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INTRODUCTION

Industrial wastewater poses significant envi-
ronmental challenges, and the variety of pollut-
ants complicates wastewater treatment efforts. 
The expansion of the industrial sector and altera-
tions in manufacturing processes have increased 
the volume and complexity of wastewater re-
leased into the environment. This amalgamation 
of industrial effluents may include hazardous 
waste, which must be mitigated or eliminated 
to safeguard environmental integrity and public 
health (Popat et al., 2019).

Oily-contaminated effluent is produced by 
various industries, including petrochemical facili-
ties, poultry processing plants, edible oil refiner-
ies, and dairy operations (Ayoub, 2022). Edible 
oil companies generate a significant volume of 
wastewater due to the large quantities of water 
required for processing. The composition and 
characteristics of wastewater from vegetable oil 
refinery plants depend on the specific crop used 
for oil extraction (Sharma et al., 2018). These ef-
fluents contain substantial amounts of dissolved 
and suspended organic materials, such as fats, 
O&G) and nutrients like ammonia, phosphates, 

Efficiency Evaluation of the Continuous Flow Electrocoagulation 
Process for the Treatment of Oily-Contaminated Wastewater

Abdelaleem Elwakil1,2*, Abd-Elaziz El-Sayed1, Mohamed Ayoub1, Ahmed El-Morsy1

1	 Public Works Engineering Department, Faculty of Engineering, Tanta University, Tanta, Egypt
2	 Demonstrator at the Construction Engineering and Management Department, Pharos University, Canal El 

Mahmoudia, Alexandria, Egypt
*	 Corresponding author’s e-mail: abdelalem146598@f-eng.tanta.edu.eg

ABSTRACT
Wastewater generated by edible oil industries is characterized by elevated levels of chemical oxygen demand 
(COD), oils, and grease (O&G), which poses significant challenges for treatment to comply with environ-
mental standards. This study aims to assess the effectiveness of continuous flow electrocoagulation in treat-
ing such wastewater and optimizing water quality to meet these standards. A response surface methodology 
(RSM) approach is employed to evaluate the influence of critical operational parameters, including pH, 
electrode distance, electric current, and reaction time, on the removal efficiencies of COD and O&G. Numer-
ous experiments are conducted under various conditions to identify the optimal configuration. The results 
revealed that under optimal conditions of pH 3.81, electrode spacing of 1.5 cm, an electric current of 5 A, and 
a contact time of 51.42 minutes, removal efficiencies of 91.2% for COD and 93.7% for O&G are achieved. 
Additionally, the maximum processing efficiency is reached during the second operational cycle, where the 
residual concentrations of COD and O&G are found to be 36.6 mg/L and 14.2 mg/L, resulting in removal 
efficiencies of 99.26% and 99.25%, respectively. These findings underscore that the proposed optimized elec-
trocoagulation method can attain higher removal efficiencies for COD and O&G than those previously noted 
in comparable studies. Consequently, this method could be adopted by industries aiming to comply with 
stringent environmental regulations. Furthermore, the novel combination of operational parameters addresses 
a significant gap in wastewater treatment research, providing a sustainable solution for industries managing 
oily contaminants. However, further research may be necessary to evaluate large-scale applications’ long-
term operational stability and cost-effectiveness.

Keywords: electrocoagulation, oily wastewater treatment, response surface methodology, sustainability.

Received: 2024.09.24
Accepted: 2024.10.15
Published: 2024.11.01

Ecological Engineering & Environmental Technology, 25(12), 203–217
https://doi.org/10.12912/27197050/194187
ISSN 2299–8993, License CC-BY 4.0

ECOLOGICAL ENGINEERING 
& ENVIRONMENTAL TECHNOLOGY



204

Ecological Engineering & Environmental Technology 2024, 25(12), 203–217

and other minerals. They also exhibit elevated 
levels of biological and chemical oxygen demand 
(BOD and COD, respectively). Consequently, it 
is essential to conduct a thorough assessment be-
fore the disposal of such effluent (Benazzi et al., 
2016). The presence of organic matter, heavy met-
als, inorganic substances, and suspended solids in 
wastewater poses a significant threat to the envi-
ronment and aquatic life in Egypt. The industrial 
sector contributes to high levels of impurities and 
pollutants, which have serious repercussions (Ali, 
2022). The removal of these pollutants can be ac-
complished through chemical, physical, and/or bi-
ological methods. However, traditional approach-
es have proven insufficient in recent decades, as 
noted by Carmona-Carmona et al. (2021).

