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W

ATER pollution is a serious problem resulting from introduction of hazardous biological
waste, organic materials and heavy metals into the natural environment. This study
aimed for improving the quality of wastewater as measured by the physicochemical parameters
and controlling microbial pollution using dried banana leaves with phage cocktail. Different
wastewater samples were collected from New Cairo, Gabal El-Asfar and Helwan, Egypt,
and were used for isolation of Escherichia coli, Pseudomonas aeruginosa and Salmonella
Typhi and their specific phages. Fine dried powder of banana leaves was prepared to improve
the physicochemical characteristics and reduce microbial populations; the treatment of
wastewater was performed using fine powder of banana leaves, phage cocktail individually
and in combination. Before treatment, the physical and chemical parameters showed higher
levels, dissolved oxygen was depleted and the counts of total coliforms, fecal coliforms and
fecal streptococci exceeded the permissible limits. However, using banana leaves, there was
an improvement in physicochemical parameters and slight reduction of bacterial populations.
Individual application of phage cocktail resulted in a significant reduction of bacterial growth as
well as adsorption of wastewater pollutants. Furthermore, using combination of phage cocktail
specific to E. coli, P. aeruginosa and S. Typhi and fine powder of banana leaves enhanced the
microbial inactivation and removal of water pollutants. Thus, this study indicated the capability
of using ecofriendly approach comprising of fine dried powder banana leaves and phage cocktail
for wastewater treatment and paves the way for further research to enable reusing wastewater.
Keywords: Banana leaves, Bio adsorption, Phages, Pollution, Treatment, Wastewater.

Introduction
Water is one of the main forms of our life and
it is a natural resource for all living organisms.
It has various uses including household works,
agriculture and industrial purposes (Chaurasia &
Pandey, 2007; Usharani et al., 2010; Rathore et
al., 2014). In recent days, the pollution of water
became a serious problem in developing countries
and all over the world due to uncontrolled
urbanization that threats the life on the earth due
to sewage effluent discharged into water sources
(Tamil et al., 2012; Ouf et al., 2018). All recent

trends try to find solutions for environmental
management, prevention of pollution, treatment
and recycling of wastes for reusing the wastewater
(Azab, 2008; El-Sayed et al., 2015).
The world health organization (WHO)
reported that inadequate water sanitation and
hygiene practices have a great effect on the
death rates each year. In addition, the high risk
of human health is due to pathogenic microbes in
water contaminated by human and animal feces
(Shannon et al., 2007, WHO, 2011; Novo et al.,
2013).
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Bioremediation, a trend to break down and
consume pollutants from environment, has
been used with varying degrees of success
(Vasconcellos, 2009; Ravi et al., 2013). It involves
microbial cleanup of environmental pollutants
without disruption to the local environment
(Vezzulli et al., 2004). Bacteriophages with lytic
activity are a novel tool for controlling bacterial
pathogens (El-Dougdoug et al., 2019). In addition
to that, using phage cocktail has a great effect in
bio-desorption, bioremediation of pollutants and
recycling of wastewater (Gaikwad et al., 2014;
Zhao et al., 2009).
Using plant extract is considered an
ecofriendly and effective way to eliminate
pollutants from water. The banana leaves act as
bio-adsorbent agent that pick up large amounts
of pollutants, metals and pathogens from
wastewater. They have a significant effect on
the availability of metals )Sankaravelu et al.,
2016; Giorgio et al., 2017). Furthermore, the
banana leaves have an effect on the microbial
community in waste water. That was attributed
to the inhibitory effect mediated by phenolic
compounds on bacterial pathogens. Recently,
global concern is heading to find ways for
controlling environmental pollutants using
microorganisms instead of chemical and physical
treatment which may produce toxic substances
(Ayangbenro & Babalola, 2017). Bacteriophages
and dried banana leaves could be a basis for
bioadsorption. Bioadsorption is biological
treatment, eco-friendly and economical process
for water pollution treatment using less expensive
techniques (Boopathy, 2000). Consequently, the
aim of this study was improving physicochemical
quality of wastewater using banana leaves and
specific phages as well as reducing E. coli, P.
aeruginosa and S. Typhi.
Materials and Methods
Study area and sampling collection
Three major wastewater plants, New Cairo,
Gabal El-Asfar and Helwan in Egypt, which
are the branches of the Nile River that received
sewage, agricultural and industrial wastes, were
used for collecting samples. The collection and
preparation of samples were performed based
on Standard Methods for Examination of Water
and Wastewater (APHA, 2012). The forty
samples (50L) of wastewater were collected from
three plants during summer (20 July 2017 from
Egypt. J. Bot. 60, No.1 (2020)

