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Abstract: Negative impacts of contaminated groundwater on human health are chronic and are very
difficult to detect. This study assessed the extents of groundwater contaminations based on the level of
microbial and physicochemical characteristics in selected local government areas (LGAs) of Oyo-State,
Southwestern Nigeria. Groundwater samples were collected from 10 wells per each LGA (50 wells in
total), in-situ measurement of physicochemical parameters namely pH, temperature, electrical conductivity
(EC) among others and microbial analyses were also carried out using standard laboratory procedures
through isolation and identification of microbes, confirmation of isolates and protozoan analysis. The
acquired data were subjected to Analysis of variance (ANOVA) and Duncan multiple range test (DMRT) to
evaluate their level of significance. The results revealed that the mean distribution of the physicochemical
parameters ranged from 4.7+0.15-8.9+0.21b; 26.7°C+£3.06c—30.9°C£1.63b; 119+0.58a—599.7+9.07¢
(mg/l); 15.6+£0.51a—82+2.0f (us/cm) respectively for pH, temperature, TDS, EC. The results of the
microbial analyses revealed that most of the water samples were contaminated with a total number of ten
(10) isolates namely Citrobacter freundii, Shigella dysenteriae, Enterobacter aerogenes, Escherichia coli,
Proteus vulgaris, Klebsiella pneumoniae, Salmonella typhi, Bacillus subtilis, Pseudomonas aeruginosa and
Vibrio cholerae. In terms of maximum exhibited bacteria loads, the most contaminated area is Oja-Oba
(OJB) with 4.0 X 102 cfu/ml and the least contaminated area is Iwo-road (IWR) with 2.0 X 102 cfu/ml
while in terms of compliance level, the most contaminated area is OJB and the least contaminated area is
Apata (APT) with 10% and 60% compliance levels. Therefore, the investigated areas, most particular OJB
groundwater are hereby recommended for comprehensive treatment.
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INTRODUCTION

roundwater accounts for nearly 95

percent of the nation’s fresh water

resources. It can stay underground
for hundreds of thousands of years, or it can
come to the surface and help fill rivers,
streams, lakes, ponds, and wetlands
(Palamulenu and Akoh, 2015; Paul et al.,
2025). The common ways of obtaining
groundwater is when they naturally flow to
the surface as springs or when they are
artificially pumped from an existing well
(IAH, 2020). About 50 percent of our
municipal, domestic, and agricultural water
supply is  groundwater. Groundwater
accounts for about 50% of livestock and
irrigation usage and just under 40% of water
supplies, whilst in rural areas, 98% of

domestic water use is from groundwater
(Todd, 1980). Utilization of groundwater as
a source for domestic, municipal,
agricultural and industrial activities continue
to increase principally because of the heavy
capital outlay and maintenance of surface
water development through Dams especially
in developing countries (Sangodoyin and
Agbawhe, 1992). Another factor which is
responsible for the attention being diverted
to this source is improved technology
manifest by deep boring in form of borehole
which satisfies WHO drinking water quality
standard (Osot, 2000).

Groundwater contamination is defined as the
addition of undesirable substances to
groundwater caused by human activities
(GOC, 2017). These can be caused by
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chemicals, road salt, bacteria, viruses,
medications, fertilizers, and fuel.
Contaminants in groundwater are usually
colourless and odourless. In addition, the
negative impacts of  contaminated
groundwater on human health are chronic
and are very difficult to detect (Chakraborti
et al, 2015). Groundwater is a critical
natural resource that can be degraded by
contamination. Contaminants can have
natural sources (arsenic or salinity) or
anthropogenic sources (industrial chemicals,
pesticides, or sewage effluent (Koni et al.,
2020; Hoang et al., 2022; Li et al., 2024,
Paul et al, 2025; Debassi et al, 2025;
Shaikh et al., 2025).

Over the past three decades, chemical
contamination is a common theme reported
in groundwater studies. While groundwater
contamination is a great challenge to human
populations, many of the contaminants in
groundwater are of geogenic origin as a
result of dissolution of the natural mineral
deposits within the Earth’s crust (Basu et al.,
2014; Pandey et al. 2016; SubbaRao et al.,
2020; He et al., 2020a). However, due to
rapid expansion of the global population,
urbanization, industrialization, agricultural
production, and the economy, we are
undoubtedly faced with the challenge of
tackling the negative impacts  of
contaminants of anthropogenic origin. Also,
groundwater contamination can negatively
affect the quality of lands and forests.
Contaminated groundwater can lead to soil
contamination and degradation of land
quality. For example, in many agricultural
areas in arid regions, high groundwater
salinity is one of the major factors
influencing soil salinization (Wu ef al.,
2014). The soluble salts and other
contaminants, such as toxic metals, can
accumulate in the root zone, affecting
vegetation growth. Groundwater
contaminants also can be transported by
surface -groundwater interactions, leading to
deterioration of surface water quality (Teng
et al, 2018). Groundwater can become
contaminated in many ways. If surface water
that recharges an aquifer is polluted, the

groundwater will also become contaminated.
Contaminated groundwater can then affect
the quality of surface water at discharge
areas. Groundwater can also become
contaminated when hazardous liquid
substances soak down through the soil into
groundwater (Akram et al, 2022).
Contaminants that can dissolve in
groundwater will move along with the water,
potentially to wells used for drinking water.

If there is a continuous source of
contamination entering moving
groundwater, an area of contaminated

groundwater, called a plume, can form. A
combination of moving groundwater and a
continuous source of contamination can,
therefore, pollute very large volumes and
areas of groundwater (Crovota et al., 2022;
Izah et al. 2022).

Once  contaminated, remediation is
challenging and costly, because groundwater
is located in subsurface geological strata and
residence times are long (Wang et al., 2020;
Su et al., 2020). The natural purification
processes for contaminated groundwater can
take decades or even hundreds of years, even
if the source of contamination is cut off
(Tatti et al., 2019).

Cleaning up contaminated groundwater
often takes longer than expected because
groundwater systems are complicated and
the contaminants are invisible to the naked
eye (GOC, 2017; Wang et al, 2023;
Adeniran et al, 2023). Aside from this,
groundwater moves at a slower pace than
surface water making it difficult to identify
and address contamination sources quickly;
persistence of contaminants in  the
subsurface for extended periods either due to
their chemical nature or because they are
adsorbed to soil and rock particles; clean-up
methods like pump and treat can be effective
but often require years or even decades to
achieve desired results especially with large
plumes or  persistent  contaminants;
remediation  efforts  especially  those
involving advanced technologies can be very
expensive, requiring significant investment
in monitoring equipment and treatment
systems; even with advanced techniques,
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predicting the exact timeframe and
effectiveness of groundwater cleanup can be
challenging, as various factors like
contaminant type, soil properties and natural
attenuation processes can influence the
outcome; effectively addressing the source
of contamination is crucial for long-term
success, but identifying and removing all
sources can be difficult and time consuming
and while attenuation processes can help
degrade or remove contaminants, they often
work slowly and the effectiveness varies
greatly depending on site conditions (Talabi
and Kayode, 2019; Wang et al., 2024). This
makes it more difficult to find contaminants
and to design a treatment system that either
destroys the contaminants in the ground or
takes them to the surface for cleanup.
Groundwater contamination is not only an
environmental issue but also a social issue,
demanding collaboration between both
natural scientists and social scientists. The
use of groundwater as a source of drinking-
water is often preferred because of its
generally good microbial quality in its
natural state (Crovota et al, 2022). but
various factors can lead to the formation of
microbial plumes, which are zones of
concentrated microbial activity. These
plumes can be influenced by factors like
groundwater flow, nutrient availability, and
the presence of contaminants which can pose
risks to water quality and human health.
Nevertheless, it is readily contaminated and
outbreaks of disease from contaminated
groundwater sources are reported from
countries at all levels of economic
development. However, understanding the
impact of groundwater on public health is
often difficult and the interpretation of
health data is complex. This is made more
difficult as many water supplies that use
groundwater are small and outbreaks or
background levels of disease are unlikely to
be detected, especially in countries with
limited health surveillance. Furthermore, in
outbreaks of infectious disease, it is often
not possible to identify the cause of the
outbreak and many risk factors are typically
involved. Throughout the world, there is

