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    ABSTRACT 
 The present investigation was carried out at a tertiary sewage water 

treatment plant located at El-Kattameya city, Cairo, Egypt, for a duration period 
of 12 months during 2004.  The present work aimed to study the algal diversity 
(phytobenthos and phytoplankton) of the different tanks (collector, oxidation, 
settling and effluent) included in the tertiary sewage treatment system with 
respect to changes in physico-chemical characteristics of sewage water during the 
different seasons  to be used for golf course irrigation.  The treatment system is of 
the physico-biological type. Representing data of the physico-chemical 
parameters are air and water temperatures, pH, electrical conductivity (EC), 
dissolved oxygen (DO), chemical oxygen demand (COD),  biological  oxygen  
demand (BOD),   total  suspended  salts   (TSS), total alkalinity, nutrients 
(nitrate, ammonia, phosphate, ortho-phosphorus, phosphorus and silicate), as 
well as major ions (calcium, potassium, sodium, magnesium, sulfate and 
chloride).  In addition, the treatment efficiency of the system was evaluated and 
the suitability of using the effluent in irrigation purposes was discussed. 
Key Words : Physico-Chemical Parameters / Algal Diversity /  Sewage Treatment 
Plant. 

                                              INTRODUCTION 
 
     Physical and chemical characteristics of water are the more effective factors in the 
environment which determine the ability of organisms to live and reproduce(1)  Phyto 
remediation is the process that introduces plants into an environment to assimilate the 
contaminants into their roots and leaves .  Such a process has been used to clean up heavy 
metals, pesticides , organic compounds , toxic aromatic pollutants  and acid mine 
drainage.The waste water was found to be more efficiently treated at an operating 
temperature of 28oC. Over 93% of soluble COD was removed at a retention time of 6 h 
whereas at 14oC, COD removal was only 67% at the same retention time(2) . A pH value 
less than 7 in the wastewater plant influent may indicate septic conditions of wastewater. 
The pH values less than 5 and more than 10 usually indicate that industrial wastes exist 
and are not compatible with biological wastewater operations.   Alkalinity is the amount of 
buffering material in the water. A water body with high alkalinity is more stable and 
resistant to changes in pH.  While a water body of low alkalinity is very susceptible to 
changes in pH.  Electrical conductivity is widely used to indicate the total ionized 
constituents of water. It is directly related to the sum of the cations and anions, as 
determined chemically and is closely correlated, in general, with the total salt 
concentration and temperature(3)  .    Dissolved oxygen (DO) in wastewater has a great 
effect on the characteristics of the water. Wastewater that has DO is called aerobic or 
fresh.   Wastewater that has no DO is called anaerobic or septic.   The amount of oxygen 
needed by microorganisms to break down wastes in wastewater is referred to as the 



biochemical oxygen demand (BOD) which is directly related with pollution status of 
water(4)    Total suspended solids (TSS) include all particles suspended in water which will 
not pass through a filter.  As levels of TSS increase, a water body begins to lose its ability 
to support a diversity of aquatic life. Concentrations greater than 80 mg/l can cause 
deleterious effects to aquatic life. Suspended solids absorb heat from sunlight, which 
increases water temperature and subsequently decreases levels of dissolved oxygen.  It 
was reported that nutrients are mineral compounds which can have an adverse impact on 
water quality because of their ability to promote plant and algae growth (5)   .  Nurient 
compounds involved are ammonia, nitrites, nitrates, phosphates and 
orthophosphates.Nitrogen and phosphorus compounds are always present in domestic 
wastewaters. In an effort to maintain a healthy water system and to minimize algal growth, 
the United States Environmental Protection Agency (USEPA) recommends that 
phosphorus levels be kept below 0.1 mg/l and nitrogen levels be kept below 10 mg/l (6).  

 
 

RESULTS and DISCUSSION 
 

Table 1 shows the  seasonal variations of water- and air temperatures in the study area. 
Water temperatures were always lower than air temperatures and  they ranged between 
16.25 and 20.75oC during winter seasons and fluctuated between 26.7 and 30.4oC during 
summer season. These temperature ranges are considered to be suitable for algal growth(7).   

 
           Table 1: Seasonal variations of water and air  temperature  in the study area. 
 

