
* Corresponding author.

1944-3994/1944-3986 © 2017 Desalination Publications. All rights reserved.

Desalination and Water Treatment 
www.deswater.com

doi: 10.5004/dwt.2017.21379

89 (2017) 101–110
September

Impact of soluble COD on grey water treatment by electrocoagulation technique

Khalid Bani-Melhema, Mohammad Al-Shannagb,*, Dheaya Alrousana, Salman Al-Kofahic, 
Zakaria Al-Qodahd, Muhammad Rasool Al-Kilania

aDepartment of Water Management and Environment, Faculty of Natural Resources and Environment, The Hashemite University,  
P.O. Box 150459, Zarqa 13115, Jordan, Tel. 00962795634630; email: kmelhem@hu.edu.jo (K. Bani-Melhem), Tel. 00962798798454; 
email: dheaya@hu.edu.jo (D. Alrousan), Tel. 00962785150310; email: rasoolkilani@live.com (M. Rasool Al-Kilani)
bDepartment of Chemical Engineering, School of Engineering, University of Jordan, P.O. Box 11942, 11942 Amman, Jordan,  
Tel. 00962772352778; email: mohammad_al_shannag@hotmail.com
cDepartment of Land Management and Environment, Faculty of Natural Resources and Environment, Hashemite University,  
P.O. Box 150459, Zarqa 13115, Jordan, Tel. 00962796744321; email: salman@hu.edu.jo
dChem. Eng. Department, Al-Balqa Applied University, P.O. Box 340558, Amman 11134, Marka, Jordan,  
Tel. 00966560948161; emails: z_alqodah@hotmail.com, zqudah@taibahu.edu.sa

Received 29 May 2017; Accepted 26 August 2017

ab s t r ac t
Grey water (GW) is a valuable source for water reclamation in many useful applications. In order to be 
safe for reuse, grey water should undergo sufficient treatment. In the last few years, electrocoagulation 
(EC) technique has proved to be an attractive method for GW treatment. However, an important consid-
eration when dealing with grey water is the duration time prior to treatment which, if extended, might 
lead to a significant increase in the fraction of soluble chemical oxygen demand (SCOD), which could 
affect the EC treatment performance. This parameter presents a potential for explaining further patterns 
in selecting EC technique for GW treatment. In this study, three categories of GW samples comprising 
different percentages of SCOD, specifically 10%, 54% and 85% were obtained after storing the samples for 
1, 7 and 30 d, respectively. A bench-scale EC unit was used to demonstrate the impact of the SCOD frac-
tion on the total COD removal. Both Al and Fe electrodes were used at different applied current densities 
ranged from 5.85 to 11.70 mA/cm2. An applied current density of 9.36 mA/cm2 was found to be sufficient 
to remove 96% of the total COD at 10% of SCOD during 15 min of EC time with either Al or Fe electrodes. 
However, a significant impact of SCOD on the total COD removal was observed; the removal efficiency of 
COD decreases dramatically with increasing the SCOD fractions. Statistical analysis confirmed the supe-
riority of aluminum anodes over iron anodes with regards to energy consumption and COD removal.
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1. Introduction

Grey water (GW), which comes from the kitchen sinks 
and tubs, showers, clothes washers, and dishwashers, is 
considered a valuable source for wastewater treatment and 
reuse because it constitutes 50%–80% of the total wastewater 

