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Abstract 

This study provides a comparative assessment of conventional chemical coagulation-flocculation and electrocoagulation 

processes for the treatment of surface water from the Ayédjoko Dam, Benin. Response surface methodology (RSM) with a 

centered composite design (CCD) was employed to optimize operational parameters and maximize turbidity removal. The 

chemical coagulation-flocculation process using aluminum sulfate achieved a maximum turbidity reduction of 92.06%, while the 

electrocoagulation process with aluminum electrodes reached 98.23% under optimal conditions. Analyses of pH, coagulant 

dosage, and applied current demonstrated their strong influence on treatment performance and water quality improvements. Both 

processes were effective; however, electrocoagulation showed clear advantages by reducing chemical consumption and sludge 

generation, while maintaining compliance with local water quality standards. These benefits underscore its potential as a 

sustainable alternative for water treatment, particularly in resource-limited contexts. The findings not only confirm the feasibility 

of electrocoagulation but also highlight its suitability for integration into decentralized water treatment systems. Furthermore, the 

study emphasizes the importance of optimizing key parameters to enhance treatment efficiency and minimize environmental 

impacts. Overall, this research contributes to the growing body of evidence supporting electrocoagulation as a viable, 

cost-effective, and environmentally friendly technology for surface water treatment. It also provides practical insights for 

policymakers and water managers seeking to develop sustainable strategies for improved access to safe water in developing 

countries. 
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1. Introduction 

Access to safe and potable water is a critical challenge 

faced by many regions around the world, particularly in 

developing countries where water resources are under in-

creasing stress from population growth, industrialization, and 

agricultural practices [1-5]. In many African nations, surface 

water bodies such as dams, lakes, and rivers are primary 
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sources of drinking water [6-9]. However, these sources are 

often subject to pollution from both natural processes and 

human activities, leading to high turbidity and contamination 

by organic and inorganic pollutants [10-15]. 

In Benin Republic, the Ayédjoko Dam is a crucial water 

supply source for local communities and is currently used by 

the national water treatment company, SONEB, for potable 

water distribution. Water from this reservoir frequently ex-

hibits turbidity levels that exceed acceptable standards, 

probably due to suspended particles, colloids, and other con-

taminants that result from runoff, industrial discharges, and 

agricultural activities. Elevated turbidity not only affects the 

aesthetic quality of the water but also poses serious health 

risks, as it can harbor pathogenic microorganisms and inter-

fere with disinfection processes [16, 17]. 

Traditional water treatment methods have relied heavily on 

chemical coagulation-flocculation, a process that destabilizes 

colloidal particles through the addition of coagulants such as 

aluminum sulfate. Although this method is widely used and 

generally effective, it requires doses of chemicals, which can 

lead to excessive sludge production and increased operational 

costs. Moreover, the disposal of chemically induced sludge 

poses environmental and logistical challenges, particularly in 

resource-limited settings. 

In recent years, electrocoagulation has emerged again as a 

promising water treatment technology [18-20]. Unlike con-

ventional methods, electrocoagulation generates coagulant 

species in situ through the electrolytic dissolution of sacrifi-

cial electrodes (typically made of aluminum or iron). This 

approach offers several advantages: it reduces the need for 

external chemical inputs, minimizes sludge production, and 

allows for a more controlled and adaptable treatment process. 

Furthermore, electrocoagulation has been shown to effec-

tively remove turbidity and other contaminants, making it a 

viable option for improving water quality in areas where 

traditional methods may be less sustainable. 

This study aims to conduct a comparative evaluation of 

chemical coagulation-flocculation and electrocoagulation for 

the treatment of surface water from the Ayédjoko Dam. By 

employing response surface methodology (RSM) with a 

centered composite design (CCD), the research systematically 

optimizes key operational parameters to maximize turbidity 

removal. Ultimately, the findings are expected to contribute 

valuable insights into the development of more sustainable 

and cost-effective water treatment strategies, particularly for 

regions with limited resources and growing water quality 

challenges. 

The broader implications of this work extend to environ-

mental management and public health, underscoring the 

importance of adopting innovative technologies to ensure a 

reliable supply of safe drinking water in developing regions. 

2. Materials and Methods 

2.1. Study Area and Sample Collection 

2.1.1. Study Area 

The research was conducted using the raw water from Gobé 

drinking water treatment plant. The water comes from the 

Ayédjoko Dam, located in Savè region, Benin Republic. The 

dam is located between 2°10’ and 2°48’ East longitude and 

between 7°42’ and 8°45’ North latitude. This dam is a crucial 

water supply source for local communities and is known to 

exhibit high turbidity levels due to natural runoff, agricultural 

discharge, and other anthropogenic influences. 

2.1.2. Sample Collection 

Surface water samples were collected from a designated 

intake point on the dam where water is drawn for treatment. 

