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The presence of particles such as algae, clay, organic materials and water-soluble substances often
create turbidity or color in water. In recent years, electrocoagulation process has attracted an extensive
attention due to its advantages. Since sand filters are widely used in water treatment industry and their
corresponding backwash water is large in volume, turbidity removal will save water consumption and
its recycling. In this study, real samples of backwash water from sand filters of a water treatment plant
in Alborz province were collected. The turbidity removal was further evaluated under operating
conditions of 6, 12, 18 and 30 V as the exerted voltages, electrode distances of 1 and 1.5 cm, different
initial turbidities (391 NTU as sample 1 and 175 NTU as sample 2), iron and steel as the sacrificial
electrodes in a continuous electrocoagulation reactor. According to the results, the optimum conditions
without considering the process economy was found to be 30 V, the iron electrode and electrode
distance of 1 cm and samples 1 and 2 had an effective turbidity removal efficiency of 98.4 and 91.6%,
respectively.

Received 16 May 2019
Received in revised form 04 November 2019
Accepted 08 November 2019

Keywords:
Electrocoagulation
Energy Consumption
Sand Filter Backwash Water
Turbidity Removal
Voltage

doi: 10.5829/ije.2019.32.12c.01

1. INTRODUCTION1
Most surface waters (rivers, freshwater lakes and
reservoirs of dams) contain large amounts of turbidity
that need to be purified [1, 2]. Suspended solids and
colloids are mainly responsible for turbidity in surface
water [3]. Presence of particles such as algae, clay,
organic particles and water-soluble substances often
create opacity or color in water. The solubility of these
particles depends on their density and size and particles
with a density above the water eventually settle down
due to gravitational forces. On the other hand, small
particles especially particles that have a density close to
water, such as bacteria and colloid particles, may never
settle in water and remain as suspended particles [4].
One of the common processes for water treatment
involves addition of metal salts (such as aluminum, iron,
etc.), which causes the instability of colloidal particles
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followed by their settlement after coagulation. In this
way, chemicals such as alum, lime, etc. are widely used
to remove turbidity. But, this treatment method has
weaknesses, including consumption of large amounts of
chemicals, chemicals supply and injection problems and
production of a large amount of sludge that requires
further dewatering and disposal [5].
In the past few years, electrocoagulation (EC) as an
environmentally friendly process has attracted special
attention. This process is efficient and cost effective, so
that for some pollutants the removal efficiency is up to
99% [6]. The EC technique uses principles of
electrochemistry and coagulation and has been used for
the treatment of wastewater in the United States since
the early 20th century and re-flourished in the 1990s due
to the advanced development in technologies [7].
Electrocoagulation has advantages such as easy
handling, minimum required space compared to other
methods, no need to add chemicals and less sludge
production. In this process, the electric current is
applied to the metal electrodes and electrode materials
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are often aluminum or iron, because these two metals
are more affordable and available [8]. This process
consists of three steps: 1) electro-oxidation of the anode
and formation of coagulant materials, 2) neutralization
of the surface charge, suspending and breaking the
particles and 3) aggregating the formed species in the
form of clot [9]. If the iron metal is selected as the
electrode, the following electrochemical mechanisms
occur in the electrocoagulation process (Equations (1) to
(3)) [10]:
In anode:
(1)
(2)

In cathode:
(3)

