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ﬁBSTRACT \

Bacterial contamination of drinking water is a major public health problem worldwide because contaminated water can be
an important vehicle of diarrheal diseases. This study was aimed at evaluating the bacteriological and physiochemical
qualities of borehole and well water drinking sources. A total of forty eight (48) boreholes and wells water samples were
collected from Bundu waterside, Port Harcourt between March - August, 2022 and analyzed using standard analytical
procedures. Results showed that mean total heterotrophic bacterial counts for well water and Borehole water samples
ranged from 1.30%0.13x10°CFU/ml t01.73+0.05x10°CFU/mI and from1.08+0.21x10°CFU/mI to 1.40+0.11x10%CFU/mlI
respectively. Total coliform counts (TCC) for well water and Borehole water ranged from 2.8+1.4x10*CFU/ml to
4.8+0.5x10*CFU/ml and from 2.1+1.0x10°CFU/mIl to 4.0+1.2x10°CFU/ml respectively. Well water samples recorded
higher counts compared to borehole water samples, though the counts obtained from the two water sources were higher
than the acceptable limit 100CFU/mI of total heterotrophic bacterial counts and 0 CFU/100ml of total coliform, indicating
high level of pollution of drinking water sources in Bundu waterside. Percentage occurrence of the bacteria isolated
revealed that Escherichia coli ETEC (20%), recorded the highest percentage followed by Escherichia coli 9157:H7 (14%),
Staphylococcus aureus (12%) Shigella sonnei (12%), Vibrio parahaemolyticus (12%), Salmonella enterica (8%),
Pseudomonas aeruginosa (7%), Proteus mirabilis (6%), Enterobacter cloacae, and Vibrio cholera (4%). Results of
physiochemical parameters of the water samples revealed that Electrical conductivity, Total dissolved solid, sulphate,
phosphate and nitrate were above the permissible limit by WHO and Nigerian Standard for Drinking Water Quality while
pH, Dissolved Oxygen, Biological Oxygen Demand, and Turbidity were below the permissible limit. Hence,
bacteriological and physiochemical characteristics of the borehole and well water sources did not comply with standards
which indicates that the water sources are not fit for consumption. Therefore treatment is recommended for the water
sources before use for any domestic purposes.
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Introduction varies considerably between different water types.
Improper and indiscriminate dumping of untreated
wastes of various kinds around residential areas is
common sight in Port Harcourt City (Obire et al.,

One of Nigeria's fastest-growing cities is Port
Harcourt, the capital of Rivers State. In quest of work

and better opportunities in the city, people are
moving from rural to urban areas, contributing to the
creation of slum, sometimes referred to as
"waterside”. In the slum (Informal settlements),
many shallow boreholes have been drilled and wells
dug into the formation for drinking and domestic
water supply. In majority of cases, the water is
usually consumed raw without any form of treatment
(Ogbonna et al., 2023).

These natural waters contain a myriad of microbial
species, many of which have not been cultured, much
less identified. The number of organisms present

2009).

According to Obire et al., (2009), sources of water
pollution include effluents of untreated sewage that
are dumped directly into water bodies, runoffs
containing faecal materials, leaking pipes run in
gutters or drainages, domestic effluents containing
large microbial populations that are involved in
degradative processes, and hospital effluents (Essien
and Bassey, 2012). Other sources of contamination
include closeness of borehole to septic tanks
especially where space is a constraint and boreholes
are drilled around the area (Essien and Bassey,
2012).

153

Citation: Kpormon et al. (2023). Bacteriological and physicochemical qualities of borehole and well water in Bundu waterside, Port
Harcourt. International Journal of Microbiology and Applied Sciences. 2(2): 153 - 161.



Kpormon et al. /Int. J. Microbiol. & Appl. Sciences 2023 2 (2): 153 - 161

Declining water quality has become a global issue of
concern as human populations grow, industrial and
agricultural activities expand, and climate change
threatens to cause major alterations to the hydrologic
cycle (Ogbonna and Orinya, 2018). In Nigeria
especially Bundu waterside, Port Harcourt Rivers
State, a vast majority of people source and drink
from borehole and wells irrespective of the state of
these water bodies without any form of treatment.