generated in households [1,2]. With suitable treatment, grey 
water could be utilized for many useful applications [3–5]. 
Many treatment methods have been investigated for such 
kind of wastewater including physical [6–8], chemical [9,10], 
and biological methods [1,11,12]. In addition, the combina-
tion of two or more methods was also investigated by many 
researchers [13,14]. Key parameters in selecting the treatment 
method are the characteristics of grey water to be treated 
[15,16] and reuse applications [4]. 
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In the recent years, electrocoagulation (EC) technology 
has been proved to be an effective method for different kinds 
of wastewater [17–23]. The concept of EC is simply based on 
using sacrificial electrodes (usually aluminum or iron) intro-
duce metallic coagulating species as metallic hydroxides to the 
solution undergoing treatment instead of using conventional 
chemical coagulants [24]. This would lead to form a colloidal 
suspension within the solution to be treated and thus separat-
ing the pollutants from the water when the charged ionic spe-
cies react with formed metallic hydroxides [24,25]. The overall 
EC process includes complicated physical and chemical pro-
cesses starting with the dissolution of the sacrificial electrodes 
and ending with the destabilization of pollutants. Although 
the theoretical phenomenon behind the EC technology is well 
documented [24,25], there still wide ranges of research to be 
explored due to the complexity in the physiochemical pro-
cesses involved in this technology. The main reactions that 
take place on the anodes and cathodes of Al and Fe electrodes 
are explained in the following chemical equations [24]:

At the anode of Al electrodes:

Al(s) → Al+3
(aq) + 3e−� (1)

2H2O(1) → 4H+
(aq) + O2(g) + 4e−� (2)

At the cathode of Al electrodes:

Al+3
(aq) + 3e−�→ Al(s) (3)

2H2O(l) + 2e− → H2(g) + 2OH−� (4)

At the anode of Fe electrodes:

Fe(s) → Fe+2
(aq) + 2e−� (5)

2H2O(1) → 4H+
(aq) + O2(g) + 4e−� (6)

At the cathode of Fe electrodes

Fe+2
(aq) + 2e−�→ Fe(s) (7)

2H2O(l) + 2e−�→ H2(g) + 2OH−� (8)

For grey water treatment by EC technology, many investi-
gations had been carried out on the performance of this technol-
ogy under various operating conditions [15,26–31]. It seems that 
there are wide variations in chemical oxygen demand (COD) 
removals in the obtained results from different previous studies. 
For example, the maximum COD removal efficiency achieved in 
a study conducted by Janpoor et al. [30] was about 93.2% and it 
was of about 52.8% in the study of Nasr et al. [28]. Despite that 
the two studies [28,30] were conducted using the same opera-
tional mode and electrode material and reporting similar pH 
ranges of the treated grey water. This was also the case for other 
many previous studies [27,29,31–33]. The difference in the COD 
removal resulted from various studies can be referred to the 
variations in the operational parameters considered. However, 
this explanation might not be sufficient to justify such high dis-
crepancy. Some studies that had obtained low COD removal 

levels had rarely attributed their findings. For example, a study 
conducted by Vakil et al. [29] indicted the presence of soluble 
organics behind the limited COD removal which was of about 
70%. However, Vakil et al. [29] did not present any results to sup-
port their assumption such as measuring soluble COD (SCOD) 
concentration or volatile soluble solids in the treated grey water. 
This was not the first time that indicates the negative impact of 
soluble fraction of organic pollutants on grey water treatment. 
A study performed by Dixon et al. [34] also explained the rea-
son behind the failure of treatment in a test site for grey water 
reuse to the SCOD in a pre-treatment tank. In fact, the SCOD is 
challenging not only in grey water treatment but also in treating 
the industrial wastewater [35]. Generally, the SCOD could occur 
due to the anaerobic microbial processes or due to larger solids 
settling while leaving smaller organic species in a colloidal sus-
pension. The longer storage durations cause SCOD to increase 
[34].In addition, the SCOD increases significantly under extreme 
alkaline conditions and under high temperatures [36].

Consequently, it seems that the SCOD in grey water might 
play an important role in GW treatment by EC. Very few studies 
were found in the literature to address this issue. Therefore, the 
objective of this study was oriented to achieve further investiga-
tion of the impact of the SCOD on the treatment of grey water 
via EC technique. This important parameter can also be consid-
ered as a precursor to the effect of long durations of pre-storage 
on the process. Accordingly, in this study, the influence of 
electrical current density (CD) and the type of electrodes on 
COD and turbidity removals were investigated under various 
SCOD levels. Furthermore, a statistical analysis using Statistical 
Analysis Software (SAS) was performed to see whether the pro-
cess parameters were statistically significant or not.

