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ABSTRACT

The present study was carried out in EL-Fostat water plant in order to
find out the problem of early seasonal clogging of the sand filters during
Autumn season and during the low level of the Nile River. This problem
causes a lot of damages, e.g. losing of water during the back washing process
and increasing of the used chemical doses used in the process of drinking
water treatment (chlorine and aluminum sulphate). Also the study provides
proper information on the phytoplankton communities, turbidity and phenol.
The phenol experiment is very important to insure that the produced filtered
water from the sterilized rice straw doesn't contain any phenolic compounds.
Water samples were collected from stagel (the raw water), stage 2 (after pre-
chlorination), stage 3 (the clarifier) and stage 4 (the ordinary filters, sand
only).

The results revealed that the algae, especially diatoms (Synedra ulna)
were the main cause of the early clogging of filters. In order to find a solution
for this problem, several experiments were done by using two types of filters
(activated carbon and sterilized rice straw beside the ordinary sand filters).
These treatments proved the solving of this problem and helped to extend the
filtration period to about 24 hours instead of 8 hours. So that this reduction of
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the washing time of the sand filter for one time, instead of three times leads to
a provision of large quantities of water at El- Fostat water plant and reduce
the doses of the used chemicals.
Keywords: Sterilized rice straw, activated carbon, filters, Clarifier, In take,
back washing.

INTRODUCTION

Lapsongpon et al. (2017) reported the major algae-related problems in
water treatment plant are unpleasant tastes, odors and filter clogging. Filter
clogging by algae has been reported as a technical problem by many water
treatment plants (WTPs). For example, water treatment plant in South Korea
faced the decrease of filter run time from 20 hours to below 5 hours by the
occurrence of diatom, Synedra sp. (Jun et al., 2001).

The bloom of blue green algae, particularly Anabaena sp. and
Microcystis sp. seriously impacted on filtration process in Morton Jaffray
(MJ) water as evidenced by the increased backwashing frequency reported to
be at every 4-8 h (Hoko and Makado, 2011).

General methods to remove algae are physical processes such as
filtration, membrane filtration and adsorption by activated carbon, biological
processes such as activated sludge and chemical processes such coagulation
and chlorination. Among these methods, the chemical treatment process has
been considered to be cost-effective way because many chemical agents are
inexpensive and they usually do not require plants to significantly change
work-flow and structure (Shen et al., 2011 and Wu et al., 2012).
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A number of studies have reported that pre-treatment using oxidants such
as ozone, chlorine, potassium permanganate and potassium ferrate can
improve algae removal by coagulation (Plummer and Edzwald, 2002,
Henderson et al., 2008 and Hoko and Makado, 2011).

Pre-chlorination can also reduce the pollutants in raw water, such as
organics, suspended solids, virus, pathogenic bacteria, and algae
(Nieuwnhuijsen et al., 2000 and Tardiff et al., 2006).

Consistency in quantity or rate of supply is normally readily controllable
and is a fundamental requirement for the proper operation of sedimentation
systems. This becomes increasingly important for floc blanket systems
treating thin coloured waters where even very slight disturbances in the rate
of flow can lead to disruption of the floc blanket, which is then swept over to
impose an extra load on the filtration stage, often resulting in poor filtered
water quality. The divisions between Coagulation, Flocculation and
Clarification are not rigid. A large number of plants in this country include
hopper bottomed tanks formed as inverted pyramids with tank sides sloped at
about 60° to the vertical. Water, which has been treated with coagulants, is
discharged downwards near the bottom centre of the tank and turns through
180 °, giving conditions suitable for flocculation. As the water flows upwards,
its velocity decreases as the cross sectional area of the tank increases. The
bottom portion of the tank is effectively a zone of coagulation and

flocculation. As the water rises further up in the tank, clarification takes place
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so that coagulation, flocculation and clarification occur in the one tank (EPA,
2002).

Phytoplankton, mainly represented by algae, forms a vital part in almost
all the fresh water ecosystems and plays an important role through primary
productions in the food chain and is also a useful tool for the assessment of
water quality. It is essential to document the diversity of algal flora for
biodiversity mapping of the wetland. Algae play a significant ecological role
and are being used extensively, as indicators of water pollution. Assessment
of physic-chemical and biological parameters serves as a good index in
providing particular status to a water body (Annalakshmi and Amsath, 2012).

Description of El-Fostat water plant Site

El-Fostat water plant provides drinking water to is located in EL-Fayoum
Street at Dar EL- Salaam area, in Cairo Governorate. It has an area of about
66 acres.The intake is the place where the water samples were collected
before the treatment which located at Corniche EI-Nile Road of Maadi. This
occurs through several stages; First stage is the disinfection of the water by
chlorine which disinfects micro-organisms and oxidization of water entry
(River Nile). Second one is coagulation in which aluminum sulphate was
added to coagulate the flocs inside clarifiers, then finally is the filtration
which is essential to filtrate the flocs escaped from clarifiers.

El-Fostat water plant was first operated in 1988. The total designed
production, after the last expansion, is 1200000 m® / day. The total actual
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production was 1000000 m®/ day before the expansion. El-Fostat water plant
serves several parts in Cairo Governorate.

Soheir et al. (2017) found in the Benha City, Egypt that, the highest
turbidity value of 8.37 N.T.U. (Nephlometric Turbidity Unit) was shown in
March 2016 with high numbers of microorganisms in the raw water while it
was 0.95 N.T.U. in October 2015 in the produced water. The lowest turbidity
value (2.4 N.T.U.) was in February 2016 in the raw water by uptake of
suspended matter by phytoplankton’s as well as penetrating the water surface
by high intensity solar radiation.

Mohamed et al. (2018) found that the maximum values were in the winter
with 20.8 NTU while the minimum value was 2.71 NTU recorded in the
summer.

Sayed et al. (2019) observed that the results indicated moderate positive

correlation between the algae count and water turbidity.
Biological Parameters: Ahmed and Isaac (2015) observed that the total
counts of phytoplankton tended to increase in autumn and winter, remain high
in spring and then decrease in summer. Relatively low water temperature
during winter and autumn probably favoured the growth of diatoms which
dominated the phytoplankton.