evidence of contaminated groundwater
leading to outbreaks of disease and
contributing to background endemic disease
in situations where groundwater sources
used for drinking have become contaminated
(Curtis et al, 2000; Izah et al, 2004).
However, diarrheal disease transmission is
also commonly due to poor excreta disposal
practices and the improvement of sanitation
is a key intervention to reduce disease
transmission (Esrey et al, 1991; Curtis et
al., 2000). Furthermore, water that is of
good quality at its source may be re-
contaminated during withdrawal, transport
and household storage. This may then
require subsequent treatment and safe
storage of water in the home (Sobsey, 2002).
Groundwater pollution due to anthropogenic
activities may impact overall groundwater
quality. Organic and inorganic pollutants
have been routinely detected at unsafe levels
in groundwater rendering this important
drinking water resource practically unusable.
Vulnerability of groundwater pollution and
subsequent impact has been documented in
various studies across the globe. Field
studies as well as mathematical models have
demonstrated increasing levels of pollutants
in both shallow and deep aquifer systems
(Manini et al, 2004; Griebler and Lueder,
2009). Increased vulnerability coupled with
ever growing demand for groundwater may
pose a greater threat of pollution due to
induced recharge and lack of environmental
safeguards to protect groundwater sources.
In this project report, comprehensive
assessment of groundwater quality impact
due to human activities such as improper
management of organic and inorganic waste,
and natural sources is documented. The
natural quality of groundwater also makes its
use well valued in industry, and it may
provide environmental benefits through
recharge of streams and rivers or for the
growth of vegetation; these other benefits
reinforce the need for its protection.

Assessment of microbial analyses and
physicochemical characteristics of
groundwater 1s crucial for safeguarding
public health because it helps in identifying
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the potential contaminants and ensure the
water is safe for consumption and other uses.
This assessment helps prevent water borne
diseases and long-term health complications
(Adesakin et al, 2020). Though a vital
source of drinking water, groundwater can
be susceptible to contamination from various
sources including natural  geological
formations, human activities (like
agriculture and waste disposal) and faulty
sanitation systems (Palamulenu and Akoh,
2015). Microbial analysis, particularly the
testing for coliorm bacteria including E. coli
helps identify faecal contamination which
indicates the potential presence of disease-
causing pathogens like bacteria, viruses and
parasites. Regular microbial analyses helps
track changes in water quality over time and
identify potential sources of contamination;
by identifying and addressing microbial
contamination, we can prevent the spread of
waterborne diseases like diarrhea, dysentery,
cholera and typhoid which can be
particularly  harmful to  vulnerable
populations like children (Abdul-Aziz et al.,
2017; Kayowa and Ayanfemi, 2018;
Adesakin et al., 2020; Majedul-Islam et al.,
2021; Ayeta et al., 2023; Amponsah et al.,
2024; Odewande et al., 2025; Paul et al.,
2025; Ngandwe et al., 2025).
Physicochemical analysis assesses inorganic
contaminants with typical parameters like
pH, turbidity, conductivity, and the presence
of heavy metals and other chemicals that can
affect water quality and potentially pose
health risks; these parameters most
significantly pH and turbidity affect the taste
and appearance of water while heavy metals
can have toxic effects. Monitoring these
parameters ensures the water is palatable and
safe for consumption. This analysis helps
detect contamination from  industrial
discharges, agricultural runoff, and other
sources that can introduce harmful
chemicals into groundwater
(APHA/AWWA/WEF, 2012; Baig et al,
2012; Owumi, 2013; Koni ef al., 2020; Khan
et al., 2020; Akram et al, 2020; WHO,
2022; Hoang et al., 2022; Boussouga et al.,
2024; Li et al., 2024; Paul et al., 2025;

Debassi et al., 2025; Shaikh et al., 2025;
Valiero, 2025). Integration of microbial
analysis and physicochemical assessment of
groundwater is highly significant for
safeguarding public health by identifying
and addressing contamination; we can
prevent the spread of waterborne diseases
and protect the health of individuals and
communities (Raheem et al., 2015; Abu et
al., 2023; Etuk et al., 2025). This assessment
is important for ensuring the safety of water
used for drinking, cooking, bathing, and
other domestic purposes as well as for
industrial and agricultural applications
(Haldar et al., 2022). The results of these
analyses can be used to develop appropriate
water treatment strategies, implement
effective sanitation practices and manage
groundwater resources responsibly (Shneis,
2018; Talabi and Kayode, 2019; Some et al.,
2021).

In conclusion, assessing the microbial and
physicochemical characteristics of
groundwater in the study area is crucial for
safeguarding public health by identifying
potential contaminants and ensuring the
water is safe for consumption and various
other uses. These proactive approaches help
in preventing water borne diseases,
protecting vulnerable populations, and
promote sustainable water management
which are fundamental for public health and
sustainable development (Shneis, 2018;
Talabi and Kayode, 2019).

MATERIALS AND METHODS

Location and accessibility of study area:
Ibadan (Oyo-State, South-West Nigeria) is
the largest city in West Africa and the
second largest in Africa with land size
covering an area of 240 km?. Ibadan is
located within latitudes 7° 150N and 7°
300N of the equator and longitudes 3° 450E
and 4° 000E of the Greenwich meridian.
Spatially, Ibadan is located near the forest-
grassland boundary of south-western
Nigeria, situated at an approximate distance
of 150 km from the Atlantic coast and
530km south-west of Abuja, the Federal
Capital Territory (OSGOF, 2014; Raheem et
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al., 2015). Ibadan metropolis presently hosts
the administrative capital of Oyo State.
Ibadan is situated at an average height of
200m above sea level, drained by three
major river basins (Ogunpa, Ona and
Ogbere) and surrounded by secondary
rainforest as well as a savanna. Spatially, it
sprawls over a radius of 12 to 15 km and
experiences a mainly tropical climate with
an estimated annual rainfall of about 1250
mm. Of the eleven local government areas
that make up Ibadan region, five are
generally regarded as Ibadan metropolis.
These included Ibadan North, Ibadan
Northwest, Ibadan Northeast, Ibadan
Southeast, and Ibadan Southwest, while the
six peri-urban local government areas were
Egbeda, Akinyele, Ido, Ona-Ara, Oluyole
and Lagelu. The city was for a long time the
largest in tropical Africa (Oguntoyinbo,
1978; OSGOF, 2014).

