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Abstract  

  The present study has been undertaken to evaluate performance efficiency of wastewater 

treatment plants (WWTPs) in El-Fayoum Markaz, El-Fayoum governorate in Egypt. The wastewater 

treatment plants using different treatment techniques were Active sludge, Oxidation ponds, 

Secondary - active sludge and Chemical (nanotechnology) which wastewater samples were collected 

from both influent and effluent of each plant. The key performance of each plant is estimated based 

on the treated wastewater quality data. Based on the results, they showed that Old Quhafa (Secondary 

- active sludge technology) operates with removal efficiencies higher than 80% for biological oxygen 

demand (BOD), chemical oxygen demand (COD) and total suspended solids (TSS) were established. 

While Ezbet Ashour accomplished lowest performance efficiency that operates with chemical-

nanotechnology. This analysis applied to define a performance measuring plan based on the most 

important parameters that can be reliable and applicable for any WWTP. The study suggested 

formula for performance WWTPs that described by the expressing removal efficiencies as relative 

values or percentages and the remaining fraction. The study recommended that sedimentation units 

must be cleaned, monitoring frequently of sludge analysis and calculation of building capacity for all 

WWTPs. 
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Introduction  

       Civilization and culture with good drain reflects high-quality sanitation and beautiful statue 

for community. Water supply and their variety of uses led to receive wastewater with range of 

potential chemical polluting, microbial flora that acquires hazard health and environmental (Shalinee 

and Ademola, 2014). Uncontrolled disposal of wastewater causes communicable diseases, water 

borne infectious so sanitary wastewater disposal protecte public health (Lagarde et al., 2003). 

 

      Sewage effluents are major sources of organic pollution that have negative environment 

impacts. Therefore, prevention of pollution for natural resources (land and water) by non treated 

wastewater and adequate preparation or renovation of the wastewater before reuse, are further 

important considerations in formulating and designing appropriate wastewater disposal arrangements 

(Joshua et al., 2017).  
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      Characteristics of raw wastewater and treated wastewater are important requirements of 

disposal or reuse. The degree of treatment based on the effluent standards approved by the regulatory 

agencies to be discharged into a watercourse or land. Sequential combination of various physical unit 

operations, chemical and biological unit processes may be required for high quality of effluent to 

support, indicate the degree of treatment necessary water reuse (Muzammil, 2016). 

Treatment process included reduction of Suspended Solids (SS), Biological oxygen demand (BOD) 

and chemical oxygen demand (COD) which is key parameters of performance evaluation of 

wastewater treatment plant (WWTPs) and constitutes organic pollution. Moreover, the performance 

efficiency of treatment plant depends not only on proper design and construction but also on good 

operation and maintenance (Hreiz et al., 2015).  

      Performance evaluation of WWTPs is necessary (1) to assess effluent quality, meet higher 

treatment requirements, ability of WWTPs to handle higher hydraulic and organic loadings. 

Performance appraisal practice of WWTPs is effective in generation of additional data which can be 

used for design procedures improvement by process modifications (significant expansion and/or 

modification of existing facilities) (Guven et al., 2019).  

      A major tool required for proper process control is frequent, accurate sampling and laboratory 

analysis (APHA, 2017). In the current wastewater treatment process, microorganisms play a 

significant role in the treatment of domestic sewage. Many different organisms live within the 

wastewater itself, assisting in the breakdown of certain organic pollutants (Jafarinejad, 2017). 

Increasing population, water use and overloading discharge of trade effluents are other reasons of 

recent times may cause reduced performance of wastewater treatment plants (EEA, 2016). Therefore, 

WWTPs system, unacceptable design of the plant and organizational problems are important factors 

that decrease WWTPs performance and their efficiency to meet standards requirements (Tušer and 

Oulehlová, 2021). The present study aims to evaluate the wastewater treatment plants effectiveness in 

capital Fayoum city, El-Fayoum Governorate.  
 

