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Abstract  

 The present work was carried out at a tertiary sewage water treatment plant located at 

El- kattameya city, Cairo, Egypt, for 12 months, January- December 2004. The phytoplankton 

standing crop decreased from 228.4 cells x10
5
/L at the oxidation tank during summer to 

3.7cells x10
5
/L at the effluent tank during autumn. Phytoplankton community was represented 

by 88 species belonging to 42 genera and 7 classes namely; Cyanophyceae  forming 68% of 

total phytoplankton standing crop, Chlorophyceae (16.4 %), Bacillariphyceae (13.7 %), 

Euglenophceae (1.5 %), on the other hand Xanthopyceae, Cryptophyceae and Dinophyceae 

were sporadic and poorly represented. The leading phytoplankon species were Phormidium 

molle, Chamydomonas snowii, Nitzschia pellucida and Euglena gracilis. All these species 

regarded as eutrophic indicators. The tanks under investigation, especially the oxidation tanks 

are considered to be eutrophic, with decreasing level of eutrophication towards effluent tank, 

indicate the improvement of water quality. Bacteriological counts using total fecal and fecal 

coliform were also determined during winter and summer seasons. Total coliform and fecal 

coliform densities were much higher at the collector tank than at effluent during both winter 

and summer seasons. Seasonal variations in chlorophyll a at the four tanks of the sewage 

water treatment system were 190.5 mg/L recorded at oxidation tank during summer season, 

while the lowest content of 7.3 mg/L was recorded at effluent tank during autumn season. The 

trophic state index was calculated from chlorophyll a values, the highest value (82.1) was 

observed at oxidation tank during summer and the lowest one (50.0) was obtained at effluent 

tank during autumn.  

Introduction 
Martinez-Delgadillo et al. (2005) carried out a study in a wastewater 

treatment plant in Mexico that is located in a tropical zone. They found that the high 
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temperatures have a negative effect mainly on microorganism’s activity, oxygen 

transfer, and sludge settling properties. 

  The pH of wastewater needs to remain between 6 and 9 to protect beneficial 

organisms. Arauzo and Valladolid (2003) observed that high photosynthetic activity 

during the periods of proliferation of algae gives rise to an increased pH more than or 

equal 8. 

 Sayg-Basbug and Demirkalp (2004) found that conductivity decreased 

during the algal blooms and they related that to the biological removal of bicarbonate 

and calcium.  

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, (National Small Flows Clearinghouse, 1997). 

Inspite of that BOD does not necessarily shows the total amount of organic 

substances in water because there are some substances that are non biodegradable 

(resistant to biological degradation), these substances need chemical oxidants to be 

oxidized, the amount of oxygen decreased in such oxidants referred to as the chemical 

oxygen demand (COD). COD also indicates the pollution level of a water body as it is 

related to the organic matter present in the water (WQM, 1999).  

         Lin (2002) reported that phytoplankton solids (biomass and detritus) were a 

primary source of suspended solids in the aquaculture wastewater. 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 (Fried et al., 2003). 

        Ezzat (2002) reported that from the microbiological point of view, most of the 

water born pathogens is introduced through fecal contamination of water. Such fecal 

pollution can introduce a variety of internal (enteric) pathogenic bacteria, viruses and 

parasites whose presence is linked to a variety of microbial diseases. As a result, a set 

of indicator micro-organisms has been identified and is now commonly applied to 

determine the hygienic suitability of water for various uses. Rizzo et al. (2004) found 

that coliform bacteria was not able to re-grow when the dose of chlorine increased to 

0.07 mg/L, chlorine doses higher than 0.2 mg/L at water source with a low total 

organic carbon (TOC) content are recommended to control bacterial re-growth in the 

distribution network. 

The pollution level of the Radha Kund pond in Mathura, Uttar Pradesh, India, 

was determined by Praveen and Sharma (2004) through analyzing some physico-

chemical properties (temperature, turbidity, pH, DO, BOD, COD and ammonia 

content) and microbial population (total coliforms, fecal coliforms, Euglena, 

Paramecium and Ulothrix) of the Radha Kund water. Results showed that the Radha 
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Kund pond is grossly polluted. The use of the water from the Radha Kund pond may 

cause skin diseases and gastrointestinal problems. 

Akbulut and Akbulut (2004) investigated the seasonal distribution of the 

planktonic organisms and biodiversity according to water quality parameters (DO, 

EC, salinity, pH, temperature, Secchi depth, and total N and P) and chlorophyll a. An 

increasing trend in pH was observed in the late spring. DO and nitrate varied 

seasonally. High levels of DO strongly correlate with the sharp increase in 

chlorophyll a levels. Both phosphorus and ammonium were directly related to each 

other. A total of 175 phytoplanktonic organisms were identified. The most dominant 

species among Bacillariophyta were Synedra, Navicula, Gomphonema and Cymbella 

genera. In Sultan Marshes, eutrophication is affected by intensive agricultural impact 

and other factors. 