           Temperature Seasons 
   Water       Air 

Winter 16.94 20.67 
Spring 23.9 29.0 
Summer 28.8 34.0 
Autumn 26.9 31.0 

         
          Table 2 shows that the pH- values were always towards the alkaline side .    these values 

are found to be suitable for phytoplankton growth.  The pH was found to be an important 
factor in the removal efficiency of phosphate and ammonia from swine wastewater. The 
highest phosphate and ammonia removal occurred at pH 9 and pH 11 respectively(8).    

 
 
 

Table 2: Seasonal variations of hydrogen ion concentration (pH) in the four tanks of 
the  

                sewage water treatment system. 
 

         Tanks 
 
Seasons 

Collector
Tank 

Oxidation 
k 

Settling 
k 

Effluent 
k 

Winter 7.54 7.55 7.71 7.78 
Spring 7.25 7.06 7.26 7.32 



Summer 7.31 7.13 7.34 7.40 
Autumn 7.76 7.22 7.66 7.76 

 
Seasonal variations of electrical conductivity are summarized in Table 3 . EC values 

ranged from 575 to 883 umhos/cm. Elevated EC values were recorded during both autumn 
and winter seasons, while during both summer and spring seasons decreased EC values 
were observed reflecting the higher algal abundance during both summer and spring 
seasons which by turn consumes more soluble ions resulting in lowering EC values.  The 
data given in Table 3 revealed that EC values showed no remarkable differences at the 
four tanks under investigation at each season, which means that the treatment processes 
carried out at the study area had no role with respect to improving EC values, inspite of 
that according to FAO ( 9, 10)  .  

 
Table 3: Seasonal variations of Electrical Conductivity [EC (umhos/cm)] in the four  
                tanks of the sewage water treatment system. 
 

Tanks Seasons 
Collector Oxidation Settling Effluent 

Winter 789 793 795 798 
Spring 575 582 585 584 
Summer 595 601 605 608 
Autumn 872 876 880 883 
Average 707.75 713 716.25 718.25 

 
  Table 4 gives the seasonal variations of the DO in the 4 investigated tanks   The increase 
in DO concentrations towards the effluent tank revealed the efficiency of the treatment 
system in improving water quality. Sources of DO in water include atmospheric aeration 
and photosynthetic activities of aquatic plants and algae.     

Table 4: Seasonal variations of dissolved oxygen (DO) in the four tanks of the 
sewage  
                water treatment system (mgO2/L). 
 

         Tanks 
 
Seasons 

Collector
Tank 

Oxidation 
k 

Settling 
k 

Effluent 
k 

Winter 1.36 3.75 7.18 7.72 
Spring 0.65 1.6 3.26 4.43 
Summer 0.21 1.45 2.64 2.68 
Autumn 0.63 1.73 3.07 2.65 

               
                  As revealed from data represented in Tables 4&5,  both BOD and COD concentrations 

showed a sharp decrease after the biological activated sludge treatment process that 
occurred in the oxidation tanks, this was emphasized by the reduced BOD and COD 
concentrations observed at effluent tank with average percentage reduction of 98.7 and 
94.4% respectively, these findings reflect the effectiveness of the biological process 
carried out in the treatment system under investigation in removing organic pollution. 



Table 5: Seasonal variations of chemical oxygen demand (COD) in the four tanks of 
the  

                sewage water treatment system (mgO2/L). 
 

         Tanks 
 
Seasons 

Collector
Tank 

Oxidation 
k 

Settling 
k 

Effluent 
k 

Winter 194.3 8300.0 29.3 23.3 
Spring 412.0 11833.3 23.0 16.67 
Summer 373.0 9075.0 29.3 22.7 
Autumn 453.0 7500.0 29.6 17.3 

 
    The results given in Table 6 as average total alkalinity  during both summer and spring 

seasons (187.2 & 187.3 mg/L respectively) are lower than those during winter and autumn 
seasons (210.4 & 202.3 mg/L respectively), this was negatively correlated with 
phytoplankton standing crop which records its maximum density during both summer and 
spring seasons.    

 
Table 6: Seasonal variations of total alkalinity in the four tanks of the sewage water      
               treatment system (mg/L). 
 

