International Journal of Applied Chemical and Biological Sciences (2022), 3(5), 1-11
ISSN 2582-788X

RESEARCH PAPER

Article Identifier: https://identifier.visnav.in/1.0001/ijacbs-22h-21003/

Bacteriological Analysis of Water Samples from
Ebonyi State University, Abakaliki, Nigeria

Ifeanyi Frank Nwodika *

Department of Applied Microbiology, Faculty of Biological Sciences, Ebonyi State University Abakaliki,
Nigeria.

* For correspondence: franknwodika@gmail.com

Received on: 23 August 2022 Published on: 28 October 2022

ABSTRACT

The bacteriological examination of water samples from Ebonyi State University Abakaliki was investigated using standard
microbiology procedures. Water samples were collected from the hostels, laboratories, the office complex, and lecture
rooms. The samples were analysed using the multiple tube fermentation method also called the most probable number
method. The isolated microorganism was characterized and identified based on morphological, biochemical, and sugar
fermentation tests and the result of isolation revealed that Pseudomonas aeruginosa is the contaminating microorganism.
The identified bacteria isolate was tested against some commercially available antibiotics using disc diffusion techniques.
The result of the Antimicrobial sensitivity study showed that Pseudomonas aeruginosa was resistant to most of the
antibiotics (amikacin, sulphamethoxazole, chloramphenicol, ceftriaxone, clindamycin, amoxicillin, cefoxitin, and
ceftazidime) except (gentamicin, and ciprofloxacin). The reason for the high resistance of Pseudomonas aeruginosa to
antibiotics was not identified by this study, but it is rather an area the researcher will hope to explore in further research
to support the discovery of more effective and efficient antibiotics. The result of this study further highlights the significant
challenges facing Nigeria in its bid to meet the UN Sustainable Development Goal target 6.1 which calls for universal and
equitable access to safe and affordable drinking water. Therefore, quality control treatment is recommended for all
sources of water to ensure it meets the UN, WHO, and NAFDAC's approved standards before its consumption and usage to

avoid an outbreak of water-borne diseases among the staff, and students.
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1. INTRODUCTION health. Microorganisms are widely distributed in nature

and their abundance and diversity may be used as

Water is one of the most abundant commodities on the . o
indicators of the suitability of water (Popko et al., 2006).

planet, it occupies about 70% of the earth's surface

(Afiukwa et al, 2006). The three main forms of water In 2010, the UN General Assembly explicitly recognized

contamination are physical, bacterial, and chemical (Mor
et al,, 2006). Microbial contamination of drinking water

is a common problem that has a serious impact on public
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the human right to water and sanitation. Everyone has
the right to sufficient, continuous, safe, acceptable,

physically accessible, and affordable water for personal
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and domestic use. Sustainable Development Goal target
6.1 calls for universal and equitable access to safe and
affordable drinking water. The target is tracked with the
indicator of “safely managed drinking water services” -
drinking water from an improved water source that is
located on-premises, available when needed, and free
from faecal and priority chemical contamination (WHO,
2017). Water quality is addressed also under other SDGs
such as the goals of health, poverty reduction,
ecosystems, and sustainable consumption and
production, recognizing the links between water quality
and the key environmental, socioeconomic, and
development issues (Goals 1, 3, 12, 15 and Targets 1.4,
3.3,39,12.4,15.1).

Water quality is one of the main challenges that societies
will face during the 21st century, threatening human
health, limiting food production, reducing ecosystem
functions, and hindering economic growth. Water quality
degradation translates directly into environmental,
social, and economic problems (UNESCO, 2021). Every
day 2 million tonnes of sewage and other effluents drain
into the world’s water (UNESCO, 2021). The discharge of
wastes from municipal sewage is one of the most
important water quality issues worldwide, it is of
particular significance to sources of drinking water
(Daud et al.,, 2017). Municipal sewage contains human
faeces and water contamination with these effluents may
contain pathogenic organisms and consequently may be
hazardous to human health if used as drinking water or
for the preparation of food (Nester et al., 2004 & Ho et
al,, 2003).