Climate and vegetation of the study area:
Ibadan has a tropical wet and dry climate
(Koppen climate classification, 4w), with a
lengthy wet season and relatively constant
temperatures throughout the year (Eguaroje
et al, 2015; OSGOF, 2014). Ibadan's wet
season runs from March through October,
though August sees somewhat of a lull in
precipitation. This Iull divides the wet
season into two different wet seasons.
November to February forms the city's dry
season, during which Ibadan experiences the
typical West African harmattan. The mean
total rainfall for Ibadan is approximately
1,230 millimeters or 48 inches, falling over
about 123 days. There are two peaks for
rainfall, June and September. The mean
daily temperature is 26.46°C or 79.63°F, the
mean minimum 21.42°C or 70.56°F, and the
relative humidity 74.55%. The vegetation
pattern in Ibadan is a patchwork of broken
forest, savannah woodland, dense thickets
and large tracts of forbs vegetation
dominated by Chromolaena (Eupatorium)
and odorata (Siam weed) (Eguaroje et al.,
2015).

Drainage and topography of study area:
The city of Ibadan is naturally drained by
four rivers with many tributaries namely

Ona river in the North and West; Ogbere
river towards the East; Ogunpa river flowing
through the city and Kudeti river in the
Central part of the metropolis. Since water
responds to slope, a hilly area will discharge
its water to lower elevation areas. Ibadan has
a combination of high, low and undulating
terrain (Figure 2). The northern part of the
area has a relatively high elevation which
gradually progresses towards the southern
part of the area. The city ranges in elevation
from 150m in the valley area, to 275m above
sea level on the major north—south ridge
which crosses the central part of the city.
The city covers a total area of 3,080 square
kilometers (1,190 sq mi), the largest in
Nigeria after Bauchi (OSGOF, 2014).

Geology of the study area: The Ibadan
metropolis occurs within the south-west
zone of the basement complex of
southwestern Nigeria. Major rock types in
Ibadan are the wundifferentiated meta-
sediments which are quartzite of the meta-
sediment series, migmatite—gneiss complex
comprising banded gneiss, augen gneiss,
granite gneiss and migmatites. There are five
soil types for the study area. These include
litixols, fluvisols, acrisols, luvisols and
regosols. The dominant soil type is lyxitols
with an area of 1,295.4 km? followed by
regosols, 1,458 km?, fluvisols 204.2 km?
luvisols 65.8 km? and acrisols 39.5 km? as
displayed in Figure 3 (Eguaroje et al., 2015).
Climate and vegetation of the study area:
Ibadan has a tropical wet and dry climate
(Koppen climate classification, A4w), with a
lengthy wet season and relatively constant
temperatures throughout the year (Eguaroje
et al, 2015; OSGOF, 2014). Ibadan's wet
season runs from March through October,
though August sees somewhat of a lull in
precipitation. This lull divides the wet
season into two different wet seasons.
November to February forms the city's dry
season, during which Ibadan experiences the
typical West African harmattan. The mean
total rainfall for Ibadan is approximately
1,230 millimeters or 48 inches, falling over
about 123days. There are two peaks for
rainfall, June and September. The mean
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daily temperature is 26.46°C or 79.63°F, the
mean minimum 21.42°C or 70.56°F, and the
relative humidity 74.55%. The vegetation
pattern in Ibadan is a patchwork of broken
forest, savannah woodland, dense thickets
and large tracts of forbs vegetation
dominated by Chromolaena (Eupatorium)
and Odorata (Siam weed) (Eguaroje et al.,
2015).

Drainage and topography of study area:
The city of Ibadan is naturally drained by
four rivers with many tributaries namely
Ona river in the North and West; Ogbere
river towards the East; Ogunpa river flowing
through the city and Kudeti river in the
Central part of the metropolis. Since water
responds to slope, a hilly area will discharge
its water to lower elevation areas. Ibadan has
a combination of high, low and undulating
terrain (Figure 2). The northern part of the
area has a relatively high elevation which
gradually progresses towards the southern
part of the area. The city ranges in elevation

from 150m in the valley area, to 275m above
sea level on the major north—south ridge
which crosses the central part of the city.
The city covers a total area of 3,080 square
kilometers (1,190 sq mi), the largest in
Nigeria after Bauchi (OSGOF, 2014).
Geology of the study area: The Ibadan
metropolis occurs within the south-west
zone of the Dbasement complex of
southwestern Nigeria. Major rock types in
Ibadan are the undifferentiated meta-
sediments which are quartzite of the meta-
sediment series, migmatite—gneiss complex
comprising banded gneiss, augen gneiss,
granite gneiss and migmatites. There are five
soil types for the study area. These include
litixols, fluvisols, acrisols, luvisols and
regosols. The dominant soil type is lyxitols
with an area of 1,295.4 km? followed by
regosols, 1,458 km?, fluvisols 204.2 km?,
luvisols 65.8 km? and acrisols 39.5 km?.
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ELEVATION AND DRAINAGE NETWORK OF IBADAN
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Figure 2: Elevation map of Ibadan city (Eguaroje et al., 2015)
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Table 1: Physical characteristics of sampled well at Qja-Oba

Parameters pH Temp TDS EC Environmental Parameters
OJBW1 1 ring above ground, No metal cover, clean
6.140.05% 30.5+0.98P 599.7+9.07¢ 8242.0F environment, no dumpsite, No gravesite

OJBW2 5.7+0.64 29.9+1.06®® 511.7£15.1°  72.67+4.04° 1 ring aboveground cover with metal lid
Clean environment

OJBW3 5.540.12b%¢  29.2+1.08%  590+18.33¢ 81+3.6lef  Half ring above ground, Not covered, Close to a
soak away, No gravesite.

OJBW4 5.03+0.49%¢  29.8+0.61%  182+7.93% 24.33+1.53* 1 ring above  ground, muddy
environment, Not covered, Dirty environment.

OJBWS 4.7+0.15° 30.9£1.63>  2953+9.02®  40.33+1.52° Iring above ground, Not covered, clean
environment, No dumpsite.

OJBW6 5.4+0.53%¢  30.2+£0.81® 391.342.51°¢  42.33+13.2® Half ring above ground, close to a gutter, not
covered, no dumpsite.

OJBW7 5.6+0.26%4  29.7+1.71%  374.3+13.8°  51.33+£2.08° Half ring above ground, covered with metal lid,
clean environment.

OJBW8 4.9+0.49% 28.9+0.42%  180.6+1.53*  26+2.64* Half ring above ground, covered with a metal lid,
dirty environment, no dumpsite.

OJBW9 5.6£0.174  29.6+0.76®  566.7+11.68F 78.33+£2.08 1 ring above ground, not covered, clean
environment, no dumpsite.

OJBWI0  6.4+0.26° 28.4+0.26°  429.3£5.51¢  62.33+£3.21¢ Iringabove,notcovered,dirtyenvironment
No dumpsite.