2. Materials and methods

2.1. Grey water collection, storage and characterizations

In this experimental work, grey water samples were collected 
from different locations in the Faculty of Natural Resources and 
Environment at the Hashemite University, Jordan. Specifically, 
the samples were collected from the bathroom sinks of male and 
female students, the water sink in the water quality lab, floor 
mopping, and male students’ ablution water. The collection pro-
cess (using plastic containers) was carried out by intentional and 
temporary clogging of the sinks and then transferred to 20-L 
polypropylene container, while floor mopping water was col-
lected directly from the buckets of the cleaning staff. About 35 
samples were collected with a sum of around 100 L. 

An important aspect when dealing with grey water is the 
extent of time duration prior to water treatment which cor-
relates with SCOD [34]. Therefore, in order to investigate the 
impact of storage time on the EC treatment and to get different 
fractions of SCOD with high variance, the collected samples 
were divided into three groups that each underwent different 
storage durations before applying EC technique. The storage 
process was carried out using 20-L polypropylene containers 
under room temperature (18°C ± 0.6°C) in the water qual-
ity lab; Faculty of Natural Resources and Environment at the 
Hashemite University. For the purpose of this study, the col-
lected samples were classified into three categories depending 
on the percentages of SCOD in the original collected samples: 
the first category is the low-range strength of SCOD, the second 
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category is the mid-range strength of SCOD and the third cat-
egory is the high-range strength of SCOD. Due to the dura-
tions of storage time, three distinguished categories of SCOD 
concentrations were produced: low-range strength of SCOD 
(10%) with a total COD concentration of 1,536 mg/L, mid-
range strength of SCOD (54%) with a total COD concentration 
of 1,680 mg/L and high-range strength of SCOD (85%) with a 
total COD concentration of 1,540 mg/L. The first category (10% 
SCOD) underwent treatment by EC directly during the first 
24 h of collection time (~1 d of storage time). The mid-range 
of SCOD (54%) was stored for 7 d prior to treatment, and the 
high-range of SCOD (85%) was stored for 30 d before being 
treated. The purposes of storing the second and the third cate-
gories for long time were to (i) study the impact of the storage 
time of grey water during treatment by EC and (ii) obtain sam-
ples with highly distinctive in SCOD. This trend is based on 
a study conducted by Dixon et al. [34] who found that SCOD 
increases with increasing storage time. 

2.2. Experimental setup and operating conditions

The experimental setup used in this study is shown in 
Fig. 1. A bench-scale batch reactor (cylindrical shape), made of 
glass, was used as an EC unit to treat grey water with different 
fractions of SCOD. The volume of the EC unit was 300 mL in 
which 250 mL of grey water was treated in each experimental 
run. Two flat-plate parallel electrodes were submerged verti-
cally in the grey water solution. The electrodes were made of 
either aluminum (Al) or iron (Fe). Each flat-plate electrode had 
a total surface area of around 22.8 cm2 (height = 7.6 cm; width 
= 3 cm; thickness = 0.025 cm) with an effective surface area of 

nearly 17.1 cm2. The spacing between the electrodes was 1 cm. 
The electrodes were connected to a direct current (DC) power 
supply (model MS303D) that allows a direct current and volt-
age ranges of 0–3 A and 0–30 V, respectively. Discrete direct 
current values, ranging from 0.1 to 0.2 A, were applied in the 
experimental runs. This DC range corresponds to equivalent 
CDs range from 5.85 to 11.7 mA/cm2.

Detailed experimental conditions are shown in Table 1. 
The EC unit was placed over a heating magnetic stirrer (VELP 
Scientifica, Italy) and a constant stirring speed was main-
tained at around 180 rpm. The electrodes used in this study 
were immersed in diluted hydrochloric acid solution for 
about 2 h and rinsed with distilled water for cleaning prior 
to the each EC run. The EC time was set to be 15 min for all 
experimental runs conducted.