Methodology 

Case of Study  

The Fayoum Governorate with a population of 2.48 million (January 2005 census) and 

Fayoum City as the principal town is occupying a natural closed depression in the Western Desert of 

Egypt between 29°020 and 29°350N and 30°230 and 31°050E. It extends over 6068 km
2
 and is 

situated about 95 km southwest of Cairo (Fig.1). 
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Fig  1. Locations site of different WWTPs along Fayoum Governorate 

Sampling  

Four monitoring locations for wastewater treatment plants namely: Zayoet Kerdsa, El-lauon, 

Old Quhafa and Ezbet Ashour along capital Fayoum city, El-Fayoum Governorate are chosen for 

examination. Water samples that four inlets of WWTPs samples and four outlets of WWTPs) are 

collected during 2018-2019 as shown in Table I. 

  

Table 1. Descriptive of Locations for (WWTPs) in capital Fayoum City, El-Fauoum Governorate 

No. WWTPs Drain Treatment Technology Sample Code 

    Inlet Outlet 

1 Zayoet Kerdsa  P1-Active sludge (a) E1 E5 

2 El-lauon Nakhla  P2-Oxidation ponds (b) E2 E6 

3 Old Quhafa Hana P3-Secondary - active sludge (c) E3 E7 

4 Ezbet Ashour  P4-Chemical (nanotechnology) (d) E4 E8 

 

The methodology developed to study the performance of the WWTP is divided into the following 

steps:  

 Identification and characterization of flows associated to the operation of WWTP 

 Pollutants – Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) 

Consideration Analyze                                                          

The composite samples are analyzed for various parameters included physical, chemical and 

biological (BOD5 and COD) according APHA (2017). Data analysis carried out using COD/BOD5 

ratio to improve treatment plants control and operation. 

Results  

System description of wastewater treatment plants (WWTPs)  

The systems of wastewater treatment plants using different treatment techniques are described 

as following: (a) active sludge, (b) oxidation ponds, (c) Secondary–active sludge and (d) Chemical 

(nanotechnology) in Fig. (2): 
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 (a) Active Sludge and Processes 

 
(b) Oxidation Pond and Processes 

 
© Secondary - active sludge 

 
(d) Chemical (nanotechnology) 

Fig. 2.  Schematic Diagram of Different Treatment Techniques: (a) Active Sludge and Processes, 

(b) Oxidation Pond and Processes, © Secondary - active sludge, (d) Chemical (nanotechnology)  

 

Performance analysis measurements (TSS, BOD5 and COD) 

Figure 3a showed that the concentration mean value of TSS is 102 mg/l for inlet WWTPs 

wastewater (the values ranged from 66 to 179 mg/l). The concentration mean value of BOD is 315 

mg/l for inlet WWTPs wastewater (the values ranged from 234 to 436 mg/l) for inlet wastewater as 

shown in Fig.3b. While the concentration mean value of COD is 454 mg/l for inlet WWTPs 

wastewater (the values ranged from 336 to 569 mg/l) as shown in Fig.3c.

 

On other hand, Fig.3 (a, b and c) described the variation trend of TSS, COD and BOD5 for 

average concentrations of WWTPs outlet. The concentration mean value of TSS is 40 mg/l, (the 

values ranged from 19 to 45 mg/l) that less than 50 mg/l except Ezbet Ashour (55mg/l) as shown in 

Fig. 3a. 



 

Zaky, T.H., et al. 