        Phytoplankton succession and primary productivity relevant to the physico-

chemical characters of the wastewater treatment system of El-Gabal El-Asfar station, 

Cairo, Egypt, was investigated by Farag-Afaf (2005). The tanks and effluent were 

typically eutrophic, phytoplankton density attained its maximum at aeration tank and 

its minimum at primary sedimentation tank. 35 species were recorded belonging to 7 

different groups: Chlorophyceae was the first dominant group, followed by 

Bacillariophyceae, Cyanophyceae was the third dominant group and Euglenophyceae 

represented the fourth dominant group, Dinophyceae, Cryptophyceae and 

Xanthophyceae each was represented by one species. Some species like Scenedesmus 

obliqus, Scenedesmus bijugatus, Chlorella vulgaris, Chlamydomonas snowii and 

Spirulina platensis were the leading species and were recorded as eutrophic 

indicators.  

        The aim of this work is to study the influence of environmental factors existed in 

the different tanks (collector, oxidation settling and effluent) of the treatment plant on 

phytoplankton diversity and bacteriological characters. Physico–chemical properties 

are : air and water temperatures , pH, EC, DO, COD, BOD, TSS , total alkalinity, 

nutrients ( No3 ,  NH3 , Po4 , P2O4 , P, N:P and Sio2) as well as major ions(Ca, K, Na, 

Mg, Cl and SO4) .  

Materials and Methods 

 Water sampling was carried out according to standard methods for examination 

of water and wastewater (APHA, 1992). Water samples from the four tanks (collector 

tank, oxidation tanks, settling tanks and effluent tank) of the tertiary sewage water 

treatment plant  at El-Katameya city, south-east of Cairo, Egypt, for 12 months 

(January - December 2004 ) were collected in various containers according to the 

parameters need to be measured. Polyethylene containers of two-liter capacity were 
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used for most of chemical analyses, while brown glass containers were used for 

phosphorus samples. Samples collected for trace metals and cations analyses were 

preserved by adding concentrated nitric acid to lower pH below 2 to be protected 

against microbial reactions. 

Collection of phytoplankton samples  

 Samples, for identification of phytoplankton, were monthly collected from each 

tank into 2 liters plastic containers and immediately preserved with buffered formalin 

(final concentration 4%). The phytoplankton were removed quantitatively from water 

by sedimentation process in which organisms were allowed to settle down for 5 days 

in glass cylinders, and then the supernatant was siphoned off by using a plastic tube 

ending with phytoplankton cloth of 10 µm mesh diameter. The settled cells of final 

concentration 10 ml were then transferred to small glass vials.  

Collection of water samples for bacteriological analyses 

  Samples were collected in 500 ml clean sterilized glass containers which were 

filled to its two-third in order to facilitate mixing by shaking before examination, then 

closed carefully by its stopper avoiding any external contamination and examined 

within 6 hours after collection. In the present work samples for bacteriological 

analyses were collected during winter and summer seasons from both collector and 

effluent tanks to examine the efficiency of the system under investigation in 

eliminating total and fecal coliform bacteria in the effluent.  

 All samples collected for either physical, chemical, biological and 

bacteriological analyses were stored in an iced cooler box and delivered immediately 

to the laboratory for analyses. 

Physico-chemical and biological parameters   

Physico-chemical analyses were carried out according to standard methods 

for examination of water and wastewater (APHA, 1992), which including temperature 

(air & water), pH , EC, TSS , DO , BOD , COD , NH3  and chlorophyll a, also 

biological parameters such as phytoplankton and bacteria were determined according 

to  APHA, 1992.   

Ortho-phosphate (P2O4) 

Orthophosphate values was determined colorimetrically as described by 

Strickland and parsons (1965). This method depends on the reduction of antimonyl-

phospho-molybdate complex to intense blue color by ascorbic acid. This color is 

proportional to the phosphorus concentration which was measured at 960 nm. 

Total alkalinity 

 Total alkalinity (CO3 and HCO3) was determined a few hours after collection, 

by titrating the samples against standard 0.02N H2SO4 and using phenolphthaline and 

methyl orange as indicators, results was expressed as mg CaCO3 and Ca(HCO3)2/L. 
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Carbonate was not detected in any of the studied tanks during the annual cycle of the 

present work. 

Major anions 

 Chloride (Cl), sulfates (SO4), nitrites (NO2), nitrates (NO3) and phosphates 

(PO4) were measured using Ion chromatography (IC) model DX-500 chromatography 

system. Nitrite was not detected in the four tanks of the sewage water treatment plant 

during the whole period of the present work. 