Electrocoagulation (EC) is an effective meth-
od for treating oil pollution, which involves the 
electro-dissolution of sacrificial anodes and the 
formation of hydroxo-metal products that act as 
coagulants. This technique effectively destabiliz-
es oil-in-water emulsions, presenting a promising 
alternative for the removal of oil from wastewater 
(An et al., 2017). The electrocoagulation process 
offers several advantages, including ease of op-
eration, minimal equipment requirements, short-
er treatment times, reduced sludge production, 
and lower resource consumption (Ahmed et al., 
2024). Its rapid adoption as a wastewater treat-
ment technology can be attributed to its efficacy 
in removing contaminants that are often challeng-
ing to eliminate through filtration or chemical 
treatment systems (Al-Rubaiey and Al-Barazanjy, 
2021). Electrocoagulation can remove suspended 
particles smaller than a micron, break emulsions 
such as oils and fats, oxidize compounds, and 
eliminate heavy metals, all without the need for 
additional chemical substances (Dobrosz-Gómez 
et al., 2024). In this manner, Mao et al. (2023), 
Aiyd Jasim and AlJaberi (2023), and Moneer et 
al. (2023) assessed the influence of various fac-
tors on the electrocoagulation process and its ef-
ficacy in pollutant removal. The effectiveness of 
the treated water and its potential applications 
were not taken into consideration. 

This study aims to evaluate the effectiveness 
of EC in removing O&G as well as COD from 
wastewater contaminated with oil. It focuses on 
analyzing the influence of various operational 
factors, including reaction time, electric cur-
rent, initial pH, and electrode spacing, on treat-
ment efficiency. Additionally, the research seeks 
to explore the potential for obtaining treated 

wastewater suitable for reuse in the irrigation of 
green areas, based on the optimal conditions iden-
tified through the electrocoagulation process.

MATERIALS AND METHODS

Study area

Industrial drainage samples were collected 
from the crude oil refining phase, as well as from 
sunflower oil and soybean oil produced at the oil 
and soap factory located in Karmoz, Alexandria, 
Egypt. The factory has an average daily output of 
7 to 9 tons of crude oil, undergoing processes that 
include glue removal, fatty acid extraction, neu-
tralization, and finally, deodorization. Experiments 
and analyses were conducted at the sewage labo-
ratory of the Engineering College of Pharos Uni-
versity in Alexandria, and the Egyptian Foundation 
for Scientific Services and Water Analysis using 
the Standard Methods (2017) for Water and Waste-
water Examination, 23rd edition, as prepared and 
published by APHA, AWWA, and WEF in 2017.

Raw oily-contaminated wastewater 
parameters

When a sodium hydroxide solution (NaOH) 
is added to crude oil, a chemical reaction occurs 
between the sodium hydroxide and the free fatty 
acids present in the oil. This reaction produces 
soap and water, as the free fatty acids react with 
sodium hydroxide to generate sodium salts (soap) 
and water (Saputra et al., 2024). 
RCOOH + NaOH → RCOONa (soap) +H2O (1)

The wastewater generated by the oil-refining 
equivalence process possesses specific chemical 
and physical properties that must be considered 
during handling or treatment. These properties 
are affected by the chemicals utilized in the pro-
cess, such as sodium hydroxide, as well as by 
the components extracted from the oil, including 
fatty acids and soap (Saputra et al., 2024). Table 
1 outlines the characteristics of the industrial dis-
charge from the refining process, while Figure 1 
illustrates the form of the specimen.