Collection followed standard protocols to ensure representa-

tiveness: 

Samples were taken during early morning hours to mini-

mize diurnal variations. 

Pre-cleaned, high-density polyethylene bottles were used to 

collect samples. Bottles were rinsed with the sample water 

before collection. 

Samples were transported in insulated coolers to the la-

boratory for immediate analysis to prevent any changes in 

water quality parameters. 

2.2. Experimental Design and Setup 

To compare the two treatment processes, experiments were 

conducted in parallel under controlled laboratory conditions. 

A detailed optimization was performed on classical coagula-

tion-flocculation and electrocoagulation, using response 

surface methodology (RSM) specially a central composite 

design (CCD). 

A central composite design (CCD) comprising 13 ex-

perimental runs was applied to optimize the processes. 

The design matrix was generated in The Minitab® 17.1 

software using a full three-level factorial scheme. The key 

factors affecting the performance of chemical coagulation 

and electrocoagulation were identified and are summa-

rized in the tables belows: 
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Table 1. Experimental ranges and levels of the independent variables used during coagulation - flocculation experiments. 

Variables (Factors) 

Levels and ranges 

Low (-1) Middle (0) High (+1) 

Coagulant dose (mg/L) 20 50 120 

pH 5.5 6.5 7.5 

Table 2. Experimental ranges and levels of the independent variables used during electrocoagulation experiments. 

Variables (Factors) 

Levels and ranges 

Low (-1) Middle (0) High (+1) 

Coagulant dose (mg/L) 13.2 33.01 79.2 

Electrolysis time (min) 2 5 10 

 

Turbidity was used as key parameter to compare the effi-

ciency of classic coagulation versus coagulation - floccula-

tion. 

2.2.1. Chemical Coagulation-Flocculation (CC) 

Coagulant: Aluminum sulfate (Al2(SO4)3·18H2O) was 

chosen based on its widespread use in water treatment. The 

reagent was prepared in a stock solution and diluted to the 

required concentrations. 

Experimental Setup: 

Batch Tests: A series of batch tests were conducted in 

1-liter glass beakers. Flocculator Stuart Flocculator SW6 was 

used during the experimentations. 

Mixing: Rapid mixing was initiated immediately upon ad-

dition of the coagulant to ensure even dispersion. This was 

achieved using a mechanical stirrer at 150 rpm for 5 minutes. 

Flocculation: After rapid mixing, the stirring speed was 

reduced at 30 rpm for 15 minutes. 

Sedimentation: Following flocculation, the mixtures were 

allowed to settle undisturbed for 30 minutes. Samples were 

then collected from the supernatant for turbidity and chemical 

analysis. 

Parameter Optimization: 

Variables: Coagulant dosage and pH were systematically 

varied. The pH was adjusted using dilute hydrochloric acid or 

sodium hydroxide. 

2.2.2. Electrocoagulation (EC) 

Reactor Configuration: 

A bench-scale electrocoagulation reactor was constructed 

using a pair of aluminum electrodes arranged in a parallel 

configuration. The electrocoagulation (EC) pilot unit used in 

this study consisted of (Figure 1): 

A power generator capable of delivering a maximum cur-

rent of 3.26 A at a voltage of 30 V. 

A magnetic stirrer 

A batch-type reactor 

Two aluminum electrodes 

The reactor consisted of a plexiglass tank with a thikness of 

4 mm and a working volume of 1 L, equipped with two elec-

trode holders. An overflow of 5 cm was designed to facilitate 

the retention of less dense sludge. The treatment was carried 

out using two identical electrodes. The surface of the elec-

trodes was 0.8 dm2. The electrodes were positioned at 2 cm 

from the bottom of the reactor to ensure proper mixing of the 

effluent in the reactor. The reactor used is designed to allow 

variation of the inter-electrode distance from 1 cm to 3 cm. 

The electrode used was an aluminum alloy AGS/6060 from 

Euralliage, which exhibits excellent corrosion resistance. 

 
Figure 1. Electrocoagulation setup. 
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Table 3. Average composition of AGS aluminum alloy according to the supplier Euralliage. 

Metal Al Si Fe Cu Mn Mg Cr 

Proportion (%) 98.22 0.45 0.20 0.10 0.10 0.48 0.05 

 

Operational Parameters: 

The operational parameters used are as follow: 

Current Intensity: Experiments were conducted at various 

current intensities to determine the optimal amperage for 

efficient coagulation. 

Electrolysis Duration: The treatment time was varied 

(ranging from 10 to 30 minutes) to optimize the generation of 

coagulant species. 

The electrodes were positioned at a fixed distance initially, 

with electrode spacing later optimized through the CCD. 

