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Abstract

Numerous techniques such as physical, chemical, biological, and physicochemical methods were used for the treatment of
the aquatic system in order to remove various pollutants such as organics, inorganics, and heavy metals from domestic and
industrial effluents. The aim of the present study is to review the most practical wastewater treatment techniques such as the
chemical precipitation, ion exchange, adsorption, membrane filtration, and electrochemical methods which are used for heavy
metals removal. Many of published studies and dissertations were reviewed in this paper to evaluate the general specifications
of these processes and their advantages and disadvantages. The results revealed that electrochemical methods have a wide
attention among other techniques due to their capabilities of overcoming most of the problems that occur in the conventional
methods from the environmental and economic view.

Keywords: Water and wastewater treatment, Chemical precipitation, lon exchange,

Adsorption, Membrane filtration, Electrocoagulation.
Introduction:

The rapid development of industrial segments has led to a series of complex ecological contamination in the world [1].
The continuous use of water by industries and urban, produces wastewater effluents containing undesirable and sometimes
toxic pollutants which pose complex and extremely varied problems related to each particular situation [2]. Therefore,
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wastewaters should be treated before being discharged into the aquatic environments by using efficient trends of removing
heavy metals to protect people and the environment.

A huge amount of industrial wastewaters are discharged daily in the modern society [3;4] into environment system [5] as
a result of the continuous development and advancment in technologies which substantially caused the degradation of the
aquatic environment. Numerous types of wastewater which are directly or indirectly discharged into the aqueous
environment, such as landfill leachate, textile, restaurant, carwash, laundry, tannery, and industrial wastewater [2;6].

The pollutants in industrial wastewater are classified into two types, bio-degradable and non-degradable [7]. The former
type is represented by the domestic wastewater which is released in the residential area that is recognized as heavily
contaminated with various organic and inorganic pollutants [8]. The latter type of industrial wastewater contains several types
of toxic contaminants such as arsenic, pesticides, cyanides, and heavy metals. The increment of water usage leads to release
huge of wastewaters that added more of impurities into the aquatic system which must be treated by the treatment processes.
Several industries in Irag such as the chemical and petrochemical industries have consumed, in 2014 only, more than 44300
cubic meters of fresh water per day and have released more than 17500 cubic meters of wastewater per day [9] that contain
various kinds of organic and inorganic pollutants. The following table lists details of fresh water consumed and wastewaters
discharged from Iraqi industries according to the Central Statistical Organization (CSO) report for the year 2014.

Table 1. Daily amounts of fresh water used and wastewater released from Iragi industries in 2014 [9]

Type of industry Fresh water consumed wastewaters discharged
m®/day % m®/day %
Chemical and petrochemical 44338.1 434 17554.8 38.8
Engineering 20689.2 20.3 11534.5 255
Food and medication 3476.0 34 1611.5 3.6
Textile 4844.7 4.7 3388.0 7.5
Construction and industrial services 28743.7 28.2 11155.3 24.7
Mixed sector companies 0.0 0.0 0.0 0.0
Total 102100.6 100.0 45244.0 100.0

Heavy metals are highly electronegative elements [10] having atomic weights higher than that of Fe (55.8 g/mol)
[11] or a specific gravity greater than 5.0 [2;6], and their ions are toxic or poisonous at low concentration [12;13]. They are
non-biodegradable contaminants [11;14] which tend to accumulate in living organisms and are the most serious
environmental threats in recent years because of the wide applications of heavy metals and their components in processes
[6;15]. Heavy metals could be released from soils into the aquatic system when these soils are broken down because of acid
rain [16]. Table 2 shows the distribution of heavy metals in the industries effluents.
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Table 2. Toxic heavy metals in industrial wastewaters [4;10]

Heavy metals Manufacturing Industries
Copper Electrical, plating, rayon
Nickel Electroplating, iron, steel
Mercury Chlor-alkali, chemical, scientific instruments
Zinc Plating, Galvanizing, iron, steel
Arsenic Phosphate fertilizer, metal hardening, paints and textile
Cadmium Electroplating, phosphate fertilizer, pigments
Lead Battery, paints
Chromium Metal plating , tanning, rubber, photographic

Heavy metals and their components are usually presented in the aquatic system in trace amounts but many of these metals
are toxic and carcinogenic even in low concentrations [6;17]. The following table lists the concentration of toxic metals in

the discharged wastewater. While Table 4 explain the regulatory limits of these metals in water.

Table 3. Concentration limits of toxic metals in the discharged wastewater [18;19]

Toxic metals MCL (ppm)
Arsenic 0.050
Mercury 0.00003
Cadmium 0.010
Lead 0.0060
Chromium 0.050

Table 4. Regulatory limits in water of some of toxic metals [11;20]

Toxic metals EPA OSHA" WHO
Arsenic 0.01 ppm 10 microg/m?® 0.010 ppm
Mercury 0.02 microg/m?® 0.05-0.1 millig/m? 0.006 ppm
Cadmium 5.00 microg/m?® 5 microg/m?® 0.003 ppm
Lead 0.15 microg/m?® - 0.010 ppm
Chromium 0.15microg/m?3 - 0.050 ppm

“It is measured for an 8-hour workday, 40-hour workweek.

There are several techniques used for the treatment of wastewaters to remove heavy metals such as the chemical
precipitation, ion exchange, adsorption, membrane filtration, and electrochemical processes. All of these kinds of treatment
processes have advantages and disadvantages from the practical and economic insight.

2. Techniques for heavy metals removal
Heavy metals pose the greatest toxicity that causes serious damage to the ecosystem [21] and the purification of
wastewater from highly toxic contaminants had the most consideration in recent years. Therefore, effective methods are
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required to accomplish the removal of toxic elements such as Cadmium, Chromium, Lead, Mercury, and Arsenic. The
conventional techniques used for that purpose are described as follows.

2.1 Chemical precipitation

This is one of the widely used methods for the removal of heavy metals from the contaminated water and wastewaters
[2]. Its mechanism depends on the change in form of the ionic constituents of pollutants dissolved in wastewater into solid
particles by the addition of counter-ions to reduce the solubility [22]. There are several types of this process, and one or a

combination of these types may occur to complete the precipitation operation in a water environment.

Hydroxide precipitation is one of these types and most commonly used an alkaline agent to remove heavy metal ions
physically as hydroxide by sedimentation or filtration. The increment of pH of water or wastewater in the range of 8-10
causes the decreasing of solubility of various pollutant ions and thus sediments out the solvent because the enhancement of
nucleation rate in higher pH values which enhance the distribution of the resulting particle size . It's relative simplicity in
operation and low cost precipitant (such as lime which is more economical than other kinds of alkalis) make it more widely
used than other types of chemical precipitation. Whereas, in some cases of heavy metals treatment, 2-4 hours are needed to
complete the operation while it works slow and not complete for other metals removal especially mercury, cadmium, and
lead [23]. Moreover, such method is caused complex agents in wastewater then incomplete process and a large sludge
amounts as a secondary pollution is produced that may be reached 50% of the treated wastewater volume and then they will
be difficult to dewater due to the amorphous particle structure [22;24].

Other types of this technique used such as the carbonate precipitation and sulfide precipitation which are not different so
more than the hydroxide precipitation except the range of pH of the pretreated solution and the agents required to accomplish
the precipitation of the contaminant ions.

Practically, coagulation and flocculation processes often occur together and in cooperation or subsequent to the
precipitation operation to remove pollutants ions by converting them to an insoluble form [22]. Therefore, the consequence
of these serial operations involves the formation of a solid phase by precipitation, coagulation, where the containment is
trapped by the formation of a precipitate, and flocculation is the agglomeration of a coagulating chemical [25]. The following
equation explains the conceptual mechanism of heavy metal removal via chemical precipitation [18]:

M*2 + 2(OH) < M(OH)2 4 (1)

Where M?*, OH, and M(OH), represent the dissolved metal ions, the precipitant, and the insoluble metal hydroxide

respectively. The following figure shows a simple schematic of a chemical precipitation process.
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Fig. 1. Schematic of a conventional metals precipitation treatment process [18]

2.2 lon exchange

A conventional chemical process used for removing pollutants from wastewaters by the changing of the chemical form
of these pollutants through the attraction of soluble ions from the liquid phase to the solid phase which is held by mixed
anionic or cationic groups [24;25]. Therefore, the ion exchangers are classified into a cation exchanger when it possesses
cations such as hydrogen and sodium ions, and correspondingly anion exchanger is a type that involves anion exchange such
as hydroxyl and chloride ions [24]. The following reversible equations represent the major difference between this technique
and other adsorption phenomena [26]:

Cation exchange:

MA*+B*< MB*+ A* 2
Anion exchange:

M*A +B o M'B + A 3)

lon exchange technique, as is shown in Fig. 2, use organic ion exchange resins which are water-insoluble solid substances
and they can be distinguished into natural and synthetic resins (i.e., cationic, anion, and chelating exchange resins) that can
be easily regenerated using a regenerative solution such as NaOH after recovering and then it can be reused [18;27;28].

Usually, polymeric resins are employed such as zeolite, purolite, amberlite, etc. However, they are so complex and should
have several important properties to be efficient such as the particle size, moisture content, resin capacity and selectivity, and
distribution coefficient [26].

The ion exchange process has some advantages like the treating aqueous solutions with only low concentration of heavy
metals [28], and convenient operations. Otherwise, the drawbacks involve the onerousness in elution of toxic metals from the
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chelating ion exchangers [29], which are too expensive, inefficient to remove some metals such as cadmium from water
[30;31], highly sensitive to the value of solution pH [24], and inoperative of handling the concentrated metal solution [18].

CONTAMINATEL

WATER T
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EXCHANGE
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h
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Fig. 2. Schematic of ion exchange treatment process

2.3 Adsorption

Another highly effective physico-chemical treatment technique which is widely used to remove various kinds of
contaminants from pollutant water and wastewater is adsorption. The main principle of this method is the mass transfer of
ions from the liquid phase to the surface of the solid phase bounded by physical and/or chemical interactions [18;24].
Therefore, all of the adsorption methods are depending on solid-liquid equilibrium and on mass transfer which relies on the
diffusion of either intra-particle or film formation or both [19].

The adsorption process is classified into physical adsorption and chemical adsorption according to the kinds of the
intermolecular attractive forces, which caused precipitation of adsorbents from solution into the molecular scale pores. The
former type occur due to the forces of attraction which originated between the adsorbent and the adsorbate, i.e. belongs to
Van der Waals forces. Meanwhile the chemical adsorption, as otherwise known, the activated adsorption, involves a chemical
reaction between the adsorbent and the adsorbate. Therefore, new kinds of electron bonds are formed such as the covalent
and ionic bonds upon the strong interaction between the adsorbent and the adsorbate.

Generally, adsorption occurs in three serial steps starting from the transport of the contaminate from the solution to the
adsorbent surface the adsorption on that surface and finally transport within the adsorbent particle [18].

There are several types of sorbents that must possess a large surface area, micro-porous character and chemical nature of
their surface [32] (i.e., mineral, organic, or biological) such as the zeolites, industrial byproducts, agricultural waste, biomass,
and polymeric materials [19;24;33].