Oily-contaminated wastewater treatment 
steps resulting from the refining process 

Given the presence of these characteristics, it is 
essential to treat the oily-contaminated wastewater 
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produced during the refining process before its 
discharge into the environment or its use in other 
applications. Potential interventions may include: 
dispose of the soap appropriately, reducing the de-
gree of Alkalinity, electrocoagulation process.

Dispose of the soap appropriately 

 The water generated by the refining process 
contains soap (R-COONA) in as shown in Equation 
1. The liquid soap is removed by sedimentation or 
centrifugation and a large part of it can be disposed 
of (Kaya and Hung, 2020). The presence of soap 

influences the water’s viscosity, its foaming capaci-
ty, Furthermore, soap adversely impacts the efficacy 
of treatment. The sedimentation process takes place 
within 8 hours, where the soap floats to the top as 
shown in Figure 2, and its percentage in the sample 
is approximately 25%. After that, it is completely 
separated from oily-contaminated wastewater

Reducing the degree of alkalinity 

At high alkalinity levels (pH: 9.5–12.5), elec-
trification treatment is ineffective; the reaction 
proceeds slowly, and the properties of the sample 

Table 1. Characteristics of collected oily-contaminated wastewater

Parameter
Value

Average Standard deviation

pH 11.04 1.45

COD (mg/L) 4945 90.3

Oil and grease – O&G (mg/L) 1903 279

Total suspended solids - TSS (mg/L) 4866 125.9

Conductivity (mS/cm) 50.64 2.1

Figure 1. Raw oily-contaminated wastewater after product of the crude edible oil refining process

Figure 2. Separation of the soap from the sample
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requiring removal remain unaltered. Hydrochlo-
ric acid was employed to accelerate the reaction 
and regulate the pH level. The presence of so-
dium hydroxide (NaOH) in water contributes to 
alkalinity, which hydrochloric acid (HCl) neutral-
izes. The reaction between HCl and NaOH results 
in the formation of sodium chloride (NaCl) and 
water (H₂O) (Acharyya et al., 2023). 

	 HCl + NaOH → NaCl + H2O	 (2) 

Figure 3 illustrates the formation of a fatty 
acid layer on the surface of the sample. Upon the 
addition of HCl, the soap contained in (R-COO-
Na) undergoes decomposition, reacting with the 
liquid soap to yield fatty acid (R-COOH) and so-
dium chloride (NaCl) (Zhang et al., 2021).

	 R-COONa + HCl → R-COOH + NaCl	 (3)

Electrocoagulation process 

The electrocoagulation (EC) process was im-
plemented using a glass reactor with a capacity 
of 7.2 liters, connected to a direct current power 
supply (XY6008; 0–60 V, 0–8 A). The cell was 
continuously supplied with oily-contaminated 
wastewater via a peristaltic pump (Tbest1f32u-
5ws4e 0–250 mL/min), operating at flow rates 
designed to achieve nominal retention times of 
30, 40, and 60 minutes. The system featured six 
aluminum electrodes (three cathodes and three 
anodes), each measuring 100 × 40 × 3 mm, with 
inter-electrode distances of 1.5 cm, 2.5 cm, and 
3.5 cm, as illustrated in Figure 4. 

Experiment Equipment

The model, specifically designed for this pur-
pose, illustrates the experiment in its entirety, as 
detailed in Table 2 and Figure 5. 

EC container

The EC container is a clear acrylic unit with 
a working volume of 7.2 liters and dimensions of 
30 × 20 × 12 cm, as illustrated in Figure 6. Fig-
ures 7a and 7b show the shape of the device dur-
ing testing. Figures 8a and 8b depict the sample’s 
form during the sedimentation phase and its sub-
sequent arrangement for laboratory transport.