Major cations  

  Major cations (Ca, K, Mg and Na), phosphorus and silicon metals were 

measured using the Inductively Coupled Plasma-Emission Spectrometry (ICP-ES) 

with Ultra Sonic Nebulizer (USN). This Nebulizer decreases the instrumental 

detection limits by 10%. The ICP is Perkin Elmer optima 3000, USA. The samples 

were filtered by filtration system through membrane filter of pore size 0.45 um before 

analyses. The minimum value of 6.95 was detected in the oxidation tank during 

August; these values are considered suitable for algal growth. 

Results 

Seasonal variations of water temperatures were always lower than corresponding 

values of air temperatures (Table 1). The values of water temperatures ranged 

between 16.9
 
as a minimum value in winter and 28.8

o
C as a maximum value in 

summer. The air temperatures showed a similar pattern, where it fluctuated from 

20.7-34.0
o
C. 

 
Table (1): Seasonal variations of water and air temperatures (

o
C) in the four tanks. 

 

Seasons 
Temperature 

Water Air 

Winter 16.9 20.7 

Spring 23.9 29.0 

Summer 28.8 34.0 

Autumn 26.9 31.0 

 

 The seasonal variations of physical properties in the four tanks are presented in 

Table (2).  Values of pH were always towards the alkaline side (> 7). The maximum 

pH value of 7.8 was recorded in the effluent tank during winter and autumn, while the 

minimum value of 7.1 was detected in the oxidation tank during spring; these values 

are considered suitable for algal growth. Minimum Electric Conductivity (EC) value 

of 575 umhos/cm was recorded at the collector tank during spring season, while a 
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maximum value of 883 umhos/cm was recorded at the effluent tank during autumn 

season. Dissolved Oxygen (DO) recorded its minimum value of 0.2 mgO2/L at the 

collector tank during summer season on the other hand the maximum DO value of 7.7 

mgO2/L was detected at the effluent tank during winter. The results showed an 

increase in DO concentrations towards the effluent tank. The lowest Biochemical 

Oxygen Demand (BOD) value of 1.0 mgO2/L was detected in the effluent tank during 

spring season, while the highest value of 1466.6 mgO2/L was recorded at oxidation 

tank during summer season. Chemical Oxygen Demand (COD) lowest and highest 

values of 16.67 and 11833.3 mgO2/L were detected at effluent and oxidation tanks 

respectively during spring season. Total alkalinity lowest and highest values were 

150.4 and 319.45 mg/L detected in settling and collector tanks respectively during 

autumn season. Total Suspended Solids (TSS) lowest value of 1.7 mg/L was detected 

in effluent tank during autumn season; on the other hand a highest value of 7386.67 

was determined at the oxidation tank during spring season.   

 
Table (2): Seasonal variations of physical properties in the four tanks. 

Seasons 

Properties 

pH EC DO BOD COD 
Total 

alkalinity 
TSS 

Collector tank 
Winter 7.4 789 1.4 100.0 194.3 245.6 114.6 

Spring 7.2 575 0.6 230.0 412.0 258.7 294.7 

Summer 7.3 595 0.2 173.3 373.0 250.2 185.7 

Autumn 7.8 872 0.6 163.3 453.0 319.4 235.3 

Oxidation tank 
Winter 7.5 793 3.7 490.0 8300.0 212.3 6493.3 

Spring 7.1 582 1.6 933.3 11833.3 179.4 7386.7 

Summer 7.3 601 1.4 1466.6 9075.0 180.8 6693.3 

Autumn 7.2 876 1.7 1000.0 7500.0 188.5 5300.0 

Settling tank 
Winter 7.7 795 7.2 1.6 29.3 190.3 6.3 

Spring 7.3 585 3.3 3.0 23.0 150.5 10.0 

Summer 7.3 605 2.6 6.7 29.3 156.0 6.7 

Autumn 7.7 880 3.1 3.7 29.6 150.4 7.3 

Effluent tank 
Winter 7.8 798 7.7 1.3 23.3 193.6 2.0 

Spring 7.3 584 4.4 1.0 16.7 160.5 4.3 

Summer 7.4 608 2.7 4.3 22.7 161.9 2.6 

Autumn 7.8 883 2.6 2.0 17.3 150.7 1.7 
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Table (3) shows the seasonal variations of chemical properties in the four 

tanks. Ammonia lowest value of 0.02 mg/L was detected in effluent tank during 

summer season, while a highest value of 28.0 mg/L was determined at the collector 

tank during spring season Nitrate lowest value of 0.3 mg/L was detected in the 

collector tank during winter season, while a highest value of 20.3 mg/L was 

determined at the effluent tank during autumn season. Phosphate lowest value of 4.2 

mg/L was detected in effluent tank during summer season, while a highest value of 

9.41 mg/L was determined at the collector tank during autumn season. Ortho-

phosphate lowest value recorded 0.8 mg/L at both settling and effluent tanks during 

spring season, while a highest value of 1.4 mg/L was determined at the oxidation tank 

during both winter & summer seasons.   