2.3. Analytical methods

The performance of the EC reactor was monitored by ana-
lyzing both initial and final samples for total COD, SCOD, 
turbidity, total dissolved solids (TDS), pH, temperature and 
conductivity. The SCOD was analyzed by filtering the sample 
using a filtration membrane (0.45 μm) and then measuring 
the COD value in the filtered sample. The total COD, SCOD, 
turbidity and color were analyzed by MD600 photometer 
(Lovibond, Germany). The SensoDirect 150 meter (Lovibond, 
Germany) was used to measure TDS. The temperature, pH, 
and electrical conductivity were also monitored, using pH 
electrical conductivity meter (Hanna HI 5521, USA) which 
was calibrated once a week prior the usage.

2.4. Calculations

In order to investigate the performance of the EC tech-
nique for GW treatment, the reduction levels in COD and 
turbidity concentrations were determined by calculating the 
percentage�removal�(η%)�as�follows:

η(%) = −








100 1

0

C
C

 (9)

where C0 is the initial concentration of COD or the initial con-
centration of turbidity (FAU) before treatment and C is the 
final concentration of the corresponding measured parame-
ter after treatment (mg/L). On the other hand, the percentage 
SCOD in grey water was calculated using: 

% SCOD 100 SCOD
COD

=  (10)

where SCOD is the soluble COD in the raw grey water  
(mg/L) and COD is the total COD (mg/L).

Table 1
Experimental operating conditions

Applied current (A) 0.1 0.12 0.14 0.16 0.18 0.20

Anode materials Al and Fe
Effective area of anode (cm2) 17.1
Current density (mA/cm2) 5.85 7.02 8.18 9.36 10.53 11.70

Fig. 1. Experimental setup.
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Furthermore, the energy consumption (Ec) is considered 
an operational indicator during grey water treatment by EC 
process which can be calculated using [37]:

E U I tc = × × / 1  v( )000  (11)

where Ec is the energy consumption (kWh/m3), U is the volt-
age (V), I is the applied current in ampere (A), t is the EC time 
(h), v is the volume of treated GW sample (m3).

The performance of EC is also determined by the amount 
of the dissolved metal (m) which is dependent on the quan-
tity of electricity passed through the electrolytic solution. 
The amount of dissolved anode can be approximated from 
Faraday’s law [17]:

m I t Mw
ZF

=
× ×  (12)

where m is the amount of dissolved anode (g), I is the applied 
current (A), Mw is the molecular weight of electrode material 
(g/mol), Z is the valence of the electrode material, F is fara-
days constant (96,486 C/mol).

2.5. Statistical analysis

For further supporting the results of this study, a sta-
tistical analysis of the measurements was carried out using 
SAS 9.3 using PROC GLM commercial application. The lab 
experimental setup was designed based on completely ran-
domized design with three replications. The collected data 

were recorded and sorted for statistical analysis. Tukey mul-
tiple comparison test was used to separate treatment means. 
Statistical�significance�was�defined�at�α�=�0.05.

3. Results and discussion

3.1. Grey water characteristics

The Faculty of Natural Resources and Environment at 
the Hashemite University has an average daily attendance 
of 1,200 students and employees. Therefore, the character-
istics of the grey water depend on the activities of students 
on the day of the collected samples. As shown in Table 2, 
the collected samples did not demonstrate high variation in 
their characteristics. The pH values ranged from 6.4 to 7.6. 
For COD and turbidity analyses, the results ranged between 
1,400–1,700 mg/L and 700–900 FAU for COD and turbidity, 
respectively. Generally, grey water collected from ablution 
had lowest COD and turbidity values, while grey water from 
the floor mopping showed the highest COD and turbidity 
values. The high concentration of total suspended solids 
(TSS) might be due to the fine particles of sand and clay in 
the collected samples.

The characteristics of the raw grey water collected at the 
Hashemite University were compared with those reported 
for grey water generated elsewhere in Jordan (see Table 3). 
It was found that COD and pH values reported in this study 
were similar to those of grey water generated at a pilot-scale 
grey water reuse project in Al-Tafileh city [38] and in Al-Karak 
city at Al-Amer villages [39] as well. However, the TSS values 

Table 2
Some characteristics of grey water collected in this study for 35 collected samples

Water quality indexes Minimum Maximum Average SDa

pH 6.4 7.6 7.2 0.6
Temperature (°C) 18.1 21.2 20 1.1
Total COD (mg/L) 1,400 1,700 1,585 72
TDS (mg/L) 400 507 450 130
Conductivity (μS/cm) 716 900 800 126
TSS (mg/L) 808 1,000 920 205
Turbidity (FAU) 704 901 802 80
Color (PtCo) 194 388 340 132

aSD: Standard deviation.