50 

 

0

20

40

60

80

100

120

140

160

180

Zayoet Kerdsa El-lauon O ld Q uhafa Ezbet Ashour

Inlet

outlet

Limit

T
S

S
 m

g
/l

0

150

300

450

Zayoet Kerdsa El-lauon O ld Q uhafa Ezbet Ashour

Inlet

outlet

Limit

B
O

D
 m

g
/l

 
                              (a)                                                                             (b) 

0

100

200

300

400

500

600

Zayoet Kerdsa El-lauon O ld Q uhafa Ezbet Ashour

Inlet

outlet

Limit

C
O

D
 m

g
/l

 
( c ) 

Figs.  3.  Variation Trend of TSS, BOD5 and COD for WWTPs (Inlet and outlet) along Fayoum city 

The concentration mean value of BOD (outlet WWTPs along Fayoum city) is 62 mg/l, (the 

values ranged from 30 to 55 mg/l) that less than 60 mg/l for WWTPS except Ezbet Ashour (110 mg/l) 

as shown in Fig. 3b. While the concentration mean value of COD is 87 mg/l, (the values ranged from 

64 to 65 mg/l) for WWTPs that within approved Egyptian standards (80mg/l) except Ezbet Ashour 

(154 mg/l) as demonstrated in Fig. 3c. 

Performance of wastewater treatment plants (WWTPs) 

The present results demonstrate wastewater treatment plants performance: for Zayoet Kerdsa 

(Active sludge), El-lauon (Oxidation ponds) and Old Quhafa (Secondary - active sludge) along 

capital Fayoum city, El-Fayoum Governorate. Fig. 4 demonstrated Old Quhafa (Secondary - active 

sludge technology) achieved highest performance efficiency. While Ezbet Ashour accomplished 

lowest performance efficiency that operates with chemical-nanotechnolog
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Fig.  4. Performance Trend of WWTPs in Terms of TSS, COD and BOD5  

along Fayoum City, El-Fayoum Governorate 

Concept of removal efficiency 

The data from influent and effluent sampling site are calculated for removal efficiency of 

pollutants to assess each wastewater treatment plant (WWTP) performance in report, and interpret 

removal efficiencies. The descriptive statistics (graphical methods) for removal efficiencies will be 

qualitative (categorized) data as those described in Figures (3, 4 and 5) column/bar chart and pie 

chart) for TSS, BOD and COD. There is some specificity in the calculation and interpretation of 

removal efficiencies will needed. Expressing removal efficiencies as relative values or percentages 

and the concept of the remaining fraction is listed in Table 2. 

 

Table 2. Expressing removal efficiencies as relative values and percentages  

Code WWTP Remaining Fraction Relative Values (E) Percentages (%) 

  TSS BOD COD TSS BOD COD TSS BOD COD 

P1 Zayoet Kerdsa 0.59 0.20 0.23 0.41 0.80 0.77 41 80 77 

P2 El-lauon 0.26 0.12 0.12 0.74 0.88 0.88 74 88 88 

P3 Old Quhafa 0.29 0.26 0.13 0.71 0.74 0.87 71 74 87 

P4 Ezbet Ashour 0.57 0.32 0.32 0.43 0.71 0.68 43 71 68 
  

 

COD/BOD5 Ratio 

The values of investigated inlet WWTPs showed COD/BOD5 ratio within the normal range (1.25-2.5) 

(Salah etal., 2017) that indicated WWTPs inlet were human wastes in nature as shown in Fig. 5a and 

b. 
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Fig. 5. Organic ratio for inlet and outlet of WWTPs along Fayoum City,  

El-Fayoum Governorate 

Discussion 

      The Performance of investigated WWTPs was in terms of outlet effluent quality that based 

on removal efficiency% of TSS, BOD5, COD and influent COD/BOD5 ratio during one year 2018-

2019. Attention is focused on treatment technologies with the emphasis on biological processes that 

TSS, BOD5 and COD are indirect indicators for total suspended solids, fermentable and non-

fermentable organic content (Slavov, 2017). The obtained data for inlet WWTPs showed variation 

trend of TSS, COD and BOD5 average concentrations for inlet WWTPs that attribute to different 

social, economic, geographic and climatic conditions in during investigated period. The data of TSS, 

