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Abstract 

The crisis of access to water is becoming increasingly worrying, requiring the exploration of sustainable solutions. In this 

context, recycling and reuse of treated wastewater are emerging as promising alternatives. The aim of this study is to implement 

a tertiary treatment system at the Camp SIC Cité-Verte wastewater treatment plant in Yaoundé, Cameroon, to improve the quality 

of the treated wastewater so that it can be safely reused to flush toilets. The methodological approach adopted includes sampling 

treated wastewater followed by laboratory analysis, then the design and implementation of a tertiary treatment system. A survey 

is then carried out among a sample of the local population to gather their opinions on the project. Analyses of the treated 

wastewater revealed the presence of certain contaminants requiring additional treatment. Tests on a pilot prototype validated the 

system's effectiveness, with a turbidity reduction rate of 80.95% after coagulation-decantation and 90.48% after sand filtration, 

followed by an 88.88% reduction in suspended solids. In addition, total elimination of bacterial loads was achieved with a free 

chlorine level of 0.73 mg/L to prevent occasional contamination. This study highlights the project's significant potential to 

contribute to sustainable water management. 
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1. Introduction 

Access to quality and quantity of water is a global challenge 

that continues to grow, particularly in African countries where 

pressure on water resources is increasing due to population 

growth, urbanisation and climate change [1-4]. This challenge 

is a reality in Cameroon [5, 6], although the country has 

several water resources. Population growth coupled with 

modern lifestyles is increasing demand for water for everyday 

activities. Although 78% of households in the country have 

access to managed water sources for their needs, 22% still use 

uncontrolled sources [7]. However, not all water discharged 

by households after use undergoes prior treatment before 

entering the natural environment. 

In Yaounde, Cameroon's political capital, the inadequacy of 

sanitation systems is a reality. Most neighbourhoods do not 

have efficient sewerage systems. The network is dominated 

by automatic sanitation systems such as septic tanks, tradi-

tional pit latrines and ventilated pit latrines, which are sources 

of diffuse pollution that are difficult to control [8-10]. Despite 

efforts to build or rehabilitate collective systems in certain 

parts of the city, their effectiveness remains limited, allowing 

only partial treatment and therefore potentially leading to 

water contamination [11, 12]. This state of affairs, with par-

tially treated water being discharged into the environment, has 

worrying ecological and health consequences [13, 14]. Waste 

water, whether poorly treated or not, contains numerous 

organic and biological pollutants, and even micropollutants 

made up of toxic elements that are sometimes difficult to 

eliminate, such as heavy metals. Their release into nature can 

therefore have a negative impact on the environment and 

potentially on humans [15, 16]. Inefficient sewage treatment 

also leads to an unacceptable waste of a precious resource, as 

this water cannot be reused even for non-drinking purposes, 

exacerbating the pressure on freshwater resources essential to 

human activities, hence the importance of treating domestic 

wastewater. 

Treating domestic wastewater has become a necessity for a 

society that wants to be modern and concerned about pre-

serving water resources. While the many ways of treating this 

water for reuse in agriculture are well known [17, 18], it is 

also possible to think of other non-drinking uses [19], in 

particular urban use for washing vehicles, watering public 

gardens, flushing toilets, etc. Faced with this challenge, it is 

vital to explore practical and less costly solutions for im-

proving wastewater treatment with a view to reuse. 

The objective of this study is to implement a tertiary 

treatment system at the Camp SIC Cité-Verte water treatment 

plant in Yaounde. The aim of this project is not only to im-

prove the quality of treated wastewater so that it can be reused 

for non-drinking purposes, i.e. toilet flushing, but also to 

reduce the environmental and health impacts of inadequately 

treated wastewater. 

