is. Since pH can be affected by chemicals in the
water, pH is an important indicator of water that is changing chemically. Pollution can change
water’s pH, which in turn can harm animals and plants living in the water. It was measured using
a pH-meter after calibrating with 4.01, 7.0, and 10 standards.

4.4 Wastewater Characteristics
Prior to run the experiments, wastewater samples were collected and analysed as an initial
concentration and to get an overview of the current situation of wastewater treatment. The
quality of wastewater has been based on the grape samples collected from the GWWTP after
secondary treatment. The wastewater contaminants covered in this assessment were pH, COD,
Color, Odor, Turbidity, Conductivity, TDS, Hardness, Calcium, Magnesium, Sodium, Nitrate,
Chloride and Fecal Coliforms. These parameters are considered as the key parameters for
describing the wastewater characteristics and their corresponding ratio before and after treatment
of wastewater as a measure of the overall performance for EC treatment.
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4.5 Experimental Setup
4.5.1 Experiment Procedure
The experiments were carried out in this research as a set in static methods (batch reactor). EC
and wastewater batch tests were performed in a cylindrical glass cell (Beaker of 600 ml volume)
with stirring at constant and low speed. Stirring was provided by a magnetic stirrer at a rotating
velocity of 50 rpm. The wastewater after EC treatment was filtered. The effects of relevant
wastewater characteristics such as pH, Turbidity, Hardness, Calcium, Sodium Magnesium, TDS
and COD removal efficiencies were studied during application of different variables factors.
For electrochemical tests in this work, different electrodes types were used such as stainless steel
(Ss), iron (Fe) plate and aluminium (Al) electrodes. The total effective electrode area and the
distance between electrodes, electrode type, electrode size, pH, current intensity and time were
used as variable factors may affect the pollutants removal efficiencies. Before each run,
electrodes were washed with Potassium Chloride solution to remove surface grease. At the end
of each run, the electrodes were washed thoroughly with water to remove any solid residues on
the surfaces and dried.

4.5.2 System Configuration
The experiments were conducted in a 1000 ml glass beaker in batch mode of operation. The
volume of wastewater sample was 600 ml. Aluminum, iron and stainless-steel sheets with
dimensions of 270 mm×40 mm×1.8 mm (length× width× thickness) were used as electrodes. The
area of electrodes dipped into the solution was 50.88 cm2. Experiments were conducted using
the following combination of different electrodes Al-Al, Fe-Fe, Ss-Ss electrodes. The electrodes
were connected in a monopolar connection mode. The schematic diagram of the experimental set
up is shown in Fig. (4.3).
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Figure (4.3): Experimental setup
1-magnetic stirrer; 2-magnetic bar; 3-beaker; 4-cathode; 5-anode; 6-DC power supply

A direct current source was used for current supply. The contents in the beaker were agitated by
a magnetic stirrer to avoid concentration gradients. Power supply was started at time zero (t = 0)
and it was the starting time of the EC process. After 30 min, 40 min, 1 hour, the samples were
withdrawn, filtered using filter paper (0.45μm), and analyzed. The effects of electrode type,
initial solution pH, electrolysis time, and current density were investigated. The equipment used
in EC treatment are illustrated in Table (4.2).
Table (4.2): Equipment used in EC treatment
Equipment used in EC treatment
Name

Brand & Model

DC power supply

GP- 4303DmEZ Digital Co.LTD.KOREA

Shaker table

HB502, BIBBY STERILIN LTD STONESTAFFORDSHIRE
ENGLAND ST15 OSA. U.K

4.6 Optimization Process
In order to determine the optimum process parameters for maximum pollutants removal
efficiencies, first step experiments with aluminium and stainless steel were carried out in details
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at each initial pH, current density, electrodes spacing and electrolysis time. The current passed
and the effluent was treated under the following conditions:


The first two types of electrodes were used in monopolar plate: Aluminum (Al) and stainlesssteel (Ss). Different values of current intensity were taken for the electrodes using reactor
power: 1.18, 2.15, and 3.18 (mA/cm2), three inter electrode spacing were taken at different
spacing of 1, 2 and 3 cm. Initial pH was adjusted to pH=5, 7.85 and 11.75.
H2SO4 and NaOH (1M) were used to get respectively acidic and basic pH. Different retention
time: 20, 30, 40 min were studied in order to determine optimum conditions. Iron (Fe)
electrode was introduced for optimization.



Electrochemical reaction was carried at 3.18 mA/cm2, 1 cm inter-electrode spacing, neutral
pH, monopolar electrodes (Al-Al, Ss -Ss, Fe-Fe) and retention time of 40 minutes. The
optimal condition for aluminum and stainless electrodes was assigned for the application of
iron electrode. The experiment was conducted using Iron electrode for the optimal condition
found in the previous experiments that used Al-Al, Ss –Ss electrodes. In addition, the other
variables applied for Iron electrode to be sure that the optimal condition found in the
previous experiments is applicable for other type of electrodes and to enrich the study
findings.

4.7 Removal Efficiency
After wastewater treatment by electrocoagulation method, the removal efficiency was calculated
using the following equation (Daneshvar et al., 2006):

Where,
RE is the removal efficiency %,
C0 is initial concentrations of wastewater before electrocoagulation in mg.L−1,
C1 is the final concentration of wastewater after electrocoagulation in mg L −1.
Repeated experiments were performed to check the reproducibility of the experimental results
and the reproducibility was found to be ±3%.

48

CHAPTER FIVE

RESULTS & DISCUSSION
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5.1 Introduction
Electrocoagulation process is a direct current source between metal electrodes immersed in
wastewater. The application of electrical current causes the dissolution of metal electrodes
commonly Iron, Aluminum or Stainless Steel into wastewater. The dissolved metal ions, at
appropriate parameters for example the pH, can form wide ranges of coagulated species and
metal hydroxides that destabilize and aggregate the suspended particles or precipitate and adsorb
dissolved contaminants (Chen.et al 2004; and Canizares et al 2005). The electrolysis process
can be described as a combination of coagulation, flocculation, flotation and disinfection because
of hydrogen release from cathode and oxygen release from anode, flotation takes place (Jiang et
al., 2002; Mavrov et al., 2006).