WHO 6.5-8.5 <40 <1200 <400

Keys: Values are mean+SD different superscripts along each column indicate significant difference at p<0.05
according to DMRT. OJB - Oja-Oba Wells; WHO-World Health Organization; DMRT-Duncan Multiple Range

Test

Table 2: Physical characteristics of sampled well at Iwo-Road

Parameters pH

Temp

TDS

EC

Environmental Parameters

IWDW1
7.5+0.42

IWDW2
7.9+0.26%¢

IWDW3
8.1£0.613¢

IWDW4
8.2+0.368%

IWDW5
8.3+0.53%

IWDW6
7.7+0.21%

IWDW7
7.94+0.312¢

IWDW8
8.0+0.36%

IWDW9 8.4+0.25°¢

IWDW10
8.240.1%¢

WHO 6.5-8.5

30.5+1.564
28.5+0.7%

30.440.2¢¢

3040.66°

28.7+0.36%

29.040.902b<d

28.840.65%¢

27.8+£0.7%

28.5+0.58®

29.641.155

<40

316.6+£21.6°
225.6+17.0¢

195+6.24°

25143.604

311+£1.0¢

166+2.0°

216+3.05°

363+18.0f

188.6+10.1°

223+8.5¢

<1200

43.6+3.214
33.67+1.15¢

28+1.0

34.3+0.58¢

43.3+2.524

22+1.0°

29.3+1.16°

51+1.0°

26.67+1.15°

60.3+0.58f

<400

1 ring above ground, metal cover, clean
environment, no dumpsite, no gravesite

Half ring above ground, covered

With a metal lid, clean environment, no dumpsite
Half ring above ground, covered with a metal lid,
clean environment,

No gravesite.

1 ring above ground, clean

environment, covered with a metal

lid.

Half ring above ground, not covered with a
metal lid, clean environment, No dumpsite.

Half ring above ground, bushy

environment, covered with a metal lid, no
dumpsite.

Half ring above ground, not covered with metal
lid, bushy

environment.

Half ring above ground, covered with a metal lid,
,clean environment,

no dumpsite.

1ring above ground, wooden cover, clean
environment, no dumpsite.

Half ring above, covered with a metal lid, clean
environment

No dumpsite.

Keys: Values are mean+SD different superscripts along each column indicate significant difference at p<0.05
according to DMRT. IWDW — Iwo-Road Wells; WHO-World Health Organization; DMRT-Duncan Multiple

Range Test
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Table 3: Physical characteristics of sampled well at Alakia community

Parameters  pH Temp TDS EC Environmental Parameters
ALKW1 1 ring above ground, metal cover, clean
8.26£0.56™ 29.6+1.11%  168.7+4.51* 224173+  environment, no dumpsite,no gravesite
ALKW2 Half ring above ground, covered
7.6£0.172 32.8+4.71  226+1.0° 32+1.73¢ With a metal lid, clean environment
ALKW3 Half ring above ground, covered with a metal lid,
7.97+0.212¢  29.1+0.64*  207+£1.0b° 28+0P clean environment,
No gravesite.
ALKW4 1 ring above  ground, clean
7.63+£0.58%  28.5+0.32° 233444 .8b° 27.3+2.82® environment, covered with a metal
lid.
ALKW5 Iringaboveground, covered with a metal lid, clean
7.83£021%  30.4+0.10® 231.3+0.58>  31.7+0.58c environment, No dumpsite.
ALKW6 Half ring above ground, clean
8.26+0.58Y  29.3+0.42%  256+4.58¢ 35+1.0¢ environment, covered with a metal lid, no
dumpsite.
ALKW7 8.07+0.58*  29.0+0.42*  287.7+1.53¢ 39.7+0.58¢ lringaboveground,coveredwith
Metal lid, clean environment.
ALKW8 Iringaboveground,coveredwitha metal lid, clean
8.120.17%  28.5+0.25%  190+2.31% 2741.73>  environment, no dumpsite.
ALKW9 8.3+0.20°¢ 26.7£3.06°  233.7+3.06%¢ 3240¢ Iringaboveground,metalcover,
clean environment, no dumpsite.
Half ring above ground, covered with a metal
ALKWI0  82+0.10%  28.9+0.50*°  347+14.7° 48+2,0F  lidclean environment
No dumpsite.
WHO 6.5-8.5 <40 <1200 <400

Keys: Values are mean+SD different superscripts along each column indicate significant difference at p<0.05
according to DMRT. ALK- Alakia Wells; WHO-World Health Organization; DMRT-Duncan Multiple Range

Test

Table 4: Physical characteristics of sampled well at Odo-Ona community

Parameters pH Temp TDS EC Environmental Parameters
ODNW1 Iringaboveground,coveredwitha metal lid, clean
8.6£0.38% 28.9+0.58  201.7+4.93¢  27.7+0.58c  environment, no dumpsite
ODNW2 Half ring above ground, covered
8440202  28.8+0.52 145.742.082 19.3+0.58¢  With a metal lid, clean environment
ODNW3 Half ring above ground, covered with a metal lid,
8.5+0.15%¢ 28.4+0.422 218+3.064 29.7+0.57%  clean environment,
No gravesite.
ODNW4 Iringaboveground,bushyenvironment,coveredwit
8.6+£0.17c  28.8+0.552 158+4.0° 21£1.0° hametal
lid.
ODNWS5 1 ring above ground, not covered with a metal
8.6+0.20%¢  28.5+0.872 162+3.6° 21.740.58°  lid, clean environment, No dumpsite.
ODNW6 1 ring above  ground, clean
8.7+0.21%  29.3+0.452 226+7.0¢ 31+1.0¢ environment, covered with a metal lid, no
dumpsite.
ODNW7 Half ring above ground, not covered with metal
8.9+0.057¢ 29.4+0.64* 341+7.8f 47£1.0f lid, clean
environment.
ODNW8 Iringaboveground,coveredwitha metal lid, clean
8.6+0.212¢ 29 .8+2.02° 354+10.68 48.7+1.528  environment, no
dumpsite.
ODNW9 8.7+0.15%  29.1+1.042 213+5.0¢ 29+1.0¢ Iring above ground, metal cover, muddy
environment, no dumpsite.
Half ring above ground, covered with a metal lid,
ODNWI10  8.3+0.058* 29.7+1.27* 223+8.5d 60+0.58" clean environment
No dumpsite.
WHO 6.5-8.5 <40 <1200 <400

Keys: Values are mean+SD different superscripts along each column indicate significant difference at p<0.05
according to DMRT. ODNW - Odo-Ona Wells; WHO-World Health Organization; DMRT-Duncan Multiple

Range Test
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Table 5: Physical characteristics of sampled well at Apata community