Table 3
Characteristics of grey water collected in this study and comparison with other studies in Jordan

Parameter This study Jamrah et al. 
[41]

Suleiman et al. 
[40]

Al-Jayyousi 
[38]

Al-Hamaiedeh 
and Bino [39]

Halalsheh et al. 
[42]

pH 6.4–7.6 7.81 5.7–7.0 6.7 7.2 6.35
COD (mg/L) 1,450–1,600 78 2,257–2,878 1,460 1,712 2,568
SCOD% 10.4–85 – – – – 34
Turbidity (FAU) 704–901 49 – – – –
Conductivity (mS/cm) 716.7–900 1,910 1,560–2,100 460 1,830 1,830
TDS (ppm) 400–507 893 – – – –
TSS (ppm) 808–1,000 168 1,007–1,040 264 275 845
TS (ppm) 1,200–1,507 1,061 1,840–1,997 – 257 –
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reported in those studies were much lower than that reported 
in this study. As for grey water generated in Al-Mafraq city 
[40], TSS values were close to those reported in this study 
while reporting a much higher COD level. It was also noted 
that TSS, COD and turbidity values reported in this study 
were much higher than those reported by Jamrah et al. [41] 
for grey water originating in Amman and to those reported 
by Halalsheh et al. [42] which analyzed grey water from the 
University of Jordan. However, the TS value reported by 
Jamrah et al. [41] was somewhat close to that reported in this 
study.

The study conducted by Halalsheh et al. [42] was the only 
study that analyzed the fraction of SCOD in grey water in 
Jordan. For the purpose of this study, the collected samples 
were grouped into three categories according to SCOD %: 
10%, 54%, and 85% (Fig. 2). This classification was helpful in 
determining the impact of SCOD fraction on the total COD 
removal. 

3.2. Changes in pH and conductivity

Because initial pH and conductivity could affect the 
removal performance in EC process [32], the changes in pH 
and electrical conductivity were monitored during the time 
of EC (15 min) in all the conducted experiments. The objec-
tive behind that was to assure that all the experimental runs 
occurred under similar operating conditions. Fig. 3 shows 
the evolution in pH with time for selected experiments. It 
was found that in all experiments conducted, the pH of the 
treated solution tended to neutralize values (pH = 7.2 ± 0.4). 
This result was consistent with a study performed by Ge et al. 
[33] who also noted that pH solution tends to neutralization. 
They attributed that the CO2 released from the water under 
acidic conditions due to the ‘purging’ effect of H2 and O2 bub-
bles produced during EC which would eventually lead to 
reducing acidity. Furthermore, the consumption of hydrogen 
ions due to electrode dissolution during alkaline conditions 
would lead to reducing alkalinity as shown by the following 
chemical reactions: 

Al + 3H+ → Al+3 (13)

Fe + 2H+ → Fe+2 (14)

Consequently, the changes in COD and turbidity remov-
als during the conducted experiments of this study could be 
attributed to the changes in the applied CDs only.

With regards to electrical conductivity, there was no sig-
nificant change in conductivity during EC treatment, which 
might help to maintain constant CDs throughout all the con-
ducted experiments. This might be due to the low EC time 
that was applied in this study. 

In this study, pH and electrical conductivity values did 
not show any significant difference; hence, they could not be 
considered as major factors that affect the performance of EC 
treatment. Consequently, this contributed to identifying solu-
ble SCOD fraction as the primary parameter affecting the EC 
performance in this study.