The primary goal of this study was to investigate the effect of electrocoagulation (EC) process.
This study is mainly focused on the capability of EC technology to improve wastewater quality,
such as to increase removal efficiencies of wastewater contaminants prior reuse in agriculture.
EC experiments were performed and the effect of various operating parameters on the process
efficiency was evaluated. The electrocoagulation process is quite complex and may be affected
by several operating parameters, such as operating time, initial pH, electrical density and
electrode types. The experiments were carried out using batch mode reactor with real wastewater
samples collected from the secondary effluent of the Gaza Wastewater Treatment Plant. The
removal percentages efficiency were studied and calculated for different water quality
parameters such as total hardness, calcium, magnesium, TDS, nitrate, turbidity and at different
variables which are pH, current intensity, inter-electrodes spacing and time intervals. COD and
FC removal were treated at the optimal conditions of the different variables. Electrocoagulation
process using aluminum, stainless steel and iron electrodes to treat wastewater was also carried
out to investigate the removal efficiency of these impurities. After each EC performance, the
treated wastewater was allowed to stand at room temperature for 20 minutes and samples were
pipetted from the middle for the analysis. Results obtained from these experiments are presented
in the following sections.
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5.2 Characteristics of applied wastewater
Applied wastewater was characterized prior to application at laboratory-scale batch mode
experiments. Characterization of the wastewater is imperative to assess changes in wastewater
quality with regard to contaminates removal. The wastewater was regularly characterized shortly
before the application to insure the initial concentration of water quality parameters and the
efficiency of the system. The characteristics of wastewater samples applied to batch experiments
are presented in Table (5.1).

Table (5.1): Characteristics of the wastewater used in the experiments
Parameters
pH
COD
Color
Turbidity
Electric Conductivity
TDS
Hardness
Calcium
Magnesium
Sodium
SAR
Nitrate
Odor
Fecal coliform
Chloride

Unit
---Mg O2/L
---NTU
µS/cm
mg/L
mg/L
mg/L
mg/L
mg/L
___
mg/L
----colonies/100 ml
mg/L

Value
7.45
550
dark brown
33.1
4400
2728
740
150.4
88.34
575-600
9.18
23.4
very bad
2*105
920

As observed, the pollutants values found in the wastewater (secondary treatment) were
remarkable, which are not suitable for direct reuse improper disposal. The sampling and analysis
procedures were adopted from “Standard Methods for the Examination of Water and
Wastewater” (APHA, 2000). Details of methods and instruments are presented in Chapter 4 and
Table (4.1).
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The high value of TDS or electrical conductivity found in wastewater samples are advantageous
to the EC treatment of wastewater since it will avoid any further addition of electrolytes that may
be necessary to facilitate the passage of current in the wastewater solution. Also, the presence of
chloride at relatively high concentrations helps in the production of chlorine as a result of the
electrochemical process (Larue and Vorobiev, 2003).

5.3 Effect of Operating Time
The EC time is a significant parameter which has a vital importance and influence on the
performance of EC process. In this experiment the effect of time was studied at constant current
density of 3.18 mA/cm2 and constant distance 1 cm. Table 5.2 illustrates the effect of retention
time on the removal of chemical and physical pollutants using three different electrodes Al, Ss
and Fe) at neutral pH.
Figures 5.2 (a1, b1, a2, b2, a3, b3) illustrate the effect of retention time on the removal of total
hardness, calcium, magnesium, turbidity, nitrate and TDS as a function of operating time, using
Al-electrodes.

Table 5.2 Influence of time on pollutants removal using three types of electrodes
Pollutants removal%
Time

Electrode

(min)

types

20

30

Al

79.05

70.00

88.33

72.21

27.35

20.45

Ss

82.43

78.66

86.26

47.02

22.22

17.05

Fe
Al

80.40

73.33

77.88

71.00

23.08

11.36

92.57

92.00

93.13

76.13

35.90

22.73

89.86

92.00

87.64

81.57

26.50

20.45

81.76

85.33

78.02

74.62

31.62

14.77

92.83

93.33

92.30

95.20

50.43

22.95

94.26

93.33

95.19

94.56

70.94

29.09

87.84

88.00

87.64

93.35

57.26

22.05

Ss
Fe
Al
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Ss
Fe
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Fig 5.2 (a1): Effect of time on chemical pollutants removal using “Al electrodes”

Fig 5.2 (b1): Effect of time on physical pollutants removal using “Al electrodes”
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Fig 5.2 (a2): Effect of time on chemical pollutants removal using “Ss electrodes”

Fig 5.2 (b2): Effect of time on physical pollutants removal using “Ss electrodes”
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Fig 5.2 (a3): Effect of time on chemical pollutants removal using “Fe electrodes”

Fig 5.2 (b3): Effect of time on physical pollutants removal using “Fe electrodes”
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Table5.2 show that EC. time has an important effect on the physical and chemical pollutants
removal. Total hardness, calcium and magnesium removal rate increased with increasing
retention time in the interval of 20 to 30 minutes (79.05% to 92.57%, 82.43% to 94.62% and
80.40% to 87.84) for Aluminum, stainless steel and iron respectively. After 30 minutes the
values seem nearly constant with a very slight variation.
For turbidity removal, Aluminum marked the highest range of removal by 95.20%, while by
using stainless steel and iron the removal percent reached 94.65% and 93.35% respectively at 40
minutes.
For nitrate removal, in neutral medium and in a time of 40 minutes, the highest removal was
marked by stainless steel as it achieves 70.94%. By using aluminum and iron it was 50.43% and
57.26% respectively as shown above in Table 5.2. When the operating time increased from 20 to
40 minutes, the removal rate of TDS increased slightly from 20.45% to 22.95.5% and from
11.36% to 22.05% when using aluminum and iron electrodes respectively, while for stainlesssteel increased from 17.05% to 29.09%.

In this process, EC involves two stages which are destabilization and aggregation. The first stage
is usually short, whereas the second stage is relatively long. Results show that the efficiency start
to be significant for some pollutant at the treatment time of 30 minutes but the maximum
efficiency was obtained at a treatment time of 40 minutes. Treatment time has significant
improvement in the removal efficiency for the studied pollutants. It is assumed that the more
time consumed, especially above 30 minutes, the more production rate of hydroxyl and metal
ions on the electrodes. In the case of constant current density, electrodes spacing and constant
pH, the efficiency of total hardness, calcium, magnesium removal increased and this was because
of precipitation of flocs that cause removal of hardness particles. In addition, in this process the
rate of mixing affects efficiency since this mixing causes flocs growth and decreases retention
time (Kim et al., 2002).
The results show that most of the hardness has been removed at the beginning of process and this
has also been found by Kumar et al., (2004) in their study about the efficiency of Arsenic and
hardness removal and also has been shown by Chaudhary et al., (2003), Ranta et al., 2004 and
Bazrafshan et al., (2007) in their studies on Cr+6and hardness removal by electrocoagulation
process.
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Concerning the removal efficiency of COD, the FC at optimal condition variables (electrode
spacing =1, neutral media, and 3.18 mA/cm2) were maintained constant time intervals of 30 and
40 minutes as they ranged between (71% to 74%), (67, 90% to 68%), (64% to 67%) for stainless
steel, aluminium and iron respectively. For Fecal Coliform the removal efficiencies were 100%,
100%, 99.99% for stainless steel, aluminium and iron respectively.
Referring to Thirugnana et al (2013), that emphasize that by increasing electrolysis time, an
increase occurs in the amount of metal hydroxide flocs (M(OH)3) which promotes the removal of
COD and FC via a sweep coagulation followed by precipitation mechanism, thus removal
efficiency of COD and FC increased. Thereafter 30 min, almost all toxic matters are removed as
flocs and hence no remarkable change in removal of COD and FC removal with the increase in
electrolysis time.
Also operating time has an important effect on turbidity removal efficiency.It is thought that
increasing electrolysis time improves the efficiency of turbidity removal by faster producing
hydrolysed products. During electrochemical treatment, when a potential is applied between
electrodes, hydroxyl ions and Al3+ or Fe3+ are generated at the cathode and anode respectively. It
is known that these products are responsible for flocculation this is because potential is the major
driving force during time for the respective phenomena of interest in electrochemical reactors as
studied by R. Philippe et al. (2003).
M. Han et al. (2002) compared effectiveness of the electrocoagulation (EC) with conventional
chemical coagulation through a set of batch experiments. He concluded that the EC is more
efficient than chemical coagulation for turbidity removal. In this study the results show that
turbidity removal is comparable to similar experiments in the literatures shown above.