In Africa, Contaminated water is a major threat among
communities. The UNICEF data show that children in
more than 80 countries live in areas with high or
extremely high water vulnerability. Eastern and
Southern Africa have the highest proportion of children
living in such areas, with more than half of children

(58%) facing difficulty accessing sufficient water every
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day followed by West and Central Africa (31%) (UNICEF,
2021). Every hour, an estimated 115 people die in Africa
from diseases linked to improper hygiene, poor
sanitation, and contaminated water, according to the
United Nations Department of Economic and Social
Affairs (UNDESA, 2015). The main causes of water
pollution in Africa include; agriculture, mining,
deforestation, urbanization, and poor sanitation. The
effects are viruses, bacteria, parasites, and pollution
contaminating freshwater sources resulting in unsafe,
and unclean water for drinking, cooking, and hygiene,
which leads to water scarcity. Water scarcity can lead to
a variety of waterborne tropical diseases, such as
typhoid fever, cholera, dysentery, and diarrheal illnesses.
Other conditions, such as plague, typhus, and trachoma
(eye infections that can result in blindness), are also

common (The Last Well, 2021).

In Nigeria, Sustainable and equitable access to safe
drinking water remains a challenge, with over 86% of
Nigerians lacking access to a safely managed drinking
water source. Although about 70% of Nigerians are
reported to have access to basic water services, more
than half of these water sources are contaminated. At the
current rate, the country will miss the SDG targets on
people’s access to water, unless there is a strong
commitment and appropriate action taken by all

stakeholders (WHO, 2017).

Therefore, bacteriological assessments of water are
routinely carried out by many public health authorities
to ascertain the quality of water to ensure the prevention
of further dissemination of pathogens (Swistock and
Sharpe, 2005) and this motivated the need for this
research. In the same vein, this study seeks to assess the
quality of water in Ebonyi State University Abakaliki, for
possible bacteriological contamination and to determine
the most probable number of contaminating

microorganisms present.

2. MATERIALS AND METHODS
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2.1. Study Area

The study was carried out in Abakaliki, Ebonyi State
Nigeria. Analysis of water samples was carried out at the
Department of Applied Microbiology Laboratory unit of
Ebonyi State University, Abakaliki.

2.2. Sampling area

Water samples were collected from four sites (hostels,
laboratories, the office complex, and lecture rooms)
within the Presco campus of Ebonyi State University,

Abakaliki.

2.3. Collection of samples

All attachment from the tap was removed, and a clean
cloth was also used to wipe the outlet of the tap to
remove any dirt, then the tap was turned on for
maximum flow for about two minutes, then the outlet of
the tap was sterilized using flame from a cigarette
lighter, and the tap was opened again, to flow for one to
two minutes at the medium flow rate, the water sample
was collected using a sterile 250ml plastic bottle
immediately held under the water tap to fill up to 200ml
and a small air space is left to make shaking before

analysis.

2.4. Sampling technique

Microbiological analysis of the water was done using the
Most Probable Number (MPN) method also known as the
multiple tube method.

The most probable number method of water analysis is
divided into three parts namely:

a. Presumptive test

b. Confirmatory test

c. Completed test

V Visnav

Presumptive Test: the water samples were added into

cases arranged as follows:

e Set A; 50ml of water to one bottle of 50ml of
double-strength MacConkey broth.

e Set B; 10ml of water to each of five bottles of 10ml
of double-strength MacConkey broth.

e Set C; 1ml of water to each of five bottles of 1ml of

double-strength MacConkey broth.

After adding the water sample as stipulated above using
a sterile syringe, a Durham tube was inserted inside each
of the bottles respectively; the samples were labelled

and incubated at 37°C for 48hours.

Confirmatory Test: three conical flasks containing three
media (nutrient, MacConkey, and Eosin methylene blue
agar) were sealed tightly with cotton wool and foil, the
necks were taped to be airtight and then the media were
sterilized in an autoclave at 121°C for 15 minutes. After
sterilization, the media were allowed to cool and were
poured into a petri dish to solidify, then the MacConkey
broth used in the presumptive test was streaked on the
various media (nutrient, MacConkey, and Eosin
methylene blue agar) and then incubated at 37°C for 48

hours.