In a study conducted by Rahmani [4], the efficacies of
turbidity removal from model water by means of three
sacrificial electrodes i.e., iron, aluminum and steel were
found to be 93, 91 and 51% at 20 V in 20 minutes,
respectively. In another study by Isanloo et al. [6] a
turbidity removal of 97.6% from a synthetic sample in
batch mode electrocoagulation was reported using
aluminum electrode in pH=7, 50 V in 30 minutes. Also,
in a study by Derayat et al. [11], electrocoagulation
decreased turbidity of surface water (SuleimanShahsonghur Dam, Kermanshah) from 0.6 to 0.15 NTU.
Adapureddy and Goel [12] found that increase in initial
pollutant concentrations resulted in a decrease in
turbidity removal efficiency from 98% at 100 NTU to
78% at 500 NTU in batch electrocoagulation of
synthetic drinking water. On the other hand,
electrocoagulation has been found as a promising
technique in feed water of reverse osmosis plant with an
efficiency of 98% [13]. In the present work,
electrocoagulation was tested as an alternative method
for turbidity removal from backwash water of sand
filters of one of water treatment plants in Alborz
province (Iran) and effect of different parameters such
as applied voltage, inter-electrode distance and
electrode material was studied in detail. Performance of
EC process and the operating cost for the removal of
turbidity was calculated and well presented.
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The characteristics of the two backwash water samples
employed in the present work are presented in Table 1.
A continuous electrocoagulation reactor made with
Plexiglass as illustrated in Figure 1 was operated with 1
L working volume. The electrodes were connected to an
external DC power supply (MASTECH HY36010MR,
China) providing 0 to 30 V. In this system, stainless
steel and iron electrodes with dimensions of 5.9×12 cm
and thickness on 1 mm were used. The residence time in
each of the experiments was also fixed at 10 min. The
influent was fed to the reactor by an AnTech peristaltic
pump (Turkey) from the bottom of the reactor. To
measure the turbidity of the effluents, an AL450T-IR
AQUALYTIC turbidity meter (Germany) was used. A
HACH digital multi-parameter (HQ40D model) was
also applied to measure pH, electrical conductivity (EC)
and total dissolved solids (TDS) of the samples.
As shown in Table 2, the effect of different
operating parameters such as the inter-electrode
distance, electrical potential, the electrode material and
the initial turbidity, as well as the effect of secondary
mixing after the electrocoagulation process were
investigated. The mixing process was carried out by the
jar device at 50 rpm for 30 min. Electrodes were also
arranged in monopolar. After start-up of the EC reactor
and applying the desired residence time (i.e., 10 min) as
well as other operating parameters (details of the
operational parameters are shown in Table 2), the

TABLE 1. Characteristics of sand filter backwash waters used
in this work
Parameter
pH

Unit

Sample 1

Sample 2

---

7.7

7.3

TDS

mg/L

146.2

178.6

EC

µS/cm

340

282

*

391

175

Turbidity

NTU

Nephelometric Turbidity Unit*

2. MATERIALS AND METHODS
The backwash water samples were collected from one
of the water treatment plants of Alborz province (Iran).
Since the water samples entering the treatment plant
have variable turbidities in different seasons of the year,
so the turbidity of the backwash water changes as well.

Figure 1. Schematic of the laboratory scale EC setup
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effluents were sampled and physical properties such as
pH, EC, TDS and turbidity were measured after a
settling time of 2 h. Additionally, to investigate the
effect of secondary mixing on effluent characteristics,
the blended samples were also subjected to settlement
for 2 h and then their physical properties were
measured. It should be noted that in all graphs, symbols
1 and 2 represent the samples with initial turbidities of
391 and 175NTU, respectively.

3. RESULTS AND DISCUSSION
3. 1. Effect of Applied Voltage
Operating voltage
and electric current are critical parameters in
electrocoagulation process. In order to study the effect
of voltage on turbidity removal efficiency, experiments
were performed at 5 different voltages: 6, 12, 18 and 30
V (current densities of 8.5, 15.7, 22.8 and 37.1 A/m 2,
respectively), and the results are presented in Figure 2.
By increasing the applied voltage from 6 to 30 V, the
output turbidity decreased and its removal efficiency
increased for both samples. It is well-known that when
voltage increases, the electrical current increases and
according to Faraday's law (Equation 4 where m is
dissolved metal mass (g), I, electric current (A), t,
electrolysis time (s), M, molar mass, F, Faraday
constant (96,485 C/mol), and n, metal valence), the
amount of anode dissolution depends on the amount of
electricity passing through the anode and the solution
which further affects the efficiency of the coagulation
process [14, 15].
Adapureddy and Goel [10] reported the same finding
where by increasing the voltage from 5 to 25 V, the
turbidity removal percentage increased from 37.7 to
99%. According to studies by Aziz and Joshi [16],
application of higher voltage was not as effective as
lower values for longer time spans. In another study by
Seid-Mohammadi et al. [17], increasing applied
voltages from 10 to 30 V, speed and efficiency of
removal process increased, while reaction time
decreased for both Al and Fe electrodes tested. In the
present work, the increased turbidity removal (4.8 and