5.4 Effect of pH
The effect of pH is an important parameter influencing the performance of the EC process as
indicated by Kobya et al. (2003) and Daneshvar et al. (2004) observed. The initial pH of solution
was kept constant at 7.45 to simulate the real situation.
To examine its effect, the wastewater samples were adjusted to a desired pH for each experiment
by using sodium hydroxide (NaOH) or sulphuric acid (H2SO4). In this study, the pH values were
adjusted at three levels namely pH 5, 11.75 and 7.45. The influence of this parameter on the
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removal of pollutants results is Presented in Table (5.3) and Figures 5.3 (a1,a2) 5.3 (b1, b2), and
5.3 (a3,b3).
Table 5.3 summarizes the influence of pH on the removal of physical and chemical pollutants
using three types of electrodes, AL, Fe and Ss, at constant current density 3.18mA/ cm 2and
constant distance of 1 cm

Table (5.3): Influence of pH on pollutants removal using three type of electrodes.

Pollutants removal %
pH

Electrode

Hardness

Calcium

Magnesium

Turbidity

Nitrate

TDS

Al

69.59

55.33

84.20

95.68

10.68

11.59

Ss

87.84

88.00

87.64

89.94

23.08

20.00

Fe

91.22

88.00

94.50

94.56

47.44

24.09

Al

92.83

93.33

92.30

95.20

50.43

22.95

Ss

94.26

93.33

95.19

94.56

70.94

29.09

Fe

87.84

88.00

87.64

73.35

57.26

22.05

Al

97.43

94.67

100.27

92.78

21.37

15.00

Ss

95.27

96.00

94.50

93.20

54.70

15.00

Fe

95.95

94.67

97.25

91.48

57.69

16.59

types

5

7.45

11.75
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Fig 5.3 (a1): Effect of pH on chemical pollutants removal using “Al -electrodes”

Fig 5.3 (b1): Effect of pH on physical pollutants removal using “Al -electrodes”
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Fig 5.3 (a2): Effect of pH on chemical pollutants removal using “Ss electrodes”

Fig 5.3 (b2): Effect of pH on physical pollutants removal using “Ss electrodes”
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Fig 5.3 (a3): Effect of pH on chemical pollutants removal using “Fe electrodes”

Fig 5.3 (b3): Effect of pH on physical pollutants removal using “Fe electrode”
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Table 5.3 shows the percent of some physical and chemical pollutants removal at different pH
(acidic, neutral, basic), at fixed current intensity (3.18 mA/cm2), fixed time (40 minutes) and
inter-electrodes distance of (1cm) using Al, Fe, and Ss electrodes. As shown in the figures, total
hardness, calcium and magnesium removal efficiencies were found to be the best near basic pH
using the three types of electrodes as they were above 95%, but the highest one was by using
aluminum electrode as it achieves 97.43%, 94.67, and 100% respectively.
Generally, the pH of the medium changes during the process according to Othman et al., (2006)
and Yildız et al.,(2008). However, the value of pH remained within the allowable limits. As the
operating time of EC process increased the pH value increased. This is due to the accumulation
of OH– ion accumulation in aqueous solution during the process.
Turbidity removal was high for all the electrodes type in the three media (acidic, neutral,
alkaline,) and marked over 90%, but the highest one was achieved by aluminum electrodes, as it
reached 95.68% in acidic medium, 95.20% in neutral medium and 92.87% in alkaline medium.
For TDS removal, the highest rates of removal using iron electrode were at acidic and neutral
medium 24.09% and 20.05% respectively. When using aluminum electrode it was seen that the
highest removal rates were at neutral and alkaline medium 22.95% and 15% respectively, but the
stainless–steel marked the highest removal efficiency at neutral medium and achieves 29%.
The high removal percent of nitrate in neutral medium was by using aluminum electrode
50.43%. For both neutral and alkaline medium for iron electrode was in the rate of 57%. At
neutral and basic medium for the stainless-steel, removal efficiencies marked the highest and
were 70.94% and 54.70% respectively. As it was observed that for pH values 7.45 and 11.75 the
removal efficiency of NO3- was high. This can be explained by the transformation of NO3- to
ammonia as follows:
NO3- + 6H2O + 8e-→ NH3 + 9OH-

(5)

The hypochlorite acid formed by oxidation of chlorides which dissolve in water to form HOCl
which would be oxidized by the product ammonium and the nitrate in the end was assumed to be
reduced into nitrogen gas.
Due to the production of hydrogen and oxygen gases in the electrocoagulation system, it is
strongly recommended that the system operation need to have well ventilation in over of
installed electrodes. Thus, the N2 gas collection was impossible without covering of electrodes.
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The pH determines the specification of metal ions according to Mohammad et al., (2009). The
pH influences the state of other species in solution and the solubility of products formed. Thus,
the pH influences the overall efficiency and effectiveness of electrocoagulation (Holt et al.,
2006). Hence, the increase of pH is believed to be due to CO2 release from hydrogen bubbling,
due to the formation of precipitates of other anions with Al3+, and due to the shift of equilibrium
towards left for the H+ release reactions. As for the pH decrease at alkaline conditions, it can be
due to the result of formation of hydroxide precipitates with other cations and the formation of
Al(OH)4− as shown in the following equation (Chen et al., 2002):
Al(OH)3 + OH−→Al(OH)4−

(6)