Fathi and Abd EI-Zaher (2003) and Sobhy (2007) recorded the first peak
during spring and the second during winter whereas the lowest values
occurred in autumn. Agale et al. (2013) found that the Cyanophyceae was the
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dominance group. Sayed et al. (2019) indicated that the total algae count was
highest during winter season followed by autumn then spring and summer.

Salwa et al. (2008), Mohanty and Adhikary (2013), Sarojini et al. (2013),
Sharma and Singh (2013) and Ramesh et al. (2016) reported that the
Bacillariophyceae was present as the dominant group.

Bhatnagar and Bhardwaj (2013), Jyotsna (2013), Ajayan et al. (2013),
Suresh et al. (2013) and Karikari et al. (2013) found that Chlorophyceae was
the predominate class.

Phenol: Nadita and Fakhruddin (2017) found that among all three types of
adsorbent as raw rice straw, physically and thermally treated rice straw,
<1 mm size particles had higher phenol removal efficiency than 1 mm size
particles. For 1 mm particles, percentage of phenol removal for rice straw ash
was 76.67 % for 2.5 g adsorbent dose. On the other hand, phenol removal
efficiencies for 1 and <1 mm raw rice straw were 12.59 and 22.22 %.

Back washing: Kawamura (2000), Crittenden (2005) and Edzwald (2011)
observed that the backwashing continues for a fixed time, or until the
turbidity of the backwash water is below an established value. At the end of
the backwash cycle, the upward flow of water is terminated and the filter bed
settles by gravity into its initial configuration. Water to be filtered is then
applied to the filter surface until the filter clogs and the backwash cycle needs

to be repeated.
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Letterman (1999) pointed that the function of rapid sand filters, is to

remove the particulate matter in the influent suspension and provide
significant pathogen removal, must have a higher filtration rates were 5~10
m3/m?/hr.
Damages caused by clogged filters: EPA (1995) observed that a filter
is usually operated until just before clogging or breakthrough occurs, or a
specified time period has passed, generally 24 to 40 hours and is related to the
efficiency of the clarification process. Save money, energy and water by
maximizing production before backwashing, filters are sometimes run until
clogging or breakthrough occurs.

American Water Works Association (AWWS) (2002) observed that algae
can lead to clogging of filters in treatment plants, thereby drastically reducing
the length of filter runs and necessitating frequent back washings. In extreme
cases, clogging may require more water to backwash than the amount of
filtered water produced, severely diminishing the efficiency and cost-
effectiveness of the process. This problem was caused by certain diatoms.
Ways to treat clogged filters: Norfahana et al. (2018) pointed the
current global production of rice straw is 731 tons The rice straw mainly
contains high amount of silica and lignin.

EPA (1995) reported the primary purpose of filtration, was to remove the
suspended particles and flocs from the water being treated. Another

dimension was added to the filtration process, by the use of activated carbon
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(granular form), as a filter media. The high adsorptive capacity of the
activated carbon enables it to remove taste and dour-causing compounds, as
well as the other trace organics from the water. Not all the organic
compounds are removed with the same degree of efficiency. Activated carbon
filtration is very effective in removing the taste and odour-causing
compounds.

Pengkang et al.(2013) who reported the high adsorptive capacity which
enables it to remove taste and odour-causing compounds. Activated carbon
has a high surface area and a highly developed porous structure, so it has a
great effect on absorbing dissolved oxygen and organic matter into raw water.
Biocatalyst technology consists of the reaction of molecules of activated
carbon, microorganisms, pollutants and dissolved oxygen in water.
Meanwhile, activated carbon can absorb DO and absorbed microorganisms
on the surface of activated carbon.

Ball et al. (2011) found that the 5g/m® of rice straw is more effective in
controlling the growth of algae, with 80% reduction in chlorophyll‘a’
concentrations. However, barley of 2g/L and rice straw of 5g/m3are also
found to control the growth of the algae. The results express barley of5g/ m?
was highly significant. Used of straws to control the growth of algae
represents an inexpensive, effective and environmentally acceptable method.
However, further research is needed on the effect of straw content on the

natural ecosystem of the aquatic body.
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Deepa and Savitha (2015) found the dosage of the rice straw was added
about 25g/m3.The time required for the activation of rice straw was about 2
weeks, in the presence of sunlight at the temperature of < 20°c. The pond was
left undisturbed, after adding the calculated dose of rice straw for activation.
On the zero day (before applying the straw), the algal cell count was recorded
to know the density or number of cell counts in drop of water. Algal cell
counts were monitored for every five days, after the straw activation (20
days) and were continued till the algal cell counts reduced to zero or 1cell per
drop of water.

Jonathan and Barrett (2002) and Salwa et al.(2007) observed that when
straw is first placed in water, the soluble components of the straw are washed
out, causing water to turn a brown color.When decomposition of lignin and
other cell wall components starts to occur, decomposition of lignin leads to
the production of a soluble lignin and other decomposition products. Also the
cell wall components decompose at different rates.

MATERIALS AND METHODS
After collecting the water samples from the four stages of the water
plant: stagel (raw water), stage 2 (after pre-chlorination), stage 3 (clarifier
represented by tank with capacity 50 liter which have the treated water before
filtration) and stage 4 (ordinary sand filter) an algal counting and measuring
of turbidity have been done. After that different experiments were performed

every two hours for 24 hours during autumn season to measure turbidity,
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algal counting and back washing for the different types of filters : the first is
activated carbon (200 gm) with sand (represented by bottles of 2 liter
capacity), the second is sterilized rice straw (15 gm) with sand (represented
by bottles of 2 liter capacity) and finally the ordinary sand filter (2000 gm).
Analyses of phenol for sterilized rice straw with sand have been done.

The materials (Figs 1, 2 and 3): 700 grams of gravel, 2000 grams of sand
were used (0.8 -1.4 m), 200 grams of active carbon, 15 grams of sterilized
rice straw, 2-liter rectangular plastic bowl, 4 funnels, 2 bottles of 2 liter

capacity, and Tank [has 50 liter].