2. Materials and Methods 

2.1. Presentation of the Cité-Verte SIC Camp 

Wastewater Treatment Plant 

The wastewater treatment plant (WWTP) at Camp SIC 

Cité-Verte in Yaoundé is located in the Centre region, 

Mfoundi department. It straddles the commune of the Ya-

oundé II sub-division and the commune of the Yaoundé VI 

sub-division (Figure 1). This treatment plant was built in 1975 

to treat wastewater from the said Housing Camp. This camp is 

a real estate complex comprising 997 housing units, also 

including commercial premises. Covering an area of 50 hec-

tares, it has a population of around 9,000. The WWTP was 

first commissioned in 1982, and was subsequently upgraded 

in 2011 to a capacity of 5,000 p.e. with a treatment rate of 805 

m3/d. The current treatment process is a ‘sand filter planted 

with Echinochloas pyramidalis and vertical flow’ operating 

autonomously. 

2.2. Collecting Samples 

The water samples were taken directly from the treatment 

plant outlet, at the point identified as representative of the 

final quality of the treated effluent, in accordance with the 

recommendations of the standard protocol [20], using disin-

fected 1.5 L and 500 mL bottles that had been rinsed 3 times 

with the effluent to avoid any contamination. The samples are 

then stored in a refrigerated chamber to maintain their integ-

rity until they are analysed, in accordance with the general 

guide for the storage and handling of samples [21]. 

The purified water is then quantified using volumetric 

gauging. This technique is chosen because it is simple to 

implement and ideal for low-flow streams (50 to 100 l/s). It 

involves measuring the time taken to fill a container of known 

volume (V) placed in a flow. The flow rate (Q) is calculated 

by dividing the volume of the container by the average time 

measured. 

𝑄 = 𝑉 ⁄ 𝑡                    (1) 

Q = flow rate (l.s-1); V = bucket volume (l); t = filling time 

(s). 

2.3. Physicochemical and Microbiological 

Analyses 

The parameters monitored during this study include: pH, 

Turbidity, Electrical conductivity, BOD5, COD, TSS, Total 

Kjeldahl nitrogen (TKN), Total phosphorus (TP) and Total 

iron (Fe) for the physicochemical study; faecal coliforms (FC) 

and Escherichia coli for the microbiological study. Samples 

were analysed using international standard methods [22, 20, 

23]. 
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Figure 1. Map showing the location of the Camp SIC Cité-Verte station. 

2.4. Design of the Tertiary Treatment Pilot 

Prototype 

To improve the quality of the treated wastewater, a pilot 

prototype of the tertiary treatment unit is being designed and 

tested. The system is based on three main stages. 

i) Coagulation/Flocculation-Decantation: Laboratory tests 

were used to determine the optimum doses of aluminum 

sulphate required to coagulate the wastewater sample 

used. The aim of this stage is to destabilise the colloidal 

particles present in the water to form flocs, which are 

then separated by decantation. 

ii) Filtration: The settled water is then filtered through a 

sand filter made up of successive layers: coarse gravel 

(15-25 mm), medium gravel (5-15mm) and fine sand 

(0,3-0,8 mm). This stage eliminates residual flocs and 

further reduces turbidity. 

iii) Disinfection: A single dose of chlorine (250 mg/L) is 

added to the filtered water, with a contact time of one 

hour. This stage guarantees the elimination of microbial 

pathogens. 

Figure 2 shows the prototype of the proposed treatment 

system. 

 
Figure 2. Pilot prototype of the proposed treatment system. 
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2.5. Assessment of Purification Performance 

The prototype's performance is assessed by comparing the 

results obtained with international standards for the intended 

reuse and then calculating the abatement rate. The abatement 

rate is calculated for each parameter measured using the 

following formula: 

E=
Do- Dr

Do
 .                  (2) 

With E: efficiency (%); Do: WWTP output data; Dr: recy-

cled water data 

2.6. Economic Analysis 

An economic analysis is conducted to estimate the instal-

lation and operational costs of the proposed system. The unit 

costs of equipment (dosing pumps, filters), materials (alu-

minium sulphate, chlorine) and labor are presented in a graph. 

The potential revenue is estimated based on a sale price of 

recycled water at 0.27 €/m3, a rate applied in similar projects. 