         Tanks 
 
Seasons 

Collector
Tank 

Oxidation 
k 

Settling 
k 

Effluent 
k 

Winter 245.6 212.28 190.32 193.57 
Spring 258.7 179.4 150.5 160.47 
Summer 250.17 180.8 156.0 161.9 
Autumn 319.45 188.5 150.4 150.7 

         
           Data represented in Table 7,  revealed the efficiency of the tertiary sewage water 

treatment system in reducing TSS concentrations, where maximum values were recorded 
in both collector and oxidation tanks while minimum levels obtained at both settling and 
effluent tanks. Effluent average TSS percentage reduction was 98.6%. It was also 
observed that reduction in TSS concentrations was associated by decrease in 
phytoplankton standing crop; moreover the high TSS values observed during summer and 
spring seasons were positively correlated with the higher standing crop.  

  Table 7: Monthly variations of total suspended solids (TSS) in the four tanks of the      
               sewage water treatment system (mg/L). 
 

         Tanks 
 
Seasons 

Collector
Tank 

Oxidation 
k 

Settling 
 Tank 

Effluent 
k 

Winter 114.6 6493.3 6.3 2.0 
Spring 294.7 7386.67 10.0 4.3 
Summer 185.67 6693.3 6.7 2.6 
Autumn 235.3 5300.0 7.3 1.7 

 



  Data represented in Table 8 reflects the efficiency of the studied treatment system in 
reducing ammonia concentration. Maximum ammonia concentrations were recorded in the 
collector tank which constitutes raw sewage water; the values then declined reaching their 
minimum at the effluent tank with average percentage reduction of 99.6%.  Regarding 
phytoplankton growth, Cyanophyceae was the most abundant group at the collector tank 
representing 87.1% of total phytoplankton standing crop, this percentage decreased 
gradually till reaching 33.3% at effluent tank indicating decreased pollution level. 

 
 
 
 
Table 8: Seasonal variations of ammonia (NH3) in the four tanks of the sewage 

water  
                treatment system (mg/L). 
 

         Tanks 
 
Seasons 

Collector
Tank 

Oxidation 
k 

Settling 
k 

Effluent 
k 

Winter 9.67 0.52 0.105 0.06 
Spring 28 0.94 0.35 0.05 
Summer 6.07 0.34 0.043 0.02 
Autumn 16.6 1.08 0.09 0.06 

               
                  Seasonal variations in nitrate concentrations in the present investigation (Table 9) 

revealed that nitrate concentrations increased during and after the biological treatment 
process, which means that in most of the time water comes out from the oxidation tanks 
where aerobic conditions are present (nitrification phase).   

 
Table 9 : Seasonal variations of nitrate (NO3) in the four tanks of the sewage water  
                 treatment system (mg/L). 
 

         Tanks 
 
Seasons 

Collector
Tank 

Oxidation 
k 

Settling 
k 

Effluent 
k 

Winter 0.3 2.47 3.6 4.9 
Spring 1.01 2.5 3.4 4.2 
Summer 3.14 13.8 9.78 9.3 
Autumn 1.35 41.11 42.12 43.28 

 
Data summarized in Tables 10-12,  revealed that phosphate and  phosphorus values 

declined after the oxidation tank till the effluent tank, while orthophosphate concentrations 
didn’t show remarkable variations among the four tanks, average percentage reductions in 
concentrations of phosphorus, phosphate and orthophosphate were 41.7%, 32.6% and 
5.7% respectively.  The decrease in both phosphate and phosphorus concentrations was 
associated with reduction in phytoplankton standing crop(11).   

 
 



Table 10 : Monthly variations of phosphate (PO4) in the four tanks of the sewage 
water  

                  treatment system (mg/L). 
 

         Tanks 
 
Seasons 

Collector
Tank 

Oxidation 
k 

Settling 
k 

Effluent 
k 

Winter 7.17 7.7 5.25 4.7 
Spring 7.9 6.4 5.16 4.8 
Summer 5.5 5.9 4.4 4.2 
Autumn 9.41 8.95 7.5 6.48 

 
Table 11 : Seasonal variations of ortho-phosphate (P2O4) in the four tanks of the 
sewage  
                   water treatment system (mg/L). 
 

         Tanks 
 
Seasons 

Collector
Tank 

Oxidation 
k 

Settling 
k 

Effluent 
k 

Winter 1.3 1.4 1.3 1.3 
Spring 1.1 1.07 0.8 0.8 
Summer 1.3 1.4 1.2 1.2 
Autumn 1.09 1.06 1.08 1.16 
     

 
Table 12 : Seasonal variations of phosphorus (P) in the four tanks of the sewage 

water  
                   treatment system (mg/L). 
 