Bisorption uses the biomass adsorbents that are produced from the agriculture byproducts due to the involving of cellulose,
carbohydrate, silica, and lignin. This passive adsorption kind, which is fast and reversible, belongs to the rule of
physicochemical interaction effect, but the selectivity tends to be low. On the other hand, bioaccumulation adsorption kind
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parameters.
Table 5. The comparison between biosorption and bioaccumulation adsorption types [11]
Parameter Biosorption Bioaccumulation
Cost Usually low. Biomass can be obtained | Usually high. The process occurs in the
from industrial waste. Cost associated | presence of living cells that have to be
mostly with transportation and | supported.
production of biosorbent.
pH The solution pH strongly affects the | Significant change in pH can strongly affect
sorption capacity of heavy metals. | living cells.
However, the process can occur within
a wide pH range.
Selectivity Poor. However, this can be increased | Better than in the case of biosorption.

by modification/ biomass

transformation.

Rate of removal

Most mechanisms occur at a fast rate.

Slower rate than in the case of biosorption
because intercellular accumulation takes a long

time.

Regeneration
and reuse

Biosorbents can be regenerated and
reused in many cycles.

Reuse is limited due to intercellular

accumulation.

Recovery of
metals

With an adequate eluent the recovery
of heavy metals is possible.

Even if possible, biomass cannot be used for
other purposes.

Energy demand

Usually low.

Energy is required for cell growth.

Numerous low-cost adsorbents are investigated to remove heavy metals from wastewaters as shown in Fig. 3, such as the
aquatic plant [34], yeast [35], pomegranate pall [36], commercial powder activated carbon (CPAC) [32], sawdust [37],
granular activated carbon (GAC) [38], rice husk [39], peel sunflower [40], coconut activated carbon [41], date stone activated
carbon [42], beans pall [43], egg shell [44], olive leaves [45], palm tree waste [46], etc. In practical, these adsorbents should
have high selectivity to provide thermal and chemical stability, mechanical strength, fouling resistance, regeneration capacity,
and low solubility in the solution in contact [11;18;19].
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Low cost
Adsorbents

Fig. 3. Low-cost adsorbents and their corresponding ability of heavy metals removal [19].

The higher equality of activated carbon the greater consumption of the cost beside the addition of larger cost of chemical
and thermal regeneration of the spent carbon [41]. Moreover, low-cost adsorbents are usually not readily available and must
be cleaned and pretreated in order to eliminate the residue of pollutants present on the adsorbent's surface. Moreover, some
of these adsorbents are not ready to use in case of their nature form, therefore they need to be modified and enhanced to

change their original states to be active adsorbents.

2.4 Membrane filtration

This is a general term used to describe a number of different separation physicochemical processes, continuous and batch
modes [47-49] which are very modern innovation than thermal procedures [50] and more applicable to remove suspended
solid, organic compounds, and inorganic contaminants such as heavy metals [6;24].

There are numerous kinds of membrane filtration technique which are classified belongs to the size of particle that must
be retained [24;51] and they are used for the aquatic environment treatment processes such as Microfiltration (MIF),
Ultrafiltration (UF), Nano-filtration (NF), Reverse osmosis (RO), and Electrodialysis (ED) [20;52;53]. They are utilizing
with a high efficiency, easy operation, and space saving [6;14] and they could be run as pressure driven, concentration
gradients, or electrical potential gradients [48]. The following figure shows a general schematic of membrane filtration
technique.
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Fig. 4. Schematic of membrane filtration technique

Membranes are usually made of polymer, ceramic, or inorganic materials which consist of a lot of very small pores [51]
and have a molecular weight in the range of 100 to 1000 Dalton (e.g., 1 Da=1.66x10%* g or 1 g/mol) [48]. Therefore, a
membrane should be a semipermeable and dense barrier layer in the polymer matrix [24]. These membranes are manufactured
according to the type of filtration and then to the kind of contaminants as shown in Fig. 5.

Water Monovalent ions Multivalent ions Viruses Bacteria Suspended solids

\A

Microfiltration

Ultrafiltration %

AVARV AN

Nanofiltration

Fig. 5. Characteristics of membrane filtration processes [54]

Microfiltration method (MIF) is practically applied to remove microorganisms from water that is used in some medical
applications requirements [20].
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While Ultrafiltration process (UF) is working at low trans membrane pressure in which the membrane has a pore size
ranging (5-20nm) larger than the dissolved metal ions. It's metal removal efficiency achieves more than 90% if the range of
the metal concentration is 10 to 112 ppm at a pressure supplied (2-5 bar) and (5-9.5) of the pH value. Polymer-supported
ultrafiltration (PSUF) and the complexation-ultrafiltration (CUF) techniques are low energy demands and they have a higher
selectivity due to the use of selective binding [6;24;55] but the important threat is the generation of sludge [33].

Both Microfiltration and Ultrafiltration are low pressure membrane applications [49] which are characterized by their
ability to remove pollutants particles upon the size of the membrane pores [48], and they are traditionally applied together in
membrane bioreactor (MBR) [51].

Another conventional type of membrane filtration technique is reverse osmosis process (RO) [51;56;57]. It consists of a
semi-permeable membrane and uses high pressure to force a solution through the membrane that conserves the solute on one
side and the pure solvent will be passed into other side of the membrane [6;24;49]. Reverse osmasis efficiency depends on
several parameters such as the solute concentration, pressure supplied, and the rate of water flux [24;57].

The Nanofiltration (NF) process is utilized for the elimination of toxic metal from wastewater [14;48]. It is a reliable and
comparatively low energy consumption [6].

Many of the treatment systems use the Reverse osmosis and the Nanofiltration techniques to deal with each other in order
to treat the wastewater that containing toxic metals [6;14].

Electrodialysis (ED) is an electrochemical process using membrane filtration technique to eliminate heavy metals ions
from wastewaters across a selective charged membrane belongs to the driving force of the electrical field. The polyelectrolyte
membrane is classified into two types, cation exchange and anion exchange, that are inserted between anode and cathode
electrodes [6;48-50]. This technique is more effective than the reverse osmosis method, therefore, it is generally applied for
the desalination of industrial effluents that containing TDS which ranges 500 to 1500 ppm [50]. The main influential
parameter on its performance is the voltage applied [24].

Other types are employed the concept of membrane technique such as the forward osmosis (FO) that do not require high
pressure like reverse osmosis method [58]; and the phytofiltration process that dependent on employing the plant roots or
seedling pieces for hazardous metals removal from the aqueous wastes [53].

In general, the problematic points in many applications, which affects the efficiency of these methods, are the fouling,
membrane life, high initial and maintenance costs, and low flow rate of the treated solution [16]. Table (6) explains distinctly

the average membrane pore size of these techniques of membrane filtration processes.

Table 6. Membrane pore size characteristics

Membrane process average membrane pore size (nm)
Microfiltration (MIF) 200
Ultrafiltration (UF) 2-50
Nanofiltration (NF) <2
Reverse osmosis (RO) <1

www.bumej.com 10




Mesopotamia Environmental Journal
Mesop. environ. j. 2018, Special Issue E.;1-28

(proceeding of 2" International conference of science and Art —~University of Babylon and Liverpool John Moores University, UK).

ISSN 2410-2598

Photocatalytic reduction-oxidation (PCR or PCO) is also used for destruction of pollutants in wastewaters which is
induced by the consumption of cheap photons from the UV light and sensitized by a semiconductor photo catalyst such as

TiO3 to convert the metal ions into metal oxides [17;18;59] as is shown in the following figure.

hv

€

\ 0, —— -OH

—H,0

-
L —

Photocatalyst

o

Band gap \

Fig. 6. Mechanism of photocatalytic process acting on the semiconductor photocatalyst [60]
The main advantages and drawbacks of the previous treatment techniques could be summarized in the following table.

Table 7. The main advantages and drawbacks of the previous treatment techniques of heavy metal in wastewaters

Treatment method Advantages Drawbacks
Chemical precipitation | e Low capital cost « Additional operational cost to
o Simple operation disposal the huge sludge
lon exchange o Treating wastewaters with low e Difficult in elution of toxic metals
concentration of heavy metals from the chelating type
o Convenient operations * T0O expensive
e Highly sensitive to pH value of
solution
Adsorption ¢ Easy operating conditions o Low selectivity

o Applicable for wide range of the pH o Generation of waste products
¢ High metal binding capabilities

Membrane filtration o Small space requirement ¢ High operational cost due to
o High selectivity membrane fouling

Photoctatlysis o Removal of metals and organic e Long duration time
pollutant simultaneously e Limited applications

e Less harmful by-products

2.5 Electrochemical technique
This is another aquatic treatment technique that has the successive ability to remove various kinds of contaminants from

wastewaters such as toxic metal ions, organics, and inorganics [61-63]. This method is more reliable and economical when
compared to other treatments techniques [64] due to its capability to make several contributions to ecological treatment,

recycling, and monitoring [63;65]. The schematic of electrochemical cell is shown in the following figure.
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Fig. 7. Schematic of electrochemical cell

During the last two decades [66], electrochemical technologies have been developed in water and wastewater treatment
with higher efficiency than other conventional methods due to their eco-friendliness by controlling pollution [12], versatility
through the ability to treat a variety of pollutants via redox reactions [14], energy efficiency due to the minimizing of non-
homogeneously in current applied distribution then the voltage drop [63;67], safety, selectivity, and cost effectiveness
[14.66;68].

Moreover, electrochemical technologies are simple, easily operable, and the treated wastewater is potable, colorless, and
odorless with low sludge production without the generation of secondary pollution [2]. Besides, they are smaller systems
which allow controlled and rapid reactions [68] depending only on the releasing ions formed "nascent"” colloids in much more
controlled way without using any chemical or microorganisms that may prove the simplicity of electrochemical unit design
without solution dosing [61;68]. There are still few drawbacks which may limit their application such as short lifetime of
electrodes materials and low current efficiency [63].

The main and important parameter of all electrochemical technologies performance is the current density supplied which
it is more effective variable to control the rate of reaction in the electrochemical reactor. Electrochemical technique involves
electro-oxidation, electrochemical reduction, electro-flotation, and electrocoagulation.

2.4 Electrocoagulation method

Electrocoagulation term is involved in a couple of procedures, electricity and chemical coagulating [61], which used to
produce a clean electrochemical technique with various application of treating water and wastewater without the generation
of second pollution [69;70].

It is a simple method and fast, unlike biological treatment methods which required a specific condition to generate
coagulants then the inapplicability of dealing with high toxicity components [2;62], therefore, and for that challenge, among
the different methods of wastewater treatment, electrocoagulation technique has the capability to overcomes this problems
due to various reasons such as ecological compatibility, ingrained safety, energy, and cost efficiency [71].
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Electrocoagulation is derived from the coagulation-flocculation process in the theory of the destabilizing negative
colloidal particles via the addition of some metal salts such as alum (Alx(SOs)s3), ferrous sulfate (FeSO.), and ferric chloride
(FeCls) [62;72] where these colloidal particles will be surrounded by the electrical double layer compressed by the positive
charge of cations [30;47]. But, the extra development of this electrochemical technique is the production of the coagulating
agents which occurs in situ and belongs to the process of electro-oxidation at the anode electrode [3;30] and depending on
the hypothesis that states: "the pollutants present in the wastewater are maintained in a solution by electrical charges"[2].
Moreover, hydrogen gas is released from cathode electrode to assist the natural buoyancy of the flocculated particles to the
surface of the treated wastewater [62;71;73] by another benefit process called electrofloatation [74] which is combined with
electrocoagulation process for contaminants removal.