Majority of the human population in semi-urban and
urban areas in Nigeria are heavily reliant on well
water and borehole as the main source of water
supply for drinking and domestic use due to
inadequate provision of potable pipe borne water.
These ground water sources can easily be
contaminated by faecal matter and thus increase the
incidence and outbreaks of preventable water-borne
diseases (Alonge et al., 2018).

Accurate and timely information on the quality of
water is necessary to shape a sound public policy and
to implement the water quality improvement
programme efficiently. One of the most effective
ways to communicate information on water quality
trends is with indices. The water quality index (WQI)
is commonly used for the detection and evaluation of
water pollution and may be defined as ‘a rating
reflecting the composite influence of different quality
parameters on the overall quality of water’ (Mishra,
2005).

The indices are broadly characterized into two parts:
the physicochemical and biological (bacteriological)
indices. Physicochemical indices are based on the
values of various physicochemical qualities in a
water sample (Chibuike et al., 2023). These are vital
for water quality monitoring (APHA, 2017). A
number of scientific procedures and tools have been
developed to assess the water contaminants
(Dissmeyer, 2000). These procedures include the
analyses of different parameters such as pH,
turbidity, temperature, dissolved oxygen, alkalinity
amongst others. These parameters can affect the
drinking water quality if their values are in higher
concentrations than the safe limits set by the World
Health Organization and other regulatory bodies
(WHO, 2011).

Bacterial contamination of drinking water is a major
public health problem worldwide; because this water
can be an important vehicle of diarrheal diseases,
thus the need to evaluate the bacterial quality (Suthar
et al., 2009). Monitoring the bacterial quality of
drinking water is done through laboratory testing for
the coliform groups.

The total coliform refers to a large assemblage of
gram-negative, rod shaped bacteria that share several
characteristics. This coliform group include E. coli,
Klebsiella, Enterobacter, Streptococcus,
Staphyloccocus spp. Before water can be described
as potable, it has to comply with certain physical,
chemical and microbiological standards which are
designed to ensure that the water is potable and safe
for drinking.

Thus studies have been conducted to ascertain these
parameters in varying drinking water sources, well
water (Aboh et al., 2015; Gambo et al., 2015)
borehole water (Ibe and Okplenye, 2005; Isa et al.,
2013; Ukpong and Okon 2013, Douglas et al., 2021).

It is on these bases that this research was conducted
to determine the physiochemical and bacteriological
qualities of borehole and well water sources in
Bundu waterside, Port Harcourt, Nigeria.

Materials and Methods

This study was conducted in Bundu Waterside, Port
Harcourt, which is in Southern Nigeria's Niger Delta.
Around 50 kilometers from the Atlantic coast, the
city is located between latitudes 3037' and 3056' N.
and longitudes 11010" and 11045' E (Ogbonna et al.,
2021). The average annual temperature is 23°C, with
3,030mm of precipitation. Figure 1 is a Map of Port
Harcourt with the sampled locations indicated.

Sample collection

According to the Standard Methods adopted by
Kpormon et al. (2023), a total of forty eight (48)
water samples were collected from boreholes and
wells located in Bundu waterside, Rivers State
between March-August, 2022.

On each sampling occasion, water samples of
approximately 600ml were collected aseptically with
pre-rinsed 1 litre plastic containers via the running
tap connected to the water holding tank for borehole
water samples.

Sterile water fetcher was used to obtain water
samples from the well from which approximately
600 ml was poured aseptically into sterile pre-rinsed
1 litre plastic containers. All samples were
transported to the Laboratory, Microbiology
Department of Rivers State University for analyses
within 2 hours of collection in a thermos box
containing ice packs (APHA, 2017).
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Figure 1: Map of Port Harcourt showing the sampled locations of the study

Bacteriological Analyses

Cultivation and  Enumeration of Total
Heterotrophic Bacteria (THB)

An aliquot (0.1ml) from 102 dilution of water
samples were inoculated (0.1ml) on the nutrient agar
plate in triplicate for isolation and enumeration of
total heterotrophic bacteria using standard spread
plate methods as described by Prescott et al. (2005)
and incubated for 24hours at 37.2°C. Bacterial
colonies that grew on the cultured plates after
incubation were counted and the mean expressed as
cfu/ml using the formula below;

number of colonies

CFU/ml = Dilution x volume plated

Cultivation and Enumeration of Total Coliform

An aliquot (0.1ml) from 102 dilution of water
samples were inoculated on the MacConkey agar
plates in triplicate for isolation and enumeration of
Total coliform using standard spread plated methods
as described by Prescott et al (2005).

