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A B S T R A C T

The quality of water supply is assessed by its physico-chemical and bacteriological properties. This study was
carried-out with the aim of determining the contamination level of domestic water sources of Samaru community,
Zaria, Northcentral Nigeria in order to observed the trend of change in quality of these water sources, if any. This
was with a view to safeguard the public health of the riparian users against a possible outbreak of water borne
diseases. Water samples were collected and analyzed for bacteriological and physicochemical quality using
standard procedures. The results showed that the mean values recorded for physico-chemical parameters among
the domestic water sources were within stipulated limits of WHO for safe drinking water except for chloride mean
value of 314 � 142.4 mg/L recorded in borehole water. The total heterotrophic bacterial counts recorded in tap,
borehole, well, reservoir and river water samples (3.67 � 106 � 1.25 � 106, 5.67 � 106 � 8.49 � 105, 2.60 � 107

� 6.09 � 106, 5.07 � 106 � 1.59 � 106 and 6.02 � 107 � 3.69 � 106) exceeded the WHO permissible limits for
drinking water (<500 cfu/ml). High abundance of isolated bacteria genus such as Enterobacter, proteus, Escher-
ichia, Salmonella and Shigella were recorded in well, river and reservoir water systems. There was a strong positive
correlation between the total bacteria count and physico-chemical parameters, which suggested that the pa-
rameters influenced bacterial growth. The occurrence of these bacterial geniuses in the water sources are
considered capable to cause potential health consequences for the consumers. Therefore, proper purification and
treatment of domestic water sources of the Samaru community should be ensured before being used by the ri-
parian users.
1. Introduction

The earth has an abundance of water but unfortunately, only about
0.3 % is usable by humans that comprise of freshwater and lakes
(0.009%), inland seas (0.008%), soil moisture (0.005%), atmosphere
(0.001%), rivers (0.0001%), groundwater (0.279%) and other composed
of ocean (97.2%), glaciers and other ice (2.15%) (Bibi et al. 2016). Water
is an essential part of human nutrition either directly as drinking water or
indirectly as constituent of food and served in various other applications
of our daily life. Rapid growth of industrialization, urbanization and
increase in human population around the globe has led to high demand
for good quality water for domestic, recreational, industrial activities and
other purposes have continuously threatened value of this resource
Adesakin).
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(Umeh et al. 2005). The vast majority of people living in undeveloped
countries still rely on surface waters as their primary sources of water and
simultaneously, as their means of waste disposal. A majority of this
population depends on unprotected/or contaminated water sources as a
means of drinking water which can cause outbreaks of waterborne dis-
eases. A large percentage of the population in developing countries
(majorly African countries) lack accessibility to potable water supply
thus, they are compelled to use untreated water from other sources such
as rivers, reservoir, springs, streams and groundwater for drinking and
other domestic purposes (Welch et al. 2000; Jamielson et al. 2004).

The provision of clean drinking water, especially in developing
countries like Nigeria, has always been a major challenge (Raji and
Ibrahim, 2011). Based on an National Bureau of Statistics (2009) report,
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about 27 % of rural dwellers in Northcentral or far North of Nigeria,
depend absolutely on springs, streams, ponds, rivers, dams and rainwater
as main sources of water for their domestic uses due to lack of clean water
(Shittu et al. 2008; Taiwo et al. 2012). Water is not only essential for life;
it also remains one of the most important vehicles of transmitting disease
in humans and an important cause of infant mortality in many developing
countries (Ford, 1999). Water is contaminated by various pathogenic
microorganisms such as bacteria, fungi, viral, protozoan and other bio-
logical organisms; these pathogenic agents have been implicated in
various diseases that affect human health. The potential ability of water
to transmit microbial pathogens to a great number of people causing
subsequent illness is well document in many countries at all levels of
economic development (Dufour et al. 2003). Research has shown high
prevalence of waterborne diseases such as cholera, diarrhea, dysentery,
hepatitis in these regions, claims the lives of at least a hundred thousand
of children and adults per year (Raji and Ibrahim, 2011; Oguntoke et al.
2009). According to WHO about 80 % of diseases are cause by water
borne due to drinking contaminated water in developing countries (Khan
et al. 2013) and about 3.1% deaths occur due to the unhygienic and poor
quality of water (Pawari and Gawande, 2015).