        
Table (3): Seasonal variations of chemical properties, major anions and cations  in the 

four tanks. 

T
a

n
k

s
 S

ea
so

n
s

 

Properties 

Chemical properties Major anions and cations 

NH3 NO3 PO4 P2O4 P N:P SiO2 Ca Mg Na K Cl SO4 

C
o

ll
e
c
to

r 

W. 9.7 0.3 7.2 1.3 3.0 1.2 1.9 49.4 32.2 67.2 16.7 104.5 99.7 

Sp. 28.0 1.01 7.9 1.1 3.3 2.4 1.7 28.8 12.3 44.0 15.9 54.1 60.9 

S. 6.1 3.1 5.5 1.3 2.3 1.0 2.9 31.9 9.3 48.1 13.4 55.5 64.1 

A. 16.6 1.3 9.4 1.1 3.9 1.2 2.9 19.8 129.6 56.1 18.7 98.0 112.4 

O
x

id
a

ti
o

n
 W. 0.5 2.5 7.7 1.4 3.2 0.2 2.0 61.9 52.5 65.8 16.2 98.2 102.0 

Sp. 0.9 2.5 6.4 1.1 2.6 0.3 2.4 29.9 12.4 46.2 15.8 57.7 69.1 

S. 0.3 13.8 5.9 1.4 2.4 1.4 3.1 32.1 9.1 48.4 13.2 57.4 75.1 

A. 1.1 13.6 8.9 1.1 3.7 1.0 2.8 159.7 176.0 56.4 17.9 97.3 114.0 

S
e
tt

li
n

g
 

W. 0.1 3.6 5.2 1.3 2.1 0.4 2.0 76.4 67.3 67.6 15.9 99.2 103.9 

Sp. 0.3 3.4 5.2 0.8 2.1 0.5 1.9 29.4 12.0 45.8 15.5 56.4 68.8 

S. 0.04 9.8 4.4 1.2 1.8 1.3 2.8 34.0 9.8 54.0 14.9 57.6 68.7 

A. 0.09 18.8 7.5 1.1 3.1 1.6 2.8 146.2 158.4 56.1 18.2 96.6 112.2 

E
ff

lu
e
n

t 

W. 0.06 4.9 4.7 1.3 1.8 0.6 1.8 89.9 80.1 68.5 16.5 113.0 108.9 

Sp. 0.05 4.2 4.8 0.8 1.6 0.6 1.6 30.1 12.1 46.6 15.3 57.4 68.7 

S. 0.02 9.3 4.2 1.2 1.5 1.3 3.3 32.1 8.7 48.2 12.5 57.5 69.9 

A. 0.06 20.3 6.5 1.2 2.2 2.0 2.8 119.9 123.2 56.7 18.5 100 115.2 

W.= Winter, Sp.= Spring, S.= Summer, A.= Autumn.  
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Phosphorus lowest value was 1.5 mg/L recorded at effluent tank during 

summer season, while the highest value was 3.87 mg/L determined at the collector 

tank during autumn season. The N:P ratios for the present study ranged between 0.2as 

a minimum value determined at the oxidation tank during winter season and 2.4 as a 

maximum value obtained at the collector tank during spring season. Silicate lowest 

and highest values were 1.6 and 3.3 mg/L detected during spring and summer seasons 

respectively at the effluent tank.  

Seasonal pattern of major ions (Ca, Mg, Na, K, Cl and SO4) showed that their 

concentrations were lower during both summer and spring seasons rather than in 

winter and autumn seasons Table (3). Calcium lowest value of 28.8 mg/L was 

detected at the collector tank during spring season, while a highest value of 159.7 

mg/L was determined at oxidation tank during autumn season. Magnesium lowest 

value of 8.7 mg/L was detected at the effluent tank during summer season, while a 

highest value of 176.0 mg/L was determined at oxidation tank during autumn season. 

Sodium lowest value of 44.03 mg/L was detected at the collector tank during spring 

season, while a highest value of 68.5 mg/L was determined at effluent tank during 

winter season. Potassium lowest value of 12.5 mg/L was detected at the effluent tank 

during summer season, while a highest value of 18.7 mg/L was determined at 

collector tank during autumn season. Chloride lowest value of 54.11 mg/L was 

detected at the collector tank during spring season, while a highest value of 113.03 

mg/L was determined at effluent tank during winter season. Sulfate lowest value of 

60.9 mg/L was detected at the collector tank during spring season, while a highest 

value of 115.17 mg/L was determined at effluent tank during autumn season.  