The inocula were spread evenly on the surface of the
MacConkey agar media using a sterile spreader and
incubated at 37.2°C for 24 hours, after which the
colonies that developed were counted and the mean
expressed as colony forming unit per milliliter
(Amadi et al., 2014).

Purification of Isolates

After incubation, discrete colonies on the respective
culture media used were sub-cultured onto freshly
prepared nutrient agar plate in order to isolate pure
colonies. The cultures pure isolates were obtained by
picking (with sterile inoculating loop) distinct
culturally and morphologically different colonies
from the various plates (Douglas et al., 2022).

Identification of Bacterial Isolates

Pure bacterial isolates were identified phenotypically
according to the method described by Cheesbrough
(2006). ldentification was done by comparison of
their cultural, morphological and physiological
characteristics with those of known taxa using the
Bergey’s Manual of Determinative Bacteriology
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(Holt et al., 1994). Further genotypic identification of
pure bacteria isolated was also carried out using
molecular approaches which involve extraction of the
bacterial DNA by boiling method, the extracted
genomic DNA was quantified using the Nanodrop
1000 spectrophotometer. The 16srRNA
Amplification was carried out using an ABI 9700
Applied Biosystems Thermal Cycler and method
described by Srinivasan et al. (2015). Sequencing of
the amplified product was carried out using the Big-
Dye Terminator kit on a 3510 ABI sequencer by
Ingaba Biotechnological, Pretoria South Africa,
(Srinivasan et al., 2015). The evolutionary history
was inferred using the Neighbor-Joining method in
MEGA 6.0 (Saitou and Nei, 1987).

Determination of Physicochemical Characteristics

Physicochemical properties such as Temperature,
pH, Electrical Conductivity(EC), Dissolved oxygen
(DO), Biological Oxygen Demand (BOD), Total
Dissolved Solids (TDS), Turbidity, Sulphate,
Phosphate, and Nitrate of the borehole and well
water samples were measured using their respective
meters. pH was measured using a pH meter
(HANNA, HI 9125) and conductivity, total dissolved
solids using a calibrated Conductivity Meter
(HANNA, Conductivity ~ meter).  Turbidity
measurements was conducted using a portable
turbidity meter (APHA, 2017). Total hardness was
evaluated by burette titration. Total alkalinity,
chloride, nitrate-N, sulfate and major cations were
determined according to other standard analytical
methods described by APHA (2017).

Statistical Analyses

Analyses of variance of the data obtained were
carried out using one ANOVA. Data obtained were
compared with the use of Chi square and Fisher’s
exact test (two tailed) with the all pairs tukey-kramer
statistical program. P-value of less than 0.05 was
considered to be statistically significant (<0.05).

Results

Results of the mean counts of bacteria of borehole
and well water sampled in Bundu waterside, Port
Harcourt is shown in Table 1. The result revealed
that the mean total heterotrophic bacteria counts for
well water samples ranged from 1.30+0.13x10°
CFU/ml (March) t01.73+0.05x10° CFU/mI (June)
while Total heterotrophic bacteria counts for
Borehole water ranged from1.08+1.21x10%° CFU/mI
(April) to 1.40+0.11x10°% CFU/ml (June), indicating
high level of pollution of the water sources in Bundu
waterside (Table 1). The results of the total coliform
counts (TCC) ranged from 2.8+1.4x10* CFU/mI to
4.8+0.5x10* CFU/ml for well water samples and
TCC for Borehole water samples ranged from
2.1+1.0x10° CFU/ml to 4.0+1.2x10° CFU/ml. The
results of the phenotypic and genotypic identification
of the bacterial species are presented in (Table 2.).
Five out the total number ten bacterial species
isolated and identified had percentage similarity of
100% while others had 99%. The results of the
molecular analysis demonstrated a wide range of
bacteria with varying percentages (Figure 1), present
in the borehole and well water sources in Bundu
waterside Port Harcourt.

