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ABSTRACT 
 

A lot of studies have been conducted in water and wastewater treatment plants in Damietta Governorate. A 
comprehensive study were executed by the Holding Company of Water and Wastewater by a certain consultant 
firm and extended between 2007 and 2010. Another study was established by the author to get the relation 
between the quality of treated sewage and the variation in design, construction, and treatment system in plants. 
About 25 plants were in operation in the time of the study. The design capacity is about 400,000 m3/d. The 
actual treatment is about 240,000 m3/d. These plants are classified to four groups. The 1st group of plants is the 
conventional activated sludge (6 plants with 62.8% of treated sewage per day). Treated wastewater resulted in 
90.4 % average removal of BOD5, 94.7 % removal of COD, 89.4 % average removal of total Kjeldahl nitrogen 
(TKN), and 83.9% average removal of total suspended solids (TSS). The 2nd group of sewage plants is the 
extended aeration (8 plants with 12.5% of treated sewage per day). Treated sewage by this method resulted in 
92% average removal of BOD5, 85.5 % removal of COD, 88.9 % average removal of TKN, and 94.8 % average 
removal of TSS. The 3rd group of plants are the oxidation ditch (6 plants with 14.1% of treated sewage per day). 
Treated sewage secured 94.9 % average removal of BOD5, 85.6 % removal of COD, 89.3 % average removal of 
TKN, and 85.6 % average removal of TSS. The 4th group is miscellaneous types of plants (2 aqua life, 2 surface 
aeration, and one aerated lagoon). This group of plants secured 89.1 % average removal of BOD5, 82.5 % 
removal of COD, 90.2 % average removal of TKN, and 84.6 % average removal of TSS. All plants are operated 
with high efficiency of treatment. This reflects a good trained operators and good management. Spare parts are 
available and hence a good maintenance program is executed periodically. The differences in design and 
treatment between different groups have a minor effect on the quality of the treated sewage. Most of the 
chemical analysis results lie within the permissible limits of governmental regulations before discharging 
outside the plants. 
 
Key words: wastewater treatment plants – conventional activated sludge – extended aeration – oxidation ditch –  
                    performance evaluation.  
 
Introduction 

 
Several studies have been conducted in water and wastewater treatment plants in Damietta Governorate. A 

master plan executed by the Holding Company of Water and Wastewater. This study covered most of water and 
wastewater activities in the governorate through a certain consultant firm and extended through the period from 
2007 to 2010. Reports were issued to both the Holding Company and to Damietta water and wastewater 
authorities.  

Another study was conducted by the author to verify the relation between the type of wastewater treatment 
plants (WWTP) and the quality of the outlet treated water. The chemical analysis and results of this study 
covered 29 different plants. The design capacity is about 400,000 m3/d. There are four major types of WWTPs. 
The 1st is the conventional activated sludge plants (6 plants produce 62.8 % of the treated water). The 2nd is the 
extended aeration plants (8 plants produce 12.5 % of the treated water). The 3rd is the oxidation ditch plants (6 
plants produce 14.1 % of the treated water). The 4th group underlying miscellaneous plants like aqua life plants 
(2 plants), and lagoon and aerated lagoons (3 plants). The last group has an average capacity of 10 % of the 
treated wastewater. These numbers represent the time of the study. A lot of chemical analysis in samples 
collected in each plant and in different stages of treatment. These results initiate the author to study the method 
of treatment for more evaluation and estimation of the quality of each group of plants. 