Fundamentally, the main responsible effect of the electrocoagulation performance is the production of flocs Al,(OH); as
a result of the electrodeposition of aluminum ions from both of electrodes [75] depending on the time and applied current
which measure the generation of coagulants, and the rate and size of bubbles released, and hence influence the evolution of
flocs [3]. Therefore, it uses electricity to control the destabilization mechanism according to the following summary [2;30]
and Fig. 8:

¢ Due to the current supplied to the electrocoagulation cell, the interactions of ions released by oxidation of the artificial
anode compresses the diffusion double layer around the charged particles.

- At the anode electrode with metal M:

M) 2 M™(aq) + Ne° 4)

2H,0 > O, + 4H* + 4e ®)
- At the cathode electrode:

2H,0 + 2¢e > H2(g) + ZOH_(aq) (6)

e lonic species presented in wastewater are neutralized by the counter ions produced via the electrochemical dissolution
of the artificial anode which leads, this charge neutralization issue, to enhance the Van der Waals attraction force and
minimize the electrostatic inter-particle repulsion then zero net charge result and coagulation process occurs.

M* g + ne” > M) O

e Consequently, the flocs formed create a sludge blanket of colloidal particles. These flocs are relatively larger, heavier,
and contain less bound water then precipitate out easily better than in traditional chemical precipitation method [2].
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Fig. 8. General schematic of electrocoagulation technique [76]

Iron and aluminum materials are mostly used for electrodes due to their availability and relatively low cost [3;74] but, the
electrochemical of dissolution of iron anode is more complex owing two oxidation states of iron species Fe*? (Ferrous) and
Fe*3 (Ferric) as explained clearly in the following equations [71]:

Fe > Fe*2+ 2e° 8
4Fe*2 + O, + 4H* > 4Fe* + 2H,0 ©)
Fe* + 3H,0 > Fe(OH)3 + 3H" (10)

The electrodeposition of aluminum in the electrocoagulation cell is the main reason for the electrodes consumption along
the duration of the experiments done [77].

Despite the mechanisms of electrocoagulation included, they are not yet clearly understood [2] but, in general, the
electrocoagulation method involves two essential processes, the first one is the electrodeposition of aluminum electrodes and
formation of flocs due to the polymerization of aluminum oxy-hydroxides as shown in the following equations:

2A1 > 2A1*3+ e (11)

Al*® +30H & AI(OH)3 (12)
While the second essential process is the simultaneous production of hydrogen at the cathode electrode [76] as shown in
equation (6).

Different hydroxo-complexes including monomers and polymers will be formed such as AI(OH)*2, AI(OH)2*, Al2(OH)2*,
Als(OH)15*3, Al7(OH)17*, Alg(OH)20"7, Al1304(OH)24"7, and Al13(OH)34*® which have high affinity for dispersed particles as
well as counter ions to produce very effective coagulating agents [47;73].
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n Al(OH)s = Aln(OH)sn (13)

Therefore, the electrocoagulation method could be considered as an autocoagulating or electrocatalysis method without
further addendum of chemicals then less amount of sludge produced if compared with other conventional techniques [2].

Various researchers have used the electrocoagulation method in their studies for several pollutants removal such as heavy
metals [47;65;71;73], paint [70;74], detergents [62]; TDS [78], COD and TSS [31], etc.

Conclusions

The rapid development in the countries of the world with regard to the establishment of factories of various kinds as well as
the expansion of cities has caused many environmental problems and the most important problem of water pollution because
of the disposal of these facilities as wastewater. The present research has reviewed some of the specifications of these polluted
water as well as the most important pollutants that contain it. Among these pollutants are toxic metals, which have a
significant impact on the aquatic environment and therefore the health and safety of the human as well as the economic
aspects associated with it. Thus, the methods of wastewater treatment that have been widely used have been presented. It has
been shown that the electrochemical methods of treatment are characterized by their very practical nature and the low
generation of new pollutants unlike others. The results found that electrochemical methods have a wide attention among other
techniques of wastewater treatment due to their capabilities of overcoming most of the problems that occur in the conventional
methods from the environmental and economic view. The main and important parameter of all electrochemical technologies
performance is the current density supplied which it is more effective variable to control the rate of reaction in the
electrochemical reactor. Electrochemical technique involves electro-oxidation, electrochemical reduction, electro-flotation,
and electrocoagulation. Electrocoagulation is a simple method and fast, unlike biological treatment methods which required
a specific condition to generate coagulants then the inapplicability of dealing with high toxicity components

References

[1] Santos, 1., O.; Santos, I. C. A.; Pontual, L. V., Monteiro, L. P. C.; and Mainier, F. B., Electrolytic Cobalt Removal in Wastewater,
Journal of Environmental Protection, VVol. 7, PP. 728-733. 2016.

[2] Bazrafshan, E.; Mohammadi, L.; Moghaddam, A. A.; and Mahvi, A. H., Heavy metals removal from aqueous
environments by electrocoagulation process— a systematic review, Journal of Environmental Health Science &
Engineering, Vol. 13, No. 74, PP. 1-16. 2015.

[3] Adeogun, A. 1., and Balakrishnan, R. B., Electrocoagulation Removal of Anthraquinone Dye Alizarin Red S from Aqueous
Solution Using Aluminum Electrodes: Kinetics, Isothermal and Thermodynamics Studies, J. Electrochem. Sci. Eng., Vol.
6, No. 2, PP. 199-213. 2016.

[4] UNEP, Heavy Metals in Waste, European Commission DG ENV. E3. 2002.

[5] Tran, T. K., Leu, H. J.; Chiu, K. F., and Lin, C. Y.; Electrochemical Treatment for Wastewater Contained Heavy Metal
the Removing of the COD and Heavy Metal lons, International Journal of Engineering Research & Science, Vol. 1, No.
9, PP. 96-101. 2015.

[6] Fu, F., and Wang, Q., Removal of heavy metal ions from wastewaters: A review, Journal of Environmental Management,
Vol. 92, PP. 407-418. 2011.

[7] Hassan, F. M., AL-Baidhani, A. N. A. R, and Al-Khalidi, S. H. H., Bioadsorption of Heavy Metals From Industrial
Wastewater Using Some Species of Bacteria, Baghdad Science Journal, Vol. 13, No. 3, PP. 435-448. 2016.

www.bumej.com 15




Mesopotamia Environmental Journal

Mesop. environ. j. 2018, Special Issue E.;1-28
(proceeding of 2" International conference of science and Art —~University of Babylon and Liverpool John Moores University, UK).

ISSN 2410-2598

[8] Al-Mayah, W. T. J., Effect of Domestic Sewage on Water Quality of Al-Gharraf River in AlHaay City, M.Sc. thesis of
Ecology and Pollution, University of Baghdad. 2013.

[9] Central Statistical Organization (CSO)- Planning Ministry, Environmental statistics for Iraq in 2014 report, PP. 189. 2015.

[10] Agarwal, S.K., Heavy metal pollution, 15t APH publishing corporation. 2009.

[11] Coelho, L. M., Rezende, H. C., Coelho, L. M., Sousa, P. A.R., Melo, D. F.O., and Coelho, N. M. M., , Advances in
Bioremediation of Wastewater and Polluted Soil Bioremediation of Polluted Waters Using Microorganisms, 1% edition
Naofumi Shiomi publication. 2015.

[12] Al-Shalchi, T. K., Removal of cadmium from simulated wastewaters by electro-deposition on stainless steel tubes
bundle, Ph.D. in Environmental Engineering. 2010.

[13] Lissy, A. M., and Madhu, G., Removal of Heavy Metals from Waste Water Using Water Hyacinth, ACEEE Int. J. on
Transportation and Urban Development, Vol. 1, No. 1, PP. 48-52. 2011.

[14] Salman, A. B., Removal of Cadmium from Wastewater by ElectroDeposition on Stainless Steel Concentric Tubes
Bundle, Ph.D. in chemical Engineering. 2014.

[15] Issabayeva, G., Aroua, M. K., and Sulaiman, N. M., Electrodeposition of copper and lead on palm shell activated carbon
in a flow-through electrolytic cell, Desalination , VVol. 194, PP. 192-201. 2006.

[16] Abas, S. N. A., Ismail, M. H. S., Kamal, M. L., and Izhar, S., Adsorption Process of Heavy Metals by Low-Cost
Adsorbent: A Review, World Applied Sciences Journal, Vol. 28, No. 11, PP. 1518-1530. 2013.

[17] Bharti, P. K., Heavy Metals In Environment, 1% edition, Lambert Academic Publishing, Germany. 2012.

[18] Barakat, M.A., New trends in removing heavy metals from industrial wastewater, Arabian Journal of Chemistry, Vol. 4,
PP. 361-377. 2011.

[19] Tripathi, A., and Ranjan, M. R., Heavy Metal Removal from Wastewater Using Low Cost Adsorbents, Bioremediation
and Biodegradation J., Vol. 6, No. 6, PP. 1-5. 2015.

[20] World Health Organization (WHO), Guidelines for Drinking-water Quality, Report: 4th edition, WHO Press. 2011.

[21] Ali, A., Shah, Z., Hussain, A., I1zhar, S., Nasrullah, Ali, M., and Abbas, A., Removal of Heavy Metals (Cr, Cd, Ni and
Pb) Using Fresh Water Algae (Utricularia Tenuissima, Utricularia Tenuis and Zygogonium Ericetorum) from
Contaminated Water, Journal of Biodiversity and Environmental Sciences, Vol. 6, No. 5, PP. 358-366. 2015.

[22] Wang, L. K., Hung, Y.T., and Shammas, N. K., Handbook of Environmental Engineering: Physicochemical Treatment
Processes, 1 edition, The Humana Press Inc., Totowa, NJ. 2005.

[23] Peters, R. W. and Ku, Y. , Evaluation of recent treatment techniques for removal of heavy metals from industrial
wastewaters, AIChE SYMPOSIUM SERIES, Vol. 81, No. 243, PP. 168-203. 1985.

[24] Gunatilake, S.K., Methods of Removing Heavy Metals from Industrial Wastewater, Journal of Multidisciplinary
Engineering Science Studies, Vol. 1, No. 1, PP. 12-18. 2015.

[25] Cheremisinoff, N. P., Biotechnology for waste and wastewater treatment, 1st edition, NOYES PUBLICATIONS, USA.
1996.

[26] Mohammed, A. A., Mahmood, H. S., Removal of Cu2+, Pb2+, And Ni2+ lons From Simulated Waste Water By lon
Exchange Method On Zeolite And Purolite C105 Resin, Journal of Engineering, VVol. 19, No. 10, PP. 1328-1340. 2013.

[27] Salih, W. M., Alnasri, S. K., and Al Abdalaali, A. A., Removal of Boron from Simulated Iragi Surface Water by
Electrocoagulation Method, Journal of Engineering, VVol. 18, No. 11, PP. 1266-1284. 2012.

www.bumej.com 16




Mesopotamia Environmental Journal

Mesop. environ. j. 2018, Special Issue E.;1-28
(proceeding of 2" International conference of science and Art —~University of Babylon and Liverpool John Moores University, UK).

ISSN 2410-2598

[28] Gaikwad, R. W., Sapkal, V. S., and sapkal, R. S., lon exchange system design for removal of heavy metals from acid
mine drainage wastewater, Acta Montanistica Slovaca, Vol. 15, No. 4, PP. 289-304. 2010.

[29] Ferreira, B. K., Electrochemical reactors for PGM recovery, M.Sc. thesis, University of the Witwatersrand. 2004.

[30] Brahmi, K., Bouguerra, W., Hamrouni, B., Elaloui, E., Loungou M., and Tlili, Z., Investigation of electrocoagulation
reactor design parameters effect on the removal of cadmium from synthetic and phosphate industrial wastewater, Arabian
Journal of Chemistry, http://dx.doi.org/10.1016/j.arabjc.2014.12.012, PP. 1-12. 2015.

