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ABSTRACT Diseases caused by contaminated water consumption are among the leading causes of death in children,
the elderly, and people who are immunocompromised. Hence there is an important need to ensure that drinking
water sources are free from pathogens that can endanger the health of consumers. This study was undertaken to
investigate the influence of seasonal changes on the bacteriological distribution of the Obibia stream. A total of 30
water samples (500 ml each) were collected for the study at rainy and dry seasons for a period of May to July 2015
and December 2015 to Feb 2016, respectively. Bacteria present in the water samples were isolated and characterized
using 16s rDNA sequencing. Total heterotrophic aerobic bacterial counts were determined using standard
microbiological biochemical procedures. Their frequencies of occurrence were also determined. Total heterotrophic
aerobic bacterial counts (THABC) were significantly higher (P=0.039) > total coliform count > fecal coliform counts >
Salmonella - Shigella counts > Vibrio counts throughout the periods of sampling in the wet season, with the highest
counts obtained in July. THABC was also significantly higher (P = 0.018) than other examined bacterial groups and
had its peak in January. Bacterial genera present in the examined samples were identified as Shigella, Salmonella,
Escherichia coli, Vibrio, Enterobacter, Klebsiella, Enterococcus, Staphylococcus, Pseudomonas, and Serratia with their
respective frequencies of occurrence as 4.55%, 18.18%, 13.64%, 27.27%, 4.5%, 9.09%, 4.55%, 4.55%, 9.09% and
4.55% in the wet season. Their respective occurrences in dry season were 4.17%, 16.67%, 12.50%, 25.00%, 4.17%,
8.35%, 4.17%, 8.33%, 8.33%, and 8.33%. This bacteriological analysis has shown that wet season samples from the
Obibia stream had more bacterial counts than dry seasons. Thus, the water samples from it require further
purification steps before being used for domestic purposes by the inhabitants of its surrounding communities.
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Introduction

Lakes, rivers, and streams have important multi-usage components such as sources of drinking water, irrigation,
fishery, and energy production. With increasing industrialization and population growth, water sources available for
various purposes such as drinking, recreation, agriculture, and aquaculture have been adulterated with industrial as
well as animal and domestic wastes (Aneja 2005; Ezeabasili et al 2014; Esharegoma et al 2018; Matusala et al 2020;
Adamou et al 2020). As a result, it has become the most important means of transmission of several infectious diseases.
In Awka, Nigeria (the Anambra State capital), access to adequate urban water supply from the State’s water corporation
is a serious problem facing the inhabitants since 1999. Hence, to meet their demand for potable water supply, the
inhabitants of this State have survived by constructing water supply systems, reservoirs, wells, and boreholes. Others
patronize water vendors; rainwater collected from roofs, rivers, and streams. Proliferation in the use of water from
alternative sources, like shallow hand-dug wells and boreholes, water from streams and rivers, leads to the utilization
of water with questionable qualities for domestic activities.
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River Obibia is a stream (class H - Hydrographic) in Nigeria (Africa) with the region font code of Africa/Middle
East (Awka). It is one of the most important streams in the Awka town alongside the Imo Awka stream. Many residents
of the town depend on them for their household water supply and agricultural purposes. Obibia stream is located by
the Government Lodge, Amawbia and the Imo Awka River in the Northern part of the town. The vegetation can be
classified as the Guinea Savanna because the original forest vegetation has largely been cleared for a range of human
activities (Ezenwaji et al 2013). Obibia stream in the East along with other rivers in the town forms the main hydrological
features. The Obibia stream is the source of water supply for domestic and agricultural purposes in the Eastern parts of
the town. There is a dearth of information on the bacteriological quality of Obibia stream in Awka, Nigeria. This research
thus aims to investigate the influence of seasonal changes on the bacteriological load of Obibia stream in Awka,
Anambra State, Nigeria.