12.00p.m. to 3.00p.m., air temperature was 31oC).
Assessments of physicochemical parameters
The wastewater samples were analyzed
physically and chemically according to
Standard Methods for Examination of Water and
Wastewater (APHA, 2012). Physical and chemical
parameters such as electric conductivity (EC),
dissolved oxygen (DO) and total dissolved solids
(TDS) were determined in-situ using multi-probe
technique (Hydralab-Surveyor) and rechecked
in laboratory. Ammonia (NH3) was determined
by ammonia selective electrode(ORION model
940). Biochemical oxygen demand (BOD) was
determined by ORION BOD fast respiratory
system (model 890) while carbonates CO32and bicarbonates HCO3- were detected by
Ion chromatography (IC-METROHM). The
temperature of wastewater samples was measured
by a calibrated thermometer. Evaluation of pH
was performed using bench-top pH/ISE meter,
ORION model 710A with PerpHect Ag/AgCl low
maintenance Gel triode pH electrode and model
9207BN with accuracy of about ±0.02.
Bacteriological analysis
Water samples were shaken up vigorously and
serial dilutions were prepared in saline solution
(8.0gm NaCl). The total number of bacteria
and the microbial counts were detected using
Standard plate count (SPC) according to APHA
(2005). Plate count agar used for counting, was
obtained in a dehydrated form (Difco, USA).
Two sets of duplicate plates were used for each
sample dilution. One set was incubated at 37oC
for 24-48hrs and the other set for 3-5 days at
22oC using cooling incubator (VWR). Viable
organisms developed in the form of colonies
were counted. The original numbers of organisms
(cfu/ml) in water were calculated considering
the dilution factor and the final estimate was
taken as the average of figures obtained from the
countable plates. The membrane filter technique
was applied using a filtration system completed
with stainless steel autoclavable manifold and oilfree “MILLIPORE” vacuum/pressure pump for
determination of total and fecal coliforms, fecal
streptococci, P. aeruginosa, S. Typhi and other
gram-negative bacteria. Selected sample volume
(depending on type of sample) was filtered on
sterile and surface gridded “SARTORIOUS”
membrane of pore size 0.45mm and diameter
47mm placed aseptically over the porous plate of
the filtration unit receptacle.
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Isolation of bacterial isolates
Being the most prevailing pathogens in
wastewater; Escherichia coli, Salmonella Typhi
and Pseudomonas aeruginosa were isolated in
studied areas. Briefly, wastewater samples were
diluted and inoculated on standard plate count
agar and incubated at 35°C for 24 to 48hrs. After
incubation, the developed colonies were isolated
using selective medium (m-TEC agar medium
for E. coli, Bismuth sulfite agar for Salmonella
spp. and M-PA-C agar medium for Pseudomonas
aeruginosa). Each of the isolates was observed for
the colony characters.
Biochemical identification of bacterial isolates:
Typical colonies were sub-cultured three
successive times for purification and confirmation
on Eosin Methylene Blue agar plates for E.
coli, Salmonella Shigella agar for Salmonella
spp. and Cetrimide agar for Pseudomonas
aeruginosa. Bacterial isolates were identified by
colonial morphology, gram’s staining and other
conventional biochemical tests (Bergey’s manual
2009).
Molecular identification of bacterial isolates:
Bacterial genomic DNA was isolated
using Applied Biosystems PrepMan® Ultra
sample Preparation Reagent (PN 4322541)
(QIAamp, Qiagen®, Hilden). Two primer sets,
F: 5’ GGGGGATCTTCGGACCTCA -3’ and
R: 5› TCCTTAGAGTGCCCACCCG -3’ were
usedaccording to Tripathi et al. (2013).
PCR amplifies the first 500 base pairs of the
16s ribosomal DNA gene in the GeneAmp®PCR
System 9700. The products were then loaded
in a genetic analyzer to determine the sequence.
MicroSEQ® ID Analysis Software enables
to analyze sequences obtained with any of
the MicroSEQ® Microbial identification Kits
including the MicroSEQ® 500 16s rDNA Bacterial
Identification Kits. The software assembles the 16s
rDNA sequence for the unknown then compares
the sequence with 16s rDNA sequence in the
MicroSEQ® ID16s rDNA 500 Library (version I.0
and 2.0). Based on the comparison, the software
provides an ID for the unknown bacterial species.
Phylogenetic tree and similarity index
The relation between isolated bacteria and
other isolates were determined using the CLC
software version 7.6 (Qiagen, Aarhus, Denmark).
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Isolation and purification of bacteriophages
Preparation of the phage lysates
Different waste water samples were used
for isolation of phages specific for E.coli, P.
aeruginosa and S. Typhi through the liquid
enrichment technique (Van Twest & Kropinski,
2009). Each sample (About 10ml) from water
samples was mixed with 50 ml of liquid culture
of E. coli, P. aeruginosa and S. Typhi isolates with
traces of CaCO3 were added to the mixture. Then,
the samples were incubated at 30ºC for 72hrs. with
shaking. After that, centrifugation at 6000 rpm for
15min was performed and chloroform was added
by a ratio of 1:10 with vigorous shaking.
Qualitative and quantitative assaying of
phages
Phages specific for E. coli, P. aeruginosa and
S. Typhi were assayed qualitatively using spot test
and quantitatively by over layer (plaque assay)
technique (Kropinski et al., 2009). Single phage
plaques specific for isolated bacterial species
were selected, characterized and picked up, then
transferred to 10 ml of broth culture (108 CFU/
ml), incubated at 30°C for 48-72hrs. with shaking
at 150rpm. The step was repeated three times to
enhance purity of phage plaques.
Purification of phages
Dextran sulfate-polyethylene glycol was used
for phage purification and concentrated using two
phase liquid system (Othman et al., 2008). The
mixture centrifuged at 2000rpm for l0min. Then,
the supernatant was collected and centrifuged at
16000rpm for 2hrs at 4°C. The phage pellets were
resuspended in 1ml of saline solution and assayed.
Electron microscopy examination
The isolated phages were examined using
transmission electron microscopy (TEM). The
phage sample was prepared as described before
(Ackermann, 2012) where drop of phage lysate
(108 pfu/ml) was laid on 200 mesh carbon coated
cupper grid and left them for absorption for 20
min. The excess lysate was wiped using filter
paper, before the grids were negatively stained
with 2% uranyl acetate (pH 4.5) for 90sec and
allowed to dry, then examined by transmission
electron
microscopy
(JEOL-JSM-5500LV;
electron microscope unit, Regional Center for
Mycology and Biotechnology, Al-Azhar Univ.,
Cairo) using high vacuum mode at an acceleration
voltage of 80 kV.