Electrode plate

Electrode plates play a vital role in electroco-
agulation systems by generating coagulants and 
conducting electrical current. Composed of mate-
rials such as aluminum, iron, and stainless steel, 
these plates require regular maintenance to man-
age wear and tear. Optimal design and placement 

Figure 3. Fatty acid from HCL reaction

Figure 4. Dimensions of aluminum electrodes
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Figure 5. Electrocoagulation setup

Table 2. Model of the experiment

EC setup

Volume of container 7.2 L (7200 cm³)

Dimensions of container 30·20·12 cm

Material of container fiberglass

Electrode plate type Aluminum

Dimensions of electrode 100·40·3 mm

Number of electrodes (3 cathodes and 3 anodes)

dc power supply XY6008; 0–60 V, 0–8 A

Peristaltic Pump Tbest1f32u5ws4e 0-250 ml/min

Influent tank 80L (8000 cm³)

Final storage. 15L (1500 cm³)

Constant parameters electrode type Aluminum

Variable parameters

Contact times 30/45/60 min

Inter-electrode spacing 1.5/2.5/3.5 cm

pH 3/7/5

Electric current 1/3/5 A

Figure 6. Dimensions of electrocoagulation container

can further improve current efficiency and floccu-
lation processes. Research conducted by Bharath 
et al. (2020), Igwegbe et al. (2021), Chezeau et al. 
2020), Rusdianasari et al. (2019) illustrates that 
aluminum electrodes demonstrate superior effi-
ciency compared to iron electrodes in treatment 
applications, showing a greater capacity to reduce 
the percentages of COD, total suspended solids 

(TSS), total dissolved solids (TDS), and oil and 
grease. Consequently, aluminum electrodes were 
utilized. The dimensions of the electrode plates 
are 100 × 40 × 3 mm. Aluminum (Al) is com-
monly employed as electrode material, with cat-
ions generated through the dissolution of sacrifi-
cial anodes when direct current is applied. Metal 
ions are produced at the anode, while the cathode 
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yields hydrogen gas, as illustrated in reaction 
Equations 3, 4, and 5 (Benazzi et al., 2016b).
	• At the anode:

	 Al → Al³+ + 3e-	 (3)

	• At the cathode:
	 3H2O → 3/2 H2(g) + 3OH-	 (4)

	 Al3 + 3H2O → Al(OH)3+ 3H+	 (5)

Factors affecting electrocoagulation process

Initial pH

The initial pH at the commencement of the 
electrocoagulation process is crucial for several 
reasons. The pH of the solution significantly im-
pacts the efficacy of electrocoagulation. Maintain-
ing an appropriate pH range in wastewater treat-
ment is essential for optimizing the performance 
of coagulants and ensuring the efficient removal 
of suspended particles and contaminants. The 
electrocoagulation process relies on the formation 
of flocs, which are aggregates of particles that can 
be subsequently removed from the solution. The 

pH level directly affects the electrical charge of 
both the particles and the coagulant components, 
thereby influencing the development and stability 
of the flocs. For instance, excessively high or low 
pH levels can hinder floc formation or result in 
inadequate coagulation.

The research conducted by Prasetyaningrum et 
al. (2019), İrdemez et al. (2006), and Yıldız et al. 
(2008) indicates that a pH value between 3 and 7 
is most effective in the electrocoagulation process. 
This pH range facilitates optimal electrical conduc-
tivity and the efficient removal of COD, TSS, and 
O&G. The selected experimental pH values were 
3, 5, and 7, which were adjusted by administering 
hydrochloric acid (HCl) in varying doses. Table 3 
presents the calculations necessary for adjusting 
the pH of 80 liters of wastewater from an initial pH 
of 10.5 to the target levels of 3, 5, and 7.

The method involves the use of hydrochloric 
acid (HCl) at a concentration of 37%, combined 
with an equal volume of water to achieve the nec-
essary dilution. This adjustment aims to bring the 
wastewater to the required pH range for effective 
treatment and subsequent discharge.