Completed Test: several colonies from the Eosin

methylene blue agar plates were sub-cultured into
lactose broth in fermentation tubes and nutrient agar

slopes and incubated at 37°C for 24 hours.

2.5. Characterization and Identification Tests for

Bacteria Isolates

Bacteria isolates were characterized and identified based
on cultural, morphological features, and biochemical
characteristics following standard methods such as Gram
staining, oxidase test, and triple sugar iron (TSI) test.

(Cheesbrough, 2006).
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2.5.1. Gram Staining

The gram staining technique which was introduced by
Christian Gram in 1884 was aimed at differentiating
gram reactions (gram-positive and gram-negative), sizes,
shapes, and arrangement of cells of the isolates.
Microscope slides were labelled, and a thin smear of the
bacteria isolate was made by emulsifying it with a drop
of sterile water. It was air-dried and heat-fixed by
passing the underside of the slide thrice over a Bunsen
burner. The heat-fixed smear was flooded with crystal
violet stain for 60secs and then washed off quickly with
clean tap water. The respective smear was again flooded
with Lugol's iodine for another 60secs and this served as
a mordant and washed off. Then it was quickly
decolorized with acetone and immediately washed off
and was then counterstained with safranin for 30secs
and then washed off using clean water. The stained slide
was then allowed to air dry on a draining rack before a
few drops of immersion oil were dropped on it and
viewed under the microscope using an oil immersion
objective lens (x100) for the presence of gram-positive

or gram-negative organisms (Amadi et al, 2010).
2.5.2.  Biochemical Tests

Oxidase Test: a few drops of 1% aqueous solution of
tetra-methyl-phenylene-diamine hydrochloride (oxidase
reagent) was added to a piece of filter paper in a clean
petri dish. The inoculum of the test culture was smeared
onto the filter paper using a sterile glass rod and

examined.
2.5.2.1. Triple Sugar Iron Test

It contains agar, a pH-sensitive dye (phenol red), 1%
lactose, 1% sucrose, 0.1% glucose, sodium thiosulfate,
and ferrous sulphate. The organism was inoculated on
the TSI slant and incubated for 24 hours and examined

after incubation.

2.5.2.2. Catalase Test
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1ml of hydrogen peroxide (H;0:) was poured over the
surface of a 24 hours agar slope culture and this tube is

set in an inclined position and examined thereafter.

2.5.2.3. Sugar Fermentation Test

One percent (1%) of the respective sugars were
prepared according to Cheesbrough (2006) and
dispensed in a bijou bottle with drops of phenol red and
inverted Durham tubes. A little portion of the bacteria
isolates was inoculated in the sterile sugar broth and

examined after incubation at 37°C for 48 hours.

2.6. Antimicrobial Sensitivity Test

The method used was the disc diffusion technique. The
bacteria isolated from the water sample were screened
for its susceptibility to the selected antibiotics. The
antibiotics used for the screening included: Amikacin,
sulphamethoxazole/ trimethoprim, chloramphenicol,
ceftriaxone, gentamicin, clindamycin, ciprofloxacin,
amoxicillin/ clavulanic acid, cefoxitin, ceftazidime. The
antibiotics have also been recommended for routine
dilution and disk diffusion susceptibility tests. (Yolker et
al, 2005). Four milliliters of water were dispersed in a
test tube; the test tube was covered with cotton wool and
sterilized in an autoclave for 15 minutes at 121°c. After
sterilization, the test tube was placed in a test tube rack
and labeled properly to avoid mix-ups. Using a sterile
wire loop, 3-5 isolated colonies of similar appearance
were touched to the test organism on the nutrient agar
and emulsified in 4ml water inside the test tube, the
procedure was continued until the water became turbid
then the same was done for all the samples in different
test tube till turbidity is evenly achieved, the solution is
said to be McFarland standard solution. A sterile swab
stick was used to inoculate the organism from the test
tubes into a plate of Mueller Hinton agar. The swab was
streaked evenly over the surface of the medium in three
directions, rotating the plate appropriately at 60° to

ensure even distribution. It was allowed to dry for about
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3-5 minutes. Using sterile forceps, the appropriate
antimicrobial disc was placed gently on the inoculated
plate. The disc was gently pressed down to ensure its
contact with the agar. The plate was inverted within 15
minutes of applying the discs and incubated at 37°C for
24hrs. (Cheesbrough, 2006).