Table 1: Mean counts of bacteria of borehole and well water sampled in Bundu Waterside, Port Harcourt

Total Heterotrophic Bacteria counts

Total Coliform Counts

(CFU/mI) (CFU/mI)

Month/Sample Well Water Borehole Water Well Water Borehole Water
March 1.30+0.13x10° 1.15+0.5x10° 3.5 £0.1x10* 2.1+1.0x10°
April 1.50+0.08x10° 1.08+1.21x10° 2.8+1.4x10* 2.5+0.7x10°
May 1.61+1.0x10° 1.15+0.54x10° 5.9+0.5x10* 4.2+0.5x10°
June 1.73+0.05x10° 1.40£0.11x10° 7.0+0.7x10* 2.0+0.6x10°
July 1.66+1.5x106 1.32+0.15x10° 3.4+0.8x10* 34+1.4x103
August 1.43+1.2x10° 1.38+0.05x10° 4.8+0.5x10* 4.0+1.2x10°
NSDWQ 2008 1x10% CFU/ml 1x102 CFU/ml 0 CFU/100ml 0 CFU/100ml
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Table 2: Phenotypic and genotypic identity of the bacteria isolated from borehole and well water sampled
in Bundu Waterside Port Harcourt

ISO code Phenotypic Identity ~ Genotypic identity Similarity (%0) NCBI Genebank
Accession Number
ISO 1 Escherichia coli Escherichia coli ETEC 99 MF 919609.1
ISO 2 Proteus sp Proteus mirabilis 99 LC728309.1
ISO 3 Escherichia coli Escherichia coli 9157:H7 100 EU871626
ISO 4 Salmonella sp Salmonella enterica 100 AF170176.1
ISO5 Staphylococcus sp Staphylococcus aureus 100 AH013003.2
ISO 6 Enterobacter sp Enterobacter cloacae 100 NR 102794.2
ISO 7 Pseudomonas sp Pseudomonas aeruginosa 100 FJ972527.1
ISO 8 Shigella sp Shigella sonnei 99 NR 104826.1
ISO9 Vibrio sp Vibrio parahaemolyticus 99 HG999479.1
ISO 10 Vibrio sp Vibrio cholerae 99 KU981188.1
Staphylococcus Proteus mirabilis
aureus 6%
12% J—
Vbrio cholerae
4% gy
Escherichia coli
9157:H7
Vbrio  \GEE 14%
parahaleg;/glytlcus ______ Salmor_1e||a
............ enterica
""""""""" 8%
Pseudomonas - Enterobacter
aeruginosa ) cloacae
7% 5%

Figure 1: Frequency (%) of bacteria isolated from borehole and well water sampled in Bundu Waterside

Port Harcourt

The results of the physicochemical parameters of well
water and borehole water collected from Bundu
waterside during the study are presented in Table 3.
The results of Temperature for the waters ranged
from 25°C in the Well water to 26.5°C in the
Borehole water. The value of pH ranged from
5.45+0.14 in Well water to 6.45+0.14 in Borehole
water. Turbidity 2.38+0.38 NUT in Borehole to
3.38+0.38 NUT in Well.

Values of Electrical conductivity ranged from
422.25+50.43ps/cm in Borehole to 522.25+50.43
ps/cm in Well water. Total dissolved solid 703+2.32
mg/L (Borehole) to 1034+2.32 mg/L (Well),
Dissolved Oxygen 2.42+0.14 mg/L (Borehole), to
4.12+0.14 mg/L (Well) while the Biological Oxygen
Demand ranged from 1.2+0.33mg/L in Borehole to
1.8+0.12 mg/L in Well water.
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Table 3: Mean values of physicochemical parameters of borehole and well water sampled in Bundu

Waterside Port Harcourt

Parameter Well water Borehole Water NSDWQ (2008) WHO (2012)
Temperature (°C) 25.5+0.52 26.5+0.52 20-33°C ND
Turbidity (NUT) 3.38+0.382 2.38+0.382 5.00 NTU 5.00 NTU
EC (us/cm) 522.25+50.43 % 422.25+50.43%® 500 ps/cm 250 ps/cm
TDS (mg/L) 1034+2.32%, 703+2.32%, 1000mg/I 500mg/I
pH 5.45+0.14%® 6.45+0.14 % 6.5-8.5 7.0t08.5
DO (mg/L) 4.12+0.14% 2.42+0.142 14 mg/l 14 mg/l
BOD (mg/L) 1.8+0.12° 1.2+0.332 <5 mg/Il <5 mg/l
Sulphate (mg/L) 252.5+23.632 242.5+23.632 300 mg/I 250 mg/I
Phosphate (mg/L) 10.47+0.432 6.47+0.432 5mg/l 2 mg/l
Nitrate (mg/L) 64+3.40° 54+3.40° 50 mg/I 45 mg/l