Figure 7. The devices during the testing (a) Sample during processing and (b) Foam volume formed

Figure 8. Portion of the specimens (a) Sample sedimentation (b) Final sample
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Inter-electrode spacing

The distance between electrodes in an elec-
trocoagulation system is critical for its efficien-
cy and effectiveness. It influences electric field 
strength, current distribution, solution resistance, 
electrolyte contact, floc formation and removal, 
as well as electrode wear and maintenance. A re-
duced distance results in a more intense electric 
field, whereas an increased distance diminishes it. 
Appropriate spacing guarantees uniform current 
flow, minimizes solution resistance, and sustains 
effective floc formation and removal.

Inefficient spacing can result in overheating 
or degradation of the electrodes, while excessive 
spacing may lead to inadequate floc formation and 
removal. Therefore, optimizing electrode spacing 
is crucial for achieving optimal coagulation effi-
ciency (Alam et al., 2024) (Akhtar et al., 2020). 
Based on the aforementioned studies, electrode 
distances of 1.5, 2.5, and 3.5 cm were selected for 
evaluation of the results.

Contact times

Contact time is a critical parameter in elec-
trocoagulation treatment, significantly impacting 
both the efficiency and effectiveness of the pro-
cess. This time frame facilitates more compre-
hensive interactions between contaminants and 
coagulant agents, enhancing removal efficiency. 
Sufficient contact time is vital for floc formation 
and growth, electrochemical reactions, and pol-
lutant removal. Extended contact times guarantee 
uniform treatment across the entire solution vol-
ume, while a careful consideration of contact time 
alongside other parameters optimizes the process 
for effectiveness and cost-efficiency. Inadequate 
contact time can lead to diminishing returns and 
increased energy consumption, whereas exces-
sively brief contact times may result in incom-
plete treatment. The contact durations selected 
during the electrocoagulation process were 30, 
45, and 60 minutes, in alignment with the findings 
from each source (Moradi et al., 2021; Aljalee-
land and Alwan, 2021).

Electric current 

Current is a crucial factor in electrocoagu-
lation, as it directly affects the efficiency and 
efficacy of the treatment process. It influences 
the production of coagulants, the occurrence of 
electrochemical reactions, the effectiveness of 
flocculation, the distribution of current, energy 
usage efficiency, electrode performance, pro-
cess optimization, operational monitoring and 
control, and regulatory compliance. Increasing 
the amperage leads to a higher rate of coagulant 
formation, enhances electrochemical reactions, 
and ensures optimal reaction conditions. The 
appropriate amperage influences the creation 
and growth of flocs in treated water, facilitating 
faster and more effective pollutant separation. 
The current distribution system ensures uniform 
treatment, maximizing energy efficiency. High 
amperage also affects electrode performance, 
impacting their durability, wear, and heat gen-
eration. Continuous monitoring and regulation 
of amperage allow for necessary adjustments to 
maintain ideal operating conditions.

Experimental design using response surface 
methodology

Response surface methodology (RSM) com-
prises a collection of statistical and mathematical 
techniques utilized to optimize processes, evalu-
ate the relationships among multiple factors, and 
improve outcomes. It is particularly advanta-
geous for designing and refining experiments in 
scenarios where various factors impact a response 
variable (Mirshahghassemi et al., 2017).

The experimental design, analysis of vari-
ance (ANOVA), mathematical modeling, and 
response surface contour plots were carried out 
using Minitab statistical software (Minitab, ver-
sion 18). The four essential functional parameters 
include contact time, electrode spacing, initial 
pH, and current. The Box-Behnken model (BBM) 
was employed to explore and establish the experi-
mental protocols (Moneer et al., 2023).

Table 3. Calculations required for pH adjustment
Target pH Quantity of HCl (37% concentration) Quantity of water

pH 7 1.25 liters 1.25 liters

pH 5 1.5 liters 1.5 liters

pH 3 1.9 liters 1.9 liters
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	 𝑌𝑌(%) = ∑ 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 +𝑛𝑛
𝑖𝑖−1 ∑ 𝐵𝐵1𝑖𝑖𝑥𝑥𝑖𝑖2

𝑛𝑛
𝑖𝑖−1 𝑖𝑖1−𝑟𝑟

1 ∑0  	 (6)

The equation comprises several terms. β0 
denotes the offset term, βi indicates the first-or-
der or linear effect, βii signifies the second-order 
or quadratic effect, and βij represents the inter-
action effect among the coded variables. Xi re-
fers to the experimental variables, n denotes the 
number of components, and Y (%) is the output 
provided by the model. Three values were cho-
sen for each operational variable. The specifics 

of the inputs necessary to construct the experi-
mental matrix are detailed in Table 4.