COD and BOD5 did not approve with Egyptian standards Law 48/1982 Decree 92/2013. The 

differences of BOD concentrations for outlet WWTPs attribute to qualify nature of organic loads, the 

type of the operational conditions and mainly the dissimilarity of efficiency treatment process with 

different technologies in the present study. The data of WWTPs performance agree with approval 

limits for Egyptian standards, Executive Regulation of Law 48/1982 Decree 92/2013 that protects 

fresh water courses from pollution by the discharged effluents except Ezbet Ashour (Chemical-

nanotechnology). The data clarified secondary - active sludge that mass of microorganisms played 

key role of organic matter reduction for domestic, sewage and industrial wastewater (Oliveira and 

Sperling, 2011). While Ezbet Ashour WWTP operates with chemical-nanotechnology design must 

be cleaned treatment units or used additional biological unit that high population micro-organism 

such as bacteria or algal cause chemical activity for COD reduction. This evolves understanding of 

technological advances and reduces costs for effluent quality (Seyedeh et al., 2021).  

Industrial wastes are characterized by low biodegradable organic suspended solids or refractory 

substances for biodegradation or both of them. While it can be observed COD/BOD5 ratio for outlet 

are lower than 3 that indicated inlet wastewaters can usually be successfully treated with biological 

processes (high biodegradability) (Oliveira and Sperling, 2011). The suggested formula for 

performance WWTPs described by the expressing removal efficiencies as relative values or 

percentages in the following Equation (1-2).
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Express removal efficiencies as percentages, we simply multiply the value from Equation 1 by 100 

and the concept of the remaining fraction, which is given by Equation 3: 

    

   
The overall percentage removal efficiency of the combined treatment units is based on the 

multiplication of the remaining fractions of the constituent in each unit. 

 
or, expressing removal as percentages and the remaining fraction is the same: 

EOverall (%) = 1 – [(1-E1) X (1-E2) X........X (1-En)]  

 
Conclusion and Recommendation 

      Four monitored wastewater treatment plants namely: Zayoet Kerdsa, El-lauon, Old Quhafa 

and Ezbet Ashour along capital Fayoum city, El-Fayoum Governorate are chosen for performance 

examination during one year. The water chemistry results exceeded Egyptian standards Law 48/1982 

Decree 92/2013 limits for all inlet wastewater treatment plants (WWTPs) which reported their 

wastewater quality must be have suitable treatment. Therefore, the study assessed performance of 

wastewater treatment plants (WWTPs) and evaluated their consideration analysis (COD, BOD and 

COD/BOD5).  

     The results reported had differences attribute to qualify nature of organic loads, the type of the 

operational conditions and mainly the dissimilarity of efficiency treatment process with different 

technologies in the present study. The research clarified that Old Quhafa (Secondary - active sludge 

technology) achieved highest performance efficiency. While Ezbet Ashour accomplished lowest 

performance efficiency that operates with chemical-nanotechnology. COD/BOD5 ratio of 

investigated wastewater treatment plants (WWTPs) inlet were within normal range (1.25-2.5) and 

recorded <3 for wastewater treatment plants (WWTPs) outlet. So, these records indicated inlet 

wastewater were human wastes in nature and can usually be successfully treated with biological 

processes (high biodegradability).The study recommended that  

 Sedimentation units must be cleaned,  

 Monitoring frequently of sludge analysis and  

 Calculation of building capacity for all WWTPs. 

 

Acknowledgments 

The whole research work was assisted by University of Sadat City and Central Laboratory for 

Environmental Quality Monitoring (CLEQM), National Water Research Center (NWRC). Therefore, 

the authors are grateful to the authorities of them. 

REFERENCES 

APHA (American Public Health Association). 2017. Standard methods for examination of water and 

wastewater, 23
th

 Ed. Washington, D C. 

European Environment Agency (EEA) 2016. European water policies and human health Combining 



 

Zaky, T.H., et al. 