Material and Methods
Study Area

Obibia is a stream (class H - Hydrographic) in Nigeria with the region font code of Africa/Middle East (Awka). Its
coordinates are 6°13'60" N and 7°9'0" E in DMS (Degrees Minutes Seconds) or 6.23333 and 7.15 (in decimal degrees).
Obibia stream is situated and surrounded by tributaries from parts of Nibo, Amawbia, Okpalayam, and Awka towns in
Awka South Local Government of Anambra State. The Obibia stream is the source of water supply for domestic and
agricultural purposes in the eastern parts of the town. Its location is shown in Figure 1.
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Figure 1 Map showing Obibia stream in Anambra State.

Sample Collection

A total of 30 freshwater samples from different sampling sources or sites along the Obibia stream were collected
from May 2015 to July 2015, which represents the rainy season and December 2015 to February 2016, which represents
the dry season. Samples were taken from five different sites in duplicates. The first source (site one) was where washing
of bitter leaf, cassava steeping, and processing of other foods was done. Source two was the site for bathing and
swimming, source three was situated where run-off from a car wash and block industry entered the water, source four
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was where drinking water was collected and source five was where runoff from steep-sloped agricultural land entered
the water. On each occasion, two 500 ml water samples were collected in 1 L sterile containers from each site.

Microbiological Analysis

A ten-fold serial dilution of the samples was carried out by adding 1 ml of water samples aseptically into test
tubes containing 9 ml of sterile peptone water. Thereafter, 0.1 ml of each diluted sample from tube 10 was cultured
on the following media: Nutrient agar (total heterotrophic aerobic bacterial counts (THABC), MacConkey agar (Total
coliform counts (TCC), Eosin methylene blue agar (Fecal coliform counts - FCC), Salmonella — Shigella agar (Salmonella
— Shigella count - SSC) and Thiocitrate Bile Salt Sucrose agar (Total Vibrio counts - VC) (Cheesbrough 2006).

Characterization of Bacterial Isolates

Routine microbiological biochemical procedures were used for preliminary characterization and identification of
the bacterial isolate according to methods described by Cheesbrough (2006). Isolates were thereafter, confirmed using
16s rDNA sequencing.

Statistical Analysis

The data obtained was subjected to one-way ANOVA using Statistical Package for Service Solution (SPSS) 21 for
windows evaluation. P-values < 0.05 were considered significant. Mean partitioning was performed using Tukey test.

Results

Bacterial counts in wet season

The total mean plate counts of bacteria isolated from the five sources collected in May, June, and July 2015 of
the wet season are presented in Figure 2. The result revealed that there was significant difference (P < 0.05) between
the THABC, TCC, FCC, SSC, and VC of the samples in each month. The result showed that the THABC, TCC, FCC, and VC
in July was significantly (P < 0.05) greater than the THABC, TCC, FCC, SSC, and VC in May and June. The results of the
present study also revealed that the highest THABC and enteric bacteria were found in July followed by June. The least
THABC and enteric bacteria count were found in May.
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Figure 2 Total mean plate counts of bacteria isolated from the five sources collected in May, June, and July 2015 of the wet season.
THABC = Total heterotrophic aerobic bacteria count; TCC = Total coliform count. FCC = Faecal coliform count; SSC = Salmonella -
Shigella count; VC = Vibrio count.

Bacterial Counts in Dry Season

The total mean plate counts of bacteria isolated from the five sources collected in December, January, and
February 2015 to 2016 of the dry season are presented in Figure 3. The result revealed that there was significant
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difference (P < 0.05) between the THABC, TCC, FCC, SSC, and VC in all of the samples in each month. The result showed
that the THABC, TCC, and FCC in December were significantly (P < 0.05) greater than the THABC, TCC, and FCCin January
and February. The SSC in December was shown to be significantly (P < 0.05) greater than the SSC in February and
January. The results of the present study also revealed that the highest THABC and enteric bacteria were found in
December followed by January. The least THABC and enteric bacterial count were found in February.
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Figure 3 Total mean plate counts of bacteria isolated from the five sources collected in December, January, and February 2015 - 2016
of the dry season. THABC = Total heterotrophic aerobic bacteria count; TCC = Total coliform count. FCC = Faecal coliform count; SSC
= Salmonella-Shigella count; VC = Vibrio count.