3.3. Performance of EC in COD removal

Fig. 4 shows the performance of COD removal of the 
three categories of SCOD in grey water samples treated by 
EC technique using either aluminum or iron electrodes. 
Fig. 4(a) depicts the performance of EC technique using 
Al anode. The figure demonstrates that 79% removal of 
total COD can be achieved for low range of SCOD in grey 
water (i.e., 10% of SCOD) at an applied CD of 5.85 mA/cm2. 
The COD removal increased up to 96% with increasing 
the applied CD up to 9.36 mA/cm2. This increase in COD 
removal was expected due to the increase in Al dosage 
released from Al anode which ultimately enhanced coag-
ulation process in the EC reactor (Fig. 5). It is obvious that 
the COD removal was not improved significantly above an 
applied CD of 9.36 mA/cm2. With respect to Fe electrodes, 
Fig. 4(b) shows that the performance of Fe electrodes was 
slightly better than Al electrodes in COD removal at low 
applied CD and low-range of SCOD (i.e., 10%); the per-
centage COD removal was about 83% in comparison with 
79% when Al was used at 5.85 mA/cm2 of an applied CD. 
This might be due to the fact that the dosage released by 
iron electrode was significantly higher at the applied CD of 
5.85 mA/cm2 (Fig. 5). However, the maximum COD removal 
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was 96.3% which is very close to that obtained when Al 
electrodes were used at an applied CD of 9.36 mA/cm2. 
Furthermore, Fig. 4(b) indicated that applying a CD above 

9.36 mA/cm2 might not improve the COD removal; the case 
that was observed for Al electrodes as well.

A significant decrease in COD removals was observed 
for mid-range of SCOD (i.e., 54%) for both Al and Fe elec-
trodes as shown in Fig. 4. At an applied CD of 5.85 mA/cm2, 
the COD removals were about 56% and 65% for Al and Fe 
electrodes, respectively. It is clear from Fig. 4 that the COD 
removal increases with increasing applied CDs for both Al 
and Fe electrodes. The best COD removals were almost simi-
lar, 79% and 78% for Al and Fe electrodes, respectively, when 
the applied CD increased up to 11.7 mA/cm2.

Two distinguished results were observed when the EC 
technique was applied on high fraction of SCOD (i.e., 85%). 
First, the COD removal was very limited all throughout the 
applied CDs when Fe electrodes were used (Fig. 4(b)). There 
was no significant improvement in COD removal (1.6%) at an 
applied CD of 5.85 mA/cm2, while a slight removal enhance-
ment of about 17% was noticed in COD removal when the 
applied CD increased up to 11. 7 mA/cm2. Second, Fig. 4(a) 
illustrates that aluminum electrodes showed better per-
formance with respect to COD removal at higher SCOD in 
grey water. The COD removal by Al electrodes was higher 
than that achieved by Fe electrodes at all the applied CDs. 
However, the COD removal was decreased dramatically at 
higher SCOD as well; it was 22% at 5.85 mA/cm2 and reached 
32.4% when the current was raised to 11.7 mA/cm2. The high 
removal obtained by Al compared with Fe electrodes could 
be attributed to the higher oxidation potential of organic 
compounds by the oxides produced when using aluminum 
electrodes as compared with those oxides produced when 
using iron electrodes [43]. Furthermore, the limited removal 
obtained at high-range of SCOD could be attributed to the 
presence of soluble organics that would not react with metal-
lic coagulating species [29].

3.4. Change of turbidity

Turbidity is correlated with TSS that comprises sus-
pended organic particles [44,45]. Consequently, it can be 
concluded that suspended COD is correlated with turbidity. 
Based on this concept, turbidity could be used to indicate the 
extent of the removal of suspended COD. Therefore, measur-
ing initial and final turbidity allowed monitoring the extent 
of SCOD removal (i.e., high degrees of turbidity removals 
with low values of COD removals indicate the poor removal 
of SCOD).