Parameters pH Temp TDS EC Environmental Parameters
APTW1 Half ring above ground, metal cover, muddy
8740.06°  30.942.06°  1524132° 20342080  environment, close to dumpsite
APTW?2 Iringaboveground,Coveredwith
8.7+0.10% 30.5£1.30b°  190+8.84 25.6+1.52¢ A metal lid, clean environment.
APTW3 Half ring above ground, covered with a metal lid,
8.7+0.20% 30+0.53ab¢  254+3.0f 34.7+0.58¢° clean environment,
No gravesite.
APTW4 1 ring above ground, clean
8.9+0.21° 29.0+0.47%  521+10.08 71.6+1.52¢ environment, covered with ametal
.9+0. .0+0. . .61, lid
Half ring above ground, not covered with a
APTWS5 88i0303b 297i04oabc 15242.0° 203:|:057b metal hd, clean enVirOnment, No dumpSIte
Half ring above ground, clean
APTW6 §.4+0 81% 20 5+035%¢  [2043.46° 15.6£0.512 environment, covered with a metal lid, no
o o ' o dumpsite.
APTW7 8.2+0.05% 29.5+0.35%¢  119+0.58*  15.7+0.512 Half ring above ground, covered
With metal lid, clean environment.
Iringaboveground,covered with a metal lid,
APTWS 82+0.15°  28.8£025  147+1.0°  19.6£0.58>  clean environment, no dumpsite.
Half ring above ground, metal
APTW9 8.4+0.06% 28.9+0.342 134+11.5b 17.6£1.520 cover, clean environment, no dumpsite.
Half ring above ground, covered with a metal lid,
APTWI10 8.4+0.10% 29.3+0.10%  232+4.35¢ 31.7+0.574 clean environment
No dumpsite.
WHO 6.5-8.5 <40 <1200 <400

Keys: Values are mean+SD different superscripts along each column indicate significant difference at p<0.05
according to DMRT. APTW — Apata Wells; WHO-World Health Organization; DMRT-Duncan Multiple Range

Test

Table 6: Bacterial load and types of isolates in Oyo groundwater samples

S/N Sample identity Bacterial load (cfu/ml)

Bacterial types

1 ALKW1 2.0x10?
2 ALKW2 2.0x10?
3 ALKW3 2.0x10!
4 ALKW4 2.0x10?
5 ALKWS5 1.0x10!
6 ALKW6 3.0x10!
7 ALKW7 2.0x10!
8 ALKWS 2.0x10!
9 ALKW9 1.3x10?
10 ALKW10 1.0x10?
1 APTWI 1.0x10!
12 APTW2 3.0x10!
13 APTW3 1.0x10!
14 APTW4 1.0x10"
15 APTWS5 2.0x10!
16 APTW6 1.0x10"
17 APTW7 1.0x10"
18 APTWS 1.0x10?
19 APTW9 4.0x10?
20 APTW 10 1.0x10!
21 IWDWI 2.0x10!
2 IWDW2 2.0x10?
23 IWDW3 1.0x10!
24 IWDW4 1.0x10?
25 IWDW5 1.0x10!

Citrobacter freundii, Enterobacter aerogenes
Enterobacter aerogenes, Escherichia coli
Enterobacter aerogenes

Enterobacter aerogenes, Escherichia coli
Klebsiella pneumoniae, Proteus vulgaris
Enterobacter aerogenes, Escherichia coli
Escherichia coli and Proteus vulgaris
Enterobacter aerogenes, Escherichia coli
Pseudomonas aeruginosa, Proteus vulgaris
Escherichia coli, Bacillus subtilis
Enterobacter aerogenes

Proteus vulgaris, Klebsiella pneumoniae
Enterobacter aerogenes

Proteus vulgaris

Proteus vulgaris and Bacillus subtilis
Enterobacter aerogenes

Enterobacter aerogenes

Escherichia coli, Bacillus subtilis
Enterobacter aerogenes, Salmonella typhi
Enterobacter aerogenes

Pseudomonas aeruginosa, Klebsiella pneumoniae
Enterobacter aerogenes, Escherichia coli
Enterobacter aerogenes

Pseudomonas aeruginosa, Enterobacter aerogenes

Enterobacter aerogenes
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26 IWDW6 1.0x10? Enterobacter aerogene, Bacillus subtilis
27 IWDW7 2.1x10? Klebsiella pneumoniae, Bacillus subtilis
28 IWDW8 2.1x10? Klebsiella pneumoniae, Escherichia coli
29 IWDW9 1.1x10? Klebsiella pneumoniae

30 IWDW10 2.1x10? Klebsiella pneumoniae, Bacillus subtilis
31 ODNW1 3.1x10? Klebsiella pneumoniae, Escherichia coli
32 ODNW?2 2.1x10? Klebsiella pneumoniae

33 ODNW3 2.0x10! Vibrio cholerae, Klebsiella pneumoniae
34 ODNW4 1.0x10? Enterobacter aerogenes

35 ODNWS5 3.1x10? Vibrio cholerae, Klebsiella pneumoniae
36 ODNW6 2.1x10? Klebsiella pneumoniae

37 ODNW7 2.3x10? Klebsiella pneumoniae, Escherichia coli
38 ODNW8 1.0x10! Enterobacter aerogenes

39 ODNW9 2.0x10? Vibrio cholerae, Klebsiella pneumoniae
40 ODN 10 1.0x10! Enterobacter aerogenes

41 0OJBW1 2.1x10? Klebsiella pneumoniae, Salmonella typhi
42 OJBW2 2.0x10? Enterobacter aerogenes, Escherichia coli
43 0OJBW3 1.0x10? Enterobacter aerogenes, Salmonella typhi,
44 0OJBW4 1.0x10? Shigella dysenteriae, Enterobacter aerogenes
45 OJBWS 3.0x10? Shigella dysenteriae, Enterobacter aerogenes
46 OJBW6 1.0x102 Enterobacter aerogene, Escherichia coli
47 OJBW7 4.0x10? Klebsiella pneumoniae, Escherichia coli
48 OJBWS 3.0x102 Salmonella typhi, Klebsiella pneumoniae
49 OJBW9 2.0x10? Salmonella typhi, Klebsiella pneumoniae
50 OJBW10 1.0x10! Citrobacter freundii

Table 7: Presence of faecal coliforms in Oyo groundwater samples

SN Sample identity Production of Acid Production of Gas Remarks
1 ALKW1 No No Negative
2 ALKW2 Yes Yes Positive

3 ALKW3 No No Negative
4 ALKW4 Yes Yes Positive

5 ALKWS5 No No Negative
6 ALKW6 Yes Yes Positive

7 ALKW7 Yes Yes Positive

8 ALKW8 Yes Yes Positive

9 ALKW9 No No Negative
10 ALKW10 Yes Yes Positive

11 APTW1 No No Negative
12 APTW2 No No Negative
13 APTW3 No No Negative
14 APTW4 No No Negative
15 APTWS No No Negative
16 APTW6 No No Negative
17 APTW7 No No Negative
18 APTWS Yes Yes Positive

19 APTWO No No Negative
20 APTWI10 No No Negative
21 IWDW1 No No Negative
22 IWDW2 Yes Yes Positive

23 IWDW3 No No Negative
24 IWDW4 No No Negative
25 IWDWS5 No No Negative
26 IWDW6 No No Negative
27 IWDW7 No No Negative
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28
29
30
31
32
33
34
35
36
37
38
39
40
41
4
43
44
45
46
47
48
49
50

IWDW8
IWDW9
IWDW10
ODNW1
ODNW?2
ODNW3
ODNW4
ODNWS5
ODNW6
ODNW7
ODNW8
ODNW9
ODNW10
OJBW1
OJBW2
OJBW3
OJBW4
OJBW5
OJBW6
OJBW7
OJBW8
OJBW9
OJBW10