With pH increase, the rate of hardness removal increases since the effect of pH on coagulants
depends on the produced reactions on different conditions.
In neutral conditions:
3 Al(s) + 8 H2O → Al(OH)+2(s) + 2 Al(OH)3 + 4 H2(g)

(7)

In acid conditions:
2 Al(s) + 6 H2O → O2(g) + 4 H2(g) + 2 Al(OH)2(s)

(8)

In alkali conditions:
2 Al(s) + 6 H2O

→

2 Al(OH)3(s) + 3 H2(g)

(9)

Here, Al(OH)2 and Al(OH)3 settle, while H2 moves upward and causes flotation. As mentioned
in above reactions, an acidity condition Al (OH)2 and all alkali condition Al(OH)3 are produced.
Since Al(OH)3 has higher weight and density, it settles faster and has higher efficiency.
Therefore, it acts better in enmeshment in a precipitate according to Hua et al., (2003); Daida,
(2005) and Ghernaout et al., (2008). This fact has also been confirmed by Ghernaout in his study
in 2008 on Escherichia coli removal from surface water by electrocoagulation method
(Ghernaout et al., 2008). Hence, based on the results of the present study and previous studies
electrocoagulation process can act as a pH moderator (Kim et al., 2002 and Bazrafshan. et al.,
2007).
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The removal efficiency of Turbidity, COD and FC was increased linearly with increasing initial
pH from 5 – 7.45. This is mainly due to the fact that, when pH is within the range of 5.0 – 7.0,
the oxidation of ferrous iron (Fe2+) to ferric iron (Fe3+) is favorable in neutral condition for mild
steel electrode; also the formation of amorphous M(OH)3 species is predominant for example the
formation of Al(OH)3 for aluminium electrodes The freshly formed amorphous M(OH)3 species
has large surface area, which are beneficial for the removal of the Turbidity, COD and FC via a
sweep coagulation followed by precipitation mechanism. However, initial pH beyond 6 resulted
in lower removal efficiencies due to the formation of monomeric anions M(OH)4- species
according to Sridhar et al., (2011).

A decrease in TDS was noticed with a corresponding decrease in electrical conductivity, which
may be due to the decrease in alkalinity and total hardness concentration. Also the gas evolved at
the electrodes namely oxygen and hydrogen also influence the reduction of COD and BOD. The
hydrogen gas liberated at cathode also helps to float the contaminants. This influences the
removal of TDS.

5.5 Effect of Distance between Electrodes
To examine the effect of electrode distance on the EC process for the removal of pollutants from
effluent, space between electrodes was varied. Increasing the electrodes spacing will reduce the
capital cost of treatment but may reduce the treatment efficiency (Bukhari, 2008).
Inter-electrode spacing of 1, 2 and 3 cm was studied to examine the effect of electrode distance
on the EC process for Stainless steel and Aluminum electrodes. The iron electrode was used at
optimal condition found in using the other types of electrode. In each run the treatment time, pH,
current density were kept constant (time = 40 minutes, pH = 7.45, current density = 3.18
mA/cm2). Variation of this pollutants removal as a function of inter-electrode spacing is
presented in Table (5.4) and Figures 5.4 (a1, b1), 5.4 (a2, b2).
Table 5.4 summarizes the influence of distance between electrodes on the removal of physical
and chemical pollutants using three types of electrodes, AL, Fe and Ss.
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Table (5.4): Influence of inter electrode distance on pollutants removal using different type
of electrodes
Distance

Pollutants removal %

between

Electrode

electrodes(cm)

types

1

2

3

Hardness Calcium Magnesium Turbidity Nitrate TDS

Al

92.83

93.33

92.30

95.20

50.43

22.95

Ss

94.26

93.33

95.19

94.56

70.94

29.09

Fe

87.84

88.00

87.64

93.35

59.26

22.05

Al

82.43

80.00

84.89

93.60

29.91

18.64

Ss

89.86

90.67

89.01

93.60

62.82

29.55

Al

72.97

53.33

93.13

92.54

24.36

20.68

Ss

88.51

89.33

87.64

89.00

48.29

20.00

Fig 5.4 (a1): Effect of distance between electrodes on chemical pollutants removal using “Al
electrodes”
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Fig 5.4 (b1): Effect of distance between electrodes on physical pollutants removal using
” Al electrodes”

Fig 5.4 (a2): Effect of distance between electrodes on chemical pollutants removal using “Ss
electrodes”
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Fig 5.4 (b2): Effect of distance between electrodes on physical pollutants removal using
“Ss electrode"

As general remarks, the analysis reveals that the removal efficiency for EC process for total
hardness, calcium, magnesium, turbidity, nitrate, TDS increased with the decrease in the interelectrode spacing. For total hardness, calcium and magnesium, an inter-spacing electrode of 1 cm
marked a significant percent of removal at 40 minutes for all type of electrodes and the highest
one was with iron electrode 94.26%, 93.33%, 95.19% respectively.
Turbidity removal was significant at 1cm of inter-spacing for all type electrodes and was in the
rate of 90%. The highest value for turbidity removal was attributed to aluminum electrodes as it
achieved 95.20% as shown in Fig. 5.4(b1).
Comparable increases in the nitrate removal rate were observed at 1cm of inter-electrode
distances and achieved 50.43%, 70.94% and 59.26% for aluminum, stainless-steel and iron
respectively while in the distance of 2-3 cm the rate of removal was decreased significantly.
For TDS, the rate of removal for aluminum electrode was oscillating between 22.95% and
18.64%. For stainless-steel electrode, the rate of removal was slightly constant in the round of
29% for 1 and 2 cm (marked as the highest percent of removal compared with other electrodes)
and decreased to 20% at 3 cm inter-electrode spacing. The analysis reveals that the removal
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efficiency of EC process for pollutant increased as the inter electrode spacing decreased from 3
cm to 1 cm.
Decreasing distance from 3 to1cm marked a significant value for COD and FC removal rate. At
minimum inter electrode distance the resistance for current flow in the reactor is lower that
facilitates the EC process for enhanced removal of TS, COD and FC according to
Thirugnanasambandham et al., (2013).
According to Ghosh et al. (2008), when the distance between the electrodes is low, the attraction
between the generated ions is more, resulting in the high movement of the ions. The generated
ions continuously keep on colliding due to availability of less space than the formation of flocs
required to coagulate the organic content. On further increasing the distance between the
electrodes beyond the optimum value, the amount of anode dissolution decreases and the ions
have to travel a longer distance for interaction to form the flocs. This will reduce the formation
of flocs leading to a reduction in the COD removal efficiency.
Similar observations have also been reported by Xu, et al. (2008) that COD decreases with the
decrease in distance between electrodes of the same composition. This is because the rate of
electron transfer is become faster and the shorter distance speeds up the anion discharge on the
anode and improves the oxidation. So, it can be concluded that for the studied operational
conditions, an inter-electrode spacing of 1 cm is feasible for the removal of pollutant and further
experiments in this study were performed keeping the inter-electrode distance of 1 cm.