TABLE 2. Different experimental conditions for turbidity
removal used in the present work
Parameter
Initial turbidity (NTU)
Electrode material
Inter-electrode distance
(cm)
Voltage (V)

Value
391 (sample 1) and 175 (sample 2)
Fe and stainless steel
1 and 1.5
6, 12, 18 and 30

7.6% for samples 1 and 2, respectively) by increasing
voltage from 6 to 30, could be due to increased
coagulant dose and bubble generation rate [18]. The
optimum operating current density as the key
operational parameter may be the most efficient mode
of separation and turbidity removal efficiency of more
than 85% in the lowest applied voltage (i.e., 6 V) is
indicative of running electrocoagulation process at the
lowest current density which subsequently provides an
economic treatment process.
The system under study is an electrocoagulation
treatment unit in which in-situ coagulants are formed by
applying electric current. According to the study by
Panikulam et al. [7] in which electrocoagulation using
an oscillating anode for turbidity removal was
performed, the coulombic efficiency of the anodic
dissolution was calculated by ICP analysis for a range
of operating conditions and using Faraday’s law
(Equation 4). In that study, the current efficiency of
around 100% was reported corresponding to the
formation of Fe3+ ions (in the presence of chloride). In
the present study, atomic absorption analysis was
performed on treated water (after secondary mixing and
sedimentation) to infer the retained metal ion and
ensuring that drinking water standards are met (the
maximum allowable iron concentration in drinking
water is 0.3 mg/L according to EPA drinking water
regulations) and the results showed that less than 0.7
mg/L of Fe3+ ion was remained at the highest applied
current density (i.e., 37.1 A/m2) and coagulants
dissolution from anode reacting with contaminants was
completed. These results could confirm that high
coulombic efficiency was achieved at all current
densities applied and no visual color was detected in the
treated water while, excess iron concentration could be
easily removed using supplementary methods such as
aeration-filtration.
(4)

3. 2. Effect of Inter-Electrode
The setup of
electrode assembly is an important parameter for
required inter-electrode distance (required surface area).
Variation of turbidity removal efficiency with interelectrode distance for both samples is shown in Figure
3. In constant electrical potential, the turbidity removal
percentage decreased by increasing inter-electrode
distance from 1 to 1.5 cm. The space between the
electrodes has a direct influence on the ohmic loss (IR
resistance) that is minimized by decreasing the distance
between anode and cathode. Lower removal efficiencies
of the pollutants from water can be achieved when short
distances between the electrodes are used because the
flocs formation and their precipitation is hindered,
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avoiding the formation of aggregates. In contrast, an
excessive distance between electrodes decreases the
formation of flocs and adsorption of contaminants
would be low [19, 20]. Ohmic potential drop as a result
of solution resistance increases by increasing the
distance of the electrodes and here in the present study,
no significant potential or current drop was observed
which confirms no inhibition for anodic oxidation [21].
In a study conducted by Xu and Zhu [22], the
increase in inter-electrode distance from 5 to 25 mm
reduced the efficiency of the electrocoagulation system.
In another study on the treatment of dairy wastewater,
turbidity was removed up to by 95% employing interelectrode distance of 1 cm [23].
3. 3. Effect of Cathode-Anode Electrode Material
Since the electrode of electrochemical cells is
considered as the heart of the reactor, therefore
choosing the right material is very important. The
turbidity removal with respect to electrode type (i.e.,
cathode-anode material) was further evaluated and
Figure 4a shows the effect of using iron and steel as
anode electrodes (the cathode-anode material is the
same) while in Figure 4b, the effect of the iron and steel
as cathode electrode is presented with using Fe as the
anode electrode.