[31] Ghanim, A.N., Optimization of Pollutants Removal from Textile Wastewater by Electrocoagulation through RSM,
Journal of Babylon University/Engineering Sciences, Vol. 22, No. 2, PP. 375-387. 2014.

[32] Al-Jiboury, K. F.C., Study the Adsorption Phenomena of Phenol from Industrial Wastewater Using Commercial
Powdered Activated Carbon by using Isotherm Models, Eng. & Tech. Journal, Vol. 28, No. 6, PP. 1186-1195. 2010.
[33] Joshi, N. C., Heavy metals, conventional methods for heavy metal removal, biosorption and the development of low cost

adsorbent, European Journal of Pharmaceutical and Medical Research, Vol. 4, No. 2, PP. 388-393. 2017.

[34] Salman, M. S., The Equilibrium Isotherm Removal OF Chromium From Waste Water By Aquatic Plants Using Batch
Process Adsorption, Ibn Al- Haitham J. for pure & appl. Sci, Vol. 22, No. 3, PP. 1-7. 2009.

[35] Sulaymon, A. H., Ebrahim, S. E., Al — Musawi, T. J., and Abdullah, S. M., Removal of Lead, Cadmium, and Mercury
lons Using Biosorption, Iragi Journal of Chemical and Petroleum Engineering, Vol. 11, No. 2, PP. 1-13. 2010.

[36] Nehaba, S. S., Synthetic Textile Red Dye Removal From Aqueous Solution by Adsorption onto Pomegranate Peel,
Journal of Babylon University/Engineering Sciences, Vol. 25, No. 4, PP. 1439-1447. 2017.

[37] Majeed, N. S., Removal Of Chromium(Vi) From Aqueous Solutions Using Sawdust As Adsorbent, Journal of
Engineering, Vol. 17, No. 5, PP. 1132-1142. 2011.

[38] Salman, M. S., Abood, W. M., Ali, D. F., Batch and Fixed-Bed Modeling of Adsorption Reactive Remazol Yellow Dye
onto Granular Activated Carbon, Journal of Engineering, Vol. 20, No.8, PP. 156-176. 2014.

[39] Mohammed, L. A., Batch adsorption technique for the removal of Reactive Black 5 dye from industrial waste water by
using rice husks as adsorbent, Qadisiyah Journal Of Pure Science, Vol. 20, No.1, PP. 132-147. 2017.

[40] Najim, F. T., and Ramadhan, A. E., Equilibrium and Isothermstudy on chromium (V1) removal from simulated waste
water using peel sunflower as adsorbent, University of Iraq Journal, Vol. 3, No. 36, PP. 616-631. 2016.

[41] Sulaymon, A. H., Abid, B. A., and Al Najar, J. A., Removal of Lead and Copper lons onto Granular Activated Carbon
in Batch and Fixed Bed A Dsorber, Eng. & Tech. Journal, Vol. 27, No. 12,PP. 2336-2351. 2009.

[42] Jassem, M. S., Abdulkarim, M, S., and Firyal, M. A., Batch Adsorption Study of Methylene Blue Dye onto Date Stone
Activated Carbon, Al-Mustansiriyah J. Sci, Vol. 22, No. 6, PP. 385-394. 2011.

[43] Habib, H. A., Removal of Pb(Il) ions by adsorption from aqueous solutions using beans peel powder as a new adsorbent ,
journal of al-gadisiyah for pure science, Vol. 19, No. 2, PP. 1-9. 2014.

[44] Ali, Z. T., Ibrahim, M. A., and Madhloom, H. M., Eggshell Powder as An Adsorbent for Removal of Cu (II) and Cd (1)
from Aqueous Solution: Equilibrium, Kinetic and Thermodynamic Studies, Al-Nahrain University, College of
Engineering Journal, Vol. 19, No. 2, PP. 186-193. 2016.

[45] Abdul Kareem, M. B., Adsorption of Chrome Cr (V1) from Aqueous Solution by Olive Leaves Powder, Iragi Journal of
Biotechnology, Vol. 15, No. 3, PP. 96-108. 2016.

[46] Ahmed, L. A., Removal of Heavy Metals from Waste Water By Date Palm Tree Wastes, Eng. &Tech. Journal, Vol. 28,
No. 1, PP. 119-126. 2010.

www.bumej.com 17



http://dx.doi.org/10.1016/j.arabjc.2014.12.012
https://www.iasj.net/iasj?func=issues&jId=139&uiLanguage=en

Mesopotamia Environmental Journal

Mesop. environ. j. 2018, Special Issue E.;1-28
(proceeding of 2" International conference of science and Art —~University of Babylon and Liverpool John Moores University, UK).

ISSN 2410-2598

[47] Lekhlif, B., Oudrhiri, L., Zidane, F., Drogui, P., and Blais, J.F., Study of the electrocoagulation of electroplating industry
wastewaters charged by nickel (I1) and chromium (V1), J. Mater. Environ. Sci, Vol. 5, No. 1, PP. 111-120. 2014.

[48] Tansel, B., New Technologies for Water and Wastewater Treatment: A Survey of Recent Patents, Recent Patents on
Chemical Engineering, Vol. 1, No. 1, PP. 17-26. 2008.

[49] Schlosser, S., Engineering Aspects of Food Biotechnology: Membrane filtration, 1%t edition, CRC Press. 2014.

[50] Abdul Majeed, B. A. and Zubaidy, M. A., Performance Study of Electrodialysis for Treatment Fuel Washing Wastewater,
Iragi Journal of Chemical and Petroleum Engineering, VVol. 17, No.4, PP. 35-42. 2016.

[51] Yang, J., Membrane bioreactor for wastewater treatment , 1% edition ,bookboon Ltd. 2013.

[52] Al Ani, F. H., Alaa Al Fatlawi, H., and Taher, G. A., Removal Lead and Cadmium lons in Industrial Wastewater Using
Graphene Nano Sheets, Eng. & Tech. Journal, VVol. 34, No. 9A, PP. 1903-1914. 2016.

[53] Gupta, A., Joia, J., Sood, A., Sood, R., Sidhu, C., and Kaur, G., Microbes as Potential Tool for Remediation of Heavy
Metals: A Review, Journal of Microbial and Biochemical Technology, Vol. 8, No. 4, PP. 364-372. 2016.

[54] Palit, S., Nanofiltration of oil spills : a far-reaching review and a deep comprehension, Journal of Environmental
Research And Development, Vol. 9, No. 4, PP. 1-13. 2015.

[55] Kabdas, 1., Arslan, T., Olmez-Hanc T., Arslan-Alaton, 1., and Tiinay, O., Complexing agent and heavy metal removals
from metal plating effluent by electrocoagulation with stainless steel electrodes, Journal of Hazardous Materials, Vol.
165, PP. 838-845. 20009.

[56] Al-Rekabi, W. S., Qiang, H., and Qiang, W. W., Improvements in Wastewater Treatment Technology, Pakistan Journal
of Nutrition, Vol. 6, No. 2, PP. 104-110. 2007.

[57] Moura, R. C. A., Bertuo, D. A., Ferreira, C. A., and Amado, F. D. R., Study of Chromium Removal by the Electrodialysis
of Tannery and Metal-Finishing Effluents, International Journal of Chemical Engineering, ID 179312, PP. 1-7. 2012.
[58] Mohammed, A. A., Alsalhy, Q. F., Ahmed, S. H., Separation of Lead (Pb?*) and Cadmium (Cd?*) from Single and

Binary Salt Aqueous Solutions Using Nanofiltration Membranes, Journal of Engineering, VVol. 22, No. 4, PP. 50-67. 2016.

[59] Wahyuni, E. T., Aprilita, N. H., Hatimah, H., Wulandari, A. M., and Mudasir, M., Removal of Toxic Metal lons in
Water by Photocatalytic Method, American Chemical Science Journal, VVol. 5, No. 2, PP. 194-201. 2015.

[60] Wang, J., and Jin, L., Advanced Oxidation Processes for Wastewater Treatment: Formation of Hydroxyl Radical and
Application, Critical Reviews in Environmental Science and Technology, Vol. 42, PP. 251-325. 2012.

[61] Fekete, E., Lengyel, B., Cserfalvi, T., and Pajkossy, T., Electrocoagulation: an electrochemical process for water clarification,
J. Electrochem. Sci. Eng., Vol. 6, No. 1, PP. 57-65. 2016.

[62] Riyanto, and Hidayatillah, A., Electrocoagulation of Detergent Wastewater Using Aluminium Wire Netting Electrode
(awne),Proceeding of International Conference On Research, Implementation And Education of Mathematics And
Sciences 2014, PP. 151-158. 2014.

[63] Walsh, F. C., Electrochemical technology for environmental treatment and clean energy conversion, Pure Appl. Chem.,
Vol. 73, No. 12, PP. 1819-1837. 2001.

[64] Olutoye, M. A., and Alhamdu, J. A., 2014, Electrochemical Separation of Metal Silver from Industrial Wastewater,
Advances in Chemical Engineering and Science, Vol. 4, PP. 396-400.

[65] Un, U. T., and Ocal, S. E., Removal of Heavy Metals (Cd, Cu, Ni) by Electrocoagulation, International Journal of
Environmental Science and Development, VVol. 6, No. 6, PP. 425-429. 2015.

www.bumej.com 18




Mesopotamia Environmental Journal

Mesop. environ. j. 2018, Special Issue E.;1-28
(proceeding of 2" International conference of science and Art —~University of Babylon and Liverpool John Moores University, UK).

ISSN 2410-2598

[66] Zhang, C., Jiang, Y., Li, Y., Hu, Z., Zhou, L., and Zhou, M., Three-dimensional electrochemical process for wastewater
treatment; A general review, Chemical Engineering Journal, Vol. 228, PP. 455-467. 2013.

[67] Kabdasl, 1., Arslan-Alaton, I. , Olmez-Hanc, T., and Tiinay, O., Electrocoagulation applications for industrial
wastewaters: a critical review,Journal of Environmental Technology Reviews, Vol. 1, No. 1, PP. 2-45. 2012.

[68] Al Aji, B, Yavuz, Y., and Koparal, A. S., Electrocoagulation of Heavy Metals Containing Model Wastewater Using
Monopolar Iron Electrodes, Journal of Separation and Purification Technology, Vol. 86, PP. 248-254. 2012.

[69] Assadi, A., Emamjomeh, M. M., Ghasemi, M., and Fazli, M. M., Efficiency of electrocoagulation process for lead
removal from wastewater, Journal of Qazvin University of Medical Sciences, Vol. 18, No. 6, PP. 18-23. 2015.

[70] Rani, K., and Elango, D., A quantitative comparison between electro coagulation and chemical dosing,International
Journal of Civil Engineering and Technology, Vol. 5, No. 3, PP. 245-251. 2014.

[71] Abdul Rehman, Kimb, M., Reverberic, A., and Fabiano, B., Operational Parameter Influence on Heavy Metal Removal
from Metal Plating Wastewater by Electrocoagulation Process, Chemical Engineering Transactions, Vol. 43, PP. 2251-
2256. 2015.

[72] Al-Annaz, L. A., Removal of Sulfate lon Pollutant from Simulated Ground Water Using Electrocoagulation Technique,
PhD thesis , University of Baghdad. 2014.