The performances of aluminum and iron anodes for tur-
bidity removal are shown in Fig. 6. At low-range of SCOD and 
low levels of the applied CDs, the turbidity removals were 
close to 98.5% and it reached 100% at high level of the applied 
CDs for both types of electrodes used. The same trend was 
observed when EC treatment was applied on grey water with 
mid-range of SCOD. Regardless of the SCOD levels, the tur-
bidity removal exceeds 98.5% when the applied CD is greater 
than 7.02 mA/cm2. While, the removal efficiency of turbid-
ity was around 96% using both electrode materials when the 
SCOD is high and the applied CD is low. In other words, the 
removal efficiency of turbidity ranged between 96%, when 
the operation of EC treatment was at very low CD and greater 
than 99.2% when the applied current was high regardless of 
the SCOD levels and the type of electrodes. This means that 
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the turbidity removal is not dependent on SCOD level, the 
fact that supports the assumption stated earlier. 

3.5. Energy consumption

Electrical energy consumption and the amount of elec-
trode dissolved in wastewater solution exhibit a significant 
and an economical factor in any EC process [19]. The elec-
trical energy consumption per unit volume of treated waste-
water is calculated by using Eq. (11). While the amount of 
released coagulating dose during electrolysis is calculated 
from Eq. (12).

Fig. 7 shows the amount of energy consumption per one 
cubic meter of treated wastewater for both electrodes (Al 
and Fe) during 15 min of EC treatment time. It is clear that 
the increase in the applied CD increases the specific elec-
trical energy consumption. According to Fig. 4(a), for low-
range of SCOD, the best COD removal was achieved at an 
applied CD of 9.36 mA/cm2, no further improvement was 
observed. Therefore, to achieve highest possible removal 
efficiency with lowest energy consumption, the CD must 
not be greater than 9.36 mA/cm2 during 15 min of EC treat-
ment time. 

On the other hand, an exponential relationship would 
be observed between the applied CD and the specific energy 
consumption as shown in Fig. 7. This means that the EC might 
not be a feasible technology at high levels of SCOD taking in 
consideration the fact that the COD removal decreased sig-
nificantly at these levels as well, especially for Fe anodes.

3.6. Statistical analysis

A statistical analysis using SAS program was performed 
to see whether the process parameters were statistically sig-
nificant or not. The results of statistical analysis are summa-
rized in Tables 4–6. Table 4 shows the results of statistical 
analysis with respect to the variations in the applied CD. 
Generally, the results confirmed that COD removals were 
significantly different among different levels of the applied 
CDs (p < 0.0001) which support the results obtained in Fig. 4. 
The p value indicates the probability that the obtained results 
are different from the results that usually observed. With 
respect to the turbidity, the statistical analysis shows that 
the turbidity removal did not change when high levels of the 
applied CDs were used while small variations were observed 
at low levels. This result supports the results concluded from 
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Fig. 6. Turbidity removal using: (a) Al and (b) Fe electrodes at 
different %SCOD. 
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Fig. 7. Energy consumption during EC treatment using: (a) Al 
and (b) Fe electrodes at different %SCOD.
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Fig. 6. Furthermore, the results of Table 4 confirmed statisti-
cally that higher energy consumption and released dosage 
were observed with higher CDs (p < 0.0001).

Table 5 summarizes the results of the statistical analysis 
with respect to the variations in the percentages of SCOD 
levels. The results confirmed that the COD removal per-
centages were significantly different among different SCOD 
(p < 0.0001). At low SCOD (10%), the removal percentage 
was significantly higher than that of intermediate SCOD 
(54%) and high SCOD (85%). Additionally, the highest SCOD 
showed the lowest removal percentage among the other 
tested SCOD levels, which supports the results obtained in 
Fig. 4. Results showed that turbidity removal percentages 
were significantly different among SCOD (p = 0.0009). The 
highest turbidity removal levels were noticed under low 
SCOD (10%) compared with the other SCOD treatment. 
However, even though the detected statistical significance at 
this treatment, we do not see that these differences practically 
can make that observed effect. Table 5 also shows that the 

energy consumption and released dosages were significantly 
different among different COD levels (p < 0.0001).