RESULTS AND DISCUSSION

Model development and validation

Table 5 presents empirical data on the per-
centage of COD removal (Y1) and O&G remov-
al (Y2) achieved under various independent 

Table 4. The experimental matrix for the four operational variables for RSM based on the Box–Behnken model
N Variable Unit -1 0 +1

X1 Electric current A 1 3 5

X2 pH – 3 5 7

X3 Distance cm 1.5 2.5 3.5

X4 Contact time min 30 45 60

Table 5. The independent variables and the observed and expected values of the removal efficiencies of COD, and O&G

NO current pH Distance Contact time Y1 (RE COD%) Predicted Y1 
(RE COD%) Y2 (RE O&G%) Predicted Y2 

(RE O&G%)

1 5 5 3.5 45 85.4398 84.8338 93.3263 93.2212

2 5 7 2.5 45 80.9282 79.7747 90.4887 89.1421

3 3 5 2.5 45 82.2042 82.4065 93.1161 92.7658

4 3 5 1.5 30 84.4287 83.7262 89.8056 91.3492

5 5 5 2.5 30 79.9798 82.2891 90.1209 90.6704

6 3 7 1.5 45 80.7887 79.7613 90.5938 87.9291

7 3 3 3.5 45 80.9909 82.9062 93.6416 94.3138

8 5 3 2.5 45 90.0910 88.0403 94.5875 94.0730

9 1 3 2.5 45 80.3842 79.6608 89.8056 90.2369

10 3 5 2.5 45 82.8109 82.4065 93.6416 92.7658

11 5 5 1.5 45 85.4398 86.0808 94.0620 94.9991

12 3 5 3.5 60 84.6309 83.4565 92.3805 89.9216

13 5 5 2.5 60 85.6421 86.5021 93.7993 94.2788

14 3 5 3.5 30 82.6087 81.4680 89.9107 89.5713

15 1 5 2.5 60 80.1820 78.7606 86.4950 83.9530

16 1 5 3.5 45 78.3620 78.7101 85.9695 87.9401

17 1 7 2.5 45 77.3509 77.5246 81.0300 80.6293

18 3 7 2.5 60 79.1709 80.5870 81.8707 85.0412

19 3 7 3.5 45 80.3842 81.0420 83.1844 83.4450

20 3 5 1.5 60 86.0465 85.3102 90.4887 89.9129

21 3 5 2.5 45 82.2042 82.4065 91.5397 92.7658

22 3 3 2.5 30 84.4287 84.0016 93.1161 92.8534

23 3 7 2.5 30 78.1598 78.0929 82.0809 83.0618

24 3 3 1.5 45 88.0688 88.2989 93.8518 91.5988

25 1 5 1.5 45 79.9798 81.5749 84.9185 87.9313

26 3 3 2.5 60 84.0243 85.0801 87.8613 89.7881

27 1 5 2.5 30 79.3731 79.4010 91.1193 88.6473
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variables, reflecting different operating param-
eters. This data was utilized to develop com-
prehensive quadratic regression models that 
illustrate the relationship between operating 
parameters and the responses Y1 and Y2. The 
close alignment between the experimental and 
predicted values of Y1 and Y2 demonstrates 
that the model has been successfully validated.
Equations 7 and 8 were derived using Minit-
ab®18 software to calculate the removal per-
centages of COD (Y1) and O&G (Y2).
	 Y1 = 102.2 + 1.94 × C-1.57 × P-11.47 ×	
	 × D-0.142 × T-0.170 × C × C-0.119 	
	 P×P + 1.073 D × D + 0.00005 T ×
	T-0.383 C × P + 0.202 C × D + 0.0404 C × T +	
	+ 0.834 P × D + 0.0118 P × T + 0.0067 D × T	(7)