Discussion

The results of this present study reveal the
population (counts) of total heterotrophic bacteria
and total coliform in both borehole water and well
water sampled from Bundu waterside in Port
Harcourt. The counts are higher than the acceptable
counts of 100 cfu/ml for drinking water (WHO 2011
and NSDWQ, 2008). The higher total heterotrophic
bacterial counts especially in the Well water samples
in the month of June can be attributed to several
anthropogenic activities around the waterside such
as indiscriminate dumping of untreated wastes and
surface runoffs containing faecal materials, leaking
pipes run in gutters or drainages, domestic effluents.
Other sources of bacterial contamination may
include, animal waste deposition and pasture are also
possible ways of introducing foreign micro-
organisms in the water thereby making more
nutrients available for the microorganisms in the
water thus enhancing their growth at all the various
water sources according Obire et al., (2009).

Wells recorded the higher counts compared to
borehole waters, though the counts obtained from
the two water sources were higher than the
acceptable limit 100CFU/mI of total heterotrophic
bacterial counts and 0 CFU/100ml of total coliform.
Well recorded the higher counts compared to
borehole waters, though the counts obtained from
the two water sources were higher than the
acceptable limit, These high counts could be
attributed to the discharge of sewage into the rivers
by the surrounding people and leakage from septic
tank (Obire et al., 2009).

In this study, the total bacterial and coliform counts
were lowest in borehole water relative to the other
water sources.

However, the bacteriological values for total
coliform counts did not meet international standard
as they were higher than WHO standard of zero per
100ml.  comparatively, these  bacteriological
parameters were higher than those reported by other
researchers Adegboyega et al., (2015). The
difference in the counts obtained in this study could
be attributed to the nature of the Bundu waterside.
The coliform counts were also higher compare to the
report of other researchers (Mile et al., 2012; Aboh
et al., 2015, Douglas et al., 2021).

Molecular analysis demonstrated a wide range of
bacteria with varying percentages, present in the
borehole and well water sources in Bundu waterside
Port Harcourt. Among the bacterial species were
various strains of Escherichia coli, including ETEC
(MF 919609.1) and the highly pathogenic E.coli
9157:H7 (EU871626). The presence of these
pathogenic E. coli strains indicates that the borehole
and well water sources in Bundu waterside
contamination with faecal materials which may
poses a significant risk of gastrointestinal infections,
particularly in areas where sanitation facilities are
lacking or inadequate. The presence of E.coli
9157:H7 in this study corroborates the study of
Ngwa et al., (2013) and Abdulkadir et al., (2016)
who in their respective studies were able to isolate
the highly pathogenic organism from water sources
in their respective study locations.

Several waterborne pathogens, including Salmonella
enterica (AF170176.1), Shigella sonnei (NR
104826.1), Vibrio cholerae (KU981188.1), and
Vibrio parahaemolyticus (HG999479.1), were also
identified in the water samples. These organisms are
known to cause severe diarrheal diseases, with
potentially fatal outcomes if left untreated.

158

Citation: Kpormon et al. (2023). Bacteriological and physicochemical qualities of borehole and well water in Bundu waterside, Port
Harcourt. International Journal of Microbiology and Applied Sciences. 2(2): 153 - 161.



Kpormon et al. /Int. J. Microbiol. & Appl. Sciences 2023 2 (2): 153 - 161

Their presence in the water sources highlights the
urgent need for immediate public health
interventions to prevent waterborne disease
outbreaks. Our study also agrees with Douglas et al.,
(2021) that also identified the following organisms
from  Abonnema  community:  Vibrio  sp,
Enterobacter sp. Salmonella sp. Shigella sp. Bacillus
sp. Staphylococcus sp.