[73] Bayar, S., Yilmaz, A. E., Boncukcuoglu, R., Fil, B. A., and Kocakerim, M. M., Effects of operational parameters on
cadmium removal from aqueous solutions by electrochemical coagulation, Desalination and Water Treatment, VVol. 51,
PP. 2635-2643. 2013.

[74] Attia, H. G., Decolorization of direct blue dye by electrocoagulation process, Journal of Engineering and Development,
Vol. 17, No. 1, PP. 171-181. 2013.

[75] AlMureeb, M., Removal Of Lead From Simulated Wastewater By Electrocoagulation Method, MSc thesis , University
of Baghdad. 2004.

[76] An, C., Huang, G., Yao, Y., and Zhao, S., Emerging usage of electrocoagulation technology for oil removal from
wastewater: A review, Science of The Total Environment J., Vol. 579, PP. 537-556. 2017.

[77] Martinez, J.F.,Villafafie C. M., and Ocampo, A.M.,Energy and electrode consumption analysis of electrocoagulation for
the removal of arsenic from underground water, Journal of Hazardous Materials, Vol. 172, No. 2-3, PP. 1617-1622. 2009.

[78] Abdul-Bagi, M. A., and Thamir, A., Removal of TDS from Water Using Electrocoagulation, Journal of Al-Rafidain
Engineering, Vol. 23, No. 4, PP. 85-97. 2015.

[79] Abbas, A. D., Influence of Operating Conditions on Adsorption of Lead (II)lons From Contaminated Water Using
Different Adsorbents, Eng. & Tech. Journal, Vol. 30, No. 6, PP. 991-1000. 2012.

[80] Abbas, A. M., Mohammed, Y. 1., and Himdan, T. A., Adsorption Kinetic and Thermodynamic Study of Congo Red
Dye on Synthetic Zeolite and Modified Synthetic Zeolite, Ibn Al-Haitham J. for Pure & Appl. Sci., Vol. 28, No. 1, PP.
54-72. 2015.

[81] Abdallah, K. J., and Abdulhay, H. S., The Adsorption of Cadmium and Lead lons from Aqueous Solutions Using Non-
Living Biomass of Phragmites Australis, Iraqi Journal of Science, Vol. 58, No. 1C, PP. 427-434. 2017.

[82] Abdel-Salam, O. E., Ismail, I. M., Soliman, A., Afify, A. A., Aly, H. M., Removal of Lead from Industrial Wastewater
Using Flow-by-Porous Electrode, Portugaliae Electrochimica Acta, Vol. 32, No. 1, PP. 65-75. 2014,

[83] Abdul-Hameed, H. M., Adsorption of Cd(Il) and Pb(ll) lons from Aqueous Solution by Activated Carbon, Al-
Khwarizmi Engineering Journal, Vol. 5, No. 4, PP. 13-17. 2009.

www.bumej.com 19



http://journal.qums.ac.ir/index.php?slc_lang=en&sid=1
http://www.sciencedirect.com/science/article/pii/S0048969716325013%23!
http://www.sciencedirect.com/science/article/pii/S0048969716325013%23!
http://www.sciencedirect.com/science/article/pii/S0048969716325013%23!
http://www.sciencedirect.com/science/article/pii/S0048969716325013%23!
http://www.sciencedirect.com/science/journal/00489697
http://www.sciencedirect.com/science/article/pii/S0304389409013156%23!
http://www.sciencedirect.com/science/article/pii/S0304389409013156%23!
http://www.sciencedirect.com/science/article/pii/S0304389409013156%23!
http://www.sciencedirect.com/science/journal/03043894

Mesopotamia Environmental Journal

Mesop. environ. j. 2018, Special Issue E.;1-28
(proceeding of 2" International conference of science and Art —~University of Babylon and Liverpool John Moores University, UK).

ISSN 2410-2598

[84] Abdulhussain, I. A., Zahei, A. O., and Dakhil, R. M., Determination of Heavy Metals Concentrations in Drinking Water
from Different Sources of Basrah City, Kufa Journal of engineering, Vol. 3, No. 1,PP. 49-61. 2011.

[85] Abdul-Jabbar, A. H., Removal Kinetic of Fine Lead Particles from Wastewater of Battery Manufacturing Plants, J. of
University of Anbar for pure science, Vol. 3, No. 2, PP. 1-8. 2009.

[86] Abdulla, F. H., Removal of Chromium (111) lons from its Aqueous Solution on Adsorbent Surfaces: Charcoal, Attapulgite
and Date Palm Leaflet Powder, Iragi Journal of Science, Vol. 55, No. 4A, PP. 1415-1430. 2014.

[87] Abdullah, A., Adsorption Isotherm of Some Triazoles as Corrosion Inhibitors of Mild Steel in Acids, AL-Fatih J., Vol.
32, PP. 1-10. 2008.

[88] Abed, E. M., Faisal, L. M. and Swadi, Y. T., Removal of Cadmium lons from Wastewater by Batch Experiments, Iraqi
Journal of Chemical and Petroleum Engineering, Vol. 17, No. 3, PP. 101-108. 2016.

[89] Akkar, S. A., Removal of Hexavalent Chromium from Aqueous Solutions by Adsorption on Thermally Modified and
Non-Modified Eggshells, Journal of Engineering, Vol. 19, No. 12, PP. 1661-1672. 2013.

[90] Al- Abachi, M. Q., Al- Awady, N. S., and Al-Anbakey, A. M., Evaluation of Poly Acrylic Acid(PAA) Hydrogel Beads
as Adsorbent for the Removal of Lead(ll)ion from Water, Journal of Al-Nahrain University, Vol. 16, No. 3, PP. 30-39.
2013.

[91] Alali, M. 1., Performance Evaluation of Electrocoagulation Technique for Removing Groundwater Hardness of Tikrit
University, Eng. & Tech. Journal, Vol. 30, No. 18, PP. 3268-3279. 2012.

[92] Al-alwani, H. A. J., Phytoextraction of Lead lons by Eclipta Alba Plant From Industrial Waste Water, M.SC. in
Biotechnology, University of Baghdad. 2015.

[93] Al-Esawee, S. R. M., The Influence of Industrial Water on Euphrates Water Qualityat Al-Amiriyah Shire, Iragi Journal
of Desert Studies, Vol. 2, No. 1, PP. 1-6. 20009.

[94] Algureiri, A. H. and Abdulmajeed, Y. R., Removal of Heavy Metals from Industrial Wastewater by Using RO
Membrane, Iragi Journal of Chemical and Petroleum Engineering, Vol. 17, No. 4, PP. 125-136. 2016.

[95] Al-Haidari, A. M., Al-Taweel, S. S. J., and Jassim, L. S., A study of Adsorption of Lead (II) and Chromium (I11) lons
from Aqueous Solution on Local Chaff, Journal of Al-Qadisiyah for Pure Science, Vol. 17, No. 3, PP. 104-114. 2012.
[96] Al-Hashimi, M. A. I., and Jabir, B. A., Biosorption of Dissolved pb(ii) in Dilute Aqueous Solutions by Using Agro-

Waste Products, Journal of Engineering, Vol. 14, No. 1, PP. 2257-2273. 2008.

[97] Al-Hashimi, M. A., Water Purification by Electrocagulation Process, Journal of Engineering, Vol. 14, No. 2, PP. 2623-
2639. 2008.

[98] Al-Hiyaly, S.A.K., Evaluation of Heavy Metals Content in Local and Imported Bottled Drinking Water, Eng. &Tech.
Journal, Vol. 32, No. 13A, PP. 3086-3092. 2014.

[99] Ali, A. H., Abdul Razaq, Z., and Hamaadi, N. J., Removal of Reactive Black Dye Rb-5 from -Synthetic Wastewater by
Electrocoagulation Technique, Journal of Engineering and Sustainable Development, Vol. 20, No. 6, PP. 40-54. 2016.
[100] Ali, I. H., A Study of Adsorption of Dazomet from Aqueous Solution on Kaolin, Journal of Al-Nahrain University,

Vol. 12, No. 1, PP. 38-43. 20009.

[101] Ali, S. M., Khalid, A. R., Majid, R.M., The Removal of Zinc, Chromium and Nickel from Industrial Waste Water
Using Corn Cobs, Iraqi Journal of Science, Vol. 55, No. 1, PP. 123-131. 2014.

[102] Ali, Z. T., A comparative Isothermal and Kinetic Study of the Adsorption of Lead (Il) from Solution by Activated
Carbon and Bentonite, Journal of Engineering, Vol. 21, No.7, PP. 45-58. 2015.

www.bumej.com 20



https://www.iasj.net/iasj?func=search&query=au:%22Saja%20S.%20Jabbar%20Al-Taweel%20%20%D8%B3%D8%AC%D9%89%20%D8%B5%D8%A7%D9%84%D8%AD%20%D8%AC%D8%A8%D8%A7%D8%B1%20%D8%A7%D9%84%D8%B7%D9%88%D9%8A%D9%84/%20%20%22&uiLanguage=en
https://www.iasj.net/iasj?func=search&query=au:%22Laith%20S.%20Jassim%20%20%D9%84%D9%8A%D8%AB%20%D8%B3%D9%85%D9%8A%D8%B1%20%D8%AC%D8%A7%D8%B3%D9%85%22&uiLanguage=en
https://www.iasj.net/iasj?func=issues&jId=139&uiLanguage=en

Mesopotamia Environmental Journal

Mesop. environ. j. 2018, Special Issue E.;1-28
(proceeding of 2" International conference of science and Art —~University of Babylon and Liverpool John Moores University, UK).

ISSN 2410-2598

[103] Al-Janabi, Z. Z., Al-Kubaisi, A. R., and Al-Obaidy, A. M. J., Assessment of Water Quality of Tigris River by Using
Water Quality Index (CCME WQI), Journal of Al-Nahrain University, Vol. 15, No. 1, PP. 119-126. 2012.

[104] AlJaberi, F. Y. and Mohammed, W. T., Adsorption of lead from simulated wastewater via electrocoagulation process:
Kinetics and Isotherm Studies. Mesop. environ. j., Vol. 4, No.2, pp. xx-x X. 2018.

[105] Aljuboury, D.A., Palaniandy, P., Abdul Aziz, H.B., and Feroz, S., Treatment of Petroleum Wastewater by Conventional
and New Technologies - A Review, Global NEST Journal, Vol. 19. 2017.

[106] Al-Kaim, A. F., Gani, K., Kadhum, A. M., and Aseal, F., Kinetic Study for Adsorption of Chromium tri-Oxide CrO3
on Kaolinite Surface, National Journal of Chemistry, VVol. 31, PP. 415-427. 2008.

[107] Al-Khafagy, A. H., Thermodynamic Study of Egg White Albumin Adsorption on Charcoal Derived From Peach Nuclei
And Walnut Shell, National Journal of Chemistry, Vol. 37, PP. 51-59. 2010.

[108] Al-Khateeb, I. K., and Ali, H. J., Adsorption Thermodynamics and Prediction of Phase Equilibria for Activated Carbon
Synthesized from Waste Grease, J. of university of anbar for pure science, Vol. 6, No. 1, PP. 1-5. 2012,

[109] Al-Nuaimi, A. S., and Pak, K. S., Chromium (VI) Removal from Wastewater by Electrocoagulation Process Using
Taguchi Method: Batch Experiments, Iragi Journal of Chemical and Petroleum Engineering, Vol. 17, No. 4, PP. 95-103.
2016.

[110] Aloosh, M. K. H., and Al- Azzawi, M. N. A., Removal of Lead and Chromium From Industrial Wastewater by Locally
Citrobacter spp.lIsolates, Iraqi Journal of Science, Vol. 56, No. 2A, PP. 983-997. 2015.