	 Y2 = 69.4 - 0.56 C + 5.10 P + 5.74 D +	  
	 + 0.332 T-0.318 C × C-0.743 P × P-0.47	
	 D × D- 0.00936 T × T + 0.292 current ×	
	 × P-0.223 C × D + 0.0692 C × T-0.900	
	 P × D + 0.0420 P × T + 0.0298 D × C	 (8)
where:	Y1 – COD removal%, Y2 – O&G remov-

al%, C – current, P – pH, D – distance, 
T – contact time. 

The regression models for Y1 and Y2 were 
evaluated by calculating the coefficient of de-
termination (R²) between the experimental and 
predicted values. The R² values were determined 
to be 88.45% for Y1 and 84.75% for Y2, indi-
cating a high significance level. Consequently, 
the R² values exceeding 80% underscore the 
relevance of the response surface models for Y1 
and Y2. Conversely, Table 6 presents the ANO-
VA results for each response of Y1 and Y2. The 
significance of the response models becomes 
particularly evident as the P-values decrease 
and the F-values increase. When assessing the 
overall significance of the results, it is crucial to 
consider both the F and P-values.

The significant influence of various op-
erational parameters on the responses of Y1 
and Y2 was ranked in the following order, as 

determined by the Pareto charts generated from 
the outputs after analysis using Minitab®18 
software Figure 9 and the F-values presented 
in Table 6. Electric current had the greatest im-
pact, followed by pH as the second most in-
fluential factor. with distance ranking third and 
contact time ranking fourth. 

The impact of operating parameters on the 
removal efficiencies of COD and O&G

The contour plots of COD removal (Y1) and 
O&G removal (Y2) presented in Figures 10 and 
11 depict their respective regression Equations 
6 and 7. These contour plots demonstrate the 
relative impacts of two variables while keep-
ing the other two variables constant. Figures 10 
and 11 at (a) pH and contact duration as the 
hold values, whereas current and distance are 
the variables. According to (b), the hold val-
ues are Distance and contact time, whereas the 
variables are current and pH. According to (c), 
the hold values are pH and distance, whereas 
the variables are current and contact time. Ac-
cording to (d), the hold values are Current and 
contact time, whereas the variables are pH and 
Distance. According to (e), the hold values are 
Current and Distance, whereas the variables are 
pH and contact time. According to (f), the hold 
values represent the current pH, whereas the 
variables are distance and contact time.

The pH level in the electrocoagulation 
process is crucial in determining the results. 
It was adjusted between 3 and 7 to evaluate 
its effect on the removal efficiencies of COD 
and O&G. The experimental findings reveal 
that a pH of 3 is optimal, achieving a maxi-
mum COD removal rate of 90% and an O&G 
removal rate of 94.58%. Additionally, at pH 5, 
the removal rates for COD and O&G dropped 
below 81% and 90%, respectively, and at pH 7, 
these rates further decreased to 79% and 84%.
The adjusted reaction time (t) ranging from 30 

Table 6. ANOVA is used to analyze response surface models of COD and O&G percent removals
Parameter DF Adj SS Adj MS F-Value P-Value

Source Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2

Error 12 12 30.106 68.139 2.5088 5.678

Lack-of-fit 10 10 29.860 65.745 2.9860 6.575 24.34 5.49 0.040 0.164

Pure error 2 2 0.245 2.393 0.1227 1.197

Total 26 26 260.571 446.761
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to 60 minutes was evaluated for its effect on 
COD and O&G elimination percentages. It is 
clear that an increase in reaction time is as-
sociated with higher removal percentages for 
COD and O&G. At a maximum reaction time 
of 60 minutes, the elimination rates for COD 
and O&G were recorded at 86% and 93.79%, 
respectively, a reaction time of 45 minutes 
yielded a maximum COD removal of 90% and 
a maximum O&G removal of 94.58%, with 
electrode spacing varying between 1.5 and 3.5 
cm. Generally, a decrease in distance enhances 
the removal efficiencies of COD and O&G. At 
a distance between 1.5 and 2.5 cm, the removal 
efficiencies for COD and O&G exceeded 85% 
and 92.5%, respectively.