In recent years, the health concern because of poor water quality has
gained public attention worldwide (Jean, 1999; Barrell et al. 2000; Jean
et al. 2006). Most of the microbes that grow in drinking water are het-
erotrophs requiring essential inorganic nutrients such as phosphate, ni-
trate and other organic matter that aids their growth under a favorable
environmental condition (Miettinen et al. 1996). The addition of nutri-
ents to our drinking water greatly increases the growth of heterotrophic
bacteria because this limiting nutrient such as phosphorous play a major
ecological role in nature, it is an essential element for microbes growth
and the least abundant element compared to carbon (Ward et al. 1982).
Water quality is a complex subject, which determines the quality of water
and comprises of physical, chemical, hydrological and biological char-
acteristics of water by which the user assessing the acceptability of water"
(Mauskar, 2008). The information concerning the water quality of
particular waterbodies will provide a useful information for policy
makers to formulate management strategy for control, abatement of
water pollution and such reliable data can only be obtained through
monitoring. Water quality monitoring is paramount especially in these
parts of the country to safeguard the public health, to protect the water
resources and fundamental tool necessary for the management of fresh-
water that are main sources of drinking water in the rural and some urban
areas (Adah and Abok, 2013). However, water quality monitoring be-
comes essential for identifying problems and formulating measures to
minimize deterioration of water quality. The objective of this research
was to provide information on the physico-chemical and bacteriological
quality of domestic water sources as well as to discuss its suitability for
human consumption based on water quality standards.

2. Materials and methods

2.1. The study area

The study areas were located within Samaru, Zaria, Sabon Gari Local
Government, Kaduna state, Nigeria. Samaru is located in the Northern
Guinea Savannah zone of Nigeria falling within Longitude of 7� 370 6000 E
and Latitude of 11� 1000000 Nwith altitude of 763m above sea level. It has
a tropical climate with a well-defined rainy season, which occurs from
May to October and the dry season from November to April. Mean
monthly temperature ranges from 13.8 �C to 36.7 �C and annual rainfall
of 1090 mm are characteristics of Zaria (Swanta et al. 2013). Samaru as a
climate similar to that of Zaria a whole with distinct variation in rainy
and dry season. Samaru is a neighborhood in Kaduna state and situated in
Zaria a major city in the state. It is predominantly residential area and
located in close proximity to the Ahmadu Bello University community
and Zaria Aviation School. According to National Population Commis-
sion (1991), Samaru has 12, 978 people with 7,417 males and 5,561
2

females. Based on the 3.0 growth rate of the 1991 census, the population
of Samaru was projected to about 18,039 by 2009. The resident of these
area depend on water from the rivers, streams, ground waters and res-
ervoirs as major domestic water sources due to lack of potable in this
area. The map showing the different sampling location is presented in
Figure 1.
2.2. Sample collection

A total number of five (5) sampling locations were randomly selected
with the Global Positioning System (GPS) within Samaru and its environs
namely: Hayin dogo (Tap water), Kubanni reservoir, also called ABU dam
(Reservoir), Bomo River (River), ground water (Borehole and Well
water) from Samaru market. Water samples were collected aseptically bi-
monthly from five domestic water sources to covering both seasons. The
samples were collected in sterilized plastic bottles of 1000ml capacity for
physico-chemical analysis while 100 ml sampling bottles were used for
bacterial analysis. Water samples collected were properly labeled, stored
in cooler containing an icebox to maintain stable temperature of 4 �C and
immediately transported to the laboratory for further analysis. The water
samples were analyzed with the holding time of the respective parame-
ters using standard methods with adequate quality control measures.

Physico-chemical parameters (water temperature, pH and electrical
conductivity) were measured in-situ using standard methods (APHA,
2001) with a mercury-in-glass bulb thermometer was used measured
water temperature (�C). Hanna Instrument meter (Model H19813-6)
previously calibrated with buffer solutions were used for measuring pH
while conductivity was measured with a conductivity meter calibrated
with potassium chloride solution. The water samples for the determina-
tion of dissolved oxygen (DO) were collected in a 250/125ml capacity
glass reagent bottles, fixed in the field using Winkler's A (manganous
sulphate solution) andWinkler's B (alkali-iodide) reagents and brought to
the laboratory for further processing. In the Laboratory, conc. Sulphuric
acid was added to free the fixed oxygen inside water sample and they
were titrated with sodium thiosulphate solution. Samples for (Biochem-
ical oxygen demand) BOD5 determination were equally collected in glass
reagent bottle but were not fixed. BOD water samples were kept in a dark
cupboard at room temperature (25 �C) for five days after which its ox-
ygen content was determined by the Winkler methods as described by
APHA (2001) was used to determine the amount of dissolved oxygen at
the end of the incubation period. Nitrate was determined using Brucine
sulphanlic acid method (Marczenko, 1986). Chloride was analyzed by
mohr's titration method, spectrophotometric method was adopt in
analyzed phosphate while total hardness was also determined by the
tritimetic method using a dropper to add Ethylenediamine tetra-acetic
acid (EDTA) solution to the water sample. Parameters obtained were
compared with the limits set up by theWorld Health Organization (2011)
and Standards Organization of Nigeria (SON, 2007) for drinking water.
2.3. Bacteriological analyses