54 

 

reported environmental information, EEA Report No 32/2016, TH-AL-16-032-EN-N, 

doi:10.2800/821091 

Guven H., Ozgun, H., Ersahin, M.E. 2019. High-rate activated sludge processes for municipal 

wastewater treatment: the effect of food waste addition and hydraulic limits of the system. 

Environm. Sci. Pollut. Res. 26, 1770–1780.  

Hreiz, R, Benyahiac, B., Lati, M.A. 2015. Multi-objective optimal control of small-size wastewater 

treatment plants. Chemical Engineer Research Desalination, 102, 345-–353. 

Jafarinejad, S. 2017. Cost estimation and economical evaluation of three configurations of activated 

sludge process for a wastewater treatment plant (WWTP) using simulation. Appl. Water Sci. 

7, 2513–2521. 

Edokpayi, J.N., Odiyo, J.O.,  Durowoju, O,S. 2017. Impact of wastewater on surface water quality in 

developing countries: A case study of South Africa, Water Quality, Hlanganani Tutu, Intech 

Open, DOI: 10.5772/66561. Available from: https://www.intechopen.com/books/water-

quality/impact-of-wastewater-on-surface-water-quality-in-developing-countries-a-case-study-

of-south-africa 

Lagarde F, Tusseau-Vuillemin, M.H, Lessard, P., Héduit, A., Dutrop, F.  2003. Variability estimation 

of urban wastewater biodegradable fractions by respirometry. Water Res. 39, 4768- 4778. 

Oliveira S.C., Sperling, V.M. 2011. Performance evaluation of different wastewater technologies 

operating in a developing country. Journal of Water, Sanitation and Hygiene for 

Development, 1, 37-56. 

Samer, M. 2015. Biological and chemical wastewater treatment processes, wastewater treatment 

engineering, DOI: 10.5772/61250. Available from: 

https://www.intechopen.com/books/wastewater-treatment-engineering/biological-and-

chemical-wastewater-treatment-processes 

Muzammil A., Al-Makishah N.H.,.Barakat,M.A. 2016. Wastewater sludge stabilization using pre-

treatment methods. Process Safety and Environmental Protection,  102, 615-632 

National Egypt Environmental Law 48. 2013. Egypt Decree, 92-2013 for the protection of the Nile 

River and its waterways from pollution, Decree of Minister of Water Resources and 

Irrigation no. 92 for year 2013 for the Executive Regulation of Law 48/1982, 2013. 

Karef, S., Kettab, A., Loudyi, D., Bruzzoniti, M.C., Del Bubba, Massimo, F., Nouh, A., Boujelben, 

N., Mandi, L. 2017. Pollution parameters and identification of performance indicators for wastewater 

treatment plant of Medea (Algeria). Desalin. Water Treat. 65, 192–198. 

 

Mohsenpoura, S.F., Hennigeb, S., Willoughbya, N., Adeloyec, A., Gutierrezd, T. 2021. Integrating 

micro-algae into wastewater treatment: A review. Sci. Total Environm. 752, 142-168 

 Naidoo, S., Olaniran, A, O. 2014. Treated Wastewater Effluent as a Source of Microbial Pollution of 

Surface Water Resources. Int. J. Environ. Res. Public Health, 11, 249-270. 

Kolev, S, A. 2017. Dairy Wastewater Treatment Review, Food Technology Biotechnology, 55 (1), 

14–28. 

Tušer, I., Oulehlová, A. 2021. Risk Assessment and Sustainability of Wastewater Treatment Plant 

Operation. Sustainability 13, 5120. 

 

 

https://www.sciencedirect.com/science/article/abs/pii/S0957582016300817#%21
https://www.sciencedirect.com/science/article/abs/pii/S0957582016300817#%21
https://www.sciencedirect.com/author/57197125025/m-a-barakat
https://www.sciencedirect.com/science/journal/09575820
https://www.sciencedirect.com/science/journal/09575820/102/supp/C