5.6 Effect of Applied Current Density:
Current density is one of the important factors influencing the electrocoagulation process as it
determines both the rate of electrochemical metal dosing to the wastewater and the electrolytic
bubble density production (Holt. et al, 2006) and strongly influences solution-mixing and mass
transfer at the electrodes (Etiégni, et al 2011). To study the effect of applied current density on
the EC process for the removal of pollutants from effluent, the current densities between
electrodes were varied (1.18, 2.15 and 3.18 mA/cm2) and the other variables were fixed to
constant values (operating time of 40 minutes - electrode distance of 1cm - pH of 7.45. The
percentage removal for different wastewater contaminants are presented in Table 5.5, and Figure
5.5 (a1, b1), 5.5 (a2, b2).
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Table 5.5 summarizes the influence of current density on the removal of different pollutants
available in the wastewater using EC process with different electrodes.

Table 5.5 Influence of current density on pollutants removal using different electrodes.
Pollutants removal %
Current
intensity
(mA/cm2 )

Electrode
types
Hardness

Calcium

Magnesium Turbidity

Nitrate

TDS

Al

69.59

64.00

75.27

68.58

22.22

20.68

Ss

43.24

65.33

20.32

59.82

47.86

16.36

Al

79.73

70.67

89.01

79.18

36.32

24.09

Ss

85.14

90.67

79.39

86.40

66.24

16.14

Al

92.83

93.33

92.30

95.20

50.43

22.95

Ss

94.26

93.33

95.19

94.56

70.94

29.09

Fe

87.84

88.00

87.64

93.35

57.26

22.05

1.18

2.15

3.18
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Fig 5.5 (a1): Effect of current density on chemical pollutants removal using
“Al electrodes”

Fig 5.5 (b1): Effect of current density on physical pollutants removal using
“Al electrodes”
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Fig 5.5 (a2): Effect of current density on chemical pollutants removal using
“Ss electrodes”

Fig 5.5 (b2): Effect of current density physical pollutants removal using “Ss electrode”
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Three values of current intensity were investigated for aluminium and stainless-steel electrodes:
1.18mA/cm2, 2.15mA/cm2 and 3.18mA/cm2. The iron electrode was investigated at optimal
condition.
As a general remark from Figures5.5 (a1, b1) and 5.5(a2, b2), it appears that for the given time,
the pollutant removal efficiency increased significantly with the increase in current density. This
result is agreed with Chen and co-workers (2000), who concluded that as the current density
decreased, the time needed to achieve similar efficiencies increased.
From the results showed in Table 5.5, it was found that the efficiencies of pollutants (total
hardness, calcium, magnesium, nitrate and turbidity) were important for both aluminium and
stainless-steel electrodes at current density of 3.18 mA/cm2. The maximum rates of pollutants
removal for total hardness, calcium, magnesium, nitrate and turbidity were achieved with
stainless-steel and range from 93% to 95% at 3.18mA/cm2. For iron electrode, the removal
efficiency was around 87% for total hardness, calcium and magnesium. Turbidity removal was
above 93% for all electrodes and the highest value was marked by aluminium electrode by
95.20%.
The highest value of nitrate removal was attributed to stainless-steel electrode at 3.18 mA/cm2 as
it increase from 47.86% at low current intensity to more than 70% at high current intensity. For
iron and aluminium electrodes the highest removal efficiencies of nitrate were 57.26% and
50.43% respectively at 3.18 mA/cm2.
A constant rate of removal was noticed for TDS as it was remained around 22% for all values of
current density and electrode types, except for stainless steel, which it increases from 16.36% at
1.18 mA/cm2 to 29.09% at 3.18mA/cm2.
From the obtained results, it can be concluded that the applied current density plays a significant
role in electrocoagulation process for wastewater treatment and pollutants removal as it is the
most operational parameter that can be easily controlled within the treatment process and directly
resulting in more efficient and faster removal. Moreover, it was previously shown in Khosla et
al., (1991) study that the bubble size decreases with increasing current density, which is
beneficial to the separation process.
We can summarize that with increasing of electrical current, the removal efficiency of total
hardness, calcium and magnesium increase. This conclusion is in consistence with the studies
conducted by Kim et al., (2002) and Zhu et al., (2005). They concluded that, in high current
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density, size and growth rate of produced flocs increased and this in turn affects the efficiency of
the process. For example as electrical potential increases the amount of oxidized metals like
oxidized aluminium increase and consequently hydroxide flocs with high adsorption rate
increase and this leads to an increase in the efficiency of hardness, calcium and magnesium
removal (Ranta et al ., 2004; Bazrafshan et al., 2007). On the other hand, as electrical current
increase, the density of bubbles increases while their size decreases. Since the effective surface
and retention time of larger bubbles are less comparing to small ones, so density increases and
bubble size decreases and consequently the flotation efficiency increases (Hu et al., 2005).
The applied current determines the speed of reaction. Since the generated amount of Al3+ is
proportional to the current, thus a higher concentration of aluminum formed leads to increase the
removal of turbidity. This is explained the fact that, the coagulant production on the anode and
cathode increases while increase the current density. Therefore, there is an increase in metal
hydroxide (M(OH)3) flocs formation in the reactor and hence the improvement in the removal
efficiencies of turbidity.
Li et al., (2010), Rezaee et al., (2011) and Liu et al., (2011) observed that chlorine and
hypochlorite ions formed at the anode has a role too in the removal of nitrate as it is then
converted to hypochlorous acid and hypochlorite ions which are strong oxidants and the
following reactions take place at anode and cathode:
At anode:
2 Cl−→ Cl2 + 2e−

(10)

At cathode:
2 H2O+2e−→ H2+2 OH−

(11)

Bulk solution:
Cl2(g)+ H2O → HOCl+ Cl− + H+

(12)

HOCl → OCl− + H+

(13)

The reduction of NO3- to N2 gas is possible during the EC process and nitrate removal can occur
with precipitation of metal hydroxide according to (Rezaee et al., (2011) and Emamjomeh et al.,
(2009)
NO3- + 6H2O + 8e-→ NH3 + 9OH-

according to equation (5)
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The hypochloric acid formed would be oxidized by the produced ammonium, and the nitrate
was finally assumed to be reduced into nitrogen gas:
2NH4+ + 3 HOCl → 3H2O +3Cl- + N2 + 5H+

(14)