Figure 2. Effect of applied voltage on output turbidity (a) and
turbidity removal (b) for Fe electrode and inter electrode
distance of 1 cm: samples 1 and 2 represent turbidities of 391
and 175 NTU, respectively

Figure 3. Effect of inter-electrode distance on turbidity
removal for sample 1 (a) and sample 2 (b) for Fe electrode and
different applied voltages: samples 1 and 2 represent
turbidities of 391 and 175 NTU, respectively

Figure 4. Turbidity removal for Fe-Fe and SS-SS electrodes
(different anode electrode material) (a) and Fe-Fe and SS-Fe
electrodes (constant anode material) (b) for sample 2 at
different inter-electrode distances
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At a constant inter-electrode distance, the efficiency
of turbidity removal was almost the same for iron-iron
and steel-steel assemblies. Additionally, the results of
turbidity removal showed an almost similar efficiency
for both iron and steel as cathode electrodes however, as
time passes the amount of deposition on iron cathode
increases compared to that of steel as the cathode [24].
When iron electrode is used, clusters of Fe(OH)2 and
Fe(OH)3 are formed at pH values of 6 and 8,
respectively. Their low solubility in water and high
aggregation tendency lead to organic and inorganic
materials of the effluent to coagulate [25]. The sample
of treated water first turned green due to Fe 2+
production and then became yellow because of
oxidation of Fe2+ to Fe3+ in the presence of oxygen
during electrolysis. The extent of yellow color
decreased after settling time of 2 h as the particles
settled. Mansoorian et al. [24] found that lead and zinc
removal from the battery industry wastewater using iron
electrode was higher than steel electrode for both direct
and alternating current applied. In another study on dye
removal from textile wastewater, Akanksha et al. [26]
observed an increase in dye removal efficiency with
iron electrode compared to that of steel electrode at 12
V in 80 min (99.4 vs. 89.2%, respectively).
3. 4. Effect of Applied Voltage on Final Water pH
In the present study, all the experiments were performed
in the natural pH of the samples. The results of the pH
increase during the electrocoagulation process are
shown in Figures 5. The pH variation of solution after
electrocoagulation process in various voltages showed
that the final pH for all of experiments with iron
electrode is higher than initial pH, which is in
agreement with results obtained in the literature [15].
Furthermore, with increase in electrical potential, the
final pH value was found to be higher due to release of
CO2 during H2 evolution at cathode at low pH values
(pH<7). However, electrode consumption would be
higher in higher voltages which further affect electrical
energy consumption [27, 28].
The change of pH during electrocoagulation process
depends on the type of electrode and initial solution pH.
The formation of H2 gas in the cathode electrode and
OH¯ accumulation in the medium are known to increase
in pH during EC process [20].
In a study conducted by Mansoorian et al. [24], pH
changed during copper removal and the highest pH
changes were observed for the iron electrode while a
slight change in pH was observed using steel electrode.
In another study reported by Bazrafshan et al. [28] on
cadmium removal from synthetic wastewater in variable
voltages, the final pH for iron electrodes was always
higher than initial pH.

Figure 5. Effect of applied voltage on final water pH for
sample 1 (initial turbidity of 391 NTU (a) and sample 2 (initial
turbidity of 175 NTU) turbidity removal (b) for Fe electrode

3. 5. Effect of Secondary Mixing
The nature of
produced coagulants during electrocoagulation process
and the mechanism of coagulation are the keys to the
success of mixing [29]. The mixing is significant if
adsorption and charge neutralization are the principal
mechanism of the coagulation [30]. However, mixing
was reported to be critical when colloid bridging was
considered as the main mechanism [31].
In the present work, the final pH of the treated water
was in the standard range for drinking water (i.e., 7-8.5)
[32]. But, to infer the effect of further secondary mixing
on effluent characteristics, the treated samples were
subjected to mixing and the results of final pH and
turbidity are presented in Figure 6. As it is shown, the
final pH slightly dropped in all applied voltages (6-40
V) (Figure 6a) while, its effect was more evident on
turbidity removal (turbidity removal improved more
than 50% for 6, 18 and 30 V) (Figure 6b). The
difference in residual turbidity can be attributed to the
characteristics of microflocs [29].
The use of successful application of up-flow column
in the design of EC reactor in the present study (vertical
flow column) completed turbidity removal and the need
for external stirring is only needed to meet drinking
water quality standard for pH.
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3. 6. Evaluation of Operating Costs
Cost
estimation of continuous electrocoagulation process is
also a new approach, which is essential for economic
feasibility studies. In any electrical processes, the
amount of energy used is an important economic
parameter affecting the operating cost. For EC process,
electrode and electrical energy costs, have been taken
into account as major cost items in the calculation of the
operating cost [20]. The electrical energy consumption
for the electrocoagulation process is expressed by
Equation 5 [33]:
(5)