Egypt. J. Bot. 60, No.1 (2020)

202

NOHA K. EL-DOUGDOUG et al.

Application of dried banana leaves and phages for
wastewater treatment
Preparation of fine dried powder of banana
leaves
The banana leaves were collected and washed
three times by sterilized water to discard any
derbies. They were air dried, then grounded using
blender with high speed. They were sifted using
sieve, its pores with diameter at range 200 to
300µm, to obtain fine powder of banana leaves.

Statistical analysis
The data was interpreted through correlation
coefficient matrixes between all pairs of
bacteriological and physicochemical parameters.
MINITAB statistical software program was used
for calculating percentages, mean values and log
transformed data. The standard deviations were
determined for duplicate independent trials. The
data and the differences from control (without
treatment) were considered significant at P < 0.05.

Preparation of phage cocktail
The phage cocktail was prepared by mixing
equal volumes of isolated phages (10ml of each
phage) specific to bacterial host (E. coli, P.
aeruginosa and S. Typhi) at concentration 108
PFU/ml as determined by plaque assay.

Results
Physicochemical characteristics of wastewater
samples
The Physicochemical values of three
wastewater sites, New Cairo, Gabal El-Asfar and
Helwan, indicated higher values than permissible
limits as shown in Table 1.

Bioadsorption and bioeradication of water
pollutants
Each of three wastewater samples were
divided into four parts (1L for each part). First
liter was untreated used as control. Second liter
was treated with (50g/L) fine powder of banana
leaves. Third liter was mixed with 10 ml (108 PFU/
ml) phage cocktail and the last one was treated
with a mixture of (50g/L) fine powder of banana
leaves and 10ml (108 PFU/ ml) phage cocktail. The
physicochemical and bacteriological parameters
were measured before and after treatment.

The results in Table 1 showed detectable
variations in microbial counts among the three
studied sites. It is worth mentioning that, all
monitoring points in stations exceeded the
international standard limits (should not be more
than 5x103 CFU/100 ml-1).
The high level of fecal coliform (FC) Fecal
streptococci (FS) was detected in all water
samples.