Fig. (1): Activated carbon filter with sand
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Fig. (3): The filtration process through the activated carbon with sand and

sterilized rice straw with sand during autumn season
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Turbidity (N.T.U): Turbidity was measured for the clarifier and all filters
by Hach-USA,Model 2100.

Counting of phytoplankton: Counting of phytoplankton for all stages
before and after the treatment of water plant was done and also for the
different types of filters. Using a plunger sampling pipette, the phytoplankton
organisms were identified and counted under binocular microscope phase
contrast carlzies - Germany.The numbers of phytoplankton organisms were
given as unit per liter.

The ratio that has been used for the calculation of percentage reduction

of Bacillariophyceae number:

Species composition of Bacillariophyceae no (in the clarifier) - Species

composition of Bacillariophyceae no (in the filter).

Species composition of Bacillariophyceae no (in the clarifier) =%

Back washing: Air blower for 2 min, air and pressed water for 8 min. and
finally rinsing by water for 10 min. for all types of filters.

Steralizetion of rice straw filter with sand by using autoclave at 120 °c
and 1 bar. Hyrayama-Japan.
Phenol: Two concentrations of standard phenol solutions (0.1 and 0.2 mg of
phenol) were prepared to measure the ratio of phenols in the water produced

from the sterilized rice straw filter with sand. Phenol was determined
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colorimetrically, by using UV/Visible spectrophotometer at 500 nm wave
length APHA (2009). Jenway U.K model 6715.

Fig. (4): The experiment of phenols (CeHsOH (nm) ) in the filtered water

after using the sterilized rise straw filter with sand.

RESULTS AND DISCCUTION

Turbidity:

1) Seasonal variations: Seasonal variations of water turbidity were shown in
Fig 5. The results revealed that the minimum value of turbidity was 7.5
NTU during summer in stage 1, while the maximum value was 12.8 NTU
during autumn in the same stage. Also the seasonal average values of
turbidity ranged between 2.7 NTU during summer and 3.9 NTU during
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Autumn. The present results are in agreement with that obtained by Sayed
et al. (2019) who observed the turbidity level recorded little monthly

variations and were in the range from 9.71 to 11.90 NTU.

100
Turbdity(NTU) 10
1
N Summer | Autumn Winter Spring
stagess 7.5 12.8 11.9 9.9
stage(after pre- 7.6 10.8 10.6 9.3
chlorination)
M stage( the clarifier) 1.59 1.86 1.9 1.4
- -
stage (the ordinary sand 0.7 0.4 0.56 0.69
only)
M Average 2.7 3.9 3.8 3.29

Fig. (5): Seasonal variations of turbidity values at all stages at EL-Fostat

water plant.

2) Turbidity for clarifier and different types of filters during Autumn:
Fig 6 shows the turbidity measurements for clarifier (before filtration) and
different types of filters (after filtration) during autumn. The results
revealed that (after 24 h) the value of 2.6 NTU was at the clarifier, 0.66
NTU at the ordinary filters (sand only), 0.57 NTU at the sterilized rice
straw with sand and of 0.64 NTU at the activated carbon with sand. Shape
refers to the filter clogging. The present results revealed that the turbidity
was very high particularty exceeding in the autumn season. These findings

were not in agreement with that obtained by Soheir et al. (2017) who
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found that in the raw water, the highest turbidity value was 8.37 N.T.U in
spring with high numbers of microorganisms, while the lowest turbidity

value of the raw water was 2.4 N.T.U in winter.

S 025 ¢
£ 0.5 -
= 1 7
E 2 [Meielien
5 a4 ke -
the charifier sand only after | sterilized rice activaed
N befaore filtr ation filtration straw with sand | carbon with
- Stages after fitration |  sand after
Times fiitration
m two hours 2 0.66 0.78 0.65
B four hours 19 0.87 0.59 0.45
M 5ix hours 2 0.76 0.68 0.56
m eght hours 2 A oss 0.76 0.58
B ten hours 24 0.55 0.82 0.56
u twelve hours 21 0.87 0.49 0.55
m Fourteen hours 26 0.67 064 0.56
N Sixteen hours 18 A 054 0.74 0.58
Eghteen hours 22 0.56 0.75 0.65
m Twenty hours 2.4 0.67 0.66 0.55
B Twenty-two hours 24 0.75 0.45 0.45
Twerty-four hours 2.6 ‘ 0.66 ‘D.ST ‘54

Fig 6: The turbidity values in the experimental process through 24h for the
filters (sand only, sterilized rice straw with sand and activated carbon
with sand) (after filtration) and the clarifier before filtration during

autumn

Vol.(49); 1ss.(8); No.(1); August 2020 67
ISSN 1110-0826



Journal of Environmental Sciences (JES)
Institute of Environmental Studies and Research, Ain Shams University

Mohammad, Bardees et al.

Phytoplankton: Table 1 revealed that the phytoplankton communities are
represented mainly by 3 classes namely: Bacillariophyta, Chlorophyta and
Cyanophyta.

The presented data showed that the phytoplankton main classes can be
arranged in the descending order: Bacillariophyta > Cyanophyta >
Chlorophyta. It was observed that the highest value of algae in the first stage,
before treatment (raw water) and after adding doses of chlorine and alum to
water in the other stages (2, 3 and 4) the total number of algae decreased
significantly. The present results are in agreement with that obtained by
Ahmed and Isaac (2015) and Sayed et al. (2019) who indicated that the total
algal count was highest during winter season followed by autumn then spring
and summer.

The present results are not in agreement with that obtained by Fathi and
Abd EI-Zaher (2003) and Sobhy (2007) who recorded the first peak during
spring and the second during winter whereas the lowest values occurred in
autumn.

The total number of phytoplankton unit counted in the stagel during
autumn were 5989.3X10%unit/L while during winter were 5495.6 X103unit/L,
during spring were 2632.5 X10%unit/L and during summer were 2425.1
X10%unit/L. It was observed that Bacillariophyceae, Chlorophyta and
Cyanophyta thrive remarkably with lower temperatures during the autumn

and winter seasons.
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Bacillariophyceae was the dominant, during summer with 2259
X10%unit/L at stagel also during autumn with 4740 X10%unit/L at stagel,
during winter it was 4514 X10%unit/L and during spring was 2183
X103unit/L.