Determination of zone of inhibitions using disc diffusion
test: The diameter of the zone of inhibition was
measured (to the nearest mm) using a transparent meter
rule, using the interpretative chart to interpret the zone
sizes of each antimicrobial disc reporting the organism
as Resistant (R), Moderately susceptible (MS) or
Susceptible (S) (Cheesbrough, 2006).

3. RESULTS AND DISCUSSION

3.1. Gram Staining and Microscopy

The isolated organism when viewed under the
microscope after gram staining and showed it was a
gram-negative, rod-shaped, non-spore-forming bacteria

characterized as Pseudomonas aeruginosa.

3.2. Cultures

In this study, all four (100%) water sites were found to
be contaminated. The isolated bacteria species is oxidase
and glucose positive. In MacConkey agar, it showed the
presence of smooth pale-colored colonies with a
distinctive smell. In nutrient agar, it showed the
presence of smooth yellow-green pigment with a grape-
like odor. While eosin methylene blue agar showed
overly well-laid growth of smooth colonies with blue-

green pigment which has a distinctive smell.

The cultures were examined for the growth of

microorganisms shown in Table 1 below that the

Table 1. Results of the appearance of organisms on various culture media

Media Appearance

Organism

Macconkey agar

Pale colored colonies

Pseudomonas aeruginosa

Nutrient agar

Smooth yellow-green pigment with
grape-like odor

Pseudomonas aeruginosa

Eosin methylene blue

Overly well-laid growth of smooth
colonies with blue-green pigment

Pseudomonas aeruginosa

Table 2. Characteristics of bacteria isolate from Ebonyi State University Abakaliki

Colour Yellowish-Green

Morphological Characteristics

Consistence / Texture Smooth

Gram staining -

Indole production -

Biochemical Characteristics

Coagulase test -

Mobility test +
+
Catalase test +
] Oxidase test +
Sugar Fermentation test
Lactose -
Glucose +
Suspected Organism Pseudomonas aeruginosa
Key: + = Positive, - = Negative
TSI = Triple sugar iron test
V VIS nav www.visnav.in/ijacbs/ Page | 5
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Table 3. Result of sensitivity pattern of bacteria isolates on some antibiotics (measured in mm?2)

R Stands for Resistant

MS Stands for Moderately susceptible
S Stands for Susceptible

AK 30 Stands for Amikacin = MS

C30 Stands for Chloramphenicol = R

CRO 30 Stands for Ceftriaxone = R

CN 30 Stands for Gentamicin = S

DA 2 Stands for Clindamycin = R

CIP 5 Stands for Ciprofloxacin = S

AMC 30 Stands for Amoxicillin/ Clavulanic ACID =R
FOX 30 Stands for Cefoxitin = R

CAZ 30 Stands for Ceftazidime = MS

Sample AK SXT C CRO CN DA CIP AMC FOX | CAZ

P.aeruginosa in . R 4 6 27 R 30 R R 8
50 ml

P.aeruginosa in R R R R 27 R 30 R R R
10 ml

P.aeruginosa in 3 R R R 27 R 30 R R 2
1 ml

KEYS:

SXT 25 Stands for Sulphamethoxazole/ Trimethoprim = R

bacteria specie associated with the contamination of the

water sources is Pseudomonas aeruginosa.

3.3. Presumptive Test Result

The broth showed a slight change in color from purple to
yellow indicating a positive result, which signifies the
presence of an acid-forming organism. The presence of
bubbles in the Durham tubes indicates the presence of
gas-forming organisms. The result was read using the
most probable number table. using one tube of 50ml, five
tubes of 10ml, and 5 tubes of 1ml, and positive results
were identified in 1 tube of 50ml, 3 tubes of 10ml, and 4
tubes of 1ml respectively, hence the most probable

number of bacteria is 20.