[111] Al-Rufaie, E. M., and Al-khafaji, N. R., Electrochemical Study of the Complexation of Quercetin with Lead (11 ) ion
in acidic media, Educational college Journal, Vol. 21, No. 87, PP. 69-80. 2015.

[112] Al-Shirifi, A., Wissam, A., Al-Kaim, A., and Aseal, M. K., Study the effect of phs and temperatures on adsorption of
para nitro aniline (pna) by bentonite clay surface, journal of al-qadisiyah for pure science, Vol. 13, No. 1, PP. 329-343.
2008.

[113] Amuda, O., Amoo, i., Ipinmoroti, K., and Ajayi, O., Coagulation / flocculation process in the removal of trace metals
present in industrial wastewater, J. Appl. Sci. Environ. Mgt., Vol. 10, No. 3, PP. 159-162. 2006.

[114] Aziz, N. M. and Sabbar, A. A., Physiochemical Properties of Basrah oil refinery discharges and its potential effects on
Shatt Al-Basrah Canal, Marsh Bulletin J., VVol. 8, No. 1,PP. 40-57. 2013.

[115] Bai, Y., and Bartkiewicz, B., Removal of Cadmium from Wastewater Using lon Exchange Resin Amberjet 1200H
Columns, Polish J. of Environ. Stud., Vol. 18, No. 6, PP. 1191-1195. 20009.

[116] Bagir, S. J., Al-Kiam, A. F., and Aseal, M.K., Kinetic and thermodynamic study on the adsorption of Para Anisidine
compound by Sepiolite clay, Journal of Kerbala University, Vol. 7, No. 1, PP. 331-345. 2009.

[117] Barbooti, M. M., Simultaneous Removal of Chromium and Lead from Water by Sorption on Iragi Montmorillonite,
Journal of Environmental Protection, VVol. 6, PP. 237-249. 2015.

[118] Bazrafshan, E., Mahvi, A. H., Nasseri, S., Mesdaghinia, A. R., F. Vaezi, and Nazmara, S., Removal of cadmium from
industrial effluents by electrocoagulation process using iron electrodes, Iran. J. Environ. Health. Sci. Eng., VVol. 3, No. 4,
PP. 261-266. 2006.

[119] Bazrafshan, E., Mahvi, A.H., Nasseri, S., and Shaieghi, M., Performance evaluation of electrocoagulation process for
Diazinon removal from aqueous environments by using iron electrodes, Iran .J. Environ. Health .Sci. Eng., Vol. 4, No. 2,
PP. 127-132. 2007.

www.bumej.com 21



https://www.iasj.net/iasj?func=issues&jId=139&uiLanguage=en

Mesopotamia Environmental Journal

Mesop. environ. j. 2018, Special Issue E.;1-28
(proceeding of 2" International conference of science and Art —~University of Babylon and Liverpool John Moores University, UK).

ISSN 2410-2598

[120] Bhatti, Z. A., Mahmood, Q., Raja, I. A., Malik, A. H., Rashid, N., and Wu, D., Integrated chemical treatment of
municipal wastewater using waste hydrogen peroxide and ultraviolet light, Physics and Chemistry of the Earth, Vol. 36,
PP. 459-464. 2011.

[121] Bobade, V., and Eshtiagi, N., Heavy Metals Removal from Wastewater by Adsorption Process: A Review, Conference
Paper - October 2015, APCChE 2015 Congress incorporating Chemeca, PP. 1-7. 2015.

[122] Brbooti, M. M., Abid, B. A., Al-Shuwaiki, N. M., Removal of Heavy Metals Using Chemicals Precipitation, Eng.&
Tech. Journal, Vol. 29, No. 3, PP. 595-612. 2011.

[123] Budak, T. B., Removal of Heavy Metals from Wastewater Using Synthetic lon Exchange Resin, Asian Journal of
Chemistry, Vol. 25, No. 8, PP. 4207-4210. 2013.

[124] Butler, E., Hung Y., Yeh, R. Y., and Al Ahmad, M. S., Electrocoagulation in Wastewater Treatment — review, Water-
open access, Vol. 3, PP. 495-525. 2011.

[125] Charles, G. H., An Introduction to Chemical Engineering Kinetics & Reactor Design, 2" edition, John Wiley & Sons,
Inc., PP. 338-341. 2014.

[126] Christodoss, D., Veale, S. A., and Bires, T. L., Enhancing the Co-Precipitation Process for Heavy Metal Industrial
Waste Treatment, Environmental Technology Journal-report, PP. 1-13. 1999.

[127] Demey, H., Vincent, T., and Guibal, E., A novel algal-based sorbent for heavy metal removal, Chemical Engineering
Journal, Vol. 332, PP. 582-595. 2017.

[128] Dermentzis, K., Christoforidis, A., Valsamidou, E., Removal of nickel, copper, zinc and chromium from synthetic and
industrial wastewater by electrocoagulation, International Journal of Environmental Sciences, Vol. 1, No. 5, PP. 697-710.
2011.

[129] Dermentzis, k., Christoforidis, a., Valsamidou, e., Lazaridou, a., and Kokkinos, n., Removal of hexavalent chromium
from electroplating wastewater by electrocoagulation with iron electrodes, Global NEST Journal, Vol. 13, No. 4, PP. 412-
418. 2011

[130] Dhabab, J. M., and Hussien, K. A., Simple method for removal of cadmium ions (II) From Industrial Wastewater Using
Calcinated Porcellanite, Journal of Babylon University/Pure and Applied Sciences, Vol. 22, No. 5, PP. 1635-1648. 2014.

[131] Dhokpande, S. R., Kaware, J. P., Biological Methods for Heavy Metal RemovalA Review, International Journal of
Engineering Science and Innovative Technology, Vol. 2, No. 5, PP. 304-309. 2013.

[132] Dhone, P. R., Removal of Heavy Metals from Aqueous Solution Using lon Exchange Resin MBHPE-TKP,
International Journal for Scientific Research & Development, Vol. 2, No. 8, PP. 32-38. 2014.

[133] Diaz, C. E. B., Morales, G. R., Herndndez, P. B., Marchante, C. M. F., and Rodrigo, M. A., Enhanced
electrocoagulation: New approaches to improve the electrochemical process-review, J. Electrochem. Sci. Eng., Vol. 4,
No. 4, PP. 285-296. 2014,

[134] El-Naas, M. H., Al-Zuhair, S., Al-Lobaney, A., and Makhlouf, S., Assessment of electrocoagulation for the treatment
of petroleum refinery wastewater, Journal of Environmental Management, \Vol. 91, PP. 180-185. 2009.

[135] Escobara, C, Soto-Salazarb, C., Toral, M., Optimization of the electrocoagulation process for the removal of copper,
lead and cadmium in natural waters and simulated wastewater, Journal of environmental management, Vol. 81, No. 4,
PP. 384-391. 2006.

www.bumej.com 22



Mesopotamia Environmental Journal

Mesop. environ. j. 2018, Special Issue E.;1-28
(proceeding of 2" International conference of science and Art —~University of Babylon and Liverpool John Moores University, UK).

ISSN 2410-2598

[136] Esgair, K. K., A Study on the Removal of Direct Blue 71 Dye From Textile Wastewater Produced From State Company
of Cotton Industries by Electrocoagulation Using Aluminum Electrodes, Journal of Engineering, Vol. 23, No. 2, PP. 83-
94. 2017.

[137] Faisal, A. A., Abbas, T. R., and Jassam, S. H., Iron Permeable Reactive Barrier for Removal of Lead from Contaminated
Groundwater, Journal of Engineering, Vol. 20, No. 10, PP. 29-46. 2014.

[138] Faisal, A. A., and Hussein, A. A., Modeling and Simulation of Copper Removal from the Contaminated Soil by a
Combination of Adsorption and Electro-kinetic Remediation, Journal of Engineering, Vol. 19, No. 6, PP. 695-716. 2013

[139] Farhan, A. M., and Abbas, H. F., Thermodynamic Study of Adsorption Fuchsin Acid LR Dye by Eucalyptus leaves
powder, Diyala Journal For Pure Science, Vol. 13, No. 2, PP. 47-60. 2017.

[140] Farhan, S. N., Biosorption of copper and lead ions using wheat husk, Diyala Journal of Engineering Sciences; Second
Engineering Scientific Conference, PP. 835-845. 2015.

[141] Fogler, J., Elements of chemical reaction engineering, 1%t edition, Prentice Hall International Series, PP. 661-665. 2003.

[142] Ghalib, A. M., Removal of direct blue dye in textile wastewater effluent by electrocoagulation, Journal of Engineering,
Vol. 16, No. 4, PP. 6199-6205. 2010.

[143] Ghanim, A.N., and Ajjam, S.K., Modeling Of Textile Wastewater Electrocoagulation Via Adsorption Isotherm
Kinetics, The Iragi Journal For Mechanical And Material Engineering, Vol. 13, No. 1, PP. 49-62. 2013.

[144] Graimed, B. H., and Ali, Z. T., Thermodynamic and Kinetic Study of the Adsorption of Pb (I1) from Aqueous Solution
Using Bentonite and Activated Carbon, Al-Khwarizmi Engineering Journal, Vol. 9, No. 2, PP. 48-56. 2013.

[145] Hadi, A. G., Study of Heavy Metal Pb?* and Hg?* lons Adsorption by Extracted Chitosan, Journal of Babylon
University/Pure and Applied Sciences, Vol. 24, No. 5, PP. 1288-1294. 2016.

[146] Hakizimana, N., Gourich, B., Chafi, M., Stiriba, Y., Vial, C., and Najaf, J., Electrocoagulation process in water
treatment: A review of electrocoagulation modeling approaches, Desalination, Vol. 404, PP. 1-21. 2017.

[147] Hamud, W. M., Adsorption and Kinetic Study of Methylene Blue dye on New Surface Derived from Copolymer
(Melamine — Formaldehyde — Para- methyl Anisole), Baghdad Science Journal, Vol. 12, No. 1, PP. 178-187. 2015.

[148] Harriott, P., Chemical Reactor Design, 1% edition, Prentice Hall International Series, PP. 99-100. 2003.

[149] Hassan, F. M., AL-Baidhani, A. N. A. R., and Al-Khalidi, S. H. H., Evaluation industrial and domestic wastewater
treatment plant of Diala's state company of electrical industries, Irag, Mesopotamia Environmental Journal, Vol. 2, No.
4, PP. 14-22. 2016.

[150] Hassoon, H. A., The Adsorption of Some Trace Heavy Metals from Aqueous Solution Using Non Living Biomass of
Sub Merged Aquatic Plant Ceratophyllum demersum, Iraqi Journal of Science, Vol. 56, No. 4A, PP. 2822-2828. 2015.

[151] Hiroo, T., Chemical Reaction and Reactor Design, 1% edition, John Wiley & Sons, Inc., PP. 185. 1997.

[152] Husoon, Z.A., Al-Azzawi, M.N.A., and Al-Hiyaly S.A.K., Investigation Biosorption Potential of Copper and Lead
from Industrial WasteWater Using Orange and Lemon Peels, Journal of Al-Nahrain University, Vol. 16, No. 2, PP. 173-
179. 2013.

[153] Hussain, A. Z. M., and Mohmmed, S. S., Determination of some metals ions concentrations in some lIraqgi water
resources, Iragi. J. Mark. Rec. Cons. Protection, Vol. 1, Vol. 1, PP. 128-144. 2009.