The predomination of Bacillariophyta at EL- Fostat water plant was
similar to the results that obtained by Salwa et al. (2008), Mohanty and
Adhikary (2013), Sarojini et al. (2013) and Sharma and Singh (2013) who
reported that the Bacillariophyceae was present as the dominant group.

Chlorophyta during summer was 99.6 X103unit/L, during autumn was
149.6 X103unit/L, during winter was 481.7 X10%unit/L and during spring was
383.2 unit/Iml. The present results were not in agreement with that obtained
by Bhatnagar and Bhardwaj (2013), Jyotsna (2013), Suresh et al.
(2013),Karikari et al. (2013) and Ajayan et al. (2013) who found that
Chlorophyceae was the predominate class.

Cyanophyta during summer was 66.5 X103%unit/L, during autumn was
1099.7 X103unit/L, during winter was 500 X103unit/L and during spring was
249.9 X10%unit/L. The present results were not in agreement with that
obtained by Agale et al.(2013) who found that the Cyanophyceae was the

dominance group.
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Table (1): Species composition of the total no. of taxa for algal groups
(X103unit /L) at all stages in EL-Fostat water plant during the

investigation period

Total No. of Species composition and % of reduction

Seasons | Stage Bacillﬁlr(i)og/r;yceae Chlolr\?grg/z/ceae Cyarlllo(g)h%ceae Phytﬁglat;)kton

1 2259 7 99.6 66.5 2425.1
Summer | 2 1200 47 32 68 | 33.3 50 | 12653 | 48
2017 3 118 91 20 39 6 82 1226 | 90
4 9 92 6 69 3 50 18 88

1 4740 20 | 1496 | 98 |1099.7 | 82 | 5989.3
Autumn | 2 3199 33 332 | 77 | 2166 | 80 | 34488 | 42
2017 3 300 o1 6 | 82 | 21 | 90 327 | o1
4 45 82 0 100 3 86 48 85

1 4514 18 | 4817 | 86 | 500 91 | 54956
Winter 2 2149 52 | 3662 | 74 | 250 50 | 2765.03 | 50
2018 3 162 92 9 08 60 76 231 92
4 21 87 3 67 6 70 30 87

1 2183 17 | 3832 | 85 | 2499 | 90 | 26325
Spring 2 1475 32 | 1996 | 48 | 66.6 73 19248 | 27
2018 3 132 91 19.6 90 6 91 157.6 92
4 6 90 0 100 3 50 9 94

Fig. (7) shows that the maxiumum peak of algal taxa trapped in the
intermediate filtration was 297 X10%unit/L during autumn season while the
minumum was 105 X10%unit/L during summer. which confirms the
occurrence of a large clogging of stage 4. The number of algae trapped in the

intermediate filtration (stage 4) works to clogging the filter's sand surfaces,
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which leads to a partial inability of the filter to perform its function normally
and therefore needs to be back washed.

Also the maxiumum peak ratio of algal taxa of elemination was 94%
during spring and the minumum was 85% during autumn.

The maxiumum peak of filterated algal taxa (the total number of algae
present in the filtered water) was 48X10%unit/L during autumn while the
minumum was 9 X10%unit/L during spring.

The present results were in agreement with that obtained by EPA (1995)
and AWWS (2002) who observed that algae can lead to clogging of filters in
treatment plants, thereby drastically reducing the length of filter runs and
necessitating frequent back washing. In extreme cases, clogging may require
more water to backwash than the amount of filtered water produced, severely
diminishing the efficiency and cost-effectiveness of the process. This problem

was caused by certain diatoms.

Vol.(49); 1ss.(8); No.(1); August 2020 71
ISSN 1110-0826



Journal of Environmental Sciences (JES)
Institute of Environmental Studies and Research, Ain Shams University

Mohammad, Bardees et al.

1
A
seasons SummeuatumiinteSprin

out put process h the

1000
The number of 100
algal taxa 10

122.6( 327 | 231 157.6

clarifier

B The number of algal taxa
trapped in the intermediate 105|297 | 201 | 149
filtration

Filterated algal taxa in

filterated water 18 | 48 130 | 3

W Ratio of algal taxa

L 88.00%85% | 87% | 94%
elemination

Fig (7): The number of filtereted algal taxa and the ratio of elemination
during all seasons.

Fig. (8) shows that the number of algal taxa trapped in the intermediate
filtration was 288 X10%unit/L at the activated carbon filter with sand, was
279X10%unit/L at the sterilized rice straw filter with sand and was
261X10%unit/L at the ordinary filter (sand only).

The ratio of algal taxa elemination was 94% at the activated carbon filter
with sand, was 91% at the sterilized rice straw filter with sand and 85% at the
ordinary filter (sand only).

The number of filterated algal taxa in filterated water was 45X103unit/L
at the ordinary filter (sand only),was 18X10%unit/L at the activated carbon

filter with sand and 27X10%unit/L at the sterilized rice straw filter with sand.
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Although the number of algal taxa trapped on the surface of the activated
carbon filter with sand was high the filter does not become clogged which
explans that there was a high occurance of adsorbtion of the algal taxa. On the
other hand the strilized rice straw filter with sand does not become clogged
also because there was a high occurance of adsorbtion of the algal taxa on it's
surface, while the ordinary sand filter (sand only) does not cause adsorption
on its surface where a clogging was happend.

The present results are in agreement with that obtained by with EPA
(1995) who reported by using the activated carbon (granular form), as a filter
media, also with that obtained by Pengkang et al.(2013) who reported the
high adsorptive capacity which enables it to remove taste and odour-causing
compounds. Activated carbon has a high surface area and a highly developed
porous structure, so it has a great effect on absorbing dissolved oxygen and

organic matter into raw water.
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the number of algal
taxa

o = N
olrtmainw

ordinary filter sterilized rice activated

The filters (sand only) straw filter carbon filter
Out process with sand with sand

M Ratio of algal taxa of

L 85% 91% 94%
elemination
B The number of algal taxa
trapped in the intermediate 261 279 288
filtration
Filterated algal taxa in a5 27 18

filterated water

Fig. (8): The ratio of eleminated and the filterated algal taxa during the
autumn season

Counting of phytoplankton: Table 2 shows the species composition of
Bacillariophyceae in all the types of filters and the clarifier through 24h. The
major peak of Bacillariophyceae (Syndera ulna) at the clarifier was 143
X10%unit/L, at the ordinary filter (sand only) was 36 X103unit/L, at the
sterilized rice straw filter with sand was 18 X10%unit/L and at the activated
carbon filter with sand was 18 X10%unit/L.