         Tanks 
 
Seasons 

Collector
Tank 

Oxidation 
k 

Settling 
k 

Effluent 
k 

Winter 2.98 3.17 2.12 1.8 
Spring 3.26 2.6 2.13 1.6 
Summer 2.28 2.44 1.82 1.5 
Autumn 3.87 3.7 3.06 2.2 

  
      Klapper (12)   reported that all siliceous algae, some yellow algae (Chrysophyceae) and 
various macrophytes require silica as an essential nutrient. They use silicon  in cell wall 
construction  . Some authers ( 13, 14)  found that light and silica are considered as potential 
limiting factors for phytoplankton growth.     Therefore,  it is concluded that silicate 
concentrations (Table 13) during the present study are always exceeding the presence of 
Bacillariophyceae, as it ranged between 1.11 and 3.58 mg/L. It was also noticed that 
silicate levels was lower during spring season than in other seasons, as a consequence of 
high flourishing of Bacillariophyceae. This conclusion was in agreement with Shams El-
Din-Nihal (15)  ,  who found that silicate was not a limiting factor for phytoplankton growth 
due to its relatively high concentrations.    

 
 



Table (13): Seasonal variations of silicon (Si) in the four tanks of the sewage water      
                      treatment system (mg/L). 

 

         Tanks 
 
Seasons 

Collector
Tank 

Oxidation 
Tank 

Settling 
Tank 

Effluent 
Tank 

Winter 1.9 2.01 2.01 1.8 
Spring 1.7 2.4 1.9 1.6 
Summer 2.9 3.13 2.8 3.28 
Autumn 2.9 2.8 2.8 2.84 

           
            The results given in Tables 14-19  regard the major ions (Ca,Mg, Na, K, Cl and Sulfate 

SO4). Ca is used for cell walls of plants. It is also an enzyme cofactor and has a place in 
cell permeability. Mg is an activator of many enzymes in plants. It is highly utilized by 
algae to form the active centre of the chlorophyll molecule (16).  Na is required for 
photosynthesis and transport of several components .  K is needed for enzymes, amino 
acids, and protein synthesis. Also, it can be an activator of many enzymes required for 
algae growth and photosynthesis. It was found that sodium and potassium could be 
considered as indicators of sewage effluent(17)  .  Chlorine is needed for osmosis and ionic 
balance. Possibly, chlorine is essential in photosynthetic reactions. Sulfur is needed in a 
plant for some amino acids and proteins and for coenzyme A. In general, the major ions 
are required for algal growth and metabolism.   

 
Table 14: Seasonal variations of chloride (Cl) in the four tanks of the sewage water  
                  treatment system (mg/L). 
 

         Tanks 
 
Seasons 

Collector
Tank 

Oxidation 
k 

Settling 
k 

Effluent 
k 

Winter 104.5 98.24 99.2 113.03 
Spring 54.11 57.74 56.43 57.4 
Summer 55.5 57.43 57.56 57.49 
Autumn 97.98 97.3 96.6 100.2 

 
 Table 15: Seasonal variations of calcium (Ca) in the four tanks of the sewage water  
                  treatment plant (mg/L). 
 

         Tanks 
 
Seasons 

Collector
Tank 

Oxidation 
k 

Settling 
k 

Effluent 
k 

Winter 49.36 61.86 76.36 89.9 
Spring 28.83 29.9 29.43 30.07 
Summer 31.9 32.1 34.03 32.13 
Autumn 119.8 159.7 146.23 119.9 

 
Table 16: Seasonal variations of potassium (K) in the four tanks of the sewage water  
                  treatment system (mg/L). 
 

         Tanks Collector Oxidation Settling Effluent 



 
Seasons 

Tank k k k 

Winter 16.7 16.24 15.88 16.47 
Spring 15.9 15.8 15.5 15.3 
Summer 13.4 13.2 14.9 12.5 
Autumn 18.7 17.9 18.2 18.5 

 
Table 17: Seasonal variations of magnesium (Mg) in the four tanks of the sewage 

water  
                  treatment system (mg/L). 
 