As expected for color and COD removal, it appears that for a given retention time, inter electrode
distance and pH of the solution affect pollutant removal efficiency as it increased with the
increase in current density. According to Chen and co-workers (2000), the treatment efficiency
was mainly affected by charge loading; high current densities, the extent of anodic dissolution
increased and in turn the amount of hydroxo-cationic complexes resulting in increase of the color
and COD removal.
Indeed, the amounts of iron and hydroxide ions generated at a given time, within the
electrocoagulation cell are related to the current flow, using Faraday's law:

m=ItM/zF
where I is the current intensity, t is the time, M is the molecular weight of iron or hydroxide ion
(g/mol), z is the number of electrons transferred in the reaction and F is the Faraday's constant
(96486 C/mol).
As the current decreased, the time needed to achieve similar efficiencies increased. This
expected behavior is explained by the fact that the treatment efficiency was mainly affected by
charge loading (Q = I * t), as reported by Chen et al. (2000). As the time progresses, the amount
of oxidized iron and the required charge loading increase.
Total dissolved solids concentration is found to be decreased with the increase in current density
and detention time in the settled samples. This is due to the presence of flocculent that is
produced with increase in current and detention time which was because of high removal of
turbidity. Constant removal efficiency was observed for TDS when using the low current density
for stainless steel electrode but a sudden increase observed as the current density increase. It is
due to the re-stabilization phenomenon that took place because of excess coagulant dose that
made particles re-stabilized and brought them back in suspension.
Further the increase in current density results as an increase in temperature. The increase of
current density with temperature was attributed to the increased activity of destruction of the
aluminium oxide film on the electrode surface. When the temperature is too high, there is a
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shrink of the large pores of the Al(OH)3 gel resulting in more compact flocs that are more likely
to deposit on the surface of the electrode. Although higher temperature gives a higher
conductivity hence a lower energy consumption.
The color reduction increased with increase in current density. This may be explained by the
release of metal ions increasing with electrical potential. Therefore, there is an increase in floc
production and hence an improvement in the color removal efficiency according to Kashefialasl
et al, (2006).

5.7 Effect of Electrode Material
Electrode assembly is the heart of the present treatment facility. Therefore the appropriate
selection of its materials is very important as it affects markedly the performance of the
electrocoagulation reactor.
In this study three types of electrodes were used which are iron, aluminum and stainless steel.
The effluent treated with iron electrode, appeared firstly greenish as shown in Figure (5.7) and
then turned yellow and turbid in the first minutes. This green and yellow color may be resulted
from Fe2+and Fe3+ ions generated during EC process. Fe2+ is the common ion generated in situ of
electrolysis of iron electrode. It has relatively high soluble at acidic or neutral conditions and can
be oxidized easily into Fe3+ by dissolved oxygen in water (Benefield et al., 1982; Ramesh Babu
et al., 2007).

Fig (5.7): EC Laboratory experiment.
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The effluent treated with aluminium electrode appeared as the first time white and stay white all
the process, no sludge settled remarked, only white foam is formed as the electrode was eroded
as shown in Figure (5.9) and liberated trivalent aluminium (Al3+). The (Al3+) formed an ionic
pair with the pollutant of wastewater rich in magnesium and Calcium. There was formation of a
strong coagulant. An excellent flocculation and coagulation was observed. Stainless- steel
electrodes used to treat the effluent release in the first of process black color and after a few
minutes it starts to appear clear and a little of sludge is formed too as foam formed as shown in
Figure (5.8).

Fig (5.8): Foam formed during electrocoagulation process.

The anode material determines the cations introduced into solution. Several researchers as
mentioned in literature view have studied the choice of electrode material with a variety of
theories as to the preference of a particular material. The most common electrode materials for
electrocoagulation are iron, aluminum and stainless steel. However it is usually to use iron for
wastewater treatment because it is relatively cheaper (Chen, 2004).
Do & Chen (1994) compared the performance of iron and aluminum electrodes for removing
color from dye-containing solutions. Their conclusion was that the optimal electrocoagulation
conditions varied with the choice of iron or aluminum electrodes, which in turn is determined by
initial pollutant concentration, pollutant type and stirring rate. Hulser et al. (1996) observed that
electrocoagulation is strongly enhanced at aluminum surfaces in comparison to steel. This is
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attributed to a higher efficiency due to the in situ formation of dispersed aluminum-hydroxide
complexes through hydrolysis of the aluminate ion, which does not occur with steel electrodes.
Iron, stainless-steel and aluminum met the following requirements: sacrificial quality, cost
effectiveness, conductivity, non-toxic, availability and effectiveness of treatment on the widest
variety of contaminants.
As mentioned in different studies, Electrocoagulation does not remove infinitely soluble
materials such as sodium chloride or potassium compounds or sugars as it cannot form an
insoluble precipitate of these compound (Holt, et al 2006) which was also remarked in this study,
that the sodium varies in a small range, and classified as constant which was also the case of our
study as it ranges from 587 - 630 mg/l.
Table 5.6 summarizes the influence of electrode types AL, Fe and Ss.on Physical and chemical
pollutants.

Table (5.6): Influence of electrode types on pollutants removal at neutral pH, current
intensity of 3.18 mA/cm2 and inter-electrode distance of 1 cm.
Pollutants removal efficiency (%)
Electrode types
Hardness

Calcium

Magnesium Turbidity

Nitrate

TDS

Aluminum

92.83

93.33

92.30

95.20

50.43

22.95

Iron

87.84

88.00

87.64

93.35

57.26

22.05

Stainless-Steel

94.26

93.33

95.19

94.56

70.94

29.09
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In this study the optimal conditions were found to be: initial pH of 7.45, current density of (3.18
mA/cm2), electrode spacing of (1 cm) and electrolysis time of 40 min and Figure 5.6 (a), 5.6 (b)
show the effect of electrode types in the removal of pollutants.

Fig 5.6 (a): Effect of electrode types on chemical pollutants removal.

Fig 5.6 (b): Effect of electrodes types on physical pollutants removal.
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The process shows important effects for wastewater purification such as colloid destabilization
(colour removal), quick flocculation with the eroded material of the electrodes, electrochemical
ox-reduction reactions with oxygen and hydrogen ions which improve the removal of several
pollutants such as COD and turbidity.

Under these optimal operating conditions, the experimental removal efficiencies for Total
hardness, Calcium, Magnesium, Turbidity, Nitrate and TDS were (92.83%, 93.33%, 92.30%,
95.20%, 50.43%, 22.95%) respectively for aluminum electrode as shown in Table( 5.6) and
Fig.5.6 (a) and 5.6 (b).
For Stainless steel electrode removal efficiencies of the above mentioned water quality
parameters were (94.26%, 93.33%, 95.19%, 94.56%, 70.94%, and 29.09% respectively and for
Iron electrode were (87.84%, 88%, 87.64%, 93.35%, 57.26%, and 22.05%) respectively as
shown in Fig. 5.6 (a) and Fig.5.6 (b).
These results indicate that EC process can be scale-up in large scale level to treat wastewater
with high removal efficiency of pollutants.