Phytoplankton standing crop: 

The phytoplankton community consisted of 88 species belonging to 42 

genera representing seven classes namely Cyanophyceae, Chlorophyceae, 

Bacillariophyceae, Euglenophyceae, Cryptophyceae, Xanthophyceae and 

Dinophyceae. Phytoplankton standing crop varied widely from 3.7 cells x 10
5
/L as a 

minimum value at effluent tank during autumn to 228.4 cells x 10
5
/L as a maximum 

value at the oxidation tank during summer (Table 4). Maximum phytoplankton 

standing crop and biomass observed in the oxidation tank were attributed to the high 

concentrations of nutrients and organic matter characterizing this tank, which by turn 

results in reduced species number, richness and diversity; in addition to the 

abundance of eutrophic species. Cyanophyceae group is the first dominant group, it is 

forming 68% of total phytoplankton standing crop, and represented by 24 species.                
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Table (4): Total phytoplankton (individuals x 10
5
/L) recorded in the four tanks 

of the study area during different seasons. 

 

Tanks 
Seasons 

Winter Spring Summer Autumn 

Collector 87. 3 60. 7 66. 3 33. 6 

Oxidation 145.2 179. 8 228. 4 116. 8 

Settling 10.4 11. 7 14. 3 10. 7 

Effluent 5. 6 4. 3 6. 9 3. 7 

Total 248. 5 256. 5 315. 9 164. 8 

 

Phormidium molle, phormidium dictyothallum, Spirulina laxissima and 

Microcystis aeruginosa were the most dominant species. Chlorophyceae was the 

second dominant group it is forming 16.4% of total phytoplankton standing crop, and 

represented by 26 species. Chlamydomonas snowii, Chlorella sp., Chlamydomonas 

moewusii var. maior, Chlamydomonas globosa and Scenedesmus abundans were the 

most dominant species. Bacillariophyceae is considered to be the third dominant 

group, it is represented by 24 species and forming 13.7% of total phytoplankton 

standing crop. Nitzschia pellucida, Navicula confervaceae and Nitzschia sublinearis 

were the most dominant species. Euglenophyceae is the fourth group, it is less 

dominant compared with other groups, it is represented by 10 species and forming 

1.5% of total phytoplankton standing crop. Euglena gracilis and Euglena pisciformis 

were the most dominant species. Xanthophyceae, Cryptophyceae and Dinophyceae 

were poorly represented in the phytoplankton community, Xanthophyceae was 

represented by 2 species, and on the other side only one species was representing 

each of Cryptophyceae and Dinophyceae.  

Bacteriological Analyses 

Total coliform and fecal coliform densities were much higher at the collector tank 

than at effluent tank during both winter and summer seasons. It was found that 

densities of both bacterial types dropped sharply at effluent tank during the two 

seasons before chlorination or disinfection process with a percent reduction of 99.9%, 

indicating that the tertiary treatment system under investigation is very effective in 

eliminating coliform bacteria (Table 5). 

Chlorophyll a 

The highest concentration of chlorophyll a was 190.0 mg/L recorded at 

oxidation tank during summer season, while the lowest content of 7.3 mg/L was 

determined at effluent tank during autumn season. Average values for chlorophyll a 

ranged between 136.7 mg/L as a maximum value obtained at oxidation tank and 25.2 

mg/L as a minimum value recorded for the effluent tank (Table 6).  
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Table (5): Variations in Total Coliform and Fecal Coliform counts at the collector and 

effluent tanks during winter and summer seasons (CFU/100ml). 

 

 

 

 

 

 

 
Table (6): Seasonal variations of Chlorophyll a (mg/m

2
) at the three  tanks under 

investigation. 

 

 

 

 

 

 

 

 

Trophic state index (TSIChl.) 

Trophic state index is a numerical approach used mainly to classify the 

trophic state of the lakes (Carlson, 1977 and Schultz, 1985). The index can be 

computed from chlorophyll a concentration as follows: 

TSIChl. = 9.81 (Ln Chl a) + 30.6 

 The higher the TSI value, the "older" or more productive the lake is. Lakes 

with TSI values between 0 and 40 are considered to be oligotrophic, those between 40 

and 60 are mesotrophic, and those between 60 and 100 are eutrophic. The trophic 

state index was calculated from chlorophyll a values and shown in Table (7). The 

highest TSI value (82.1) was observed at oxidation tank during summer season and 

the lowest value (50.0) was obtained at effluent tank during autumn season. 
 

Table (7): Trophic State Index (TSI) 

 

Season 
Tanks 

Collector Oxidation Settling Effluent Average 

Winter 72.8 80.6 62.9 60.5 69.2 

Spring 67.5 81.0 66.9 65.9 70.3 

Summer 70.8 82.1 68.7 64.9 71.6 

Autumn 59.9 60.3 56.8 50.0 56.75 

Average 67.75 76.0 63.8 60.3 66.96 

Season 
Collector Effluent 

TC FC TC FC 

Winter 850 X 10
5
 530 X 10

5
 316 X 10

5
 195 X 10

5
 

Summer 656 X 10
5
 420 X 10

5
 220 X 10

5
 112 X 10

5
 

Average 753 X 10
5
 475 X 10

5
 268 X 10

5
 153 X 10

5
 

Season 
Tanks 

Oxidation Settling Effluent Average 

Winter 443.2 824.5 1837.9 1035.2 

Spring 186.4 811.75 439.6 479.25 

Summer 818.5 442.9 551.18 604.19 

Autumn 406.8 85.8 258.1 250.2 

Average 463.73 541.24 771.7 592.21 
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Discussion 
Water temperatures were always lower than corresponding values of air 