         Tanks 
 
Seasons 

Collector
Tank 

Oxidation 
k 

Settling 
k 

Effluent 
k 

Winter 32.23 52.53 67.3 80.07 
Spring 12.35 12.4 12.03 12.09 
Summer 9.34 9.13 9.8 8.74 
Autumn 129.6 176.0 158.4 123.2 

 
Table 18: Seasonal variations of sodium (Na) in the four tanks of the sewage water  
                  treatment system (mg/L). 
 

         Tanks 
 
Seasons 

Collector
Tank 

Oxidation 
k 

Settling 
k 

Effluent 
k 

Winter 67.2 65.8 67.6 68.5 
Spring 44.03 46.2 45.8 46.6 
Summer 48.1 48.4 54.03 48.2 
Autumn 56.1 56.4 56.1 56.7 

 
Table 19: Seasonal variations of sulfate (SO4) in the four tanks of the sewage water  
                  treatment system (mg 
 

         Tanks 
 
Seasons 

Collector
Tank 

Oxidation 
k 

Settling 
k 

Effluent 
k 

Winter 99.74 102.02 103.9 108.9 
Spring 60.9 69.12 68.8 68.7 
Summer 64.18 75.17 68.7 69.9 
Autumn 112.4 114.02 112.17 115.17 

    
           The so-called Sodic hazards (SAR) was monthly calculated for effluent tank to 

examine the safety of water to be used in irrigation purposes,  according to following 
equation(18)   . 

 
                ___________ 

SAR=   Na / √ (Ca+ Mg)/2 
 



     Where Na, Ca and Mg are expressed in meq/l. 
 

                 
                Fig.20 shows maximum SAR value of 2.6 during February and minimum value of  0.7 

during September, indicating the suitability of treated sewage water for irrigation 
purposes. 

 

 
  

CONCLUSIONS 
 

     The different physico-chemical parameters affecting the algal growth in the studied 
sewage treatment plant were temperature, pH,EC, DO, COD, BOD,TSS ,total alkalinity, 
nutrients and major ions (Ca,Na,Mg,Sulphate and chloride ) showed that: 
 
1.     The water temperatures were always lower than air temperatures and  they   
    ranged between 16.25 and 20.75oC during winter seasons and fluctuated   
    between 26.7 and 30.4oC during summer season. These temperature ranges   
    are considered to be suitable for algal growth 
 
2.    The  high pH values observed during winter season at the four tanks were   
    positively correlated with the abundance of blue-green algae in the four tanks   
    during winter season over the other groups. 
 
3.      The effluent of sewage water treatment plant from salinity point of view is     
     acceptable for being used in agricultural irrigation purposes 
 
4.     A negative correlation was observed between  DO concentrations and both   
    BOD and COD values, it was also concluded that the decrease in both BOD    
    and COD concentrations in both settling and effluent tanks was accompanied  
    by a reduction in phytoplankton standing crop. 
 
5.    The  total alkalinity  during both summer and spring seasons  were lower than   
    those during winter and autumn , indicating negative correlation with   
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Fig. 20 : Monthly variations of SAR values at effluent tank
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    phytoplankton standing crop.   
 

  6.   Effluent TSS percentage reduction was 98.6%; associated by a decrease in phytoplankton 
standing crop; moreover the high TSS values observed during summer and spring seasons 
were positively correlated with the higher standing crop.   

7.    Maximum ammonia concentrations were recorded in the collector tank  
which constitutes raw sewage water; the values then declined reaching their minimum 
at the effluent tank with average percentage reduction of 99.6%. 

8.    Seasonal variations in nitrate concentrations  revealed that nitrate    
   concentrations increased during and after the biological treatment process,  
   which means that in most of the time water comes out from the oxidation  
   tanks where aerobic conditions are present (nitrification phase). 
9.    Phosphate and  phosphorus values declined after the oxidation tank till the  
   effluent tank, while orthophosphate concentrations didn’t show remarkable  
   variations among the four tanks 
10.    Silicate concentrations exceeded the presence of Bacillariophyceae, as it  
     ranged between 1.11 and 3.58 mg/L. 
11.    Regarding the major ions (Ca,Mg, Na, K, Cl and Sulfate SO4);  maximum SAR 
      value of  2.6  during February and minimum value of 0.7  during September, 
indicated 
     the suitability of treated sewage water for  irrigation purposes . 
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