[154] Hussein, B. I., Removal of copper ions from waste water by adsorption with modified and unmodified sunflower stalks,
Journal of Engineering, VVol. 16, No. 3, PP. 5411-5421. 2010.

www.bumej.com 23



https://www.iasj.net/iasj?func=issues&jId=170&uiLanguage=en
http://www.sciencedirect.com/science/article/pii/S0011916416315971%23!
http://www.sciencedirect.com/science/article/pii/S0011916416315971%23!
http://www.sciencedirect.com/science/article/pii/S0011916416315971%23!
http://www.sciencedirect.com/science/article/pii/S0011916416315971%23!
http://www.sciencedirect.com/science/article/pii/S0011916416315971%23!
http://www.sciencedirect.com/science/article/pii/S0011916416315971%23!
http://www.sciencedirect.com/science/journal/00119164

Mesopotamia Environmental Journal

Mesop. environ. j. 2018, Special Issue E.;1-28
(proceeding of 2" International conference of science and Art —~University of Babylon and Liverpool John Moores University, UK).

ISSN 2410-2598

[155] Ibrahim, D., Froberg, B., Wolf, A., and Rusyniak, D. E., Heavy Metal Poisoning: Clinical Presentations and
Pathophysiology, Clin. Lab. Med. J., Vol. 26, PP. 67-97. 2006.

[156] Ibrahim, M., Abdul Razak, A. A., and Jaafar, A. D., Removal of Copper (Il) from Wastewater Using Modified Carbon
Nanotubes, Eng. &Tech. Journal, Vol. 31, No. 12, PP. 2228-2241. 2013.

[157] Jaishankar, M., Tseten, T., Anbalagan, N., Mathew, B. B., Beeregowda, K. N., Toxicity, mechanism and health effects
of some heavy metals, Interdiscip Toxicol, Vol. 7, No. 2, PP. 60-72. 2014.

[158] Jan, A. T., Azam, M., Siddiqui, K., Ali, A., Choi, I., and Hag, Q. M., Heavy Metals and Human Health: Mechanistic
Insight into Toxicity and Counter Defense System of Antioxidants, International Journal of Molecular Science, Vol. 16,
PP. 29592-29630. 2015.

[159] Jasim, S. M., AL-Wasiti, E. A. R. K., and Subber, Z. J., Lead Exposure Effects on Batteries Manufacturing Factory
Workers in Baghdad, IRAQI J MED SClI, Vol. 10, No. 4,PP. 321-327. 2012.

[160] Johnson, P. D., Girinathannair, P., Ohlinger, K. N., Ritchie, S., Teuber, L., and Kirby, J., Enhanced Removal of Heavy
Metals in Primary Treatment Using Coagulation and Flocculation, Water Environment Research, Vol. 80, No. 5, PP. 472-
479. 2008.

[161] Kaminari, N.M.S., Schultz, D.R., Ponte, M.J.J.S., Ponte, H.A., Marino, C.E.B., and Neto, A.C., Heavy metals recovery
from industrial wastewater using Taguchi method, Chemical Engineering Journal, Vol. 126, PP. 139-146. 2007.

[162] Kobya, M., Ulu, F., Gebologlu, U., Demirbas, E., and Oncel, M. S., Treatment of potable water containing low
concentration of arsenic with electrocoagulation: Different connection modes and Fe—Al electrodes, Separation and
Purification Technology, Vol. 77, PP. 283-293. 2011.

[163] Levenspil, O., Chemical reaction engineering , 3" edition, John Wiley &sons Inc., PP. 140-141. 1999.

[164] Libralato, G., Ghirardini, A. V., and Francesco, A., An overview of the most recent trends in wastewater treatment
management, Journal of Environmental Management , Vol. 94, PP. 61-68. 2012.

[165] Liu, H., Qu, J., and Zhao, X., Electrochemistry for the Environment: Electrocoagulation in Water Treatment, Springer-
Verlag New York 2010 , PP. 245-262. 2010.

[166] Mahvi, A. H. and Bazrafshan, E., Removal of Cadmium from Industrial Effluents by Electrocoagulation Process Using
Aluminum Electrodes, World Applied Sciences Journal, Vol. 2, No. 1, PP. 34-39. 2007.

[167] Majeed, M. R., Jasim, H. A., and Mohammed, A. S., Study the capability of Ecliptaalba plant to remove of lead from
the polluted water by phytoremediation technique, Iraqi Journal of Science, Vol. 56, No. 2A, PP. 1027-1038. 2015.

[168] Martin, S., Griswold, W., Human Health Effects of Heavy Metals, Center for Hazardous Substance Research, Vol. 15,
PP. 1-6. 2009.

[169] Mashkhool, M. A., Concentrations of some heavy metals in water, sediments and two types of plants in Al-Chibayish
Marsh in Thi-Qar province in southern Irag, M.Sc. thesis of Environmental Management/ Natural Resources Management
Degree, University. of Thi-Qar and The University of Queensland. 2012.

[170] Merzouk, B., Gourich, B., Sekki, A., Madani, K., and Chibane, M., Removal turbidity and separation of heavy metals
using electrocoagulation —electroflotation technique A case study, Journal of Hazardous Materials, VVol. 164, PP. 215-
222.2009.

[171] Minzatu, V., Negrea, P., Negrea, A., Ciopec, M., Bumbu, B., Golban, A., and Vasile, A., Removal of organic
compounds from industrial wastewater using physico-chemical methods, Conference Paper - June 2016, DOI:
10.2495/WP160171. 2016.

www.bumej.com 24



https://www.researchgate.net/scientific-contributions/2082446559_Huijuan_Liu
https://www.researchgate.net/scientific-contributions/2082815142_Jiuhui_Qu
https://www.researchgate.net/scientific-contributions/2083088764_Xu_Zhao

Mesopotamia Environmental Journal

Mesop. environ. j. 2018, Special Issue E.;1-28
(proceeding of 2" International conference of science and Art —~University of Babylon and Liverpool John Moores University, UK).

ISSN 2410-2598

[172] Mohammed, A. A., Electrocoagulation of phenol for wastewater treatment, Iraqi Journal of Chemical and Petroleum
Engineering, Vol. 9, No. 3, PP. 37-41. 2007.

[173] Mohammed, A. A., Flotation Method for Selective Separation of Lead and Zinc from Simulated Wastewater, Journal
of Engineering, Vol. 19, No. 5, PP. 550-562. 2013.

[174] Mohammed, A. A., Biosorption of Lead, Cadmium, and Zinc onto Sunflower Shell: Equilibrium, Kinetic, and
Thermodynamic Studies, Iragi Journal of Chemical and Petroleum Engineering, VVol. 16, No. 1, PP. 91-105. 2015.

[175] Mohammed, A. A., Al - Alawy, A. F., and Hussein, T. K., Removal of lead, copper and nickel ions from wastewater
by forward osmosis process, Second Engineering Scientific Conference College of Engineering —University of Diyala
16-17 December. 2015, PP. 893-908. 2015.

[176] Mohammed, A. A., and Ali, L. F. M., BatchHeavy MetalsBiosorption by Punica granatum Peels: Equilibrium and
Kinetic Studies, Journal of Engineering, Vol. 21, No. 11, PP. 161-178. 2015.

[177] Mohammed, A. A., and Al-Mureeb, M. D., Removal of lead from simulated wastewater by electrocoagulation method,
Journal of Engineering, Vol. 16, No. 4, PP. 5812-5821. 2010.

[178] Mohammed, A. A., and Mohammed, F. Q., Removal of Nickel and Cadmium lons from Wastewater by Sorptive
Flotation: Single and Binary systems, Journal of Engineering, VVol. 20, No. 11, PP. 126-146. 2014.

[179] Mohammed, A. A., Mahmood, H. S., Removal of Cu2+, Pb2+, And Ni2+ lons From Simulated Waste Water By lon
Exchange Method On Zeolite And Purolite C105 Resin, Journal of Engineering, VVol. 19, No. 10, PP. 1327-1340. 2013.

[180] Mohammed, Z. B., Hussain, T. A., Jaid, G. M., and Zamil, A., Evaluation the water quality of the potable water network
in Al-Shuala/ Baghdad City, Iragi Journal of Physics, Vol. 13, No. 28, PP. 116-124. 2015.

[181] Moussa, D. T., ElI-Naas, Muftah H., Nasser, M., and Al-Marri, Mohammed J., A comprehensive review of
electrocoagulation for water treatment: Potentials and challenges, Journal of Environmental Management, VVol. 186, No.
1, PP. 24-41. 2017.

[182] Naddeo, V., Scannapieco, D., and Belgiorno, V., Membrane Technology in Wastewater Treatments, Journal of
Hydrogeology and Hydrologic Engineering, Vol. 1, No. 1, PP. 1-2. 2012.

[183] Naje, A. S., and Abbas, S. A., Electrocoagulation Technology in Wastewater Treatment: A Review of Methods and
Applications, Civil and Environmental Research, Vol. 3, No. 11, PP. 29-42. 2013.

[184] Najem, A. M., Evaluation the Biosorption Capacity of Water Hyacinth (Eichhornia crassipes) Root for Some Heavy
Metals, Iraqi Journal of Science, Vol. 56, No. 4A, PP. 2846-2852. 2015.

[185] Olufemi, B. A., Salami, I. O., and Akinyanju, A. S., An Optimization Technique for the Full and Efficient Removal of
Copper from Wastewater, Proceedings of the World Congress on Engineering, Vol. 3, PP. 1-7. 2010.

[186] Omran, F. K., and Al-Mathkhury, H. J. F., Lead bioremoval by Bacillus spp. Isolated from industrial wastewater,
Baghdad Science Journal, Vol. 8, No. 1, PP. 539-546. 2011.

[187] Panda, D., Removal of lead from polluted water using waste eggshell, M.SC. In physics, National Institute of
Technology, India. 2013.

[188] Pang, F. M., Teng. S. P., Teng, T. T., and Omar A.K. M., Heavy Metals Removal by Hydroxide Precipitation and
CoagulationFlocculation Methods from Aqueous Solutions, Water Qual. Res. J., Vol. 44, No. 2, PP. 1-9. 20009.

[189] Panpanit, S., Oily wastewater treatment by coupling membrane filtration and ozonation, Ph.D. in engineering, Asian
Institute of Technology, Thailand. 2001.

[190] Pletcher, D., and Walsh, F., Industrial electrochemistry, 2" edition, Chapman and Hall Ltd. 1990.

www.bumej.com 25




Mesopotamia Environmental Journal

Mesop. environ. j. 2018, Special Issue E.;1-28
(proceeding of 2" International conference of science and Art —~University of Babylon and Liverpool John Moores University, UK).

ISSN 2410-2598

[191] Polat, H., and Erdogan, D., Heavy metal removal from waste waters by ion flotation, Journal of Hazardous Materials,
Vol. 148, PP. 267-273. 2007.

[192] Rassoul, G. A. R., Al — Alawy, A. F., Khudair, W. N., Reduction of Concentrating Poisonous Metallic Radicals from
Industrial Wastewater by Forward and Reverse Osmaosis, Journal of Engineering, Vol. 18, No. 7,PP. 784-798. 2012.
[193] Raut, P. A., Chahande, A., and Moharkar, Y., Various techniques for the removal of Chromium and lead from Waste
water: Review, International Journal of Emerging Trends in Engineering and Basic Sciences, Vol. 2, No. 2, PP. 64-67.

2015.