TABLE 1. Physico-chemical and bacteriological parameters in different wastewater plants .
Sites
Parameters

New Cairo

Gabal El-Asfar

Helwan

801
0.600
17.92
0.40
119

573
0.491
25.00
0.28
170

8.28

7.02

8.38

8.27

6.92

8.04

6.24
5.94
4.34
2.95

5.90
5.48
4.10
3

6.91
5.51
4.39
2.81

Physicochemical parameters
TDS (mg/L)
EC (dS/m)
NH3 (mg/L)
DO (mg/L)
BOD (mg/L)
SPC (Log/ ml)
22°C/48hrs
SPC (Log/ ml)
35°C/ 24hrs
TC (Log/ 100ml)
FC (Log/ 100ml)
FS (Log/ 100ml)
P. aeruginosa (Log /100ml)

610
0.975
23.18
0.16
125
Bacteriological parameters

TDS: Total dissolved substances, EC: Electric conductivity, NH3: Ammonia, Do: Dissolved oxygen, BOD: Biological oxygen demand,
SPC: Standard plate count, TC: Total coliform. FC: Fecal coliform, FS: Fecal Streptococci

Egypt. J. Bot. 60, No.1 (2020)

IMPROVING WASTEWATER TREATMENT USING DRIED BANANA...

203

Molecular identification of bacterial isolates
Isolated bacteria were confirmed by16s rDNA
gene using PCR. PCR amplifies expected size 500
bp of the 16s rDNA gene in the GeneAmp®PCR
System 9700. The software assembles the 16s
rDNA sequence for the unknown then compares
the sequence with 16s rDNA sequence in the
MicroSEQ® ID16s rDNA 500 Library (version
I.0 and 2.0).

In order to interpret results obtained from large
quantity of data and to gain knowledge about the
relationship between different physicochemical
and bacteriological parameters, the correlation
coefficient matrix was calculated as shown in
Table 2. Significant correlation (r= +0.98) between
BOD & TC & FC & FS showed statistically high
positive, while showed high negative correlation
between DO and both of TC, FC and FS. This
is indication for water pollution with bacterial
contamination.

Sequence analyses
Multiple sequence alignments were subjected
to variability analysis among isolated bacteria
using DNAMAN and MEGA.4 programmers
(Wisconsin, Madison, USA) and aligned with
bacterial species recorded on the Genbank.
Phylogenetic tree representing the relationship
between the bacterial species published on the
Genbank and isolated bacteria based on DNA
sequence homology (79, 76 and 67 % for E.
coli, S. Typhi and P. aeruginosa respectively),
distance and homology matrix representing the
relationship between bacterial species published
on the Genbank and Egyptian isolates. The
phylogenetic tree was performed and shows four
clusters (Fig. 1 A, B and C).

Bacterial isolates
Eighty bacterial isolates out of 210 bacterial
colonies were isolated from different waste
water samples of studied sites. They identified
based on the identical cultural characters,
morphology of bacterial colonies and bacterial
cells morphology. Furthermore, the identification
of bacterial isolates was confirmed according to
Bergey’s Manual of Systematic Bacteriology
and 16s DNA gene. As recorded in Table 3, three
bacterial isolates, the most abundant pathogens
in the studied areas, were counted as E. coli
(61.4%), S. Typhi (35.2%) which are related
to Enterobactericeae and P. aeruginosa (3.3%)
relevant to Pseudomonadaceae.

TABLE 2. Correlation coefficient matrix between physicochemical and bacteriological parameters.
Variable

DO

BOD

TC

FC

DO

1.00

BOD

0.14

1.00

TC

-0.72

0.98

1.00

FC

-0.89

0.81

-0.13

1.00

FS

-0.77

0.73

0.85

0.41

FS

1.00

- (1): Perfect positive correlation, (0.8): High positive correlation, (0.3): Low positive correlation, (0): No correlation, (-1): Perfect
negative correlation, (-0.8): High negative correlation, (-0.3): Low negative correlation.
- Do: Dissolved oxygen, BOD: Biological oxygen demand, SPC: Standard plate count, TC: Total coliform. FC: Fecal coliform, FS:
Fecal Streptococci.

TABLE 3. Total count and frequency of pathogenic bacteria species isolated from wastewater.
Species

New Cairo

Gabal El-Asfar

Helwan

Total

Frequency %

Escherichia coli

45

47

37

129

61.4%

Pseudomonas aeruginosa

23

33

18

74

35.2%

Salmonella Typhi

3

2

2

7

3.3%

Total

71

82

57

210

100%
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A

B

C

Fig. 1. Phylogenetic tree representing the relationship
between the bacterial species (A) E. coli, (B)
P. aeruginosa and (C) S. Typhi recorded on
the Genbank and Egyptian isolates based on
DNA sequence homology.