Gurses et al., 2002 explained that by:
1- Hydrogen ion was reduced to H2 gas which escaped to the liquid surface and carried
suspended solids. Magnesium was flocculated and absorbed other suspended materials from
water.
2- The phenomena which govern the movement of the Ca2+ ion and CO32- ion species toward the
electrode are, mainly, ionic transport and electrochemical charge transfer reactions. These
reactions occur at the electrode/solution interface.
3- Hydroxides produced through chemical processes and they do not produce secondary
pollutants

Also, the naturally chloride dissolved in raw wastewater gives rise to chloride ions which acts as
a disinfectant. Although it was not performed any bacteriological sampling, it can be said that
almost 100% removal of fecal coliforms removal was achieved after, at least, 30 minutes of
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electrolysis. For aluminium and stainless steel electrodes the percentage was estimated as 100%,
while it was 99.99% for iron electrodes.

The odor was disappear by using stainless electrodes, and slightly smelt with iron and Aluminum
electrodes. The color of the sample had changed to colorless for all type of electrodes as shown
in Figure 6.2 and a slight change in the pH was observed as shown in Table 5.7 with time during
the process, for different medium and for different currents.
Water hardness creates a lot of problems for life, industry and agriculture and its removal is
considered to be essential (Kawamura, 2000). The results presented in Fig 5.6 (a, b) indicate that
for treated wastewater, the iron and aluminum electrodes showed a high removal of total
hardness, calcium and magnesium, but the highest removal was more effective with stainless
steel electrode which can reduce total hardness, calcium, magnesium to 94.26%, 93.33%, and
95.19% respectively. Bazrafshan et al., (2006) confirmed that electrocoagulation process is
suitable for removal of these matters.
After 40 minutes of treatment in neutral medium, turbidity removal rate by aluminium electrodes
appears to be higher than that by iron and Stainless steel electrodes as it achieves 95.20% while
for stainless steel and iron it was about 94.56% and 93.35% respectively. Turbidity measurement
is an important value for turbidity measurements that offered a simply and quick means of
determining removal in suspended solids.
Zongo et al., (2012) explained that the turbidity removal occurs as the result of destabilization of
colloids due to the effect of the electric field generated between the electrodes and the reactions
with coagulating compounds formed in situ during anode oxidation, followed by a subsequent
flotation of agglomerates of the particles.
Kobya et al., (2003) studied the treatment of textile wastewater by electrocoagulation using iron
and aluminium electrodes. The results showed that turbidity removal for the Al electrode was as
high as 98% at pH below 6.
The different electrode materials had an effect on the effectiveness of wastewater treatment
because of its mechanisms. Aluminum upon oxidation in an electrolytic system produces
aluminum hydroxide, Al(OH)n where n = 2 or 3. The following equations describe the formation
of aluminum hydroxide and iron hydroxide according to Biwyk et al, (1991).
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Anode:
2 Al(s)

→

2 Al3+(aq) + 6e-

2 Al3+ (aq) + 6 H2O(l)→

(15)

2 Al(OH)3(s) + 6 H+(aq)

(16)

Cathode:
6 H+(aq) + 6 e-

→3 H2(g)

(17)

Overall:
2 Al(s) + 6 H2O→2 Al(OH)3(s) + 3 H2(g)

(18)

For iron electrodes which in electrolytic system produces iron hydroxide, Fe (OH)n where
n = 2 or 3.
Anode:
Fe(s)

→

Fe2+(aq) + 2e-

Fe2+(aq) + 2 OH- (aq)→

(19)
Fe(OH)2(s)

(20)

Cathode:
2 H2O(l) + 2e-

→

H2(g) + 2 OH-(aq)

(21)

Fe(OH)2 (s) + H2(g)

(22)

Overall:
Fe(s) + 2 H2O(l)

→

Removal of COD during the experiment was in the range of 74% for stainless steel, 68.18% for
aluminum and 67.27% for iron in an interval of 30-40 minutes at neutral medium. The COD
removal by aluminum and iron electrodes was thought to be mainly adsorption of pollutants onto
aluminum and iron hydroxide sludge.
The results in this study indicate that for sewage water the stainless steel electrode is more
effective than the iron and aluminium electrodes. Furthermore, Alaton et al.,(2008), remarked
that stainless steel mechanism was speculatively a combination of adsorption, absorption,
particle entrapment as well as redox reaction initiated by the reducing environment occurring at
the electrode functioning as the anode of the process. Considering the treatment performance
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(electrical energy consumption) as well as sludge formation rates observed during the
optimization experiments, EC using SS electrodes can be recommended for effective and
economic treatment.

Fig (5.9): Anode and cathode after several treatment runs

Color changes upon EC treatment and filtering were common and provided a visible indication
of the effects of different electrodes and conditions on the solution as shown in (Fig5.10). No
attempt was made to quantify the colors. Color was used as a simple qualitative indicator. In the
end of treatment electrodes were scarified after several treatment as shown in Fig (5.9)

Fig (5.10): Colour evolution of wastewater treatment during electrocoagulation treatment.
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The temperature of the solutions under treatment at various steps in the EC runs was documented
and it tends to be in the interval of 50-55oC which is an important value that estimated the
removal of Fecal Coliform.

Table (5.7): Analysis for wastewater quality in mg/L after treatment for three types of
electrodes in optimal condition (operating time=40 min, initial pH=7.45, inter-electrodes
distance=1cm, current density =3.18 mA/cm2).
Type of electrodes
Pollutants

Al

Ss

Fe

Total hardness (mg/L)

53

43

65

Calcium (mg/L)

10

10

18

Magnesium (mg/L)

6.79

4.248

19.92

SAR

7.01

7.68

7.52

Nitrate (mg/L)

11.6

6.8

10

Turbidity (NTU)

1.95

1.80

2.20

EC (µS/cm)

3390

3120

3430

TDS (mg/L)

2102

1934

2127

9

8.20

8.10

odourless

odourless

Odourless

175

139

180

0

0

1

transparent

transparent

transparent

pH
Odour
COD (mgO2/L)
Fecal coliform (colonies/100
ml)
Colour
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5.8 Treated Wastewater Reuse
Palestinian water Authority has put wastewater reuse high on its list of national priorities.
Furthermore, the wastewater reuse seems to be promising in the Gaza Strip. The expected
amount of wastewater to be used for irrigation will progressively increased on the coming twenty
years saving more than half of groundwater needed for irrigation. This is due to a combination of
severe water shortage, threat of pollution to its diminishing water resources and a concentrated
urban population with high levels of water consumption and wastewater production.