[194] Ridha, M. J., Ahmed, A. S., and Raoof, N. N., Investigation of The Thermodynamic, Kinetic and Equilibrium
Parameters of Batch Biosorption of Pb(ll), Cu(ll), And Ni(Il) From Aqueous Phase using Low Cost Biosorbent, Al-
Nahrain Journal for Engineering Sciences, Vol. 20, No. 1, PP. 298-310. 2017.

[195] Rybicki, S., Phosphorus removal from wastewater: A Literature Review, Royal Institute of Technology-Report. 1997.

[196] Saha, B., Toxic Metals and Plants, Toxic Metals and Plants, Vol. 3, No. 3, PP. 1-2. 2015.

[197] Salah, E. A. M., Zaidan, T. A., and Al-Rawi, A. S., Assessment of Heavy Metals Pollution in the Sediments of Euphrates
River- Irag, Assessment of Heavy Metals Pollution in the Sediments of Euphrates River, Irag, Vol. 4, PP. 1009-1023.
2012.

[198] Salih, S. M., Kinetic and thermodynamic study of Cr (I1) and Mn (11) adsorption on some commercial adsorbents, Tikrit
Journal of Pure Science, Vol. 15, No. 2, PP. 72-77. 2010.

[199] Salih, W. M., Gzar, H. A, Hassan, N. F., Sorption of Lead, Zinc and Copper from Simulated Wastewater by Amberlite
Ir-120 Resin, Journal of Engineering, Vol. 18, No. 9, PP. 1042-1054. 2012.

[200] Salman, A. J., Adsorption of Hexavalent Chromium lon from Aqueous Solution by Sodium Alginate and
Carboxymethyl Cellulose Beads: Kinetics and Isotherm Studies, Journal of Al-Nahrain University, Vol. 18, No. 4, PP.
40-48. 2015.

[201] Salman, M. S., Abood, W. M., and Ali, D. F., Batch and Fixed-Bed Modeling of Adsorption Reactive Remazol Yellow
Dye onto Granular Activated Carbon, Journal of Engineering, Vol. 20, No. 8, PP. 156-176. 2014.

[202] Santos, 1., O., Santos, I. C. A., Pontual, L. V., Monteiro, L. P. C., and Mainier, F. B., Electrolytic Removal of Cadmium, Lead
and Copper from Wastewater, Journal of Environmental Protection, Vol. 7, PP. 699-704. 2016.

[203] Sanz, J. L., and Ko"chling, T., Molecular biology techniques used in wastewater treatment: An overview,Process
Biochemistry J., Vol. 42, PP. 119-133. 2007.

[204] Segura, S. G., Eiband, M. M. S.G. , Melo, J. V. , and Huitle, C. A.M., Electrocoagulation and advanced
electrocoagulation processes: A general review about the fundamentals, emerging applications and its association with
other technologies, Journal of Electroanalytical Chemistry, Vol. 801, PP. 267-299. 2017.

[205] Shakir, I. K. and Husein, B. I., Lead Removal from Industrial Wastewater by Electrocoagulation process, Iragi Journal
of Chemical and Petroleum Engineering, Vol. 10, No. 2, PP. 35-42. 2009.

[206] Shakir, I. K., Kinetic and isotherm modeling of adsorption of dyes onto sawdust, Iragi Journal of Chemical and
Petroleum Engineering, Vol. 11, No. 2, PP. 15-27. 2010.

[207] Sharma, S. K., Heavy Metals in Water: Presence, Removal and Safety, Johnson Matthey Technol. Rev., Vol. 59, No.
4, PP. 293-297. 2015.

www.bumej.com 26


https://www.iasj.net/iasj?func=search&query=au:%22Suhair%20%20M.%20Salih%20%22&uiLanguage=en
https://www.iasj.net/iasj?func=issues&jId=199&uiLanguage=en
https://www.iasj.net/iasj?func=issues&jId=199&uiLanguage=en
http://www.sciencedirect.com/science/article/pii/S1572665717305337%23!
http://www.sciencedirect.com/science/article/pii/S1572665717305337%23!
http://www.sciencedirect.com/science/article/pii/S1572665717305337%23!
http://www.sciencedirect.com/science/article/pii/S1572665717305337%23!
http://www.sciencedirect.com/science/journal/15726657

Mesopotamia Environmental Journal

Mesop. environ. j. 2018, Special Issue E.;1-28
(proceeding of 2" International conference of science and Art —~University of Babylon and Liverpool John Moores University, UK).

ISSN 2410-2598

[208] Sharma, S., Rana, S., Thakkar, A., Baldi, A., Murthy, R. S. R. and Sharma, R. K., Physical, Chemical and
Phytoremediation Technique for Removal of Heavy Metals, Journal of Heavy Metal Toxicity and Diseases, Vol. 1, No.
2, PP. 1-15. 2016.

[209] Shukri, H.M., Al-Jeboury, G. H., Jasim, A. A., Hassan, Z. K., Asaad, J. I., and Ahmed, N. N., Study of Tigris River
Pollution with Heavy Metals (Zinc and Lead) in Baghdad Government, Chemical and Biological Evaluation and
Suitability for Civilian and Agricultural Uses, Journal of Biotechnology Research Center, VVol. 5, No. 2, PP. 5-14. 2011.

[210] Singh, M., and Verghese, S. P., Conventional and innovative techniques for removal of heavy metals from
electroplating industry waste water, international journal of engineering sciences & research technology, Vol. 5, No.10,
PP. 150-159. 2016.

[211] Singh, M., Kumar, J., Singh, S., Singh, V. P., Prasad, S. M., and Singh, M., Adaptation Strategies of Plants against
Heavy Metal Toxicity: A Short Review, Biochemistry & Pharmacology, Vol. 4, No. 2, PP. 1-7. 2015.

[212] Sparks, D. L., Toxic Metals in the Environment: The Role of Surfaces, Elements J. , Vol. 1, PP. 193-197. 2005.

[213] Sulaymon, A. H., Ebrahim, S. E., and Ridha, M. J., Dynamic Behavior of Pb(ll) and Cr(lIl) Biosorption onto Dead
Anaerobic Biomass in Fixed-Bed Column, Single and Binary Systems, Journal of Engineering, Vol. 20, No. 5, PP. 76-
94.2014.

[214] Sulaymon, A. H., Zablouk, M. A., and Sabri, A. A., Electrolytic Removal of Zinc Using A Flow-Through Cell With
Amalgamated Copper Screen Cathode, Eng. & Tech. Journal, Vol. 27, No. 2, PP. 362-372. 2009.

[215] Tariq, S. R., Igbal, F., and Safa, Y., An efficient of sansevieria trifasciata plant as biosorbent for the treatment of metal
contaminated industrial effluents, Baghdad Science Journal, Vol. 14, No. 1, PP. 189-201. 2017.

[216] Tchounwou, P. B., Yedjou, C. G., Patlolla, A. K., and Sutton, D. J., Heavy Metals Toxicity and the Environment, 1%
edition, NIH Public Access, Vol. 101, PP. 133-164. 2014.

[217] Templeton, M. R., and Butler, D., An introduction to wastewater treatment, 1% edition bookboon Ltd. 2011.

[218] Travieso, L., Cafiizares, R. O., Borja, R., Benitez, F., Dominguez, A. R., Dupeyron, R., and Valiente, V. , Heavy Metal
Removal by Microalgae, Bull. Environ. Contam. Toxicol, Vol. 62, PP. 144-151. 1999.

[219] Tripathi, A. P., and Aris, A. Z., A review on economically adsorbents on heavy metals removal in water and wastewater,
Rev Environ Sci Biotechnol, DOI 10.1007/s11157-013-9330-2, PP. 1-20. 2013.

[220] Vasudevan, S., Lakshmi, J., and Sozhan, G., Effects of alternating and direct current in electrocoagulation process on
the removal of cadmium from water, Journal of Hazardous Materials, Vol. 192, PP. 26-34. 2011.

[221] Vesilind, P. A., Morgan, S. M., and L. G., Introduction to Environmental Engineering, 3" edition, Cengage Learning,
USA. 2010.

[222] Vijayasekaran, B., and Basha, C.A., Modeling in Electrochemical Engineering — A critical review, Transactions of the
SAEST, Vol. 40, PP. 1-13.2005.

[223] Waheeb, A. S., Adsorption and Thermodynamic Study of Direct Blue 71 Dye on to natural Flint Clay from Aqueous
Solution, Baghdad Science Journal, Vol. 13, No. 2, PP. 66-74. 2016. 2005.

[224] Wided, B., Béchir, H., Afef, B., and Limam, A., Optimization of the Electrocoagulation Process for the Removal of
Lead and Copper lons from Aqueous Solutions Using Aluminum Electrodes, International Journal of Engineering
Research & Technology, Vol. 3, No. 2, PP. 2917-2922. 2014.

[225] Wo'jtowicz, A., and Stoklosa, A., Removal of Heavy Metal Ions on Smectite Ion-Exchange Column, Polish J. of
Environ. Stud., Vol. 11, No. 1, PP. 97-101. 2002.

www.bumej.com 27




Mesopotamia Environmental Journal

Mesop. environ. j. 2018, Special Issue E.;1-28
(proceeding of 2" International conference of science and Art —~University of Babylon and Liverpool John Moores University, UK).

ISSN 2410-2598

[226] Yacoob, D. J., Sensitive and Selective Spectrophotometric Assay of Lead in Aqueous Solution, Raf. J. Sci., Vol. 25,
No. 1, PP. 69-81. 2014,

[227] Zaroual, Z., Chaair, H., Essadki, A.H., El Ass, K., Azzi, M., Optimizing the removal of trivalent chromium by
electrocoagulation using experimental design, Chemical Engineering Journal, Vol. 148, PP. 488-495. 2009.

[228] AlJaberi, F. Y. and Mohammed, W. T., Novel method for electrocoagulation removal of lead from simulated

wastewater by using concentric tubes electrodes reactor. Desalination and Water Treatment, Vol. 101, PP. 86-91. 2018.

www.bumej.com 28



	- At the anode electrode with metal M:
	M(S) ( M+n(aq) + ne-    (4)
	2H2O ( O2 + 4H+ + 4e-   (5)
	- At the cathode electrode:
	2H2O + 2e- ( H2(g) + 2OH-(aq)                 (6)
	M+n(aq) + ne- ( M(S)    (7)
	Iron and aluminum materials are mostly used for electrodes due to their availability and relatively low cost [3;74] but, the electrochemical of dissolution of iron anode is more complex owing two oxidation states of iron species Fe+2 (Ferrous) and Fe+...
	Fe ( Fe+2 + 2e-             (8)
	4Fe+2 + O2 + 4H+ ( 4Fe+3 + 2H2O                   (9)
	Fe+3 + 3H2O ( Fe(OH)3 + 3H+               (10)
	The electrodeposition of aluminum in the electrocoagulation cell is the main reason for the electrodes consumption along the duration of the experiments done [77].
	Despite the mechanisms of electrocoagulation included, they are not yet clearly understood [2] but, in general, the electrocoagulation method involves two essential processes, the first one is the electrodeposition of aluminum electrodes and formation...
	While the second essential process is the simultaneous production of hydrogen at the cathode electrode [76] as shown in equation (6).
	Different hydroxo-complexes including monomers and polymers will be formed such as Al(OH)+2, Al(OH)2+, Al2(OH)2+4, Al6(OH)15+3, Al7(OH)17+4, Al8(OH)20+7, Al13O4(OH)24+7, and Al13(OH)34+5 which have high affinity for dispersed particles as well as coun...