The electric current varied between 1 to 5 A 
during the electrocoagulation reaction to assess 
its impact on the removal efficiencies of COD 
and O&G. At a minimum electric current of 1 
A, the reductions in COD and O&G were less 
than 78% and 82%, respectively. Conversely, 
at a maximum current of 5 A, the removal ef-
ficiencies for COD and O&G reached 90% and 
94.58%, respectively.

Optimization of the COD and O&G removal 
efficiencies

The response optimizer in Minitab®18 
software was utilized to ascertain the opti-
mal values for Electric Current, pH, distance, 
and contact times. Figure 12 illustrates the 

Figure 9. Pareto charts will be created for each operating model to display (a) percentage of COD removal and 
(b) percentage of O&G removal
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penalties associated with the D-optimization 
dimension. The COD elimination response 
was validated at 93.06% under the optimal 
settings of electric current, pH, distance, and 
contact duration, which were recorded as 5 A, 
3, 1.5 cm, and 60 min, respectively. Addition-
ally, the optimal response for the removal of 
O&G reached 95.31%, achieved using the op-
timal parameters of electric current, pH, dis-
tance, and contact duration of 5 A, 4.41, 2.26 

cm, and 49.6 min, respectively.  The optimal 
removal efficiencies for COD and O&G are 
90% and 94.24%, respectively. These efficien-
cies were achieved using optimal parameters 
of electric current, pH, distance, and contact 
duration of 5 A, 3.82, 1.5 cm, and 51.42 min-
utes, respectively.

The experiment was conducted under 
identical conditions, as reflected by the val-
ues in Figure 13. The removal efficiencies for 

Figure 10. Response surface contour plots illustrating the impact of operational parameters on the removal of COD
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Figure 11. Response surface contour plots illustrating the impact of operational parameters on the removal of O&G

COD and O&G were found to be 91.2% and 
93.7%, respectively. The experiment was rep-
licated using the treated sample, resulting in a 
colorless and clearer appearance, as shown in 

Figure 14. The residual COD and O&G levels 
post-treatment were 36.6 mg/L and 14.2 mg/L, 
respectively. These findings indicate that this 
water is suitable for irrigating non-fruit trees.
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Figure 12. Response optimization of operating parameters on the percentage removal of (a) COD, (b) O&G

Figure 13. Optimization of operating parameters for the combined removal of COD and O&G
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CONCLUSIONS

This study aims to assess the factors influenc-
ing the reaction and examine the effectiveness of 
the electrocoagulation process in treating waste-
water effluent from the edible oil sector. Several 
notable outcomes were obtained as follows: 
	• The significant influence of various operational 

parameters on the removal rates of COD and 
O&G was ranked as follows: first, electric cur-
rent; second, pH; third, distance; and lastly, 
contact time, which exhibited minimal effect.

	• The remaining COD and O&G concentra-
tions after final treatment were 36.6 mg/L and 
14.2 mg/L, respectively, with removal rates 
of 99.26% and 99.25%, respectively. The re-
sults indicate that the obtained water quality 
adequately covers the irrigation water deficit, 
albeit only for non-fruit trees, resulting in a 
positive impact on the environment. 

	• This study attained sustainability by using all 
treatment phases and the resulting trash. Dur-
ing the sedimentation phase, soap was created, 
which is repurposed as liquid soap for floor 
cleaning. Fatty acids produced by the HCL 
addition procedure are efficiently used in the 
production of candles and cosmetics. The alu-
minum hydroxide generated by the electroco-
agulation method used in water treatment for 
impurity removal, as an intermediary in the 
chemical industry, and in skincare cosmetics.
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