There are major real potential health, environmental and economic impacts as a result of reuse of
partially treated wastewater to irrigate edible crops. The choice of the right wastewater treatment
technologies is the most important parameter in planning the water reuse because they are the
important way of decreasing or eliminating the health and environmental risk. The
environmental risk is connected with the contamination that can be found in the upgraded
wastewater and generally risk can be divided into chemical and microbiological. The purpose of
the wastewater treatment is to protect the consumer from pathogens and from impurities in the
water that may be injurious to human health. This can be achieved with treatments to remove
pathogens.

In this research the technology of EC is investigated to achieve the quality standard for
wastewater irrigation. For a long time Palestine did not have any specific wastewater regulation,
references were usually made to the WHO recommendations or to the neighboured countries
standard (Egypt, Jordan). Recently the Environment Quality Authority with coordination of
Palestinian ministries and universities has established specific wastewater reuse regulations.
Table (5.8) presents the values of chemical, physical and biological contaminants after EC
treatment and the Palestinian standards for wastewater reuse. According to the results of the EC
experiments, the quality of treated wastewater in general is within the acceptable limits for all
investigated parameters. The most important parameter is the Fecal Coliforms due to its health
impact to the workers and consumers. The EC process showed a nearly 100% removal (0-1
colony/100 ml) of F.C contaminant where the value of F.C is allowed up to 1000 colony/100 ml
for all types of reuse except for Gardens, playgrounds and parks (the acceptable limits = 200
colony/100 ml). The COD standard values range between 150 - 200 mg/l where the results of EC
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process range between 139 – 180 mg/l. Also for the other chemical wastewater parameters the
results show the values of contaminants after EC treatment process is within the acceptable limits
or even below those values. The results indicate that the treatment process by EC is a promising
regards wastewater reuse for irrigation of fruit trees, olives or other types of reuse such as
groundwater recharge.

Table (5.8): Comparison of chemical, physical and biological values of the Palestinian
standards with effluent after EC treatment for wastewater reuse.
Type of electrodes
Pollutants

Palestinian
Standards for
Treated
Wastewater
Characteristics
(PS-742-2003)

Al

Ss

Fe

10

10

18

400

Magnesium (mg/L)

6.79

4.248

19.92

60

SAR

7.01

7.68

7.52

9 – 10

Nitrate (mg/L)

11.6

6.8

10

15 – 50

Turbidity (NTU)

1.95

1.80

2.20

NA

EC (µS/cm)

3390

3120

3430

2400 – 3000

TDS (mg/L)

2102

1934

2127

1200 – 1500

9

8.20

8.10

6–9

175

139

180

150 – 200

0

0

1

200 – 1000

free

free

free

Free

Calcium (mg/L)

pH
COD (mgO2/L)
Fecal coliform
(colonies/100 ml)
Colour
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5.9 Sludge Formation
EC forms less sludge which is readily settable and easy to dewater as it is primarily composed of
metallic oxides and hydroxides. Flocs formed by EC are similar to chemical flocs except that EC
flocs are larger, contain less bound water and are more stable. Hence, they can be separated
faster by settling and filtration (Kumar and Goel, 2010). EC sludge production is proportional to
characteristics of raw wastewater, settable solids and matter destabilized by coagulation and
concentration flocculent (Kobya et al., 2006). Furthermore, research is highly recommended to
study the type and quality of sludge formed and the best way for handling and disposal of it.
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Chapter Six

Conclusion and Recommendations
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6.1 Conclusion
A laboratory scale Electrocoagulation (EC) process was utilized to treat the wastewater in order
to minimize various pollutants such as total hardness, calcium, magnesium, turbidity, nitrate,
TDS, colour, and odour and bring its quality up to the required level to be reused in irrigation.
Effects of various parameters such as operating time, current density, pH, electrode type and
inter-electrode spacing were evaluated. The optimized conditions for this process were as
follows: a current density of 3.18 mA/cm2, inter-electrode spacing of 1 cm, retention time of 40
minutes and neutral pH (7.45).
The applied current density has important effect on the removal efficiency of EC process. It was
found that rising the current density from 1.15 to 3.18mA/cm2 increases the removal efficiency
for studied pollutants.
The effect of inter-electrode spacing on the removal of pollutants reveals that their removal
efficiency increases as the inter-electrode spacing decreases from 3 cm to 1 cm.
Changing pH value (5, 7.45 and 11.75) marked maximal removal at neutral level. During EC
treatment the pH value changed and reached 8.4 at the end of treatment which is within
allowable limits.
The different electrode materials had an effect on the effectiveness of wastewater treatment
because of its mechanisms. Aluminum electrodes marked the highest removal in turbidity
(95.20%). Stainless steel electrodes marked highest removal of total hardness (94.26%), calcium
(93.33%), and magnesium (95.19%), TDS (29.09%), nitrate (70.94%) and turbidity (94.56%).
Iron electrodes have good removal efficiency and can also be applied for wastewater treatment as
it is the cheapest one.
All electrodes marked high removal efficiency of COD, while they showed totally removed of
Fecal Coliform contamination.
Furthermore increase in treatment time from 30 to 40 minutes for COD marked close values in
removal efficiency: 74% by Stainless steel, 66% by aluminum and 67% by iron electrodes.
For Fecal Coliform 30 minutes were sufficient for total removal by aluminum and stainless-steel
electrodes and reached 99.99% removal by iron.
The results of this study indicated that besides the total color and odor removal, electrochemical
method is effective in the reduction of pollutants to be reused in agriculture. EC forms less
sludge which is readily settable and easy to dewater as it is primarily composed of metallic
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oxides and hydroxides and sludge production is proportional to characteristics of raw
wastewater, settable solids and matter destabilized by coagulation and concentration flocculent
Kobyaet al., (2006).

Finally the study shows that the secondary wastewater generated at SheickEjlein treatment plan
basins after EC treatment is safe for landscape irrigation and plantation. It can be stated that the
study may help to conserve municipal water, reduce well pumping and alleviate the water
shortage problem in the study area.
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6.2 Recommendations
The treated wastewater is suitable for irrigation and the biosolid suitable for compost. This could
reduce many environmental problems which could be created by discharging the untreated
wastewater directly into the sea. Instead, treated wastewater will have suitable standards for
reuse in landscape irrigation.
For that purpose the followings recommendations are advised:
-

Further investigations and researches on other pollutants using this technology will not only
improve its efficiency, but also develop new modelling techniques.

-

Expanding the establishment of the electrocoagulation units for different types of wastewater
applied is advisable, as small scale, to minimize some dangerous pollutants before access to
municipal wastewater network.

-

Draw attention to study the economic and environmental feasibility when applying EC units
for industries.

- Encouraging studies related to different and specific cases in Gaza, especially about finding
an affordable and sustainable energy sources to run such EC units as solar panel.
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