The Return on Investment (ROI) is then calculated to assess 

the economic viability of the project using the following 

formula: 

ROI =
Revenu- Coût d'investissement

𝑐𝑜û𝑡 𝑑′𝑖𝑛𝑣𝑒𝑠𝑡𝑖𝑠𝑠𝑒𝑚𝑒𝑛𝑡
           (3) 

3. Results 

3.1. Quantification of Treated Water Flows per 

Day 

The water flows measured in the morning and evening, as 

well as the average daily flow for each day, are shown in Table 

1. The results show a flow rate ranging from 0.67 L/s to 1.27 

L/s, with a daily average of between 0.74 L/s and 1.25 L/s. 

These measurements were carried out over a three-week period, 

during weekends, to provide reliable and representative data 

essential to the dimensioning and costing of the project. 

Table 1. Average daily flows. 

Week Day Morning flow rate (L/s) Evening flow rate (L/s) Average daily flow rate (L/s) 

1st  

1 0,83 0,67 0,75 

2 1,11 1,05 1,08 

3 0,80 0,68 0,74 

2nd 

4 0,90 0,80 0,85 

5 1,15 1,02 1,09 

6 1,27 1,23 1,25 

3rd  

7 1,02 0,99 1,01 

8 0,90 0,82 0,86 

9 0,99 0,95 0,97 

3.2. Qualitative Characterization of Treated Wastewater 

The results of the physicochemical and bacteriological characterization carried out on the samples taken at the outlet of the 

WWTP are presented in Table 2. 

Table 2. Physicochemical and bacteriological parameters of water from secondary treatment. 

Parameters Results at WWTP outlet 
MINEPDED discharge 

standards 
Canadian standard USEPA standard 

Turbidity (NTU) 42 / ≤5 ≤2 

pH 6,7 6 - 9  6-9 

Conductivity (µS/cm) 849    
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Parameters Results at WWTP outlet 
MINEPDED discharge 

standards 
Canadian standard USEPA standard 

TSS (mg/L) 18 ≤ 50   

BOD5 (mg/L) 51 ≤50 ≤20 ≤10 

COD (mg/L) 179  ≤200   

Nitrogen (mg/L) 8,6 ≤30   

Phosphorus (mg/L) 0,46  ≤10   

Iron (mg/L) 3,48 5   

Faecal coliforms (CFU/100 mL) 38100  ≤2000 ≤200 Not detected 

Escherichia coli (CFU/100 mL) 8700 Absence   

 

The average turbidity measured at 42 NTU exceeds Cana-

dian and USEPA standards, indicating poor water quality for 

immediate reuse. The pH value complies with MINEPDED 

and Canadian standards, with an average value of 6.7, which 

is acceptable within established limits. The water analysed 

had an average quantity of ions in solution, with an electrical 

conductivity measurement of 849 µS/cm. Suspended solids 

(SS) have an average value of 18 mg/L, in compliance with 

MINEPDED limits. However, the BOD5 measured was 51 

mg/L, slightly above the MINEPDED normative limit and 

well above Canadian and USEPA standards. The COD 

measured gives an average value of 179 mg/L and complies 

with the MINEPDED recommendation, but could be im-

proved to reduce the organic load. Nitrogen and phosphorus 

concentrations averaged 8.6 mg/L and 0.46 mg/L respectively. 

These waters have an iron concentration of 3.46 mg/L, in 

compliance with MINEPDED requirements. In bacteriologi-

cal terms, the faecal coliform count was 38,100 CFU/100 ml, 

well in excess of MINEPDED, USEPA and Canadian stand-

ards, representing a major health risk. Escherichia coli levels 

of 8700 CFU/100 ml also exceed MINEPDED standards. 

3.3. Performance Evaluation of the Pilot 

Prototype of the Tertiary Treatment System 

To assess the performance of the proposed treatment sys-

tem, a pilot prototype was designed and tested using purified 

water. Table 3 shows the results of recycled water analysis, 

highlighting the main quality parameters in relation to USEPA 

and Canadian reuse standards, as MINEPDED has not defined 

standards for wastewater reuse. 

Table 3. Recycled water analysis results. 