Wastewater is also known as sewage originates from house hold wastes, human and animal wastes, 
industrial wastewaters, storm runoff, and ground water infiltration. It is the flow of used water from a 
community. It consists of 99.94 % of water by weight. The remaining 0.06 % is a dissolved or suspended matter 
in water (WPCF, 1980). Sewage treatment generally involves three stages, which called primary, secondary, and 
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tertiary treatment. Primary treatment consists of temporarily holding the sewage in a quiescent basin where 
heavy solids can settle to the bottom, while oil, grease, and lighter solids float to the surface. The settled and 
floating materials are removed and the remaining liquid may be discharged or subjected to further treatment. 
Secondary treatment removes dissolved and suspended biological matter. It is typically performed by using 
indigenous water-borne microorganisms in a managed habitat. It may require a separation process to remove the 
microorganisms from the treated water before proceeding to discharge or to tertiary treatment. Tertiary 
treatment is sometimes defined as anything more than primary and secondary treatment in order to allow 
rejection into highly sensitive or fragile ecosystem (estuaries, low flow rivers, etc.). Treated water is sometimes 
disinfected chemically or physically prior to discharge into stream, river, bay, lagoon, or wetland, or it can be 
used for the irrigation of a golf course, green way, or agricultural purposes. Pre-treatment may include a sand or 
grit chamber. For small sanitary sewer system, the grit chamber may not be necessary, but for large plants it is 
desirable (US EPA, 2004). 

The majority of municipal plants that are using aerobic biological process, the biota require both oxygen to 
live and food to grow. The bacteria and protozoa consume biodegradable soluble organic contaminants, and 
bind much of the less soluble fraction into flocs. Secondary treatment systems are classified as fixed film or 
suspended growth systems. This system includes activated sludge, where the biomass is mixed with the sewage. 
This treatment can provide higher removal rate for organic materials and suspended solids (Nemade et al., 2009 
and US EPA, 2007). In general, activated sludge plants encompass a variety of mechanisms and processes that 
use dissolved oxygen to promote the growth of biological flocs that substantially removes organic matter. 
Return activated sludge (RAS) is the settled activated sludge that is collected in the secondary clarifier and 
returned to the aeration tank to mix with the influent wastewater. The efficiency is measured by BOD removal, 
which is directly related to the volatile activated sludge solids in the aeration basin. The RAS flow for a 
conventional activated sludge system is usually 20 to 40 % of the tank influent flow rate. The minimum 
percentage of RAS is related to sludge volume index (SVI) and the solids concentration in the mixed liquor 
(Clark et al., 1966). Another type of treatment includes extended aeration. This process operates in the 
endogenous respiration phase of the growth curves, which necessitates a relatively low organic loading and long 
aeration time. It is generally applicable only to small treatment plants. In an oxidation ditch system, wastewater 
and mixed liquor are pumped around an oval pathway or racetrack by mechanical aeration and pumping 
equipment located at one or more points along the flow circuit. As the ditch contents pass the aerator, the 
dissolved oxygen (DO) concentration rises and then falls while the ditch contents traverse the circuit. Oxidation 
ditches can also achieve nitrification, denitrification, and BOD removal (WEF & ASCE, 1992). 

The most common type of stabilization ponds is the facultative ponds. It is called the wastewater lagoon. 
Facultative ponds are usually 1.2 to 2.5 m in depth with an aerobic layer overlying an anaerobic layer, often 
containing sludge deposits. The detention time is usually 5 to 30 days. The ponds receive no more pre-treatment 
than screening. The system is a symbiotic relationship between heterotrophic bacteria and algae. Organic matter 
in wastewater is decomposed by bacterial activities, including both aerobic and anaerobic, which release 
phosphorous, nitrogen, and carbon dioxide. Oxygen in the aerobic layer is supplied by surface reaeration and 
algal photosynthesis. Algae consume nutrient and carbon dioxide produced by bacteria and release oxygen to 
the water. The DO is used by bacteria, thus forming a symbiotic cycle (US EPA, 1983 and WEF & ASCE, 
1991).  

As mentioned earlier, a lot of chemical analysis in samples collected in each plant and in different stages of 
treatment. These results initiate the author to create a study to estimate and evaluate the efficiency of treatment 
towards the variation in construction.      

 
2- Experimental Works: 

 
Samples were collected from all plants. Some samples included different stages of treatment. More than 20 

chemical parameters were analyzed in same plants. The author visited each plant, supervised sampling, 
following the analysis and collecting the data. A lot of chemical analyses are available. The author decided to 
choose five parameters only for evaluation. These items secured a remarkable variation from plant to plant. All 
the chemical analyses were performed in the Central Laboratory of Wastewater under the authority of the 
Holding Company of Sanitary Drainage in Cairo (AL Berka Lab.). 