3.4. Biochemical Tests Results

3.4.1. Oxidase Test Result

This test is used to identify oxidase-positive organisms.
All organisms that are oxidase-positive produces the

enzyme cytochrome oxidase while oxidase-negative

V Visnav
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organism does not produce the enzyme. The inoculum
showed a deep purple coloration on the filter paper
within 10 seconds which is

(Cheesbrough, 2006).

oxidase-positive

3.4.2.  Triple Sugar Iron Test Result

A Triple Sugar Iron (TSI) slant is used to test for lactose
fermenters. A dark red slant with yellow bottom was
observed after incubation for 24 hours. This shows a TSI-

positive test.

3.4.3. Catalase Test Result

This test is used for the differentiation of organisms that
produces the enzymes catalase from non-catalase-
producing organisms. The presence of oxygen gas

bubbles indicates a positive result.

3.4.4.  Sugar Fermentation Test Result

Glucose was used in this test. A change in color from red
to yellow and production of gas in the Durham tubes

showed a positive test after incubation at 37°C for 48hrs.
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3.5. Antimicrobial Sensitivity Test Result

The result in Table 3 above shows that gentamicin and
ciprofloxacin were very effective against the isolated
microorganisms. Others were less effective compared to
sulphamethoxazole/ trimethoprim, clindamycin,
amoxicillin/clavulanic, and cefoxitin which were

completely ineffective against the microorganism.

Water is an important aspect of our lives (Afiukwa et al,
2006). Water serves many purposes such as drinking,
cooking, recreational activities, agriculture, industrial,
and lots more, and can easily be contaminated by
sewage, chemicals, and microorganisms hence the need
for water analysis to ensure quality assurance and

control of the water (Linstrom and Mallard, 2006).

According to the UN guidelines on the quality of water
intended for human consumption, drinking water should
not test positive for Pseudomonas aeruginosa but the
result of this study showed a significant amount of
Pseudomonas aeruginosa in the water sample which is
similar to a study in Portugal which also detected similar
free-living bacteria opportunistic pathogen in drinking
water (Vaz-Moreira et al, 2012; Lu et al, 2016). Its
occurrence in drinking water is probably related more to
its ability to colonize biofilms in plumbing fixtures (i.e.,
faucets and showerheads) than its presence in the
distribution system or treated drinking water
(Shamabadi and Ebrahimi, 2007). Pseudomonas
aeruginosa also widely inhabits diverse environments,
including water and soil, and is one of the main
pathogens of nosocomial infections, such as cystic
fibrosis (Agarwal et al, 2005; Driscoll et al, 2007),
pneumonia, bacteremia, urosepsis, and wound infections
(Berthelot et al, 2001; de Victorica & Galvan, 2001;
Leclerc et al.,, 2002), and is also responsible for a wide
spectrum of infections in humans that can be associated
with significant morbidity and mortality (Kerr &
Snelling, 2009). The high contamination rate of

Pseudomonas aeruginosa in water may also be caused by
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inadequate disinfection, or the formation of biofilms in
the pipeline (Wei et al., 2020) and this is consistent with
this study as it found no documented evidence of water

disinfection or treatment from the institution.

This study also found that the campus water storage and
distribution tank is located very close to a waste
dumpsite which is also a urinating site for students, this
creates an avenue for contamination by these microbial
agents, this is consistent with previous findings from
another study in Abakaliki which revealed that waste
dumpsite sites close to water bodies or ways altered
water quality in Abakaliki urban, while groundwater is
contaminated through leaching process
(Oghenerukevwe et al., 2021) and also in another study
in which unsafe solid wastes from domestic activities
were an important source of water pollution in many
capitals, such as Yaoundé (Cameroun), Lagos (Nigeria),
Abidjan (Ivory Coast) and Dakar (Senegal) (WHO, 2017).
This groundwater contamination occurs mostly when
waste dumpsite is sited close to a borehole or hand-dug
wells, these waste before they are evacuated from these
designated dumpsites must have flowed into a minor
stream and river thereby causing surface water

contamination (Oghenerukevwe et al., 2021).