Parameters Value obtained USEPA standard Canadian standard Reduction rate 

pH 5,47 6-9 6-9  

Turbidity after coagulation-settling (NTU) 8   80,95 

Turbidity after filtration (NTU) 4 ≤2 ≤5 90,48 

TSS (mg/L) 2   88,88 

BOD5 (mg/L) 29   43,13 

COD (mg/L) 78   56,42 

Residual chlorine (mg/L) 0,73 1 ≥ 0,5  

Faecal coliforms (CFU/100 mL) 0 Not detected ≤200 100 

Escherichia coli (CFU/100 mL) 0  ≤200 100 

 

Tertiary treatment brings the pH down to 5.47, which is 

lower than that recommended by USEPA and Canadian 

standards. Turbidity after coagulation, decantation and filtra-

tion is reduced to 4 NTU, thus complying with the Canadian 
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standard (≤5NTU). This treatment also has an effect on TSS, 

BOD5 and COD values, reducing their concentrations to 2 

mg/L, 29 mg/L and 78 mg/L respectively. Microbial germs are 

completely eliminated by this tertiary treatment. 

To illustrate the impact of this tertiary treatment, Figures 3, 

4 and 5 compares the concentrations before and after treat-

ment for the analyzed quality parameters, highlighting the 

overall efficiency of the process. Figure 3 illustrates the 

concentration of organic pollutants parameters (BOD5 and 

COD) as well as TSS before and after treatment. 

 

Figure 3. Concentrations of organic pollutants parameters and TSS 

before and after treatment. 

The graph shows a significant reduction in all parameters 

after treatment, highlighting the efficiency of the process. For 

TSS, the concentration decreased from 18 mg/L in raw water 

to 2 mg/L in treated water. Similarly, the BOD5 concentration 

dropped from 51 mg/L to 29 mg/L, and the COD concentra-

tion decreased from 179 mg/L to 78 mg/L. These reductions 

confirm the effectiveness of the tertiary in improving water 

quality. 

Figure 4 illustrates the concentrations of turbidity before 

and after treatment, highlighting the effectiveness of the 

process in reducing water turbidity. 

 

Figure 4. Turbidity concentrations before and after treatment. 

The graph shows a significant reduction in turbidity after 

treatment, highlighting the efficiency of the process. The 

turbidity initial was 42 NTU. After coagulation-sedimentation, 

the turbidity decreased to 8 NTU. Following filtration, the 

turbidity was further reduced to 4NTU, indicating a signifi-

cant improvement in water clarity through the combined 

treatment process. 

Figure 5 illustrates the concentrations of microbiological 

parameters after and before treatment. 

 

Figure 5. Concentrations of microbiological parameters before and 

after treatment. 

The graph shows a significant reduction of microbiological 

parameters after treatment, highlighting the efficiency of the 

process. The raw water contained Escherichia coli at 38100 

CFU/100 mg/L faecal coliforms at 8700 CFU/100 mg/L. 

Post-treatment, both parameters were reduced to 

non-detectable levels (0 CFU/100 mg/L), demonstrating 

complete elimination these bacteria and the effectiveness of 

disinfection process. 

After presenting the concentrations of the parameters be-

fore and after treatment, it is essential to assess the efficiency 

of the treatment process in terms of reduction rates. These 

rates quantify the reduction of pollutants and allow for a 

comparison of the performance of different treatment stages. 

Figure 6 presents the removal rates for the different pa-

rameters measured 

 

Figure 6. Reduction rate for the different parameters measured. 

The graph shows that tertiary treatment is very effective in 

eliminating microbiological contaminants (100% for fecal 

coliforms and Escherichia coli) and significantly reduces 
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turbidity (up to 90,48%) as well as suspended solids (88,88%). 

However, the removal of organic pollutants is less efficient, 

with reduction rates of 43,13% for BOD5 and 55,42% for 

COD, suggesting the adjustments to the tertiary treatment to 

further improve water quality and ensure better pollutant 

removal. 

3.4. Perception of Wastewater Reuse by the 

Population 

To assess the population's opinion on the acceptance of 

recycled water, a questionnaire was administered to a random 

sample of 100 people in the Camp SIC sub-blocks. Figure 7 

shows the results of this survey. 

 
Figure 7. Acceptance of recycled water by the population. 

Analysis of the results shows that of the 100 people ques-

tioned, 60% were in favour of accepting recycled water, while 

30% were against and the remainder were neutral or had a 

mixed opinion. This indicates a growing openness on the part 

of the population to the reuse of wastewater. 