Table 6 summarizes the statistical analysis of the impact of 
anodes used on the EC process performance. The results con-
firmed that the removal percentages were significantly dif-
ferent among different electrode types (p < 0.0001). However, 
the statistical analysis showed no significant effect between 
the anodes used on the turbidity removal percentage (p = 
0.1129). The removal percentage was significantly higher 
with aluminum electrode compared with the iron electrode 
(p < 0.0001). Furthermore, the aluminum electrode showed 
significantly lower energy consumption and released dosage 
compared with that of iron electrode (p < 0.0001).

4. Conclusions

In this study, EC treatment was applied on grey water 
samples generated from different locations at the Hashemite 
University, Jordan. The collected samples were classified 

Table 4
Summary of statistical analysis with respect to the applied current density

Current density (mA/cm2) Means of measured parameter
COD removal 
(%)

Turbidity removal 
(%)

Energy consumption 
(kWh/m3)

Released dosage  
(g/m3)

5.85 50.443, d 97.450, c 0.056, f 17.22, f
7.01 51.943, cd 98.362, bc 0.070, e 20.61, e
8.19 54.565, c 98.782, ab 0.098, d 23.73, d
9.36 60.227, b 99.380, a 0.129, c 26.97, c
10.53 62.935, ab 99.345, a 0.161, b 30.49, b
11.70 66.372, a 99.423, a 0.198, a 34.44, a

Note: The letters (a, b, c, d, e and f) associated with treatment averages indicate that the treatments with different letters within each column 
are�significantly�different�at�α�=�0.05.

Table 5
Summary of statistical analysis with respect to the impact of SCOD

% SCOD Means of measured parameter
COD removal (%) Turbidity removal (%) Energy consumption (kWh/m3) Released dosage (g/m3)

10 89.487, a 99.349, a 0.091, c 25.83, a
54 66.807, b 98.767, b 0.120, b 25.83, a
85 16.782, c 98.255, b 0.147, a 25.08, b

Note: The letters (a, b and c) associated with treatment averages indicate that the treatments with different letters within each column are 
significantly�different�at�α�=�0.05.

Table 6
Summary of statistical analysis with respect to the impact of types of anodes used

Electrode type Means of measured parameter
COD removal (%) Turbidity removal (%) Energy consumption (kWh/m3) Released dosage (g/m3)

Al 60, a 98.93, a 0.110, b 12.4, b
Fe 55, b 98.65, a 0.127, a 38.7, a

Note: The letters (a and b) associated with treatment averages mean that the treatments with different letters within each column are signifi-
cantly�different�at�α�=�0.05.
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into three categories based on the storage time before treat-
ment. Three different concentrations of soluble fractions of 
COD (SCOD), specifically: 10%, 54% and 85% SCOD were 
produced after storing the samples for 1, 7 and 30 d, respec-
tively. The results of this study demonstrated that the SCOD 
increases with increasing the storage time.

The EC process showed better performance at low levels 
of SCOD, an applied CD of 9.36 mA/cm2 was sufficient to 
remove 96% of the total COD at 10% of SCOD during 15 min 
of EC time using either Al or Fe electrodes. However, an 
obvious relation was noted between SCOD and total COD 
removal. An increase in SCOD was noted to reduce the total 
COD removal for mid and high ranges of SCOD regardless 
of the applied CD and the material of electrodes. The results 
demonstrated that the EC might not be a feasible technology 
for grey water treatment at high levels of SCOD. Therefore, it 
is recommended to analyze the SCOD when considering EC 
as a choice for grey water treatment.

With respect to the material electrodes, the results 
showed that aluminum anodes superiority over iron anodes 
in energy consumption and COD removal. However, the 
results showed no significant difference with respect to the 
turbidity removal, the turbidity removal ranged between 
96%, when the operation of EC treatment was at very low 
CD and greater than 99.2% when the applied CD was high 
regardless of the SCOD levels and electrode type used.

Overall, the SCOD was found to be a key parameter 
that affecting the EC performance in grey water treatment. 
Therefore, it is recommended to decrease the duration of 
storage time of grey water when EC is used for treatment. It 
is also recommended to conduct additional test series con-
cerning continuous operations in order to generalize this 
concept for future large-scale applications.
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