temperatures. The values of water temperatures ranged between 16.9
o
C as a minimum 

value in winter and 28.8
o
C as a maximum value in summer. The air temperatures 

showed a similar pattern, where it fluctuated from 20.7-34.0
o
C. These results were in 

agreement with Farag-Afaf (2005) who recorded relatively low water temperatures 

during winter months (15.3 – 20.8
o
C) and slightly warm temperatures in summer 

months (25.1 – 30.9
o
C) in sewage water treatment tanks and effluent of El-Gabal El-

Asfar wastewater treatment plant, the author added that these temperature ranges are 

considered to be suitable for algal growth. In the present study the phytoplankton 

standing crop was higher in both summer and spring seasons over winter and autumn 

seasons, which agrees with Farag-Afaf (2005) who found that any increase or 

decrease in phytoplankton standing crop at all tanks and effluent of El-Gabal El-Asfar 

treatment plant seemed to be correlated with the fluctuation in water temperature.  

Values of pH were always towards the alkaline side (> 7). pH values ranged 

between 7.1 and 7.8 in the different tanks of the study area, which are within the 

normal range (6.5 – 8) stated by FAO (1985) for irrigation water quality. Also pH 

values recorded at different tanks seemed to be suitable for phytoplankton growth, 

similar findings obtained by Shams El-Din-Nihal (2000); Yousry-Karima (2003) and 

Farag-Afaf (2005).  

Values of EC 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 which by turn consumed more soluble ions resulting in lowering EC 

values. In this aspect Sayg-Basbug and Demirkalp (2004) found that conductivity 

decreased during the algal blooms and related that to the biological removal of 

bicarbonate and calcium.  

Dissolved oxygen concentrations ranged from 0.2 mgO2/L to 11 mgO2/L, it 

was found that dissolved oxygen values were very low at the collector tank during the 

whole period of the present study, values then increased until reaching their 

maximum at the effluent tank, which reflecting the efficiency of the treatment system 

in improving water quality. In this connection EPA (1988) stated that if a good 

effluent is being produced, it should maintain dissolved oxygen of 2-4 mg/L, which 

means that DO in the aeration tank is sufficient to sustain all time the desirable micro-

organisms. When oxygen becomes low, undesirable micro-organisms may 

predominate and settleability and the quality of activated sludge may be poor. 
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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. A negative correlation was 

observed between dissolved oxygen concentrations and both BOD and COD values, it 

was also found that the decrease in both BOD and COD concentrations in both 

settling and effluent tanks was accompanied by a reduction in phytoplankton standing 

crop, while the highest phytoplankton standing crop was observed in the oxidation 

tanks where maximum BOD and COD recorded. The present results are in line with 

those obtained by Farag-Afaf (2005) who found that BOD and COD contents of the 

treatment tanks and effluent of El-Gabal El-Asfar sewage water treatment station 

decreased from the primary sedimentation tanks to chlorination tank.   

Data revealed that 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%. High TSS 

values observed during summer and spring seasons over winter and autumn seasons 

were associated with the higher phytoplankton standing crop. In this aspect Lin 

(2002) reported that phytoplankton solids (biomass and detritus) were a primary 

source of suspended solids in the aquaculture wastewater. 

           Total alkalinity values appeared to decrease with decreasing the pollution load; 

where highest levels were recorded at the collector tank, while lowest values were 

determined at both settling and effluent tanks. These findings were in harmony with 

Farag-Afaf (2005) who found that total alkalinity levels increased by increasing the 

different pollutant doses from the chlorination tank to the primary sedimentation tank 

of El-Gabal El-Asfar sewage water treatment system.  

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%. It was found that ammonia 

formed about 91.2% of the total inorganic nitrogen compounds at the collector tank 

indicating high pollution level that confirmed by the extremely low dissolved oxygen 

concentrations. These findings were in line with the following investigators, Farag-

Afaf (2005) recorded higher ammonia concentrations in the primary sedimentation 

tank of El-Gabal El-Asfar treatment plant which containing raw sewage water. Shams 

El-Din- Nihal (2000) found that ammonia formed about 96% of the total inorganic 

nitrogen compounds in Attaka sewage water treatment system, and she attributed this 
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to the high level of water pollution. Camargo and Alonso (2006) mentioned that 

Cyanobacteria, dinoflagellates and diatoms appeared to be the major groups that may 

be stimulated by inorganic nitrogen pollution.  Nitrite was absent through out the 

whole study period, this could be resulted from the nitrification process that occurred 

in the second oxidation tank, where amounts of oxygen injected in addition to oxygen 

liberated during photosynthesis of algae were sufficient to oxidize nitrite into nitrate.  