4. Discussion 

Analysis of the water from the WWTP's secondary treat-

ment shows that this treatment is effective in reducing con-

centrations of elements such as pH, SS, turbidity, phosphorus 

and total nitrogen, iron and COD, in compliance with Cam-

eroonian discharge standards, with the exception of BOD5, 

which remains slightly above the threshold. These results thus 

corroborate with the work of [24], which shows that second-

ary treatments are generally effective in removing certain 

micropollutants. Microbiological analysis also revealed very 

high concentrations of faecal coliforms (38,100 CFU) and 

Escherichia coli (8,700 CFU), well in excess of current 

standards. The lack of disinfection in the existing system is 

the main cause. As [25] point out, the absence of disinfection 

can lead to high levels of microbiological contaminants, 

underlining the need to incorporate a disinfection stage to 

guarantee health safety. 

A comparison with reuse standards also reveals significant 

discrepancies, justifying the introduction of tertiary treatment. 

Analysis of the recycled water from the tertiary treatment 

pilot prototype shows encouraging results. However, certain 

parameters still pose potential risks that require detailed 

mitigation measures. The pH being slightly outside the rec-

ommended range (5.47 compared with 6-9) is a primary 

critical point. Acidic water contains more hydrogen ions (H+), 

which can increase its corrosiveness, leading to wear and tear 

on pipes and sanitary equipment. It can also cause skin and 

mucous membrane irritation upon direct contact. However, in 

the context of this study, the treated water is intended for 

non-potable use, specifically for toilet flushing, which limits 

health risks for users. Nevertheless, to prevent infrastructure 

corrosion, the additional of alkalizing agents such as lime or 

sodium hydroxide could be considered to stabilized the pH 

within a more neutral range. In this respect, research has 

shown that pH control is essential in water treatment as it can 

promote complexation reactions [26]. The turbidity after 

filtration (4 NTU) complies with the Canadian standard of 5 

NTU, even though it is above the threshold set by the USEPA 

(≤2 NTU), constitutes another problem. High turbidity indi-

cates the presence of suspended solid, which can harbor 

pathogenic microorganisms. It also reduces the effectiveness 

of disinfectants such as chlorine, which binds to particles 

instead to acting on pathogens. Turbid water can thus lead to a 

resurgence of waterborne diseases. To remedy this, an addi-

tional step could be implemented to ensure more effective 

removal of suspended particles. The presence of residual 

chlorine at 0.73 mg/l is acceptable according to the standards, 

although it is below the USEPA standard of 1 mg/L. The most 

positive point was the total elimination of thermotolerant 

coliforms and Escherichia coli, demonstrating the excellent 

efficiency of the disinfection system, which is essential for 

guaranteeing the safety of recycled water. However, although 

this use limits direct health risks, some dangers persist. For 

example, resistant pathogenic microorganisms (viruses, pro-

tozoa, fungi) can remain in the water and cause infection upon 

accidental contact. To remedy this, it is necessary to optimize 

disinfection, reduce aerosols, and implanting a monitoring 

plan for the microbiological quality of the water, includes 

regular testing for a broad range of pathogens and antibiotic 

resistance markers. Furthermore, risk assessments should be 

conducted regularly to identify and address any emerging 

threats. These results underline the effectiveness of the pro-

posed system, while highlighting areas for improvement, 

notably pH adjustment and turbidity, to achieve full compli-

ance with reuse standards. Regular monitoring and adjust-

ments to the system will be essential to ensure optimum water 

quality. 

Analysis of the abatement rates shows that the treatment 
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system is performing well overall. The significant reduction 

in turbidity from 80.95% after coagulation-decantation to 

90.48% after filtration shows that these treatment stages are 

complementary and essential for improving water clarity. TSS, 

which can encourage the proliferation of micro-organisms in 

water, is also significantly reduced (88.88%) after tertiary 

treatment. The complete elimination of thermotolerant E. coli 

and coliforms is particularly encouraging, ensuring that the 

water meets the health standards required for its intended 

reuse. These observations are in line with [27] recommenda-

tions, which emphasise that for any reuse project, the elimi-

nation of pathogenic agents is an essential criterion for the 

effectiveness of the treatment process. 