Identification of lytic phages specific to E. coli,
P. aeruginosa and S. Typhi
Eight phages specific to three bacterial
isolates were isolated of each E. coli isolates
(A2 & B2), S. Typhi isolates (A3 & 102) and
P. aeruginosa isolate (A1). The lytic phages
were selected based on differences of plaque
morphology (Fig. 2, Table 4). The activity and
Egypt. J. Bot. 60, No.1 (2020)

titer of specific bacteriophages were determined
by spot test and plaque assay test. As shown in
Table 4, using single plaque isolation technique
resulted in three single phage isolates for E .coli,
P. aeruginosa and S. Typhi. All isolated phages
formed circular plaques whose diameters ranged
between 1mm to 5mm. These phages specific
to E. coli were named as C1, C2 and C3, P.
aeruginosa phages were known Ps1, Ps2 and
Ps3 and S. Typhi phages were defined as S1 and
S2. Dextran sulfate-polyethylene glycol two
phase systems were used to obtain a purified and
concentrated phage preparation.
Phage morphology
Eight selected phages for bacterial species
isolated from sewage were examined by TEM.
The head of all examined phages was icosahedral
and the phages were with or without. The
examined phages showed different morphotypes
(Fig. 3). E. coli phages (Eco-1 and Eco-2), P.
aeroginosa phage (Ps-1), S. Typhi phage (Sal1) are related to Siphoviridae. Whereas, E. coli
phage (Eco-3) and P. aeruginosa phage (Ps-2)
are related to Myoviridae that characterized
by a short tail with contractile sheath. On the
other hand, P. aeruginosa phage (Ps-3) and S.
Typhi phage (Sal-2) do not have tail and thus
they were related to the Podoviridae. The head
diameter and tail length were determined as
shown in Table 5.
The efficacy of banana leaves and phage cocktail
on physicochemical parameters of wastewater
The changes in physical and chemical
parameters were observed after wastewater
treatment using fine powdered banana leaves and
phage cocktail. The results showed variations in
the effect of banana leaves and phage cocktail
on the presence of wastewater pollutants. The
treatment resulted in reducing the concentrations
of BOD, COD and turbidity. In addition, there
was an increase in the concentration of TDS
and DO. On the other hand, there was a slight
effect on temperature and pH. The significant
effectiveness was observed in the treatment of
sewage water using mixture of banana leaves
and phage cocktail rather than using plant only
(P<0.05) (Table 6). The standard deviations
were determined for duplicate independent
trials. The data and the differences from control
(without treatment) were considered significant
at P<0.05.
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Fig. 2. Plaque assay technique illustrates the presence of different morphological plaques; A: Phages specific for E.
coli strain A2, B: Phages specific for P. aeruginosa strain A1, C: Phages specific for S. Typhi strain.
TABLE 4. Plaques morphology and titers of phages specific to E. coli, P. aeruginosa and S. Typhi.
Phage
isolates

Bacterial host

Diameter

Plaque
morphology

Plaque assay test
(PFU ml-1)

Site

Eco-1*

E. coli strain A2

3mm

Circular
Turbid
Regular

50x102

WWTPs

Eco-2

E. coli strain A2

2mm

Circular
Clear
Regular

35x102

WWTPs

Eco-3

E. coli strain B2

1 mm

Circular
Clear
Regular

27x102

WWTPs

**Ps-1

P. aeruginosa strain A1

4mm

Circular
Clear
Regular

16x102

WWTPs

Ps-2

P. aeruginosa strain A1

1mm

Circular
Turbid
Irregular

80x102

WWTPs

Ps-3

P. aeruginosa strain A1

5mm

Circular
Turbid
Regular

39x102

WWTPs

***Sal-1

S. Typhi strain A3

2mm

Circular
Clear
Regular

101x102

WWTPs

Sal-2

S. Typhi strain 102

2mm

Circular
Clear
Irregular

66x102

WWTPs

- The letter Eco refers to coliform bacteria E. coli and numbers 1 to 3 are the isolated phage numbers.
- The letter Ps refers to coliform bacteria P. aeruginosa and numbers 1 to 3 are the isolated phage numbers.
- The letter Sal refers to coliform bacteria S. Typhi and numbers 1 to 2 are the isolated phage numbers.