In order to evaluate the most economical alternative of different wastewater treatment plants, the value 
engineering was the used approach. The value engineering can be defined as the systematic application of 
recognized techniques which identify the function of a product or service, establish a value for that function, and 
provide the necessary function reliability at the least overall cost (Cooper and Slagmulder, 1997). 
 
2-1 Dissolved Oxygen (Do): 
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The DO is the factor that determines whether the biological changes are brought about by aerobic or by 
anaerobic organisms. Thus DO measurements are vital for monitoring aerobic conditions in natural waters that 
receive pollutional matter and in aerobic treatment processes intended to purify domestic and industrial 
wastewater (Sawyer et al., 1995). Two methods for DO analysis were used, the Winkler or Iodometric method 
and its modification, and the electrometric method using membrane electrodes. This allows in-situ measurement 
of DO. Sampling, preservation, and analysis were performed according to the standard methods (Standard 
Methods for Examination of Water and Wastewater, 1989). 
 
2-2 Biochemical Oxygen Demand (Bod): 

 
The BOD test is widely used to determine the polluted strength of domestic and industrial wastes in terms 

of the oxygen that they will require if discharged into natural watercourse in which the aerobic conditions exist. 
This test is designed to evaluate the purification capacity of receiving water bodies. The BOD test is essentially 
a biomass procedure involving the measurement of oxygen consumed by living organisms before and after 
incubation, mainly bacteria. Determination of DO serve as the basis of BOD test. Theoretically, an infinite time 
is required for complete biological oxidation of organic matter. For practical purpose, the reaction may be 
considered complete in 20 days, in which it is too long to wait for results in most instances. It has been found by 
experience that a reasonably large percentage of the total BOD is exerted in a 5-day incubation period. In the 
case of domestic and many of the industrial wastewaters, it has been found that 5-day BOD value is about 70 to 
80 % of total BOD (TBOD5). There are several forms of BOD like carbonaceous BOD5 (CBOD5), Soluble 
BOD5 (SBOD5), and TSS BOD5 [10]. The determination of BOD5 was performed according to the standard 
methods. All precautions for sampling, preservation, seeding, incubation, and electrometric determination were 
followed (Standard Methods for Examination of Water and Wastewater, 1989). 
 
2-3 Chemical Oxygen Demand (COD): 

 
The COD test is widely used as a means of measuring the organic strength of domestic and industrial 

wastes. This test allows measurement of a waste in terms of the total quantity of oxygen required for oxidation 
to carbon dioxide and water. It is based on the fact that all organics compounds, with a few exceptions, can be 
oxidized by the action of strong oxidizing agent under acid conditions. As a result COD values are greater than 
BOD values and may be much greater when significant amounts of biologically resistant organic matter is 
present. The correction between COD and BOD varies from plant to plant. The BOD:COD ratio also varies 
across the plant from influent to process units to effluent. The ratio is typically 0.5:1.0 for raw wastewater and 
may be drop to as low as 0.1:1.0 for well stabilized secondary effluent. The normal COD range for raw 
wastewater is 200 to 600 mg/l (WEF & ASCE, 1996). The dichromate reflux method has been selected for the 
COD determination because it has advantages over the other oxidants in oxidation and application. A sample is 
refluxed with known amounts of potassium dichromate and sulfuric acid. The excess dichromate is titrated with 
ferrous ammonium sulphate. The amount of oxidizable organic matter, measured as oxygen equivalent, is 
proportional to the potassium dichromate consumed (Simplified Laboratory Procedures for Wastewater 
Examination, 1985). 
 