The economic analysis reveals high investment (16 770 €) 

and a negative ROI, primarily due to high annual operating 

costs (129 580 €) and distribution infrastructure. These results 

align with those of [28], who also observed that wastewater 

reuse often involves higher costs compared to conventional 

water sources. However, some international experiences show 

that profitability is achievable with structured financing. In 

Ouagadougou in Burkina Faso, a wastewater reuse project 

received 71,1% financing from AFD, complemented by an 

8,1% loan from the World Bank [29]. This financial support 

allowed from the optimization of infrastructure and reduction 

of operating costs, improving the project’s viability. In Angola, 

a loan of $124,4 million financed sanitation works in four 

coastal cities, with additional funding of $ 49,4 million from 

the Africa Growing Together Fund (AGTF), supported by 

china [30]. These examples show that external financing 

solutions, coupled with cost optimization strategies, can 

improve the viability of such projects. Although the project in 

question face high costs, flexile economic models and exter-

nal investments could help make it viable in long term. 

Moreover, its environmental and socio economic benefits, as 

demonstrated by the encouraging results of our tertiary 

treatment prototype, add significant value beyond simple 

financial considerations consumption of 82,94 m3 per day 

(representing a saving of 10,37% of the Camp Sic total daily 

consumption), the creation of local jobs, and the reduction of 

water waterborne diseases. These benefits are comparable to 

those observed in similar project in Tunisia, which enabled a 

saving of water resources [29]. 

This study reveals a 60% acceptance rate for recycled water, 

reflecting growing openness to this solution. Similar trends 

were observed in South Africa, where a Johannesburg study 

reported an 85 % acceptance rate [31]. In South Africa, 

wastewater reuse was particularly favored for specific uses, 

such as toilet flushing, where quality concerns were minimal. 

Education also played a key role, as better-informed popula-

tions were more likely to adopt innovative solutions like 

recycling. However, 30% of respondents expressed reluctance, 

driven by concerns about water quality, cost, and lack of trust 

in treatment technologies. For example, a water reuse project 

in Egypt failed in 1990 due to similar skepticism [32]. To 

boost acceptance campaigns, demonstrations of treatment 

processes, and financial incentives like subsidies. Another 

obstacle identified is the lack of a clear legal framework for 

wastewater reuse in Cameroon. Without specific regulations, 

reuse projects may lack institutional support and fail to meet 

the quality standards required to guarantee health safety. 

However, some African countries have taken a major step 

forward in this area, following the example of Tunisia, which 

in the 1980s adopted a comprehensive regulatory framework 

on the reuse of treated wastewater, enabling significant de-

velopment of irrigation with this water, which is beneficial for 

both agriculture and the environment [33, 34]. It is therefore 

crucial for Cameroon to draw up specific laws and standards 

based on best practice in other countries and international 

recommendations. The technical challenges involved in 

setting up a wastewater distribution network are also consid-

erable. The need to use specific materials to prevent 

cross-contamination with the drinking water network was 

identified as a major challenge. 

5. Conclusion 

Faced with the growing challenges of sustainable water 

management, it is essential to optimise wastewater treatment 

systems so that it can be reused safely, particularly in rapidly 

expanding urban areas. Analysis of wastewater from second-

ary treatment at the Cité-Verte SIC camp WWTP in Yaoundé 

revealed the presence of certain contaminants requiring addi-

tional treatment before any reuse, justifying the installation of 

a tertiary treatment unit. Tests on a pilot prototype validated 

the effectiveness of the proposed treatment system, with an 

80.95% reduction in turbidity after coagulation-decantation 

and 90.48% after sand filtration, and an 88.88% TSS removal 

rate. In addition, effective elimination of thermotolerant 

coliforms and Escherichia coli was achieved, with a free 

chlorine concentration of 0.73 mg/L to protect the recycled 

water from potential recontamination. Finally, while ac-

ceptance of the project by the majority of people surveyed is 

encouraging, regulatory and technical obstacles will have to 

be overcome if the project is to succeed. 
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