The total no of Bacillariophyceae at the clarifier was 306 X103unit/L, so
that the reduction in the number of Bacillariophyceae was 45 X103unit/L
(85%) at the ordinary filter (sand only), 27 X10%unit/L (91%), the present

results confirmed that rice straw filter with sand control the growth of algae at
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the sterilized rice straw filter with sand and 18 X103unit/L (94%) at the
activated carbon filter with sand.

The present result also confirmed that the active carbon has a high
capacity for adsorption of algae. It was observed that the cause of the early
clogging of the ordinary sand filters was increased during autumn season and
during the decrease of the Nile level. It was clear that phytoplankton
especially Bacillariophyceae (Synedra ulna) was the main reason for the
process of clogging filters.

The present results are in agreement with that obtained by Jun et al.
(2001) who reported the filter operating time has decreased due to the
presence of diatom, Synedra sp.

Also are in agreement with that obtained EPA (1995) who reported the
primary purpose of filtration, is to remove the suspended particles and flocs
from the water.

The present results also were in agreement with that obtained by Ball et
al. (2011) and Deepa and Savitha (2015) mentioned that the rice straw which
used ranged between 5g /m3and 25g/m3. Ball et al. (2011) who reported who
reported that using straw to control algae growth is an inexpensive, effective
and environmentally acceptable method.

Since lignin, which is one of the main ingredients of rice straw,
decomposes over time, it has been found better not to be in the filter for a
long time. The present results were in agreement with that obtained by

Jonathan and Barrett (2002) and Salwa et al.(2007) who observed that when
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straw is first placed in water, the soluble components of the straw are washed
out, causing water to turn a brown color. When decomposition of lignin and
other cell wall components starts to occur, decomposition of lignin leads to
the production of a soluble lignin and other decomposition products. Also the
cell wall components decompose at different rates.

The present study showed from the analysis of the water at El- Fostat
water plant (the physico-chemical parameters, biological parameters and sand
analysis) that the process of clogging of filters occur in autumn and winter

(low temperatures).
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Table (2): Species composition of Bacillariophyceae (X10%unit/L) in the all

types of filters and the clarifier through 24h

clarifier and ordinar sterilized rice activated
Types of filters | clarifier fi y straw filter carbon filter
ilter (sand . .
before only) after with sand with sand
Taxa filtration filtyration after after
filtration filtration
No of Species composition and % of reduction.
No No % No % No %

Cyclotella ocellata Pant 27 100 100 100

Melosira granulata (Her.) 18 9 50 0 100 0 100
Ralfs

Meloswa} granulata var. 97 0 100 0 100 0 100

angustissma Muller

Synedra acus (Kutz.) 36 0 100 0 100 0 100

Synedra dellqatlssma W. 45 0 100 9 80 0 100
Smith

Synedra ulna (Nitz.) Her. 54 9 83 9 83 9 83

Syndra ulna var.biceps 45 9 80 9 80 0 100
(kutz)

Syndera ulna nitz.heronella 54 18 66 0 100 9 83

Total No of Syndera ulna 143 36 75 18 87 18 87

Total No of 306 | 45| 85 | 27 | o1 | 18 | o4

Bacillariophyceae

Phenol: The present results (Fig 4) revealed that no phenolic compounds
were formed after the filtration process for 24 hours through the sterilized rise
straw filter. This is due to the very strong adsorption capacity of the rice
straw, These findings were in agreement with that obtained by Nadita and
Fakhruddin (2017) who found that among all three types of adsorbent as raw
rice straw, physically and thermally treated rice straw, <1 mm size particles

had higher phenol removal efficiency than 1 mm size particles. For 1 mm
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particles, percentage of phenol removal for rice straw ash was 76.67 % for
2.5 g adsorbent dose. On the other hand, phenol removal efficiencies for 1
and <1 mm raw rice straw were 12.59 and 22.22 %.

Back washing: The results revealed (Fig 9) that the filters (sterilized rice
straw with sand and activated carbon with sand) remained in filtration process
for 24 hours and need backwashing every 24 hours (once for 20 minutes
each) while the ordinary filter (sand only) stops every 8 hours daily, which it
needs to be backwash every 8 hours daily also (for 20 minutes each). The
ordinary filter (sand only) produces about 10.000 m3 / day water and when it
stops, it needs washing three times (for 20 minutes each), (with an average of
one hour per day), i.e. It loses about 400 m? / day from the clarified water, in
addition to the loses of the treatment water which used in the washing of the
filters. When applied all the ordinary filters of El-Fostat water plant (a
maximum of 100 sand filters), the loss reaches daily about 40.000 m3 / day.
While the use of sterilized rice straw or active carbon in the filtration process
work effectively, reduce the loss of water for about 139 m®/ day, (in other
words, the reduction loss is about 13.900 m*/ day).

The present results in agreement with that obtained by Jun et al. (2001)
reported that the treatment plant in South Korea faced the decrease of filter
run time from 20 hours to below 5 hours by the occurrence of diatom,
Synedra sp.
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The present results revealed that the filtration rates for the ordinary
filters (sand only about 100 filters) were 5m3/m?/hr. It carried out on the rapid
sand filters, this requires washing rate every 8 hours daily as in the following
steps: (2 minutes compressed air, 8 minutes water and air and 10 minutes
water only). The examination for the samples of the sand filter, indicate that
the early clogging may be due to the formation of a very massive quantity of
diatoms and algae (especially Syndera ulna), above the sand filter.