Positive

Negative
Negative
Positive

Negative
Negative
Negative
Negative
Negative
Positive

Negative
Negative
Negative
Negative
Positive

Negative
Negative
Negative
Positive

Positive

Negative
Negative
Negative

Table 8: Compliance of sample with WHO standard of drinkable water

S/N Sample identity Bacterial load (cfu/ml) Bacterial Counts Compliance with WHO standard
1 ALKWI 2.0x10? 200 No
2 ALKW2 2.0x102 200 No
3 ALKW3 2.0x10! 20 No
4 ALKW4 2.0x102 200 No
5 ALKWS5 1.0x10! 1 Yes
6 ALKW6 3.0x10! 3 No
7 ALKW7 2.0x10! 2 Yes
8 ALKW38 2.0x10! 2 Yes
9 ALKW9 1.3x10? 130 No
10 ALKWI10 1.0x10? 100 No
11 APTW1 1.0x10! 1 Yes
12 APTW?2 3.0x10! 3 No
13 APTW3 1.0x10! 1 Yes
14 APTWA4 1.0x10! 1 Yes
15 APTWS5 2.0x10! 2 Yes
16 APTW6 1.0x10! 1 Yes
17 APTW7 1.0x10! 1 Yes
18 APTWS 1.0x102 10 No
19 APTW9 4.0x10% 4 No
20 APTW 10 1.0x10! 1 No
21 IWDW1 2.0x10! 2 Yes
22 IWDW2 2.0x10? 20 No
23 IWDW3 1.0x10! 1 Yes
24 IWDW4 1.0x102 10 No
25 IWDWS5 1.0x10! 3 No
26 IWDW6 1.0x102 10 No
27 IWDW7 2.1x102 21 No
28 IWDW8 2.1x10? 21 No
29 IWDW9 1.1x10? 11 No
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30 IWDW10 2.1x10? 21 No
31 ODNW1 3.1x10? 31 No
32 ODNW?2 2.1x10? 21 No
33 ODNW3 2.0x10! 2 Yes
34 ODNW4 1.0x10? 10 No
35 ODNWS5 3.1x10? 31 No
36 ODNWG6 2.1x10? 21 No
37 ODNW7 2.3x10? 23 No
38 ODNW8 1.0x10! 1 Yes
39 ODNW9 2.0x10? 20 No
40 ODN W10 1.0x10! 1 Yes
41 OJBW1 2.1x10? 21 No
42 OJBW2 2.0x10? 20 No
43 OJBW3 1.0x10? 10 No
44 OJBW4 1.0x10? 10 No
45 OJBW35 3.0x102 30 No
46 OJBW6 1.0x102 10 No
47 OJBW7 4.0x102 40 No
48 OJBW8 3.0x10? 30 No
49 OJBW9 2.0%10? 20 No
50 OJBW10 1.0x10! 1 Yes

Table 9a: Morphological characteristics of bacterial isolates

Isolate Pigmentati ~ Shape Edge Opacity Consistency Colony Spore Gram’s  Motility
No on/colour surface formation reaction

1 White Circular Entire Translucent Butyrous Smooth Negative -verod +
2 White Irregular Lobate Translucent Viscid Smooth Negative -verod +
3 Milky white Circular Entire Opaque Butyrous Smooth Negative -verod +
4 Milky white Circular Entire Translucent Swarmy Smooth Negative -verod +
5 Black Circular Entire Translucent Butyrous Smooth Negative -verod +
6 Milky white Circular Entire Opaque Butyrous Smooth Positive +verod +
7 White Irregular Lobate Translucent Viscid Smooth Negative -verod +
8 Milky white Circular Entire Opaque Butyrous Smooth Negative -verod +
9 Milky white Circular Entire Opaque Mucoid Smooth Negative -verod +
10 Green Circular  Entire Translucent Butyrous Smooth Negative -verod +

Table 9b: Biochemical characteristics of bacterial isolates

Isolateno Cat Oxi Ind H>S NitredUre LactFruc MaltGalaGlu Arab RafMan MR VP Identified organism

1 + - + 4+ - + - + - - + - - - + - Enterobacter aerogenes
2 + - - - - +  + + o+ o+ o+ - - + + +  Escherichia coli

3 - - - - + - + + + + 4+ o+ + - 4+ +  Klebsiella pneumonia

4 + + - + + + + + o+ - + + - + +  Proteus vulgaris

5 + + -+ - - -+ + -+ - - + + +  Salmonella typhi

6 + -+ o+ - + -+ - - + - - - + - Bacillus subtilis

7 + - - - - + +  + + o+ 4+ - - + + +  Vibrio cholerae

8 - - - - + - + o+ + + o+ o+ + -+ +  Citrobacter freundii

9 + + - o+ + + -+ + o+ - 4+ + -+ +  Shigella dysenteriae

10 + + - + - - - + + - + - - + + +  Pseudomon as aeruginosa
Keys: + = Bacteria positive to the enzymatic test; — = Bacteria negative to the enzymatic test

Table 10: Presence of protozoan in the water samples

S/N Sample identity Entamoeba histolytica  Balantidium coli Giardia intestinalis Cryptosporidium spp Others/Worms
ALK - - - - -

ALK2 . - . . .

ALK3 . - . . .

ALK4 - - - - -

ALKS - - - . -

ALK6 - - - - .

ALK7 - - - . -

ALKS . . . . .
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9 ALK9 - - - - -
10  ALK10 - - - - -
11  APTI1 - - - - -
12 APT2 - - - - -
13 APT3 - - - - -
14 APT4 - - - - -
15 APTS - - - - -
16 APT6 - - - - -
17 APT7 - - - - -
18 APTS - - - - -
19 APT9 + - - - -
20 APTIO - - - - -
21 IWRI - - - - -
22 IWR2 - - - - -
23  IWR3 - - - - -
24 IWR4 - - - - -
25 IWRS - - - - -
26 IWR6 - - - - -
27 IWR7 - - - - -
28 IWRS8 - - - - -
29 IWR9 - - - - -
30 IWRI10 - - - - -
31 ODNI - - - - -
32 ODN2 - - - - -
33 ODN3 - - - - -
34 ODN4 - - - - -
35 ODNS - - - - -
36 ODNG6 - - - - -
37 ODN7 - - - - -
38 ODNS - - - - -
39 ODN9 - - - - -
40 ODNI10
41 OIBI1
42  0OJB2
43 OJB3
44  OJB4
45 OIJBS
46 OIB6
47 OJB7
48 OJBS
49 OIJB9
50 OJB10

R i S

+
1
1
1

Keys: + = Present; - = Absent

Plate 1: Entamoeba histolytica

Plate 2: Bacillus
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Plate 3: Citrobacter
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Plate 4: Escherichia coli

RESULTS AND DISCUSSION

Table 1 shows the results of the physico-
chemical quality of the groundwater samples
that was comprising of pH, Temperature,
Electrical conductivity and Total dissolved
solids of the water samples. The noticeable
environmental conditions of the well, the
well parameters which includes the total
depth as well as the static water level of the
well and the coordinates (Longitude,
Latitude and Altitude) pointing to the exact
location of the wells. The output for each
locations were recorded using specific letter
code for each selected area namely; Oja-
Oba: OJB; Iwo-Road: IWD; Alakia: ALK;
Odo-Ona: ODN; Apata: APT.