Bio-control of pathogenic bacteria using mixture
of phages and banana plant:
The Bio-adsorption efficacy of banana
leaves and the lytic activity of phages cocktail
to bio-control pathogenic bacteria were applied
in sewage water. A mixture of banana leaves fine
powder and phage cocktail showed a significant
reduction of pathogenic bacteria (P<0.05). About
2 log reduction of bacterial growth was observed

using banana leaves as well as phages cocktail,
using individual treatments. Whereas, up to 4
log reduction was showed by using a mixture of
banana leaves fine powder and phage cocktail
(Fig. 4). The standard deviations were determined
for duplicate independent trials. The data and the
differences from control (without treatment) were
considered significant at P<0.05.
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Fig . 3. Electro-micrograph represents the morphology of eight different phages speciﬁc to E. coli , P.aeruginosa and
S. Typhi isolates using TEM. . *Eco refers to coliform bacteria E. coli and numbers 1 to 3 are the isolated
phage numbers. *Ps refers to coliform bacteria P. aeruginosa and numbers 1 to 3 are the isolated phage
numbers. *Sal refers to coliform bacteria S. Typhi and numbers 1 to 2 are the isolated phage numbers.
TABLE 5. Morphological properties of isolated phages.
..
Size

Head diameter (nm)

Tail length (nm)

Family

Eco-1

80.0

171.08

Siphoviridae

Eco-2

94.00

167.08

Siphoviridae

Eco-3

103.00

101.01

Myoviridae

Ps-1

90.00

165.33

Siphoviridae

Ps-2

91.00

135.00

Myoviridae

Ps-3

85.00

Sal-1

64.00

Sal-2

70.00

Phage

Podoviridae
203.30

- Eco refers to coliform bacteria E. coli and numbers 1 to 3 are the isolated phage numbers.
- Ps refers to coliform bacteria P. aeruginosa and numbers 1 to 3 are the isolated phage numbers.
- Sal refers to coliform bacteria S. Typhi and numbers 1 to 2 are the isolated phage numbers.
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TABLE 6. Physico-chemical properties of wastewater after treatment using banana leaves and phage cocktail.
Parameter
Temperature
pH
EC
NH3
Total Alkalinity
CO3
HCO3
BOD
COD
DO
Turbidity
TDS
TSS

Unit
o

C

mS/cm
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Before treatment
(control) ± SD
28±0.14
7.35±0.49
0.975±0.33
23.18±0.51
302.5
ND
302.5±0.28
125±0.23
233±0.14
0.16±0.16
260±0.47
610±0.22
400±0.33

Banana leaves
treatment ± SD
31±0.18
7.72±0.57
1.688±0.23
16.02±0.12*
473.4*
ND
473.4±0.05*
98±0.39*
150±0.30*
2.01±0.29*
170±0.61*
1080±0.55*
460±0.35

Banana leaves & phage
treatment ± SD
31.8±0.28
7.50±0.47
1.02±0.29
9.01±0.57*
298.2
ND
298.2±0.19*
25±0.28*
71±0.29*
6.02±0.31*
149±0.32*
744±0.35
391±0.57

- The data represent the mean ± standard deviation (SD),
- *: A significantly different from the control (before treatment) (P<0.05).

Fig. 4. Histogram showing the bio-control of bacterial pathogens in sewage water using a mixture of banana
leaves powder and phage cocktail [SPC: Standard plate count, TC: Total coliform, FC: Fecal coliform, FS: Fecal
Streptococci. Statistically significant treatments compared to the control (initial conc.) were indicated by “*” where P<
0.05. The population count below detection limit (less than 1 log CFU/ml) is indicated by “**” ].

Discussion
Wastewater treatment is a necessity for
human health and the environment. The current
study intended to improve wastewater treatment
using biological approach. The water quality
assessments of three studied areas were carried
out through in accordance with previous studies
(Andhra, 2018). The Physico-Chemical values
of three wastewater sites indicated higher values
than permissible limits (APHA, 2012). The results
showed higher values in turbidity, NH3, TDS,
EC, BOD and total alkalinity concentrations in