2-4 Total Kjeldahl Nitrogen (TKN): 

 
Organic nitrogen is organically bound nitrogen in the oxidation of tri-negative state. Nitrate, nitrite, 

ammonia, and organic nitrogen are biochemically interconvertible and they are components of the nitrogen 
cycle. Analytically, organic nitrogen and ammonia can be determined together and referred to as "total nitrogen" 
or more correctly as "Kjeldahl nitrogen". This term reflects the technique used in determination. Biological 
growth of microorganisms requires ammonia nitrogen that is converted to cellular components by the 
microorganisms. Organic nitrogen includes such natural materials as proteins and peptides, nucleic acids and 
urea, and numerous synthetic organic materials. Organic nitrogen can be obtained from the difference between 
TKN and ammonia nitrogen. The method depends on the Kjeldahl digestion and distillation apparatus, followed 
by digestion, distillation, receiving distillate in boric acid, titration with0.02 N sulphuric acid. According to SM 
and simplified procedures (WPCF) (Simplified Laboratory Procedures for Wastewater Examination, 1985). 
 
2-5 Total Suspended Solids (TSS): 

 
Total non-filterable residue, previously referred to as suspended matter or suspended solids, is determined 

by filtering a sample through a glass fiber filter disk. Either a filter holder apparatus or a Gooch crucible may be 
used (Simplified Laboratory Procedures for Wastewater Examination, 1985). The TSS is very important quality 
parameter for water and wastewater and is a wastewater treatment plant effluent standard. A well mixed sample 
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is filtered through a 0.2 m pore size, 24 mm diameter membrane. The residue retained on the filter is dried in 
an oven for at least one hour to a constant weight at 103 to 105 oC          

 
Results And Discussion 

 
There are 29 sewage treatment plants in Damietta Governorate. Only 25 plants are in operation in the time 

of the sampling and analysis. These results reflects the stage of treatment in each plant, the quality of the 
incoming sewage from pump station to the inlet of the plant, and the outlet treated sewage before discharge 
outside the plant. Treatment plant processes are arranged in four main methods, the 1st is the conventional 
activated sludge (6 plants treated about 62.8 %), the 2nd is the extended aeration plants, accomplished by 
activated sludge and surface aeration (8 plants treated about 12.5 %). The 3rd is the oxidation ditch plants (6 
plants with actual operation 14.1 %). The 4th group is a miscellaneous plants group with actual operation 10 % 
and represented by 5 plants, two plants with aqua life technology, two plants with aerated oxidation, and one 
plant with aerated lagoon. All these groups of plants are distributed in the whole area of the governorate and not 
concentrated in one district. Some chemical parameters were taken for comparison because of their high 
selectivity as point of efficiency of treatment. 
 
3-1 Effect of Sewage Plant Variation on DO Concentration: 

 
Table and Fig. (1-a) represents the concentration of DO in the raw and the treated sewage. All WWTP are 

classified to 4 major classes. Determination of DO in the raw sewage ranged from 0.5 to 0.7 mg/l as minimum 
concentration, also the average concentration in the 4 classes does not exceed 1 mg/l. the results reflects a heavy 
load organic matter and microorganisms in the raw sewage. 

The treated sewage in the 4 groups secured 1.0 to 1.9 mg/l DO as average values. The conventional 
activated sludge (Conv. A.S.1) plants showed an increase of DO reached 2.9 mg/l as maximum reading as 
shown in Fig. (1-a). The extended aeration plants (Ext. Aer.2) showed no difference in DO concentration in raw 
and treated sewage. Minor increase were observed in oxidation ditch (Oxid. Ditch.3) and miscellaneous plants. 
 
Table 1-a: Effect of Sewage Plant Variation on DO Concentration 

Sewage Plant Group 
Raw Sewage (mg/l) Treated Sewage (mg/l) 
Min. Max. Average Min. Max. Average 

