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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%/L at the oxidation tank during summer to
3.7cells x10°/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 EI-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 showii 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 ( Noz, NHs, Po,, P,O,4, P, N:P and Sio,) as well as major ions(Ca, K, Na,
Mg, Cl and SO,) .

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 um 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 , NH; and chlorophyll a, also
biological parameters such as phytoplankton and bacteria were determined according
to APHA, 1992.

Ortho-phosphate (P,0,)

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 HCOs) was determined a few hours after collection,
by titrating the samples against standard 0.02N H,SO, and using phenolphthaline and
methyl orange as indicators, results was expressed as mg CaCOj3; and Ca(HCO3),/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 (CI), sulfates (SQy), nitrites (NO,), nitrates (NOs) and phosphates
(PO4) were measured using lon 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°C as a maximum value in
summer. The air temperatures showed a similar pattern, where it fluctuated from
20.7-34.0°C.

Table (1): Seasonal variations of water and air temperatures (°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 mgO,/L at the
collector tank during summer season on the other hand the maximum DO value of 7.7
mgO,/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 mgO,/L was detected in the effluent tank during
spring season, while the highest value of 1466.6 mgO,/L was recorded at oxidation
tank during summer season. Chemical Oxygen Demand (COD) lowest and highest
values of 16.67 and 11833.3 mgO,/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.

Properties
Seasons | i | Ec | po | BOD | COD Total TSS
alkalinity
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.

“ Properties
] c
= 3 : . - . .
8 § Chemical properties Major anions and cations

(2]

NH; | NO3 | PO, | P,O, | P | N:P | SiO, | Ca Mg Na | K cl | so,

W. | 97 [ 03 | 72 | 13 [30 | 12 | 19 | 494 322 | 672 | 167 | 1045 | 99.7
S
2 Sp. | 280 | 101 | 79 | 11 [33 ] 24 | 17 | 288 123 | 440 | 159 | 541 | 609
% S. 61 | 31 | 55 | 13 [ 23| 10 | 29 | 319 93 | 481 | 134 | 555 | 641
o

A 16.6 1.3 9.4 11 39 | 12 29 19.8 129.6 56.1 | 18.7 | 98.0 | 1124
W. 0.5 2.5 7.7 14 32| 02 2.0 61.9 52.5 658 | 16.2 | 98.2 | 102.0
Sp. 0.9 25 6.4 11 26 | 03 2.4 29.9 12.4 46.2 | 158 | 57.7 69.1
. 0.3 13.8 5.9 14 24 | 14 3.1 32.1 9.1 48.4 | 132 | 574 75.1
A 11 13.6 8.9 11 3.7 | 10 2.8 159.7 176.0 56.4 | 179 | 97.3 | 1140
W. 0.1 3.6 5.2 13 21| 04 2.0 76.4 67.3 67.6 | 159 | 99.2 | 103.9
Sp. 0.3 3.4 5.2 0.8 21| 05 1.9 29.4 12.0 458 | 155 | 564 68.8
. 0.04 9.8 4.4 1.2 18 | 13 2.8 34.0 9.8 54.0 | 149 | 576 68.7
A. 0.09 | 188 7.5 11 31| 16 2.8 146.2 1584 | 56.1 | 18.2 | 96.6 | 112.2
W. 0.06 4.9 4.7 13 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 16 | 0.6 1.6 30.1 12.1 466 | 153 | 574 68.7
S. 0.02 9.3 4.2 1.2 15| 13 33 32.1 8.7 48.2 | 125 | 575 69.9
A 0.06 | 20.3 6.5 1.2 22 | 20 2.8 119.9 123.2 56.7 | 185 100 115.2

Oxidation
w

Settling
w

Effluent

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, ClI and SO,4) 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°/L as a
minimum value at effluent tank during autumn to 228.4 cells x 10°/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°/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).

Season Collector Effluent
TC FC TC FC
Winter 850 X 10° | 530 X 10° | 316 X 10° | 195 X 10°
Summer | 656 X 10° | 420 X 10° | 220 X 10° | 112 X 10°
Average | 753X 10° | 475X 10° | 268 X 10° | 153 X 10°

investigation.

Table (6): Seasonal variations of Chlorophyll a (mg/m?) at the three tanks under

Season — - Tanks
Oxidation Settling Effluent Average
Winter 443.2 8245 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 7717 592.21

Trophic state index (TSl¢p)

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:

TSlcn, =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 — Tar_1ks
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
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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°C as a minimum
value in winter and 28.8°C as a maximum value in summer. The air temperatures
showed a similar pattern, where it fluctuated from 20.7-34.0°C. These results were in
agreement with Farag-Afaf (2005) who recorded relatively low water temperatures
during winter months (15.3 — 20.8°C) and slightly warm temperatures in summer
months (25.1 — 30.9°C) in sewage water treatment tanks and effluent of EI-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 EI-Gabal EI-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 mgO,/L to 11 mgO,/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 EI-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°/L as a minimum value at effluent tank during
autumn to 228. 4 cells x 10%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° CFU/100ml during winter and 656 x 10°
CFU/100ml during summer, while fecal coliform bacteria ranged between 530 x 10°
CFU/100ml during winter and 420 x 10°> 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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