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Abstract

Algal population of Nile River water is mainly composed of diatoms, green and
blue-green algae (cyanobacteria). Percentage composition of algal species was in order
diatoms > green algae > cyanobacteria. The conventional water treatment operations lead
to the average removal of algae in the ratio of 92 %, 87%, and 77% for diatoms, green and
cyanobacteria, respectively. Algal composition of the treated water was subjected to a
wide variation after sedimentation and sand filtration. A relative increase in the percentage
composition of green algae and cyanobacteria was recorded. Change in algal composition
after water treatment operations reflects the wide variation in algal structure and their
community.
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Introduction

Microalgae of fresh water recourses pose several problems, which affect
the quality of drinking water. Algae are negatively charged bio-particles, which
interact with the positively charged coagulant and contribute to the coagulant
demand (Bernhardt and Clasen, 1991). Meanwhile, their extra—cellular organic
matter can adsorb to particles causing a stabilizing effect (Bernhardt et al., 1985).

Algae can affect the rate of sand filtration. Larger algae can form a mat
on the sand filters, while small, motile algae can penetrate the filters leading to
shortened filter runs and increased use of backwash water. The cylinder type
diatoms such as Nitzschia and Synedra are well known as algae causing filter
clogging in rapid sand filtration systems. The settling velocity is related to the
physiological condition of algae (Konno, 1993).

Tastes and odor arise from metabolic products of algae as well as the
decay of dead cells. (Mallevialle and Suffet, 1987). Cyanobacteria are accused for
excretion of neuro-and hepato-toxins (Yoo et al., 1995). In addition, algae and
their metabolites are precursors for disinfection byproducts, which are
carcinogenic compounds (EI-Dib and Rizka, 1994; Graham et al., 1998; Plummer
and Edzward, 2001). The response of algae to treatment operations is affected by
variations in shape, morphology and mobility that make their removal more
difficult than the removal of inorganic particulates (Bernhardt and Clasen, 1991;
Steynberg et al., 1996; Plummer and Edzwald, 2002)
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The present study was run to evaluate the efficiency of conventional
water treatment in algal removal and the change in algal population during the
treatment operations.

Materials and Methods

Raw water was derived from Nile River at Banha City, in the delta region,
50 Km to the North of Cairo. Water samples were collected from the inlet of
Banha water works as well as from the outlet of the sedimentation tanks and after
the sand filters. The raw water was subjected to the conventional treatment
operations namely, screening, prechlorination (4mg CI/L) coagulation-
flocculation using 40 mg/L alum, sedimentation (2hrs retention time), rapid sand—
filtration and finally postchlorination (2 mg CI/L)

Water samples were collected monthly from autumn 2004, up to summer
2005 to monitor the seasonal changes in the water quality, algal count and algal
population. Physico-chemical parameters investigated were: pH, turbidity,
electrical conductivity, nitrite, ammonia and phosphate, which were determined
according to (APHA, 1998). Nitrate was analyzed according to (DEV, 1984), also
total organic carbon (TOC) was measured using a PHENOX TOC analyzer. Algae
in water samples were measured by the Sedgwick—Rafter methods (APHA, 1965).
Algal counts and their identification were performed according to Starmach,
1966; Streble and Krauter 1978; Palmer 1980.

Results and Discussion

Physico-chemical characteristics of the raw and treated water samples are
given in Table (1). The mean value of the parameters investigated for both the raw
and treated water revealed some variation during various seasons. pH values were
almost in the alkaline range and turbidity of raw water ranged between 5.4 NTU
in autumn and 10.7 NTU in winter. Addition of alum to the raw water led to a
slight increase in electric conductivity values of treated water. Nitrite and
ammonia concentrations were almost zero; nitrate and phosphate levels were
extremely low. Values of (TOC) were relatively high in autumn and summer.

Major algal groups in Nile River water were represented by diatoms, green algae
and cyanobacteria. Maximum algal counts were reported during winter (10678
organisms/mL) and spring (8220 organisms/mL). Diatoms represented the major
percent of algal community covering the range of 82.9% to 86.9%. Green algae
amounted from 9 to 11 % of the total algal count whereas cyanobacteria were
represented by 4.4 to 6.5 of the algal count (Table 2). Due to coagulation-
flocculation and sedimentation operations, percentage of algal removal ranged
between 80% in (spring) and 84% in summer and winter, respectively. Diatoms
still  represented the major algal group in  treated  water
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especially in winter and summer and their removal levels amounted to 86.2% and
86.4%, respectively. After sand filtration, removal of algae was considerably
increased and ranged between 88.6% and 95%. Diatoms still represented the
highest algal count passing through the sand filters followed by the green and
cyanobacteria. According to Mouchet and Bonnely (1995) the removal rate of
Nile water algae in the clarified water at Cairo plants was 85% in the absence of
chlorine and 99% when prechlorination was carried out in combination with a
well adjusted coagulant dose.