1. Con. A.S. 0.6 1.1 0.85 1.0 2.9 1.9 
2. Ext.Aer. 0.7 1.8 0.98 0.6 1.4 1.0 
3. Oxid. Ditch 0.5 1.4 0.78 0.9 1.9 1.2 

4.Miscellaneous 0.7 1.2 0.92 1.0 1.3 1.1 

 
Another arranging of results showed in table and Fig. (1-b). The average concentration of DO in the 6 

plants of Con. A.S., followed by 8 plants that belonged to the Ext. Aer., It was noticed that Do increases after 
treatment in the Con. A.S. plants., while the Ext. Aer. plants showed nearly no change as seen from the two 
close lines from 7th to 14th plant. In all cases Do in treated sewage must be not less than 4 mg/l as environmental 
regulation to ensure complete treatment and to secure no influence on waterways after discharge. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Fig. 1-a: Effect of Sewage Plant Variation on DO Concentration  
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Aeration represents ideal secondary treatment. It is designed to degrade the biological content of sewage 
using aerobic biological process. Higher organic loading will increase the likelihood of developing problems 
such as heavier than normal biofilm thickness, nuisance organism's growth, DO depletion and deterioration of 
process performance. The biota requires both oxygen and food to live. The bacteria and protozoa consume 
biodegradable soluble organic contaminants, and bind the less soluble faction into flocs. 
 
Table 1-b: Effect of Sewage Plant Variation on DO Concentration  

1- Con. A.S. Plant No. 1 2 3 4 5 6   
Do (mg/l) In 0.8 1.1 1.1 0.6 0.8 0.7   

Out 1.8 1.0 2.0 2.9 1.7 1.5   
2- Ext. Aer. Plant No. 7 8 9 10 11 12 13 14 
Do (mg/l) In 0.9 1.2 1.8 0.7 0.7 0.7 0.7 1.0 

Out 1.2 1.4 1.0 1.0 1.1 0.6 0.6 0.6 
 

          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1-b: Effect of Sewage Plant Variation on DO Concentration 
 
3-2 Effect of Sewage Plant Variation on BOD5 Concentration: 

 
Table and Fig. (2) represent the concentrations of BOD5 in the raw and treated sewage in the 4 group of 

plants. The average concentrations of BOD5 of the raw sewage ranged from 300 to 500 mg/l. After treatment, 
conventional activated sludge plants secured an average of 29 mg/l. Extended aeration plants secured 28 mg/l, 
while oxidation ditch treatment plants secured 21 mg/l. the 4th group BOD5 ranged from 30 to 85 mg/l with an 
average of 57 mg/l. 
 
Table 2: Effect of Sewage Plant Variation on BOD5 Concentration 

Sewage Plant Group 

Raw Sewage (mg/l) Treated Sewage (mg/l) 

Min. Max. Average Min. Max. Average 
Removal 
Ratio 
(%) 

1. Con. A.S. 198 545 301 11 82 29 90.4 
2. Ext.Aer. 82 659 348 10 49 28 92.0 
3. Oxid. Ditch 256 750 417 9 58 21 94.9 
4.Miscellaneous 273 855 522 30 85 57 89.1 
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Fig. 2: Effect of Sewage Plant Variation on BOD5 Concentration  
 
All these results are below maximum permissible limits of regulation. The best BOD removal was obtained 

from the oxidation ditch plants with about 95%. This is the effect of the high efficiency of aeration. The DO 
concentration rises and then fall while the ditch traverses the circuit. It is operated in an extended aeration mode 
with long hydraulic retention time (24 hours). Oxidation can also achieve nitrification and denitrification. Con. 
A.S. secured 90.4% BOD removal, while Ext. Aer. secured about 92% removal of organic load. 
 
3-3 Effect of Sewage Plant Variation on COD Concentration: 

 
Table and Fig. (3) represent the concentrations of COD in the raw and treated sewage in the 4 group of 