The present results in agreement with that obtained by Letterman (1999)
who observed that the function of rapid sand filters, is to remove the
particulate matter in the influent suspension and provide significant pathogen
removal, must have a higher filtration rates were (5~10 m3m?/hr).

The present results in agreement with that obtained by Kawamura
(2000),Crittenden (2005) and Edzwald (2011) who observed that the
backwashing must be continued for a fixed time, or until the turbidity of the
backwash water is below an established value. At the end of the backwash
cycle, the upward flow of water is terminated and the filter bed settles by
gravity into its initial configuration water to be filtered is then applied to the
filter surface until the filter clogs and the backwash cycle needs to be

repeated.
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A - back wash every 8 h

° R
-
Sg
5o
P ,i daily
CE£E m B- back wash every24 h
O » .
g S daily
o)
3 . . - M C - back wash every24
g 8 A -ordinary B-activated C -sterilized h dail ¥
o9 filter (sand carbon filter rice straw ¥
IS . ) .
only) with sand filter with
sand

Fig (9): The number of periods of back washing for all the types of filters

CONCLUSION

After conducting of physico chemical parameters and biological analyzes
for the treated and the untreated water, it was observed that the cause of the
early clogging of the ordinary sand filters was increased during autumn
season and during the decrease of the Nile level. It was clear that
phytoplankton especially Bacillariophyceae (Synedra ulna) was the main
reason for the process of clogging filters. As a result of the filtration process,
it has been found that in the two filters (sterilized rice straw with sand and
activated carbon with sand) an adsorption process for phytoplankton occurs
on their surface during the 24 hours continuously, while the ordinary filter
(sand only) stops after 8 hours daily (for three times a day). Therefore, many
experiments have been done using activated carbon and sterilized rice straw

as an auxiliary layer in each sand filter after it has been shown to be effective
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in algae growth, which may solve the problem (clogged sand filters). A
phenol experiment was carried out on a sterilized rice straw filter to ensure
that it was suitable for drinking water. After measuring phenol in filtered
water using a sterilized rice straw filter, the result was negative. This means
that chlorinated water does not react with the basic components of rice straw
(lignin-silica) but this does not mean that rice straw ingredients do not

decompose by time.

RECOMMENDATION

It is recommended to use activated carbon and sterilized rice straw as an
auxiliary layer in each sand filter. These may solve the problem because of
their effect in reducing algal growth. It is also preferable to place a layer of
sterilized rice straw only once on the sand filters during the clogging period
then change it because decomposition of lignin leads to produce a soluble
lignin and other undesired decomposition products. Also it may use the
sterilized rice straw as a mat at the intake (Nile water before reaching El-
Fostat plant). Although the activated carbon gave a higher ratio of algal
reduction yet it is very expensive, therefore, sterilized rice straw is

recommended for its low price and good results.
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Plates:

1- Synedra Ulna (Nitz.) Her X 400
2- Synedra ulna var. biceps (Kutz.) X 400
3- Synedra ulna var.ramesi (Herib.) Hust. X 1000
4- Synedra actinostriodes Lemmer X 1000
5- Synedra acus Kutz. X 400
6- Synedra.delicatissima.W.Smith X400
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Plates:
7. Cyclotella ocellata Pant X1000
8. Melosira granulate (Her.) Ralfs X 800

9. Melosira granulata var. angustissma Muller X500

()

Vol.(49); 1ss.(8); No.(1); August 2020
ISSN 1110-0826

83



Journal of Environmental Sciences (JES)
Institute of Environmental Studies and Research, Ain Shams University

Mohammad, Bardees et al.

REFERENCE

Agale, M. C.; Patil, J. V. and Patel, N. G. (2013): Study of seasonal variations
of Phytoplankton and their correlation with physicochemical
parameters of Budaki Medium Irrigation Tank, Shirpur. Dist.
Dhule (M.S.) India. European Journal of Zoological Research,
2013, 2 (3):8-16.

Ahmed, M. E. and lIsaac, A. I. (2015): Water quality and potamoplankton
evaluation of the Nile River in Upper Egypt, Acta Limnol.
Bras. vol.27 no.2 Rio Claro Apr./June 2015

Ajayan, K. V.; Selvaraju, M. and Thirugnanamoorthy, K. (2013):
Phytoplankton Population of Ananthapura Temple Lake of
Kasaragod, Kerala. Insight Botany 3(1): 6-14.

American Public Health Association (APHA) (2009): Standard Methods for
the Examination of Water and Wastewater. Edn. Washington
D.C.

American Water Works Association (AWWA) (2002): First Edition Algea
Source To Treatment Available Online at,

Annalakshmi, G. and Amsath, A. (2012): Studies on the hydrobiology of river
Cauvery and its tributaries Arasalar from kumbakonam
(Tamilnadu, India) with reference to phytoplankton. International
Journal of Plant, Animal and Environmental Sciences 2: 37-46.

Ball, A.S.; Williams, M.; Vincent, D and Robinson, J. (2011): Algal growth
control by a barley straw extract. Bioresource. Technol. 77:177—
18.

Bhatnagar, M. and Bhardwaj, N. (2013): Algal Biodiversity Status in
Chembal River at Kota Barrage, Rajasthan. Journal of
Experimental Biology and Agricultural Sciences, June - 2013;
Volume -1 (2S).

84 Vol.(49); 1ss.(8); No.(1); August 2020
ISSN 1110-0826



Journal of Environmental Sciences (JES)
Institute of Environmental Studies and Research, Ain Shams University

Mohammad, Bardees et al.

Crittenden, J. C. (2005): Water Treatment: Principles and Design. 2" Edition,
Hoboken, NJ: Wiley. ISBN 0-471-11018-3

Deepa, M. and Savitha, U. (2015): Role of Bed Surface on the Growth Rate
of Algae and Treatability Studies to Control Algae, Universal
Journal of Environmental Research and Technology All Rights
Reserved Euresian Publication ¢ 2015 elSSN 2249 0256
Available Online at:  www.environmentaljournal.org 2015
Volume 5, Issue 3: 141-151

Edzwald, J. K. (2011): Water Quality and Treatment. 6" Edition, New
York:McGraw-Hill. ISBN 978-0-07-163011-5

Environmental Protection Agency (EPA) (1995): Water Treatment Manules
Filteration. Parts of this publication may be reproduced without
further permission, provided the source is acknowledged.