addition to depletion in DO. DO is the availability
of oxygen for the aerobic metabolism and organic
decomposition (Subashree et al., 2017). DO is
often acts as water quality indicator. Inadequate
DO may contribute to anaerobic condition that
leads to water deterioration and unfavorable odors
that belongs to the production of H2S, NH3and CH4
gases (El-Sherbini et al., 1997) and accumulation
of organic matter and nutrients load (El-Gamal
& Shafik, 1985). BOD is oxygen consumed for
microbial metabolic requirements during the
breakdown of organic matter. It reflects the level
of organic materials causing water pollution as
Egypt. J. Bot. 60, No.1 (2020)
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reported by Chapman (1992). Total Coliforms (TC)
are used as good indicators for quality of water,
It is worth mentioning that, all monitoring points
in stations exceeded the international standard
limits recommended by (Tebbutt, 1998; AboElEnien et al., 2017). A maximum count of total
coliforms is about 1000 cfu100 ml-1, especially in
water surface which are used as water supply for
drinking (Cabelli, 1978; El-Rawady & Cedare,
2014). TC are used as a good indicator for quality
of water, fecal coliforms (FC) is the serious form
of pollution for many rivers everywhere. Feces,
from human source containing enteric pathogens,
commonly causes the higher risk to public health.
According to several reports, the ratio FC/FS was
used to determine source of fecal pollution is from
human or animal wastes. Furthermore, the counts
of TC, FC and FS exceeded the permissible limits.
Fecal contamination is a serious form of pollution
for many rivers everywhere. Feces from human
source containing enteric pathogens commonly
cause the higher risk to public health (Bhadra et
al., 2003; David et al., 2017). It seems that all
wastewater treatment stations did not comply with
the international standard limits (Tebbutt, 1998;
El-Gamal & Housian, 2016). Restricted limits
for surface water intended for using as supply of
drinking water indicated the unsafe usage of water
based on bacteriological point of view (Cabelli,
1978; Gabr, 2018).
Three isolated bacteria, E. coli, P. aeruginosa
and S. Typhi, were detected, counted and identified.
Generally, the identified bacteria in this study were
investigated as pathogenic bacteria with human
health concern (Sneath, 1986; Cheesbrough, 2006;
WHO, 2011; Azzam et al., 2017). The presence
of E. coli and E. faecalis in wastewater sites acts
as an indicator for the contamination with sewage
and fecal coliform (Edberg et al., 2000).
The identification of bacterial isolates was
carried out according to Bergey’s Manual of
Systematic Bacteriology. Morphological and
biochemical characteristics of identified isolates
were determined as shown in Brenner et al. (2005)
and De Vos et al. (2009). The identified bacterial
isolates was confirmed by 16s rDNA gene using
PCR. The resulted sequences were compared with
bacterial species recorded on the Genbank using
DNAMAN program and identified as E. coli, P.
aeuroginosa and S. Typhi (Lin & Tong, 2013;
Momen, 2016).
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Three phages specific to E. coli, three for P.
aeruginosa and two phages related to S. Typhi
were isolated and characterized by transmission
electron microscope. All isolated phages specific
for E. coli, P. aeruginosa and S. Typhi produce a
circular, clear or turbid plaque ranged from 1mm
and 5mm in diameter. Zahra et al. (2014) obtained
also circular plaques varied from 1 to 4mm in
diameter for five coliphage isolated from sewage
water. Zahra et al. (2014) and Lu et al. (2018)
isolated phages specific for P. aeroginosa and S.
Typhi from sewage water.
The banana leaves were applied as fine powder
for bioremediation of pollutants in waste water.
Using banana fine powder leads to increasing the
specific surface that increasing bio-adsorbent of
large amounts of pollutants, metals and pathogens,
from wastewater. The obtained results showed that
gradual improvement recognized at the treatment
of waste water using fine powder of banana
leaves (Daud et al., 2017). In addition to that,
they are attributed most probably to purification
and disinfection concepts as well as reduction
of bacterial pathogens with percentage ranged
between 92-96% & 75-100% for physicochemical
and microbiological values, respectively. The
results showed the efficacy of using banana
leaves powder in the reduction of BOD, NH3
and TDS, COD. Furthermore, it has a significant
effect on the availability of metals as reported by
Subramanian et al. (2007). Thus, banana powder
could be used for the bio-adsorption of soluble
form of heavy metals in wastewaters which have
raised increasing concern in several countries
(Anupriya et al., 2018). Another study showed the
effectiveness of Cu and Pb adsorption onto banana
peels powder (Naikwade et al., 2014; Giorgio et
al., 2017).
However, in this study, applying the mixture of
banana leaf powder with phage cocktail specific
to E. coli, P. aeruginosa and S. Typhi has an effect