Prevalence of bacterial isolates in wet season

The results of the occurrence and frequency of bacteria isolated from samples collected in May, June, and July
2015 of the wet season are shown in Figure 4. The result of the bacteriological analysis revealed the prevalence of 22
isolates of bacteria belonging to the genera: Escherichia coli (13.64%), Shigella (4.55%), Salmonella (18.18%), Vibrio
(27.27%), Enterobacter (4.55%), Klebsiella (9.09%), Enterococcus (4.55%), Staphylococcus (4.55%), Pseudomonas
(9.09%) and Serratia (4.55%). The result of the present study revealed that the highest bacterial occurrences were of
the genera Vibrio, Salmonella, and Escherichia coli.
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Figure 4 Occurrence and frequency of bacteria isolated from samples collected in May, June, and July 2015 of the wet season.
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Prevalence of bacterial isolates in dry season

The results of the occurrence and frequency of bacteria isolated from samples collected in December, January,
and February 2015 to 2016 of the dry season are shown in Figure 5. The result of the bacteriological analysis revealed
the presence of 22 isolates which included bacteria of the genera Escherichia coli (12.50 %), Shigella (4.17 %), Salmonella
(16.67 %), Vibrio (25.00 %), Enterobacter (4.17 %), Klebsiella (8.35 %), Enterococcus (4.17 %), Staphylococcus (8.33 %),
Pseudomonas (8.33 %) and Serratia (8.33 %). The result of the study showed that the genera of bacteria with the highest
occurrence were Vibrio, Salmonella, and Escherichia.
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Figure 5 Occurrence and frequency of bacteria isolated from samples collected in December, January, and February 2015 to 2016 of
the dry season.

Discussion

In the present study, the results of the bacteriological analysis of the water samples collected from five sample
points each in May, June and July 2015, showed that the bacterial counts for all the water samples were generally high,
exceeding the standard limit for drinking water (WHO 2004). The primary sources of these bacteria in the water are
animal and human sources based on physical observation. In May 2015, the highest total heterotrophic aerobic bacterial
count (THABC) was found in sample 1 and sample 5. The highest total coliform counts (TCC) and fecal coliform counts
(FCC) were also found in samples 1 and 5. This could be attributed to the presence of human activities and runoff from
agricultural land containing fecal matter, fertilizers, and other contaminants at the sites where these samples were
collected. Human activities include processing of foods like bitter leaf and steeping of cassava. The fermentation of
cassava and other carbohydrate-containing foods can increase the population of microorganisms dominating such sites.

A higher number of THABC, TCC and FCC were also obtained at these same sites in June and July. Ezenwaji et al
(2016) recorded that increase in biomass of bacteria was as a result of the fermentation of cassava in the cassava
steeping site. Similar findings were also reported by different researchers (Shittu et al 2005; Okoli et al 2005). The May
study also revealed that the highest Vibrio counts (VC) and Salmonella-Shigella counts (SSC) were found in sample 5 and
the lowest SSC and VC were found in sample 4. In June, the highest VC was found in samples 2 and 3 and the least SSC
and VC were found in sample 4. In July, the highest VC was found in samples 5 and 2 while the lowest VC was found in
samples 4. These variations could be attributed to the rate and amount of runoff from fecal contaminated land as a
result of high precipitation (rainfall) and direct dumping of dirt or defecation in the body of water.

The general comparison of the studies carried out from May to July revealed that the microbial isolates from the
samples collected in July were significantly higher than the microbial isolates collected in May and June. The microbial
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isolates from the samples collected in June were as well significantly higher than the microbial isolates collected in May.
These findings could be as a result of the change in the level of precipitation (Seasonal variation). More rainfall was
observed in July (150 mm) than in May (78 mm) and June (125 mm). The results revealed that precipitation, directly and
indirectly, affects the microbial load found in surface waters either by washing off materials from lands (agricultural and
non-agricultural land) that could be contaminated or by re-suspending bottoms sediments and other contaminants.
According to Okonkwo et al (2008), when precipitation is high, it leads to the generation of bacterial concentrations.
Researchers like Efobi (2001) and Ezenwaji and Orgi (2010), reported similar findings which state that high precipitation
leads to the generation of high bacterial concentrations in water bodies.