Environmental Protection Agency (EPA) (2002): Water Treatment Manules
coagulation, flocculation, and clarification. An Ghniomhaireacht
um Chaomhni Comhshaoil PO Box 3000, Johnstown Castle
Estate, Co. Wexford, Ireland. Telephone: +353-53-60600 Fax:
+353-53-60699 Email: info@epa.ie Website: www.epa.ie

Fathi, A. A. and Abd El-Zaher, H. M. (2003): Limnological studies on the
wetland lake, EI-Manzala, Egypt. Bull. Fac. Sci., Assiut Univ. 32
(2-d), p-p. 215-233. https://doi.org/10.1590/52179-975X4014

Henderson, R.; Chips, M.; Cornwell, N.; Hitchins, P.; Holden, B. and Hurley,
S. (2008): Experiences of algaein UK waters: a treatment
perspective. Water and Environment Journal, 2008. 22(3): p. 184-
192.

Hoko, Z. and Makado, P. K. (2011): Optimization of algal removal process at
Morton Jaffray waterworks, Harare, Zimbabwe. Physics and
Chemistry of the Earth, Parts A/B/C, 2011. 36(14— 15): p. 1141-
1150.

Vol.(49); 1ss.(8); No.(1); August 2020 85
ISSN 1110-0826


http://www.environmentaljournal.org/
http://www.epa.ie/

Journal of Environmental Sciences (JES)
Institute of Environmental Studies and Research, Ain Shams University

Mohammad, Bardees et al.

Jonathan, N. and Barrett, P. (2002): Control of Algae using Barley Straw,
Centre for ecology and hydrology, Natural research sciences.
CAPM, CEH Wallingford, Crowmarsh Gifford, Wallingford,
Oxon, 0OX10 8BB Email: jone@ceh.ac.uk  Web:
www.capm.org.uk

Jun, H.; Lee, Y.; Lee, B. and Knappe, D. (2001): Effectiveness of coagulants
and coagulant aids for the removal of filter-clogging Synedra.
Aqua, 2001. 50: p. 135-148.

Jyotsna, N. (2013): Seasonal Abundance and Species diversity of Microalgae
in Satyavaram Pond, Srikakulam Dist, (Andhra Pradesh), India.
International Journal of Innovative Research and Practices Vol.1,
Issue 8.

Karikari, A. Y.; Akpabey, F. and Abban, E. K. (2013): Assessment of water
quality and primary productivity characteristics of Volta Lake in
Ghana. Acad. J. Environ. Sci. 1(5): 088-103

Kawamura, S. (2000): Integrated Design and Operation of Water Treatment
Facilities. 2" Edition, New York: Wiley. pp. 74-5, 104. ISBN 0-
471-35093-1 [3]:213-4.

Lapsongpon, T.; Leungprasert, S. and Chihiro, Y. (2017): Pre-chlorination
contact time and the removal and control of Microcystis
aeroginosa in coagulation. Content from this work may be used
under the terms of the Creative Commons Attribution 3.0 licence.
Earth and Environmental Science 67 (2017) 012011 doi
:10.1088/1755-1315/67/1/012011.

Letterman, R. D. (1999): Water Quality and Treatment, American Water
Works Association.

86 Vol.(49); 1ss.(8); No.(1); August 2020
ISSN 1110-0826



Journal of Environmental Sciences (JES)
Institute of Environmental Studies and Research, Ain Shams University

Mohammad, Bardees et al.

Mohamed, M. M. E.; Ahmed, E. A.; Ahmed, M. M. H.; Hamdy, A. A. and
Mohsen, Y. O. (2018): Evaluation of Water Quality and Plankton
for Mahmoudia Canal in Northern West of Egypt. Evaluation of
Water Quality and Plankton for Mahmoudia Canal in Northern
West of Egypt. Vol. 22(5): 461 - 474 (2018)
www.ejabf.journals.ekb.eg.

Mohanty, D. and Adhikary, S. P. (2013): Assessment of Changes in the Algal
Diversity of Chilika Lagoon after Opening of New Mouth to Bay
of Bengal. Journal of Water Resource and Protection, 2013, 5,
611-623.

Nadita, S. and Fakhruddin, N.A.M. (2017): Removal of phenol from aqueous
solution using rice straw as adsorbent. August 2015 with 154
Reads DOI: 10.1007/s13201-015-0324-9.

Nieuwenhuijsen, M. J.; Toledano, M. B and Elliott, P. (2000): Uptake of
chlorination disinfection by-products; a review and a discussion
of its implications for epidemiological studies. J Expos Anal
Environ Epidemiol. 2000a;10:586-599. [PubMed] [Google
Scholar]

Norfahana, A.; Akil, A.; Siti, H.; Mohd-Setapar, Aidee, K.; Khamis, David,
L. and Mohd, R. (2018): Removal of silica from rice straw by
using alkaline hydrogen peroxide solution in a fixed bed column
J.  Mater. Environ. Sci,, 2018, Volume 9, Issue 3,
Page864872https://doi.org/10.26872/jmes.2018.9.3.http://www. |
materenvironsci.com.

Pengkang, J.; Xin, J.; Xianbao, W.; Yongning F. and Xiaochang C. W.
(2013): Biological Activated Carbon Treatment Process for
Advanced Water and Wastewater Treatment © 2013 Jin et al.,
licensee In Tech.

Vol.(49); 1ss.(8); No.(1); August 2020 87
ISSN 1110-0826



Journal of Environmental Sciences (JES)
Institute of Environmental Studies and Research, Ain Shams University

Mohammad, Bardees et al.

Plummer, J. D. and Edzwald, J. K. (2002): Effects of chlorine and ozone on
algal cell properties and removal of algae by coagulation. Journal
of Water Supply: Research and Technology - Aqua, 2002. 51(6):
p. 307-318.