plants. Minimum concentration of COD in the raw sewage ranged from 350 to 550 mg/l. the maximum ranged 
from 973 to 2500 mg/l and the average ranged from 665 to 1140 mg/l. these results reflects a high load of 
organic contamination. Treated sewage of Con. A.S. plants secured an average of 38 mg/l COD with about 95% 
removal. Oxid. Ditch. plants' treated sewage ranged from 25 to 167 mg/l COD with an average of 96 mg/l 
(85.8% removal). The maximum permissible limits of COD not exceed 80 mg/l before discharge to the 
receiving environment. The COD values are important in industrial waste studies and control of wastewater 
treatment plants. Generally, the BOD value is empirically 50 to 70% of the COD value, depending on the type 
of organic matter. Additional oxygen demand can also results from the presence of certain readily oxidizable 
components in the wastewater such as sulfide ions. Oxygen demand usually varies both spatially and temporally 
in a suspended growth system. Temporal variations can be estimated from statistical analysis of data collected 
for influent loading such as carbonaceous BOD and nitrogenous BOD of the process.  The variations depends on 
the kinetic relationship between the growth rates of the biomass and substrate removal rates, and the DO 
concentrations. They also depend on the flow regime and hydraulic retention time of the process (WPCF, 1988). 
 
Table 3: Effect of Sewage Plant Variation on COD Concentration 

Sewage Plant Group 

Raw Sewage (mg/l) Treated Sewage (mg/l) 

Min. Max. Average Min. Max. Average 
Removal 
Ratio 
(%) 

1. Con. A.S. 550 1000 725 30 50 38 94.7 
2. Ext.Aer. 350 1350 689 ND 100 ND 85.5 
3. Oxid. Ditch 350 973 665 25 167 96 85.6 
4.Miscellaneous 450 2500 1140 ND 200 ND 82.5 

 
 
 
 
 
 
 
 
 

Effect of Sewage Plant Variation on 
BOD Concentration, Raw Sewage

0

100

200

300

400

500

600

700

800

900

Raw Sewage

B
O

D
 (

m
g

/l)

Max.

Average

Min.

Effect of Sewage Plant Variation on 
BOD Concentration, Treated Sewage

0

100

200

300

400

500

600

700

800

900

Treated Sewage

Max.

Average

Min.



5102 
J. Appl. Sci. Res., 8(10): 5096-5105, 2012 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Effect of Sewage Plant Variation on COD Concentration 
 

3-4 Effect of Sewage Plant Variation on TKN Concentration: 
 
Total Kjeldahl nitrogen is a measure of the organic nitrogen and ammonia nitrogen in wastewater. 

Determination of TKN in raw and treated sewage is shown in Table and Fig. (4). TKN in raw sewage ranged 
from 66 to 78 mg/l as N. Determination of TKN in the treated sewage secured 7 to 8 mg/l as N with an average 
removal 88.9 to 90.2% of organic nitrogen from all of the 4 groups of plants; Con. A.S., Ext.Aer., Oxid. Ditch, 
and aerated lagoons; which all had high efficiency in organic nitrogen removal. 
 
Table 4: Effect of Sewage Plant Variation on TKN Concentration 

Sewage Plant Group 

Raw Sewage (mg/l) Treated Sewage (mg/l) 

Min. Max. Average Min. Max. Average 
Removal 
Ratio 
(%) 

1. Con. A.S. 49 107 78 3 11 8 89.4 
2. Ext.Aer. 46 93 72 2 15 8 88.9 
3. Oxid. Ditch 46 88 66 2 9 7 89.3 
4.Miscellaneous 49 118 72 3 11 7 90.2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4: Effect of Sewage Plant Variation on TKN Concentration 
 
Values reported in the literature for total nitrogen ranged from 20 to 85 mg/l as N with a medium value of 

40 mg/l (Metcalf, Eddy, 1979). About 40% of the total occurs in the organic form and 60% in the ammonium 
form, less than 1% is present as nitrite or nitrate. The growth of new cells will remove some of the influent 
nitrogen. This will approximate 12% of the net biomass accumulation. For a given condition of solid retention 
time SRT and carbonaceous BOD removal, nitrogen removal can be estimated. Nitrogen assimilation depends 
on the ratio of BOD to N in the influent, and thus can be significant in system treating wastewater with high 
concentration of BOD5. Ammonium nitrogen is oxidized to nitrite by activities of the autotrophic species, 
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Nitrosomonas and Nitrobacter. The degree of biological nitrification will depend on the mass of nitrifying 
organisms allowed to remain in the system i.e. order of nitrification were estimated as a function of DO and 
temperature, oxygen availability, hydraulics and NH4-N concentration. All these parameters are considered in 
the 4 different groups of palnts in which they secure more than 90% removal of organic nitrogen in treated 
sewage. 
 