Seasonal variations in nitrate concentrations in the present investigation revealed that 

nitrate concentrations increased during and after the biological treatment process, this 

is because in most of the cases water comes out from the second oxidation tank where 

aerobic conditions are present (nitrification phase). Regarding phytoplankton 

community, it was noticed that the increase observed in nitrate levels from the 

oxidation tank to the effluent tank was accompanied by a reduction in phytoplankton 

standing crop, which indicated that nitrate concentrations were insufficient to fuel 

phytoplankton growth, and hence it considered being a limiting factor.      

 Data revealed that the highest phosphorus levels were observed during 

autumn season, which could be related to reduced uptake rates by phytoplankton, this 

was confirmed by the reduced phytoplankton standing crop recorded at the four tanks 

during autumn season compared to other seasons.. Phytoplankton standing crop 

remarkably decreased at these tanks during the whole study duration revealing that 

phytoplankton growth was nitrogen limited rather than phosphorus limited.. The 

above findings were supported by the N:P ratios ranged between 0.24 as a minimum 

value at the oxidation tank during winter season and 2.36 as the maximum value at 

the collector tank during spring season. Both values indicating nitrogen deficiency, 

and hence it becomes a limiting factor for algal cell growth. It was also noticed that 

silicate level was lower during spring season than in other seasons, as a consequence 

of the high flourishing of Bacillariophyceae. The present findings were in agreement 

with Shams El-Din-Nihal (2000) who found that silicate was not a limiting factor for 

phytoplankton growth due to its relatively high concentrations.   

 As mentioned above all of the major ions are required for algal growth and 

metabolism, this explained the lower concentrations of major ions observed during 

both summer and spring seasons which were accompanied by the highest 

phytoplankton standing crop revealing the high utilization rate by algae during their 

growth peaks. The present results were in line with Farag-Afaf (2005) who attributed 

most of the decrease recorded in major ions to the consumption by phytoplankton, 

micro-organisms, chlorophyll synthesis, photosynthesis and metabolic reactions. 

Results illustrated in Table (4), revealed that phytoplankton standing crop 

varied widely from 3. 7 cells x 10
5
/L as a minimum value at effluent tank during 

autumn to 228. 4 cells x 10
5
/L as a maximum value at the oxidation tank during 
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summer, reflecting the hypereutrophic conditions prevailing at the oxidation tank as a 

consequence of excess nutrients and organic matter. The oxidation tank is 

characterized by the high phytoplankton standing crop, Chlorophyll a, reduced 

species number, richness and diversity; in addition to the high densities of tolerant 

species that were dominating the phytoplankton community. These findings were in 

line with Farag-Afaf (2005) who found that phytoplankton standing crop major peak 

was observed at the aeration tanks of El-Gabal El-Asfar sewage treatment plant and 

attributed that to the hypereutrophic conditions characterizing such tanks.  

Regarding the trophic status of the tanks (Table7) and according to Carlson 

(1977) and Schultz (1985), the tanks under investigation are considered to be 

eutrophic, with decreasing level of eutrophication towards both settling and effluent 

tanks. The abundance of Cyanophyceae in the collector tank and Chloroccocales spp. 

in the oxidation tank with the absence of Desmidialis during the whole course of the 

present investigation also referred to the eutrophic conditions. Chlorophyll a 

concentrations (Table 6) were positively correlated with total phytoplankton standing 

crop in all of the studied tanks during the four seasons. Average values for 

chlorophyll a ranged between 136.7 mg/L as a maximum value obtained at oxidation 

tank and 25.2 mg/L as a minimum value recorded for effluent tank. Maximum 

concentration of chlorophyll a together with the highest phytoplankton standing crop 

was observed at oxidation tank during summer season. In line with our observations 

was Akbulut and Akbulut (2004) who studied phytoplankton and zooplankton 

structure of Sultan Marshes in Central Anatolia, they found that chlorophyll a 

concentrations were correlated with the total phytoplankton and with the increase 

during summer season. 