The isolation of opportunistic pathogens, such as
Staphylococcus aureus (AH013003.2), Enterobacter
cloacae (NR 102794.2), Pseudomonas aeruginosa
(FJ972527.1), and  Streptococcus agalactiae
(CP010867.1), raises concerns about the potential
impact on vulnerable  populations.  These
microorganisms can cause infections, especially in
individuals with weakened immune systems or
underlying health conditions. Adequate water quality
and sanitation are crucial to protecting the health of
these susceptible groups.

Water physicochemical properties, which serve as a
measure of water contamination, are usually
evaluated to determine the water quality for different
purposes. Management of water is done to ensure
that contaminants that get into it do not exceed the
permissible or standard limits. Thus, the quality of
water is related to the expected use of the water for
fishing, recreation, or wild life (Amaku and Akani,
2016).

This present study also reveals the physicochemical
properties of both borehole water and well water
sampled from Bundu waterside in Port Harcourt as
presented in Table 3. Values of the Electrical
conductivity, Total dissolved solid, sulphate,
phosphate and nitrate were above the permissible
limit recommended by World Health Organization
and Nigerian Standard for Drinking Water Quality
while pH, Dissolved Oxygen, Biological Oxygen
Demand, and Turbidity were below the permissible
limit. The pH values of the well water samples tends
to more acidic than the boreholes water samples,
though the pH of both samples were below the
recommended range (6.5 — 8.5) by WHO. There
were significant difference (p>0.05) in the values of
pH obtained from the water samples. Drinking water
with pH range of 6.5 to 8.5 is generally considered
satisfactory (WHO, 2011). Acid water tends to be
corrosive to plumbing and faucets, particularly, if the
pH is below 6.

Consequently, this could be the case for the well
water sampled with pH below 6. Low pH observed
in this study may be attributed to organic pollution

and waste discharge from the various activities
within the Bundu waterside into the river systems,
river water intrusions and other flourishing
photosysnthetic activities of the aquatic plants as
corroborated by other workers (El-Bouraie et al.,
2011). However, the pH of a water body is known as
one of the important factors in the determination of
water quality as it affects other chemical reactions
such as solubility and metal toxicity (Agbaire and
Obi, 2009).

The electrical conductivity values ranged
422.25+50.43 us/cm (Borehole) to 522.25+50.43
us/cm (Well). These values were above the
recommended limit of WHO standard of 250 ps/cm.
Electrical conductivity is the ability of a solution to
conduct an electrical current that is governed by the
migration of solutions which is dependent on the
nature and numbers of the ionic species in that
solution (Sa'eed and Mahmoud, 2014; Aremu et al.,
2014). It is a useful tool to assess the purity of water.
The electrical conductivity of the water were above
the permissible limit of 500uScm™ thus the water
samples are considered not safe in terms of this
parameter. The high electrical conductivity content
may be as a result of land runoff which contains
large amounts of cations and anions as averred by
Ezzat et al. (2012). Also certain levels of TDS are
essential for aquatic organisms and high level of
TDS may be unfavourable for aquatic life (Akpan et
al, 2015). In the case of turbidity, the values were
high but not greater than the limit set by WHO thus
they were assumed to be adequate. The turbidity
levels of the water sources suggest that the high
suspended materials, bacteria, planktons and
dissolved organic and inorganic materials (Reza et
al., 2009). The higher but not above recommended
limit of turbidity recorded in well and borehole
water is consistent with the report of Reza and co-
workers  (2009). Comparatively, there were
significant  differences at P<0.05 in the
physicochemical parameters observed in the
borehole and well water except for few parameters.
Physicochemical parameters of the borehole water
sampled in this study were closer in the range of
WHO recommended standards compared to that of
the borehole water.

In conclusion, the bacteriological characteristic of
the borehole and well water samples from the Bundu
waterside revealed that well water had the highest
heterotrophic bacteria and total coliform counts
compared to the borehole, though the counts in both
well and borehole water sources were above the
Standards recommended by Nigeria Standard of
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Drinking Water Quality and World Health
Organization. Also, the physiochemical
characteristics of both the borehole and well water
sources did not comply with regulatory standards
which indicate that the sources of water are not fit
for  consumption.  Therefore, treatment is
recommended for the water sources before use for
any domestic purposes. Government through
relevant agencies should set up water treatment
plants in the slums to increase the bacteriological
and physiochemical quality of water around
waterside especially Bundu.
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