3-5 Effect of Sewage Plant Variation on TSS Concentration: 

 
Determination of TSS as mg/l were performed in raw and treated sewage as shown in Table and Fig. (5). 

The results showed that the TSS in raw sewage ranged from 267 to 665 mg/l as average in the 4 groups of 
plants. Maximum TSS in the raw sewage reached 1090 to 1680 mg/l. treated sewage secured good removal as 
minimum results ranged from16 to 30 mg/l, and average results ranged from 24 to 96 mg/l TSS. The best 
treatment resulted from extended aeration plants and secured about 95% removal, followed by oxidation ditch 
plants (85.6% removal) and conventional activated sludge plants secured about 84% removal. 

 
Table 5: Effect of Sewage Plant Variation on TSS Concentration 

Sewage Plant Group 
Raw Sewage (mg/l) Treated Sewage (mg/l) 

Min. Max. Average Min. Max. Average 
Removal 
Ratio (%) 

1. Con. A.S. 137 380 267 18 135 43 83.9 
2. Ext.Aer. 213 1680 448 16 28 24 94.6 
3. Oxid. Ditch 350 973 665 25 167 96 85.6 
4.Miscellaneous 178 1090 415 30 98 64 84.6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5: Effect of Sewage Plant Variation on TSS Concentration 
 
Total suspended solids as primary sludge production can be estimated empirically. TSS removal 

efficiencies in primary sedimentation tanks usually range between 50 and 65%. Enhanced primary 
sedimentation with chemical coagulation can increase primary sludge mass by 50 to 100%. This will lead to 
account for increased BOD, COD, and TSS removal (Metcalf, Eddy, 1979). 

Table (6) summarizes the average percent removal of all of the parameters of comparison. High efficiency 
of removal more than expected was noticed and in contrast with previous literature. Total percent removal 
showed that the extended aeration plants secured the best performance, followed by the conventional activated 
sludge, followed by the oxidation ditch plants. 
 
Table 6: Average Percent Removal of Some Chemical Parameters in the Different Groups of Plants  

Sewage Plant Group 
Percent Removal 

BOD5 COD TKN TSS 
Total Percent 
Removal  

1. Con. A.S. 90.4 94.7 89.4 83.9 89.6 
2. Ext.Aer. 92.0 85.5 88.9 94.6 90.3 
3. Oxid. Ditch 94.9 85.6 89.3 85.6 88.9 
4.Miscellaneous 89.1 82.5 90.2 84.6 88.6 
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3-6 Economical Evaluation of Different Plant Groups: 
 
The points of comparison are the average electrical power consumed to treat 1 m3 of wastewater in kW/hr, 

the average required land space in m2 to treat 1 m3/d of wastewater, and the labor daily productivity of treated 
wastewater in m3/worker. The values are shown in table (7). 
 
Table 7: Values of Points of Comparison 

Point of Comparison Code 
Alternatives
Conventional Activated 
Sludge 

Extended 
Aeration 

Oxidation Ditches 
Aerated 
Lagoons 

Electricity Consumption 
(kW/h/m3) 

A 0.314 0.440 0.412 0.310 

Required Area (m2/m3) B 5 2 3 4 
Labor Productivity 
(m3/Worker) 

C 338 240 210 342 

 
The evaluation methods steps are the weight of the desired criteria and the analysis of the desired criteria. In 

the first step, the weight of the desired criteria has been extracted from Table (8), in which the mutual weight 
factors of each point of comparison against the others are presented.  
 