The pH values for the ten (10) sampled wells
at Oja-Oba ranged from 4.7+0.15 to
6.4+0.26. pH concentration revealed that the
water was acidic (Table 1). The pH of the
sampled wells across the investigated
locations in QOja-Oba falls within the
permissible limit set by World Health
Organization (WHO, 2011, WHO, 2022)
standard of 6.5-8.5 in potable water. Despite
the acidic nature of pH in Oja-Oba; the state
of pH parameter plays a significant role in
determining the bacteria population growth
and diversity in water. According to

Ojekunle and Lateef, 2017; increase in pH
could be as a result of basic metabolic waste
products caused by increasing bacteria
pollution.

The temperature of the sampled wells ranged
from 28.4+0.26 to 30.9+1.63 °C (Table 1).
The temperature falls within the WHO
standard of <40°C. Hence, the temperature
in these selected wells at Oja-Oba may not
pose any health problem on residents. The
TDS obtained from the analysis at Oja-Oba
ranged from 1824793 to 599.749.07
mg/L.OJBWI1 had the highest (599 mg/L)
followed by OJBW3 (590mg/L) and the
lowest was at OJBW4 (182mg/L). All the
values obtained at the sampled wells fall
below WHO standard of <1200 mg/L. The
values of EC ranged from 24.334+1.53 to
82+2.0 ps/cm. OJBWI1 and W3 had the
highest (82 and 8lus/cm). All the well
sampled were within WHO limit of
400ps/cm. this shows that water samples are
not saline and the concentration of salt in the
ground water is minimal. The level of EC
which was found to be above WHO
standards can pose serious health issue such
as brain damage based on prolonged
exposure (WHO, 2011; WHO, 2022).
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The pH values for the ten (10) sampled wells
at Iwo ranged from 7.5+0.4 to 8.4+0.25. The
exhibited pH High concentrations ranged
from 7.5 in IWDW1 to 8.4 in IWDWO (8.4).
The pH values of the sampled wells across
the location were within the permissible
range set by World Health Organization
(WHO, 2011) standard of 6.5-8.5 in potable
water. The pH base was alkaline in nature
which may be unlikely to cause health
problem such as acidosis. The temperature
of the sampled wells ranged from 27.8+0.7
to 30.5£1.56 °C (Table 2). The temperature
falls within the WHO standard of <40°C.
The TDS obtained from the analysis at Iwo
ranged from 166+2.0 to 363.7+18.01.
IWDWS8 had the highest (363mg/L)
followed by IWDW1 (316mg/L) and the
lowest is at IWDW6 (166 mg/L); all the
observed values of the sampled wells fall
below WHO standard of <1200 mg/L. The
values of EC ranged from 22+1.0 to
60.33+0.58 ps/cm. IWDW10 had the highest
(60.33us/cm) while the least was at
IWDW6; with all the sampled wells within
the permissible WHO limit of 400 ps/cm.
This indicated that well-water samples are
not saline and the concentration of salt in the
ground water is minimal. According to
WHO (2011), EC level above recommended
standard can pose serious health issue such
as brain damage based on prolonged
exposure (Table 2).

The pH values for the ten (10) sampled wells
at Alakia ranged from 7.6+0.17 to 8.3+0.2.
The concentrations ranged from ALKW2
(7.6) to ALKWY9 (8.3). The pH of the
sampled wells across the location were
within the permissible range set by World
Health Organization (WHO, 2011; WHO,
2022) standard of 6.5-8.5 in potable water.
The temperature of the sampled wells ranged
from 28.9+0.5 to 32.7+4.71 (Table 3). The
temperature falls within the WHO standard
of <40°C. The TDS obtained from the
analysis at Alakia ranged from 168.6+4.50
to 287.7£1.52. ALKW7 had the highest (287
mg/L) followed by ALKWS8 (233mg/L) and
the lowest is at ALKW1 (168 mg/L); all the
obtained values at the sampled wells fall

below WHO standard of <1200mg/L. The
values of EC ranged from 22+1.73 to
39.6+£0.58us/cm where ALKW?7 had the
highest (39.6us/cm) while the least was at
ALKWG6; the EC of all the sampled wells in
Alakia were within WHO limit of 400
us/cm.

The pH values for the ten (10) sampled wells
at Odo-Ona ranged from 8.2+0.06 to
8.840.06. where ODNW7 (8.8) exhibited the
highest value and least value was recorded at
ODNWI10 (8.2). About 80% of the sampled
wells across the location were above the
permissible limit set by World Health
Organization (WHO, 2011) standard of 6.5-
8.5 in potable water. The pH base was
alkaline in nature. The temperature of the
sampled wells ranged from 28.4+0.42 to
29.84¢0.64 °C (Table 4). ODNW7 recorded
highest value (29.8°C) while the least value
was at ODNW3 (28.4 °C). The temperature
falls within the WHO standard of <40°C.
The TDS obtained from the analysis at Odo-
Ona ranged from 145.67+2.08 to
354.67£10.69 mg/L. ODNWS8 had the
highest (354.67 mg/L) and the lowest is at
ODNW2 (145.67 mg/L); all the obtained
values of TDS concentrations at the sampled
wells fall below WHO standard of <1200
mg/L. The values of EC ranged from
19.33+0.57 to 60.33+0.58 us/cm. ODNW10
had the highest EC (60.33 ps/cm) while the
least was at ODNW?2 (19.33 ps/cm) with all
the sampled wells exhibiting EC statuses
within WHO limit of 400 ps/cm. The EC is
the ease with which a substance allows free
flow of electricity through the ions in
electrolytes of water samples and the amount
of dissolved solid in them. According to
WHO, 2011; any EC level above the
recommended standard can pose health risk
of defective endocrine functions with
prolonged exposure. The levels of EC in this
study were lower than the tolerable values.
Generally, the more ions that are present, the
higher the conductivity in water (Table 4).
Table 5 presents the results of the physical
characteristics of well water samples for the
10 wells sampled at Apata. The pH measures
the concentration of hydrogen ion and is the
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scale of intensity of acidity and alkalinity of
water. The mean pH values recorded during
the period of study ranged from 8.2+0.06 to
8.9+0.21 with APTW4 (8.9) having the
highest pH concentration while the lowest
was recorded at APTW7 (8.2). About 70%
of the assessed sampled wells were above
the recommended limit of WHO for 6.5-8.5
(WHO, 2011; WHO, 2022). The mean
temperature values ranged from 28.8+0.25to
30.8£2.6 °C. APTWI1 (30.8°C) had the
highest level of temperature. The values
obtained  falls  within  the  limits
recommended for drinking water which is
21°C to32°C (WHO, 2011). These values
were in agreement with the study conducted
by Samuel et al. (2017) who reported the
temperature of hand-dug wells in Awka
metropolis which ranged from 28 to 29°C.
High temperature in water enhances the
growth of micro-organism and may increase
the taste, colour and corrosion in water
(WHO, 2011; WHO, 2022). Based on the
DMRT analysis, there was significant
differences in the well sampled across the
sampled sites. The TDS measure the total
inorganic substances dissolved in water and
this reveals the salinity behavior of
groundwater substances (Samuel et al.,
2017). TDS ranged from 120+3.46 to
521£10.0 mg/L. APTW4 had the highest
while APTW6 (120 mg/L) recorded the

lowest concentration of TDS. Mean
concentration of TDS were within
permissible limit of 500mg/L except

APTW4. There was significant (p<0.05)
difference in the TDS values across the
sampling points. EC ranged from15.63+0.51
to 71.67+1.52 ps/cm. The EC varied across
each sampling points with the highest was
recorded value at APTW4 (71.67uS/cm).
The mean EC across the sampling points
were found to be lower than the permissible
limit of 400 pS/cm by WHO, 2011 and
WHO, 2022 for drinking water (Table 5).