The determination of the actual dose of dissolved coagulant 

was based on the Faraday’s law, according to the formula: 

𝑅𝑎 =
𝑚𝑒𝑥𝑝

𝑚𝑡ℎ
                  (1) 

With: 

1) Ra: anodic efficiency 

2) mth: Theoretical mass dissolved according to Faraday’s 

law 

3) mexp: Experimental dissolved mass 

The theorical mass dissolved according to Faraday is ob-

tained based on the following formula: 

𝑚𝑡ℎ =
𝐼.𝑡.𝑀

𝑛.𝐹
                   (2) 

With: 

1) M: Molar mass of aluminum (g/mol) 

2) I: Current applied to the electrode terminals (A) 

3) n: Number of electrons involved in the considered reac-

tion 

4) F: Faraday constant (C/mol) 

5) t: Electrolysis duration (s) 

The anodic efficiency of the electrodes was determined as 

1.18 in a previous experiment. 

3. Results 

This section presents the experimental outcomes for both 

treatment processes and interprets the findings through a 

detailed comparative analysis. 

3.1. Optimization of Coagulation-Flocculation 

The results obtained after implementing the experimental 

design for coagulation-flocculation are presented in Table 4. 

Table 4. Result from surface response design implementation. 

Standard runs Factor A: Dose (mg/l) Factor B: pH Response Turbidity removal (%) 

1 -1 -1 79.50 

2 0 -1 83.99 

3 -1 +1 87.30 

4 +1 -1 82.10 

5 +1 1 87.50 

6 -1 -1 82.03 

7 +1 +1 87.48 

8 0 -1 86.30 

9 -1 1 87.40 

10 -1 0 90.11 

11 0 0 92.06 

12 +1 0 90.40 
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Standard runs Factor A: Dose (mg/l) Factor B: pH Response Turbidity removal (%) 

13 0 +1 92.06 

 

The polynomial equation resulting from the implementa-

tion of the experimental design is as follow: 

Turb (%) = -152.5 + 69.97X1 + 0.2513X2 - 5.143X1
2 - 

0.001755X2
2 

With: 

X1: pH 

X2: Coagulant dose 

Figures 2 and 3 present respectively the response surface 

and contour plots of turbidity removal percentage as a func-

tion of coagulant dose and pH. 

 
Figure 2. Response surface of plot of turbidity removal percentage as a function of coagulant dose and pH. 

 
Figure 3. Contour plot of turbidity removal percentage as a function of coagulant dose and pH. 
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According to the results, a turbidity removal efficiency 

above 92% can be achieved at coagulant doses ranging from 

40 mg/L to 100 mg/L and a pH between 6.5 and 7.5. In con-

trast, the efficiency does not exceed 80% at doses of 20-40 

mg/L with a pH of 5.5, as well as for coagulant doses above 

100 mg/L with a pH of 5.5. 

The optimum obtained using minitab software is presented 

as follows: 

Table 5. Result from surface response design implementation. 

Optimal pH Optimal dose Measured response (turbidity removal) 

6.8 75.5 mg/l 92.06% 

3.2. Optimization of Electrocoagulation 

The results obtained after implementing the experimental design for electrocoagulation are presented in Table 6. 

Table 6. Result from surface response design implementation. 

Standard runs Factor A: Dose (mg/l) Factor B: pH Response Turbidity removal (%) 

1 +1 1 78.35 

2 -1 -1 87.68 

3 +1 -1 80.50 

4 0 +1 89.66 

5 -1 +1 83.25 

6 0 -1 87.45 

7 0 0 98.23 

8 +1 0 92.10 

9 +1 -1 80.35 

10 -1 0 96.35 

11 +1 +1 78.35 

12 -1 -1 87.77 

13 -1 +1 85.87 

 

The polynomial equation resulting from the implementa-

tion of the experimental design is as follow: 

Turb (%) = 67.22 + 8.765X1 + 0.419X2 + 0.7468X1
2 - 

0.000664X2
2 

X1: Electrolysis time 

X2: Coagulant dose 

Figures 4 and 5 present respectively the response surface 

and contour plots of turbidity removal percentage as a func-

tion of coagulant dose and Electrolysis time. 
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Figure 4. Response surface of plot of turbidity removal percentage as a function of coagulant dose and Electrolysis time. 

 
Figure 5. Contour plot of turbidity removal percentage as a function of coagulant dose and Electrolysis time. 

The optimum obtained using minitab software is presented as follows: 

Table 7. Result from surface response design implementation. 

Optimal Electrolysis time (min) Optimal dose Measured response (turbidity removal) 

5 33.01 mg/l 98.23% 
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3.3. Comparison Between Coagulation - 

Flocculation and Electrocoagulation 

Table 8 present the comparative results between coagula-

tion - flocculation and electrocoagulation. Under the opti-

mized conditions determined by the CCD-based RSM, the 

chemical coagulation-flocculation process achieved signifi-

cant reductions in turbidity, but electrocoagulation was rela-

tively better. 