The result in Figure 3 revealed that the highest THABC and enteric bacteria were found in December followed by
January. The least THABC and enteric bacteria count was found in February. The result also revealed that there was a
seasonal influence on the concentration of the microorganisms found in the samples in each month.

Comparatively, the wet season had more bacteriological counts than the dry season in Obibia stream though not
significant (P > 0.05) using two-tailed paired T- TEST. Both counts exceeded the WHO standard of 2004. This implies that
both seasons had almost these effects on the bacteriological status of the Obibia stream. This finding is similar to that
obtained by Olatunji et al (2011) and Esharegoma et al (2018), who reported microbial counts from Asa River in llorin
and Orogodo River, were more during the rainy season compared to the dry season. This could be attributed to the high
runoff of nutrients and debris from land during rainy seasons. Ideally, and following the WHO (2004) recommendations,
there should be no bacteria available per 100 ml of the water sample.

The prevalence of the bacterial isolates in both the wet and dry seasons is shown in Figures 4 and 5. The results
of the occurrence and frequency of bacteria isolated from samples collected in May, June, and July 2015 of the wet
season are shown in Figure 4. From the result, bacteriological analysis revealed the prevalence of 24 isolates of bacteria
belonging to the genera: Escherichia coli (13.64 %), Shigella (4.55 %), Salmonella (18.18 %), Vibrio (27.27 %),
Enterobacter (4.55 %), Klebsiella (9.09 %), Enterococcus (4.55 %), Staphylococcus (4.55 %), Pseudomonas (9.09 %) and
Serratia (4.55 %). The result of the present study revealed that the highest bacterial occurrences were of the genera
Vibrio, Salmonella, and Escherichia coli.

The results of the occurrence and frequency of bacteria isolated from samples collected in December, January,
and February 2015 to 2016 of the dry season are shown in Figure 5. The result of the bacteriological analysis revealed
the presence of 22 isolates which included bacteria of the genera Escherichia (12.50 %), Shigella (4.17 %), Salmonella
(16.67 %), Vibrio (25.00 %), Enterobacter (4.17 %), Klebsiella (8.35 %), Enterococcus (4.17 %), Staphylococcus (8.33 %),
Pseudomonas (8.33 %) and Serratia (8.33 %). The result of the present study revealed that the highest bacterial
occurrences were of the genera Vibrio, Salmonella, and Escherichia coli. The high numbers of Salmonella and Vibrio are
not in agreement with EPA water standard for recreational use which states that these pathogenic organisms must not
be present in water, because they are of public health significance, having been associated with gastrointestinal
infections: diarrhea, dysentery, typhoid fever and other forms of infection (EPA 2003). Other bacterial genera isolated
from the water samples are also of public health significance. Staphylococcus aureus is known to produce enterotoxin
(Shittu et al 2008). Enterobacter aerogenes is an example of non-fecal coliforms and can be found in vegetation and soil
which serves as sources by which pathogens enter the water (Shittu et al 2008). Obiekezie (2006), Obiekezie and
Onunkwo (2006), also observed similar findings. The heavy presence of fecal and non-fecal coliforms and pathogens in
the water samples generally suggests that a certain section of water may have been contaminated or polluted with
feces either of human or animal origin and hence reflect the risk of pathogens present in the water. This result tallied
favorably with the report of Banwo (2006), which indicated that the presence of bushes and shrubs makes it likely
possible that smaller mammals may have been coming around the water body to drink water, thereby passing out feces
into the water. This suggests that the water is not fit for human consumption in its present state.

Conclusion

Obibia stream has been a source of water for drinking purposes, domestic purposes, and urban agriculture. These
activities as important as they are, produce and inject contaminants into the stream. The bacteria indices including
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those of public health significance were high as established in this study as a veritable case of negative human impact
in the environment and negative effect of precipitation.
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