Table 6 reveals the bacterial load and types
of isolates identified in Oyo Groundwater
Samples. Table 7 reveals the results of faecal
coliform test performed at a conditioned
temperature of 44.5°C; Table 8 shows the

compliance levels of individual samples
with  WHO standard of drinkable water
quality; Table 9a reveals the morphological
characteristics of the bacterial isolates while
Table 9b is a representation of biochemical
characteristics of bacterial isolates in the
study area.

Table 6 reveals the bacterial load and types
of bacteria isolated from each of the sample
analyzed for enteric bacteria group. The
predominant bacteria were Enterobacter
aerogenes, Klebsiella pneumonia and
Escherichia coli. The samples with the
highest bacterial load were ALKWO9 and
OJBW7 with load of 1.3x10? and 4.0x10?
cfu/ml respectively. From these samples,
two (2) different bacteria were identified
from each and they include Pseudomonas
aeruginosa, Proteus vulgaris, Klebsiella
pneumonia and Salmonella typhi. Table 7
shows the number of samples that had no
form of coliform in them and were tagged
negative while Table 8 defined the level of
compliance of the samples to WHO
approved standard for drinking water.
Fifteen samples complied with the WHO
standard, while thirty-five (35) samples were
not compliant while the outputs of the
biochemical characteristics of the identified
isolates are displayed in Table 9b.

The results of the protozoan analyses
showed that most of the samples recorded no
form of protozoan except APTWY that
exhibited positive presence of Entamoeba
histolytica while all the samples in Oja-Oba
showed positive affinity to Entamoeba
histolytica and Balantidium coli (Table 10).
The pictures of the protozoan seen in one of
the water samples analyzed are hereby
displayed in Plate 1, Plate 2, Plate 3 and
Plate 4 respectively for Entamoeba
histolytica,  Bacillus,  Citrobacter and
Escherichia coli. From the results of the
microbial analysis of groundwater samples
of the study area, most of the water samples
were contaminated with pathogenic bacteria
such as Salmonella, Shigella and Vibrio all
of which are diarrhoeagenic in nature with
Oja-Oba area exhibiting the highest level of
contamination. The thirty-five samples that

Nigerian Journal of Microbiology, December, 2025
Available online at www.nsmjournal.org.ng

7596



Gbadebo et al., 2025

Nigerian Journal of Microbiology, 39(2): 7580 - 7605

did not comply with the drinking water
standard in this study were adjudged
polluted (WHO, 2022). Others were in one
way or the other contaminated by enteric
bacteria that includes Escherichia coli but
not in high number. All other samples (15 of
them); though none is sterile met the WHO
standard for drinking water as the number of
colonies per ml was minimal. Therefore,
thirty-five (35) samples out of the total (50)
treated samples were not fit for drinking
based on the WHO standard for drinking
water (WHO, 2022). The analysis of the
colony count in the water samples revealed
the presence of heterotrophic bacteria in
some of the water sources. The compliance
assay showed that fifteen (15) of the samples
complied or met the allowable limits of
World Health Microbiological requirements
for safe drinking water amounting to 30 %
level of compliance (WHO, 2022). The
WHO standard for heterotrophic bacteria in
potable water states that the total
heterotrophic bacteria count should not be
more than 2.0 cfu/ml (WHO, 2011; WHO,
2022). The presence of bacteria counts
exceeding the WHO limits indicates that the
water samples contain high concentration of
bacteria that could make the water unsafe for
drinking (EPA, 2005; GOC, 2017; He et al.,
2020a; He et al., 2020b). Some of these
identified and quantified microorganisms are
significant human pathogens associated with
a variety of infectious diseases such as
gastroenteritis, urinary tract infections and
others (Nwidu et al., 2018). They are known
as causative agents of many waters borne
diseases and might indicates that these water
sources are not advisable for domestic uses
such as drinking, bathing and cooking. Their
entry into water sources could be attributed
to seepages from nearby septic tanks, as
opined by (Pedley and Howard, 1997;
Nguendo-Tongsi, 2011 and Willocks et al.,
2014) or  through  deliberate  and
indiscriminate deposition of animal waste
and human faeces into streams as commonly
observed in some riverine areas. It is
important to note that even if the water
meets the compliance level for drinking

water microbiologically, the comprehensive
analysis of the protozoan assay will have to
be considered. According to Cheesbrough
(2000), some of these intestinal protozoans
observed in some of these water samples
pose a more public health threats than some
of the bacteria isolated. This is because some
of the bacteria are easy to eliminate
especially heat-labile bacteria such as
Enterobacter aerogenes that was common in
the water samples. Some of these bacteria
and protozoans when found in water are
potential threat to blanked vegetable salad
and other raw delicacies that are common in
our society today (Omid et al, 2023;
Udokpoh et al, 2024). Also, the water
Samples have minimal bacteria pollution as
only one of the water samples (APTW9)
recorded the presence of FEntamoeba
histolytica as the protozoan seen. Also, none
of the water samples was sterile, while less
than 50% tend to meet the WHO standard
for drinking water in terms of bacterial, and
protozoan affinity. The Oja-Oba
groundwater samples were more polluted
with coliforms than other group of samples
in the study area

CONCLUSION

None of the investigated groundwater
sample in the study area was sterile; thirty-
five (35) samples out of the total (50) treated
samples were not fit for drinking based on
the WHO standard for drinking water
(WHO, 2022). The Oja-Oba wells (OJBW
samples) were more polluted with coliforms
than other group of samples as drinking
water that they are based on their positive
affinity to Entamoeba histolytica and
balantidium coli. The microbiological
quality analysis of the fifty (50) water
samples showed that a number of bacteria
were predominantly isolated and identified
using standard microbiological procedures.
These bacteria were Citrobacter freundii,
Shigella dysenteriae, Enterobacter
aerogenes,  Escherichia coli, Proteus
vulgaris, Klebsiella pneumoniae, Salmonella
typhi, Bacillus  subtilis, Pseudomonas
aeruginosa and Vibrio cholerae. The total
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numbers of bacteria isolated from all the
samples were ten (10) all together. The
compliance revealed that fifteen (15) of the
samples complied and met the World Health
Microbiological requirements for safe
drinking water amounting to thirty percent
(30 %) level of compliance. Thirty-five (35)
other samples had either slight bacterial
pollution of low number or counts of
coliform (Escherichia coli) while other
samples were moderately polluted with
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