Table 8. Comparison between Coagulation - flocculation and electrocoagulation. 

Parameters Raw water Coagulation - Floculation Electrocoagulation 

Coagulant dose (mg/L) - 50 33.01 

pH 7.4 6.5 7.32 

Temperature (°C) 25.57 26.5 26.9 

Turbidity Removal (%) 14.5 92.06 98.23 

 

4. Discussion 

Under the optimized conditions determined by the 

CCD-based RSM, the chemical coagulation-flocculation 

process achieved significant reductions in turbidity. Specifi-

cally, the maximum turbidity removal reached approximately 

92.06%. The optimal performance was observed at a pH range 

between 5 and 7, which is consistent with the known precip-

itation behavior of aluminum hydroxide. At this pH range, 

aluminum sulfate undergoes hydrolysis to form insoluble 

flocs that efficiently adsorb and remove colloidal particles. 

Experiments demonstrated that even small variations in co-

agulant dosage significantly affected the turbidity removal 

efficiency. Figure 3 illustrates the relationship between alu-

minum sulfate dosage and turbidity reduction. Although 

higher dosages improved removal efficiency, they also re-

sulted in an increased volume of sludge. So careful dosage 

control is necessary to avoid exceeding safe residual alumi-

num levels in treated water. 

In contrast to chemical coagulation, the electrocoagulation 

process demonstrated superior performance, with a maximum 

turbidity reduction of up to 98.23%. The experimental design 

allowed for precise control of electrical parameters, and the 

optimization revealed that: 

1) A specific combination of current intensity and elec-

trolysis time was critical for optimal coagulant genera-

tion. These parameters directly influenced the rate of 

aluminum dissolution at the anode and, consequently, 

the in-situ production of coagulant species. 

2) Reduced spacing between electrodes enhanced the 

electric field strength, promoting more efficient coagu-

lant generation and rapid floc formation. 

3) When comparing the two processes, several critical dis-

tinctions emerge: 

4) Electrocoagulation consistently outperformed chemical 

coagulation-flocculation in turbidity removal. The 

higher efficiency observed with EC (98.23% vs. 92.06%) 

is attributed to the continuous and controlled generation 

of coagulant species, as well as enhanced interaction 

with suspended particles. 

5) The coagulation floculation process required high dos-

ages of aluminum sulfate, leading to increased opera-

tional costs and significant sludge production. Con-

versely, the EC process minimized external chemical 

inputs, reducing both chemical consumption and sludge 

handling costs. 

The findings from this study underscore the potential of 

electrocoagulation as an effective alternative to conventional 

chemical coagulation-flocculation. With its superior turbidity 

removal efficiency and reduced chemical and sludge man-

agement requirements, electrocoagulation is particularly 

advantageous in regions where resource constraints and 

environmental impacts are significant considerations. Addi-

tionally, the ability to fine-tune process parameters in re-

sponse to fluctuating water quality makes electrocoagulation 

an adaptable solution for field applications. 

While the laboratory-scale results are promising, the chal-

lenges of scaling up electrocoagulation—such as ensuring a 

stable power supply and managing initial capital costs—must 

be addressed in future research. Pilot-scale studies and 

long-term evaluations will be crucial in establishing the full 

economic and environmental benefits of this technology. 

Moreover, despite these promising outcomes, several 

challenges remain. The initial capital investment for electro-

coagulation systems and the requirement for a stable power 

supply can present barriers to widespread implementation. 

Addressing these limitations will require further pilot-scale 

studies and the exploration of alternative energy sources, 

such as solar power, to enhance system sustainability and 

economic viability. 
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5. Conclusions 

This study provides a comprehensive comparative evalua-

tion of chemical coagulation-flocculation and electrocoagu-

lation for treating surface water from the Ayédjoko Dam, 

Benin Republic. The optimized experiments, based on a 

robust CCD-driven response surface methodology, revealed 

that both treatment processes are capable of achieving sig-

nificant turbidity removal, with electrocoagulation consist-

ently outperforming the conventional chemical approach. 

Specifically, the chemical coagulation-flocculation process 

achieved a maximum turbidity reduction of approximately 

92.06%, while electrocoagulation reached up to 98.23% under 

optimal conditions. 

The superior performance of the electrocoagulation process 

can be attributed to its unique mechanism of in situ coagulant 

generation. This method not only enhances the destabilization 

of colloidal particles but also reduces the need for external 

chemical dosing, thereby lowering operating costs and min-

imizing sludge production. Such advantages are particularly 

critical in resource-constrained environments where efficient 

water treatment is paramount. 
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NTU Nephelometric Turbidity Unit 
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