It was found that coliforms concentrations in wastewater in developing 

countries are generally higher than those reported from developed countries (Feachem  

et al., 1981). The present findings were in accordance with the previous investigator, 

where total coliform bacteria (Table 5) in primary treated sewage water at the 

collector tank ranged between 850 x 10
5
 CFU/100ml during winter and 656 x 10

5
 

CFU/100ml during summer, while fecal coliform bacteria ranged between 530 x 10
5
 

CFU/100ml during winter and 420 x 10
5
 CFU/100ml during summer. In the present 

investigation total coliform (TC) and fecal coliform (FC) bacteria were examined 

once during winter season and once during summer season at both collector and 

effluent tanks. Concentrations of TC and FC in the collector tank were very high 

during both seasons (Table 5), with a relative increase of coliform densities in winter 

over that in summer. George et al. (2002) measured fecal coliform abundance in raw 

and treated sewage; he concluded that removal of culturable FC was the most 

efficient in treatments with high retention time in an activated sludge process with 

nitrification and denitrification, lagooning, in biofiltration and in the treatment with a 
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tertiary disinfection step. Ezzat (2002) reported that considerable public health risk 

can be associated from dealing with water contaminated with fecal coliform >200 

CFU/100ml.  
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لوجيةوالصفات البكتريو دراسة العوامل الفيزيوكيميائية على تنوع الهائمات النباتية    

  بمحطة معالجة ثلاثية للصرف الصحى
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 .،مصرجامعة عين شمس-للأداب والعلوم والتربيةكلية البنات  –قسم النبات  -1

 بنك العينات البيئية، وحدة الكيمياء النووية، المعامل الحارة، هيئة الطاقة الذرية،مصر. -2

 المعامل المركزية للرصد البيئى، المركز القومى لبحوث المياة،مصر. -3
 

أجريت الدراسة الحالية على محطة معالجة ثلاثية للصرف الصحي بمدينة القطاميه جنوب شرق 

ستهدف هذا البحث دراسة تأثير العوامل أ. 2004لى ديسمبر إ2004ثنى عشر شهراً بدا من يناير االقاهرة لمدة 

ب والدفق(على تنوع الهائمات الفيزيوكيمائية للأحواض المختلفة بمحطة المعالجة ) التجميع , الأكسدة , الترسي

يدروجينى, س الأوالصفات الميكروبيولوجية , والعوامل الفيزيوكيميائية هى درجة حراره الماء و الهواء , الآ

ما المواد أالتوصيل الكهربي , الأكسجين الذائب , الأكسجين الحيوي  الممتص , المواد الصلبة , القلوية الكلية 

دراسة الأملاح أيضا رثوفوسفات , الفسفور, السليكات وقد تم لنترات , الفوسفات , الأالمغذية وهى : النتريت , ا

 الكلوريد والكبريتات (. –البوتاسيوم   –الصوديوم   –الماغنسيوم  –الذائبة ) الكالسيوم 

x 10 3.36تضح من الدراسة تراوح قيم المحصول القائم للهائمات النباتية بين اوقد 
5
 خلية /لتر  كأقل 

قيمة فى حوض  الدفق أثناء فصل الخريف و
5

10 228.4 x خلية /لتر  كأعلى قيمة فى حوض الأكسدة أثناء فصل

مجموعات هم:  ةلى سبعإجنس ينتمون  42لى إنتمي تنوعا  88الصيف. وقد مثلت مجموعة الهائمات النباتية ب 

ات النباتية, الطحالب الخضراء % من المحصول القائم للهائم68الطحالب الخضراء المزرقة شاركت بنسبة 

% أما على 1.5% والطحالب اليوجلنية بنسبة  13.7) الدياتومية ( بنسبة  % والطحالب العصوية16.4بنسبة 

 ةبصورة قليل  Xanthophyceae ،Cryptophyceae  ،Dinophyceaeالجانب الآخر فقد تواجد كلا من  

  ،Phormedium molle ، Chlamydomonas snowii  جداً ونادرة . وكانت الأنواع الأكثر سيادة. هى

Nitzschia pellucida     ،Euglena gracilis  وتعتبر هذه الأنواع مؤشرات للتلوث العضوي كما اعتبرت

أيضا الأحواض تحت الدراسة خاصة حوض الأكسدة عالية التركيز بالنسبة للمغذيات والمواد العضوية وتقل 

يدل على سلامة مياه الدفق. أما بالنسبة للتحاليل البكتريولوجية  فقد تم عد بكتريا ا نحو حوض الدفق مما يتدريج

القولون و البرازية أيضا  خلال فصلى الشتاء والصيف . و لوحظ ارتفاع نسبة كثافة أعداد من بكتريا القولون 

أيضا انخفاض لوحظ  دوالبرازية فى حوض التجميع عنها فى حوض الدفق خلال فصلى الشتاء و الصيف وق

 % فى حوض الدفق. 99.9هائل فى تلك النسبة  حيث وصلت نسبة الانخفاض 

ملجم / لتر  190.5تراوح التغير الموسمي للكلورفيل أ فى الأحواض الأربعة لمحطة المعالجة من 

ملجم / لتر كأقل قيمة فى حوض الدفق خلال فصل   7.3لأعلى قيمة فى حوض الأكسدة خلال فصل الصيف 

فى حوض  82.1عن طريق كلورفيل أ فقد كان أعلى قيمة له  (TSI)يف . وقد تم حساب العلاقة الغذائية الخر

 فى حوض الدفق  خلال فصل الخريف . 50.5الأكسدة خلال فصل الصيف وأقل قيمة 