Mean of percentage composition of algal species in raw Nile River
amounted to 84.6, 10.4, and 5 for diatoms, green algae and cyanobacteria,
respectively (Table 3). However, after sedimentation percentage composition of
algal species showed marked changes where diatoms represented 74.6%, green
algae and cyanobacteria amounted to 17.2% and 8.2% of the total algal counts.
After sand filtration percentage composition of algae was further changed where
diatoms, green and cyanobacteria amounted to 63.8, 18.6 and 17.6% respectively.
The most dominant algal species in water samples collected after sedimentation
and sand filtration are given in Table (4). In case of diatoms, Diatoma elongatum,
that contribute to filter clogging was almost present in the water together with
Cyclotella comta especially in autumn and winter samples. However Melosira
granulata was prevailing in spring and summer.

Table (3): Mean of percentage composition of algae after sedimentation and

filtration
Algal Source of water
group Raw water After sedimentation After filtration
Diatoms 84.6 74.6 63.8
Green algae 10.4 17.2 18.6
Cyanobacteria 5.0 8.2 17.6

Diatoms were considerably decreased after water treatment operations
(Table 2), Synedra ulna was almost removed after sand filtration during autumn,
spring and summer.The green algae Scenedesmus quadricauda and Staurastrum
paradoxum were found in the raw water and treated samples through out the year.
Closterium acutum, was responded to the treatment operations during autumn and
summer.

The distribution of cyanobacteria revealed that Merismopedia elegans
was always present after sedimentation and sand filtration. Filtered water was free
from Coelosphaerium kuetzingianum whereas Cylindrospermum muscicola,
neuro- toxins alga, was isolated after sedimentation in winter, spring and summer.
In addition Microcystis aeruginosa, a hepato-toxins alga, was found in water
samples after sedimentation in autumn, winter and spring but did not show in the
summer samples. Chow et al. (1999) and Drikas et al. (2001) reported that
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coagulation and filtration can remove microcystin that is bound within the algal
cell, but is effective against dissolved or extracellular toxin.

Micro algae generally show a wide variation in their cell diameter that
may affect their behavior during water treatment. Diatoms have cell diameter of
about 10um (Cocconeis and Cyclotella) whereas others have a diameters of 5-
15um (Rhizosolenia sp. and Skeletonema sp). Green algae such as
Dictyosphaerium sp. have a cell diameter of 8-10 um but others show much
smaller values of 2-7 pum (Ankistrodesmus, Crucigenia and Selenastrum). Some
cyanobacteria exhibit wide variation in their cell diameter (APHA, 1998)

Morphological characteristics of algae might have a role in their behavior
during water treatment operations and their ability to adhere, settle and/or pass
through the sand filters (Konno, 1993 and Pieterse and Cloot 1997). The observed
increase in the percentage composition of green algae and cyanobacteria after
sedimentation and sand filtration suggests that several species of green and
cyanobacteria have cell diameter less than 4 um.

Ali, (2003), studied the size structure of fresh water phytoplankton in
River Nile. The mean biovolume of green algae represented high values from total
phytoplankton biovolume that ranged between 51% and 61%. Other
phytoplankton groups revealed high fluctuation in its biovolume during different
seasons and different sampling site.

Conclusion:

Algal population of Nile River water is mainly composed of diatoms,
green and cyanobacteria. Diatoms represent the most dominant algal group
followed by green and cyanobacteria. The average removal levels of algae by
conventional water treatment operations were 92%, 87% and 77% for diatoms,
green and cyanobacteria, respectively. However, diatoms still represent the
highest algal count passing through the sand filters .The neuro-toxin alga
Cylindrospermum muscicola was isolated after sedimentation in winter, spring
and summer. The hepato-toxin alga Microcystis aeruginosa was found in water
sample after sedimentation in autumn, winter and spring. Variation in the
response of algae to water treatment operation may be attributed to the
morphological characteristics of algae, their cell diameter, cell volume and/or
their electric charge.
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