on physicochemical parameters and a significant
reduction on bacterial pathogens in wastewater.
A previous study proved that the effect of
phages belongs to adsorption sites on the surface
of bacteriophage T4. These sites are found to be
negatively charged through the zeta potential
analysis and thus, demonstrating the capabilities of
these viruses at adsorbing positively charged metal
cations, Studies have also shown that microbes
can be responsible for both the mobilization and
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immobilization of heavy metals in the subsurface,
which influences the storage and release of these
metals in the environment that these microbes are
present in (Oyewo et al., 2018; Mohamed et al.,
2020). This demonstrates the potential of viruses
which are much more abundant than bacteria, to
be a potential player in contaminant mobility in
subsurface environments. Bioaccumulation of these
heavy metals and also biosorption by microbial
biomass have been determined to influence the
mobility of such pollutants )Ahmad et al., 2005;
Dey et al., 2018). Biosorption of heavy metals
and radionuclides have long been associated with
microbially mediated bioremediation techniques
(Schwizer et al., 2018; El-Sayed, 2019). This
agrees with the findings of most studies out there
which have proven that most divalent metal cations
are able to help increase or enhance the infectivity
of bacteriophages (Adams, 1949b). When the
infectivity of viruses increases, this means that
there will be a rise in the occurrences of bacterial
lysis in the ecosystem, which could bring about
the release of organic carbon and nutrients into the
environment.
The abundance of microbial communities may
also affect viral lysis when species of microbes are
targeted by bacteriophages in the environment.
Furthermore, the bacteriophage showed a
delaying the growth of bacterial pathogens in
wastewater, that belongs the high lytic activity
on bacterial host. This study showed a significant
reduction of bacterial growth with using phage
cocktail another recent study showed using phage
cocktail was more efficient with commercial
applications in bacteriophage therapy against
Salmonella (Bardina et al., 2016). As a result of
all this, using phage cocktail has a great effect in
bio-desorption, bioremediation of pollutants and
recycling of wastewater (Gaikwad et al., 2014;
Zhao et al., 2009).
Conclusion and Recommendations
The safety of wastewater and the assessment of
the water quality were conducted through the
evaluation of physicochemical properties and the
diversity of microbial community. Consequently,
bacteriophages and fine powder of banana leaves
were applied as bio-control and bio-adsorbent
agents for enhancement the safety of wastewater
and water recycling for recreational and irrigation
usages. Accordingly, formulating a mixture from
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fine powder of banana leaves and bacteriophages
could be of interest as alternative for recycling
wastewater for use in agriculture, industrial and
other purposes. Furthermore, more research is
needed to understand the possibility of using
phages and banana leaves for eradication of
pollutants from wastewater on a large scale.
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تحسين معالجة مياه الصرف الصحي باستخدام أوراق الموز المجففة وكوكتيل من
البكتيريوفاج
نهي خالد الدجدج( ،)1محمد عاطف نصر الدين( ،)1محمد ابراهيم عزام( ،)2ايه احمد محمد( ،)1محمود محمد
()1
هزاع
()1قسم النبات و الميكروبيولوجي  -كلية العلوم  -جامعة بنها  -بنها  -مصر)2( ،المعمل المركزى لمراقبة الجودة
البيئية  -المركز القومي لبحوث المياه  -القاهرة -مصر.
يعد تلوث المياه مشكلة خطيرة ناتجة عن إدخال النفايات البيولوجية الخطرة والمواد العضوية والمعادن الثقيلة في
البيئة الطبيعية .هدفت هذه الدراسة إلى تحسين نوعية مياه الصرف الصحي مقيسة بالمقاييس الفيزيائية والكيميائية
والسيطرة على التلوث الميكروبي باستخدام أوراق الموز المجففة مع كوكتيل من البكتريوفاجات .تم جمع عينات
مختلفة من مياه الصرف الصحي من القاهرة الجديدة ،جبل األصفر وحلوان ،مصر ،واستخدمت لعزل  E. coliو
 P. aeruginosaو  S. Typhiو كذلك الفاجات المتخصصة لهذه العزاالت .ومن ثم تم تحضير مسحوق مجفف
من أوراق الموز .وتم إجراء معالجة المياه الصرف باستخدام مسحوق ناعم من أوراق الموز ،والفاجات بشكل
فردي ومزيج منهما .وسجلت النتائج قي ًما أعلى للمعايير الفيزيائية والكيميائية باإلضافة إلى استنزاف األكسجين
الذائب في مياه الصرف قبل المعالجة .عالوة على ذلك ،تم تجاوز تعداد القولونيات الكلية ،القولونيات البرازية
والمكورات العقدية البرازية الحدود المسموح بها .وبعد المعالجة باستخدام مسحوق أوراق الموز المجفف ،وكان
هناك تحسن في المعايير الفيزيائية والكيميائية وانخفاض طفيف في مسببات األمراض المعزولة والتي تعززت
باستخدام مزيج من كوكتيل الفاجات المخصص لـ  E. coliو  P. aeruginosaو  S. Typhiومسحوق أوراق
الموز .ولقد أدت المعالجة باستخدام كوكتيل الفاجات إلى انخفاض كبير في نمو البكتيريا وكذلك امتصاص ملوثات
مياه الصرف الصحي .ومن ثم أشارت هذه الدراسة إلى القدرة على استخدام نهج صديق للبيئة يتكون من أوراق
الموز المجففة الدقيقة وكوكتيل الملتهمة لمعالجة مياه الصرف الصحي وتمهيد الطريق لمزيد من البحوث لتمكين
إعادة استخدام المياه الصرف.
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