Ramesh, C. S.; Neetu, S. and Anita, C. (2016): The influence of physico-
chemical parameters on phytoplankton distribution in a head
water stream of Garhwal Himalayas: A case study The Egyptian
Journal of Aquatic Research Volume 42, Issue 1, March, Pages
11-21

Salwa, M. A.; Magdy, M. H. and Mohamed, F. (2007): Growth Inhibition Of
bloomformingxusing Rice Straw In water courses (case study).
Eleventh International Water Technology Conference, IWTC11
2007 Sharm El-Sheikh, Egypt, P.O. Box 13621, Egypt.

Salwa, A. S.; Gamilla, H. A. and Sabry, Z. W. (2008): Distribution Pattern of
Nile Water Algae with Reference to its Treatability in Drinking
water. Journal of Applied Sciences Research, 4 (6): 722-730.

Sarojini, Y.; Lakshminarayana, K. and Seshagiri, R. P. (2013): An assessment
of drinking water quality supplied by the Greater Visakhapatnam
Municipal Corporation, India. International Journal of
Environmental Sciences V. 3 No.5.Scholtz, E. C., Feldkamp, J. R.

Sayed, R.; Muhammad, A.; Ghadir, A. E. and Shereen, F. A. (2019):
Monitoring water quality and plankton distribution in the River
Nile around EI-Maadi area in Egypt during 2018. Egyptian
Journal of Aquatic Biology & Fisheries Zoology Department,
Faculty of Science, Ain Shams University, Cairo, Egypt. ISSN
1110 — 6131Vol. 23(5): 81- 87 (2019)
www.ejabf.journals.ekb.eg.Science Jahangirnagar
UniversitySavar Bangladesh Removal of phenol from aqueous
solution using rice straw as adsorbent June, Volume 7, Issue 3, pp
1459-1465.

88 Vol.(49); 1ss.(8); No.(1); August 2020
ISSN 1110-0826



Journal of Environmental Sciences (JES)
Institute of Environmental Studies and Research, Ain Shams University

Mohammad, Bardees et al.

Sharma, D. K. and Singh, R. P. (2013): Correlation between physic-chemical
parameters and phytoplanktons of Tighra Reservoir, Gwalior,
Madhya Pradesh. 1.J.S.N., Vol. 4(1) 2013: 90-95.

Shen, Q.; Zhu, J.; Cheng, L.; Zhang, J.; Zhang, Z. and Xu. X. (2011):
Enhanced algae removal by drinking water treatment of
chlorination coupled with coagulation. Desalination, 2011. 271(1-
3): p. 236-240.

Sobhy, E. H. M. (2007): Distributions of phytoplankton and epipelic
microalgal communities of Lake Manzala. Ph. D. Thesis. Fac. Of
Girls. Ain Shams Univ. 268 pp.

Soheir, S.; Abdel Salam M. M.; Amer M. A.; Nasr-Eldin, A. M.; Radwan and
Sarah, H. A. (2017): Physical-chemical and Bacteriological
Evaluation of River Nile Water and Drinking Water in Benha
City, Egypt, Vol. 57, No.3, pp. 495 - 506(2017)

Suresh, B.; Manjappa, S. and Puttaiah, E. T. (2013): Dynamics of
phytoplankton succession in Tungabhadra River near Harihar,
Karnataka (India). J. Microbiol. Antimicrob. Vol. 5(7), pp. 65-71.
www.environmentaljournal.org.

Tardiff, R. G.; Carson, M. L. and Ginevan, M. E. (2006): Updated weight of
evidence for an association between adverse reproductive and
developmental effects and exposure to disinfection byproducts.
Regul Toxicol Pharmacol. 2006;45:185-205. [PubMed] [Google
Scholar]

Wu, Z.; Shen, H.; Ondruschka, B.; Zhang, Y.; Wang, W. and Bremner, D. H.
(2012): Removal of blue-green algae using the hybrid method of
hydrodynamic cavitation and ozonation. J Hazard Mater, 2012.
235-236: p. 152-8.

Vol.(49); 1ss.(8); No.(1); August 2020 89
ISSN 1110-0826



Journal of Environmental Sciences (JES)
Institute of Environmental Studies and Research, Ain Shams University

Mohammad, Bardees et al.

Aglagll aglangall 2 gall an gall slima il ylea
Ll &g Ahas b Ligll g5l cneall 3541 a3 slsrgal,

(") UBand) 53 daal A daal —(V)J...\SJ\ 5 gJa (™ ;133 —(Massa e et
Maslsh 3o HulEl se plas
gl aslelly LIS il IS (Y Al Sl Gl sgne Ue el AL ()
sl (e Aaals caslell LIS (Y el (e dadls

mlagadll

SSad sl Moyl A o Gyl Jaladll sl ddanay Al Al cual
Nl & AL cilSy Jall et puie (Rl oWl Capall ause PA Gladial
a8 (JEal Jas e e i1 e S I sag Vs L) ) ool Las Aol latyal
sl dallas Llee 3 Fediidl ALl Cilejall 32435 aSall Jpuid) Adee ol oL
Cilaslae Uand Ayl g Sl o2g) i alag) Jal o - (psttosl) i€y 5 0) oyl
pe el LAl dago Jsill dpad i - Jsaily 5)\Sally A8kal) Slsal) Sladine o Apslia
oo ohaal) Gl pen @ Adsid lShe o o dinall 5V (8 e o) ilad) oWl g gl
(A Jaylly Aaladl lapall) 5 (el 5 (1580 2n) 5 (A s Lal)

el ) culS (Synedra uina) sl sl cdladall (f b G
andll) Cladipall e e s alaaial ol e aaall shal . S s b A S b
AR 53 Ja cladlall o3 cidl (Ll Jall ciladye cilay a3 N1 (i Ladial)
Cy Qi 5o Camy el A e Y dela i Ja ) il 558 W) e el
olae Adana 8 oliall (he 80 Gl i ) cipe EBB (e Yoy caaly Byl dajll mline Jue
il Aibglesl) ileja JilEt g Jallausl)
oSl Jauarll AL ¢35 pal cclaipall il (g SN canall 51 28 rdpalibal) cilalsl)

90 Vol.(49); 1ss.(8); No.(1); August 2020
ISSN 1110-0826