This study also found that most storage and water
distribution facilities within the school premises were
made of metals of which most were rusted without
maintenance increasing the chances of contamination,
these findings are in agreement with earlier research
which found that contamination can occur due to
defective joints, siphonage, rusted pipelines, crossing
over of sewage pipelines (Feachem, 1980), the age of the
distribution system, the quality of the delivered water,
defective chlorination, and improper maintenance

(Radha Krishnan, 2007).

A microbial susceptibility test was carried out by this
study and it showed that Pseudomonas aeruginosa was

resistant to varying antibiotics. The reason for the high
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resistance of Pseudomonas aeruginosa to antibiotics was
not identified by this study, but it is rather an area the
researcher will hope to explore in further research to
support the discovery of more effective and efficient
antibiotics. Meanwhile, a study by Xue et al, (2013)
identified extracellular polymeric substances (EPS) as
the key to increased resistance of Pseudomonas
aeruginosa cells. The EPS located at the surface of the cell
membrane will consume disinfectant residual, but will
also impact the accessibility of the reactive sites on the
cell surface and delay the interaction between the
disinfectant and the cell membrane. In addition, EPS
would reduce membrane permeability by disinfectants,
which suggests that extensive damage might not occur
and bacteria might be able to recover once the
disinfectant is depleted (Xue et al., 2013). Pseudomonas
aeruginosa has a disinfectant resistance gene and can
form a biofilm, which makes it the most common
contaminant in drinking water production (Guerin-
Mechin et al, 2000; Mah et al, 2003), although most
studies on Pseudomonas aeruginosa biofilm cell
disinfection have been performed on single or dual-
species biofilms, however, this is not representative of
the multispecies biofilm naturally present in premise
plumbing (Liu et al, 2012), hence there is a need for

further research in this area.

This resistibility also aids the pathogenicity of
Pseudomonas aeruginosa through its expression of a
dozen virulence factors, such as exotoxin A and
pyocyanin (Feinbaum et al., 2012). The genes ExoS and
ExoU encode the extracellular enzymes ExoS and ExoU,
respectively. ExoS can destroy the actin cytoskeleton to
inhibit phagocytosis in host cells (Horna et al,, 2019). In
addition, other principal virulence factors of
Pseudomonas aeruginosa are elastase, phospholipase C,
protease A, exotoxins and cytotoxins, flagella and pili,
pigment production, and QS regulatory system proteins,
which regulate both virulence factor transcription and

biofilm formation.
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Chlorination is a common practice that can be achieved
through the application of chlorine, monochloramine, or
chlorine dioxide in different water treatment plants, but
it is not sufficient to ensure the safety of the water. The
resistance to chlorination will vary depending on the
strain, Pseudomonas aeruginosa, especially when biofilm-
associated (Behnke et al, 2011), will survive
chlorination at concentrations that are applied to

drinking water (Grobe et al., 2001).

4. CONCLUSION

Water is an indispensable aspect of human existence as it
will continually be used for various purposes. Drinking-
water distribution systems may contain a diverse
microbiological community that may include other
opportunistic pathogens therefore, intensive
decontamination and treatment are recommended for all
sources of water to ensure it meets the UN, WHO, and
NAFDAC's approved standards before its consumption
and usage to avoid outbreak of water-borne diseases.
The failure of conventional treatment processes to
eliminate critical waterborne pathogens in drinking
water demands that improved and/or new disinfection

technologies should be developed.

A new decontamination method based on new
disinfection technologies should be wused for
decontamination. Defeacation, urination and disposal of
wastes close to water sources should be strongly
discouraged. Due to the wide range of resistance shown
by Pseudomonas aeruginosa, there is a need for research
on new antibiotics that will be effective against this
microorganism by specifically targeting a weaker protein

chain/bond in its peptidoglycan layer.
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