Where U is the voltage (V), I is the electrical current
(A), t is the electrocoagulation time (h), and V is the
volume of treated volume in (m3). The amount of
electrode consumption is also calculated according to
Equation 4.
Table 3 presents the calculation of total operating
costs for the present work (the unit prices in Iranian Rial
“IRR” were estimated according to the Iranian market in
May 2019).
4. CONCLUSIONS
Figure 6. Effect of secondary mixing on final water pH (a)
and turbidity (b) at different voltages for initial pH of 7.3 and
initial turbidity of 175 NTU using Fe electrode

In the present study, we tried to evaluate the efficiency
of turbidity removal by electrocoagulation process and

TABLE 3. Operating cost per unit volume (m3) of treated water
Total operating cost
(IRR.m-3)

Electrode
Consumption (gr.m-3)

Energy Consumption
(kWh.m-3)

current (A)

voltage (V)

Current density
(mA.cm-2)

452

5.7

0.12

0.1

6

0.47

1642

17.36

0.72

0.3

12

1.4

3780

34.72

2.1

0.6

18

2.8

7985

54.87

6

1

30

4.7

The calculations are made only for iron electrode and initial turbidity of 175 NTU (residence time of 5 min).

the effect of operating conditions such as voltage, interelectrode distance and electrode material was analyzed.
The highest turbidity removal for samples 1 and 2 at 1
cm inter-electrode distance and applying iron electrode
were found to be 98.4 and 91.6%, respectively. Since,
pH is an effective parameter in the electrocoagulation
process, it was important to monitor the final pH value.
At 30 V, the final pH value was higher than 9 so, in
order to adjust the pH to the standard values for
drinking water, the effect of secondary mixing process
on the treated samples was further investigated.
According to the results, turbidity efficiency increased
62, 33, 60 and 56% for voltages of 6, 12, 18, and 30 V,
respectively while, the final values of pH decreased

slightly. The least operation cost from the viewpoint of
energy consumption and electrode requirement was also
achieved at 6 V.
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چکیده
حضور ذراتی مانند جلبک ،خاک رس ،ترکیبات آلی و مواد محلول در آب اغلب سبب ایجاد کدورت یا رنگ میشوند .در
سالهای اخیر ،فرآیند انعقاد الکتریکی بدلیل مزایایی که دارد توجهات زیادی را به خود جلب کرده است .از آنجاییکه
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فیلترهای شنی در صنایع تصفیه آب کاربرد وسیعی دارند و آ ب شستشوی معکوس آنها حجم زیادی را به خود اختصاص
میدهد ،بنابراین حذف کدورت از آن به منظور امکان صرفه جویی در مصرف و بازیافت آب کمک شایانی خواهد کرد .در
این پژوهش نمونههای واقعی آب شستشوی معکوس فیلترهای شنی از یک واحد تصفیه آب در استان البرز جمع آوری
شد .سپس حذف کدورت در شرایط عملیاتی ولتاژهای  18 ،12 ،6و  ،30 Vفاصلههای  1و  ،1/5 cmکدورتهای اولیه
مختلف ( 391 NTUبهعنوان نمونه  1و  175 NTUبهعنوان نمونه  )2و الکترودهای آهن و استیل به عنوان الکترود
فداشونده در یک راکتور پیوسته انعقاد الکتریکی بررسی شد .طبق نتایج حاصل شرایط بهینه بدون در نظرگیری اقتصاد
فرآیند در شرایط عملیاتی ولتاژ  30ولت ،الکترود آهن و فاصله  1سانتیمتر است و بازده حذف کدورت دو نمونه  1و  2به
ترتیب  98/4و  91/60%بود.
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