Table 8: The Weight of the Desired Criteria 

 A B C 
A  A-2 A 
B  C-2 
C   

 
From Table (8), it was concluded that the element (A) which is the electricity consumption has a weight 

factor that is two times superior to that of element (B), which is the area of land. This means that the running 
cost of the electricity consumption is important than initial cost of the land, based on rough estimate of the 
initial and running cost during the whole design period of the project. Also, the element (A) which is the 
electricity consumption has a weight factor that is one time superior to that of element (C) which is the labor 
productivity. On the other hand, element (C), which is the labor productivity has a weight factor that is two 
times superior to that of element (B) which is the area of land. The total weight factor of each item depends on 
the total number of times that it was mentioned in the Table (8). This means that the raw weight of element (A) 
is 3, the raw weight of element (B) is 0, and the raw weight of element (C) is 2. 

In Table (9), the normalized weight of each point in percentage has been introduced. 
 

Table 9: The normalized weight of each point in percentage 
Point of Comparison Raw Weight Normalized Weight 
Electricity (A) 3 60.00 %
Area (B) 0 0.00 %
Productivity (C) 2 40.00 %
Total 5 100 %

 
In the second step, the average values of each element are transformed to rank based on the ratios between 

values presented in Table (1). And these ranks are presented in Table (10). 
 
Table 10: Ranks of Points of Comparison  

Point of Comparison Code 
Alternatives
Conventional 
Activated sludge 

Extended 
Aeration  

Oxidation 
Ditches 

Aerated 
Lagoons 

Electricity Consumption (kW/h/m3) A 9.9 7.0 7.5 10 
Required Area (m2/m3) B 4 10 6.7 5 
Labor Productivity (m3/Worker) C 9.9 7.0 6.1 10 

 
The analysis completes by calculating the total score of each alternative, which equals the summation of the 

normalized weight multiplied by the rank of each element of comparison, as presented in Table (11). The 
alternative that gets the highest score should be the best alternative under the normal conditions.  
 
Table 11: Score of Alternatives  

Point of 
Comparison 

Weight 

Alternatives
Conventional 
Activated sludge

Extended Aeration  Oxidation Ditches Aerated Lagoons 

Rank Score Rank Score Rank Score Rank Score
Electricity 60.00 % 9.9 594 7.0 420 7.5 450 10 600
Area 0.00 % 4 0.00 10 0.00 6.7 0.00 5 0.00 
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Productivity 40.00 % 9.9 396 7.0 280 6.1 244 10 400
Total 100.00 %  990  700  694  1000 

 
From Table (11), the conventional activated sludge and aerated lagoons systems have the highest scores. 

Under the normal conditions, the aerated lagoons and the conventional activated sludge systems are the most 
appropriate alternative at the least cost, while the oxidation ditch is the least appropriate system. 

 
Conclusions: 

 
More than 25 different sewage plants are distributed in the whole area of the governorate. Wastewater 

treatment plants can be classified to 4 main groups of plants because there are a difference in treatment, design, 
and construction. Chemical analysis of BOD in the treated sewage ranged from 21 to 57 mg/l O2. Percentage 
removal ranged from 89% in the miscellaneous group of plants to about 95% by the group of oxidation ditch 
plants. The results of COD removal in the treated sewage ranged from 85.6% secured by the oxidation ditch 
plants to a conventional activated sludge plants with 94.7% removal. Total Kjeldahl nitrogen in treated sewage 
secured a very good removal of organic nitrogen. Percent removal ranged from 88.9% resulted from extended 
aeration plants to 90.2% from some of the miscellaneous plants (aqualife and aerated lagoon). Total suspended 
solids removal ranged from 83.9% from the treatment of conventional activated sludge plants to 94.6% removal 
from the extended aeration plants. 

It was expected that variations in the treatment, construction, and design in the sewage plants may lead to a 
difference in quality of treated wastewater. Also, irregular timing and operation of pump stations ( 90 different 
pump stations) that introduce wastewater to the plants may create over flow and create problems in the 
treatment. All the results for the treated sewage showed a high efficiency treatment with high percentage of 
removal of organic matter and suspended solids. The change in type and design of plant have nearly no effect on 
the final effluent. 

The efficiency may increase by a good trained staff, good management and availability of spare parts to 
ensure a good operation and regular maintenance period. 
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