The microbiological analysis included total heterotrophic bacterial
count and total coliform using serial dilution method and pour plate
techniques. Streaking method was used to obtained pure bacterial iso-
lates by sub-culturing a previously incubated plate onto a freshly pre-
pared sterile plate.
2.4. Isolation of Enterobacteriaceae using membrane filtration method

Phenol red indicator, purified by adsorption chromatography was
incorporated into lauryl sulphate broth (LSB) used in the membrane
filtration method for the detection of Escherichia coli and other coliform
bacteria. Relative to LSB containing the impure dye or its major
contaminant, the purified phenol red provided clear visualization of
discrete yellow colonies observed against a white background. The



Figure 1. Map showing different domestic water sources location within Samaru community, Zaria.

T.A. Adesakin et al. Heliyon 6 (2020) e04773
colonies remained stable for at least 24 h at 25 degrees (ºC) under
standard laboratory lighting conditions.

2.5. Pre-enrichment (non-selective enrichment)

Water samples (100 ml) were filtered through a sterile (0.45 μm)
milipore membrane filter. The membrane filter was lifted with a blunt
edge forceps and transferred into 90 ml of buffered peptone water and
gently mixed then incubated for overnight at 37 �C.

2.6. Selective enrichment

A 1 ml volume of the pre-enrichment agar was transferred with a
pipette into 10 ml Rappaport-Vassiliadis Soy Peptone (RVS) broth was
incubated at 37 �C.

2.7. Serial dilution and selective plating

Serial dilution of 10�6 was prepared using normal saline and a loopful
of culture was streaked on selective agar Salmonella-shigella agar (SSA)
and incubated at 37 �C overnight. Colonies on the Salmonella-shigella agar
were then counted and subjected to biochemical test.

2.8. Coliform determination

The multiple tube fermentation method was used according to the
methodology described in APHA (2001) beginning with 250 mL flasks
and using lactose broth for the presumptive test and brilliant green and
3

EC (E. coli) broth for the confirmation tests. The most probable number
(MPN) of total coliform counts was calculated using the Hoskins table
(APHA, 2001). Aliquots of the positive tubes of brilliant green broth were
collected and streaked onto MacConkey (MC) agar. Colonies with
different morphotypes were collected and transferred into tubes con-
taining tryptic soy agar (TSA) and incubated at 37 �C for 24–48 h for
subsequent biochemical identification.
2.9. Biochemical identification

For biochemical identification, oxidase-negative bacteria were
selected, and the colonies were subjected to biochemical tests using
IMVIC characterization reaction from the nutrient slant used in
completed test. The bacterial isolates were view microscopic or/macro-
scopic and characterized using colonial, morphological and biochemical
identificationmethods that were further identified using Bergey's manual
of Determinative Bacteriology.
2.10. Statistical analysis

Data collected were subjected to inferential statistical analysis and
Analysis of variance (ANOVA) to determine the physico-chemial and
bacteriological quality variations among the domestic water sources.
Principal Component Analysis to compared relationship between
physcio-chemical and bacteriological quality among domestic water
sources by using SPSS 25, Past 3.0 software.



Table 1. Physico-chemical and bacteriological quality of Surface water samples.

Parameter Surface water Student t-test WHO (2011) SON (2007)

Reservoir River

Min-Max Mean � Sem Min-Max Mean � Sem t p

pH 6.14–6.7 6.35 � 0.13 7.02–7.73 7.29 � 0.16 22.66 0.0031* 6.5–8.5 6.5–8.5

Water
temperature (�C)

26.1–30.8 27.93 � 1.03 26.0–31.5 28.07 � 1.22 0.006978 0.936 - 22–32

Conductivity
(μS/cm)

102–484 235.33 � 87.99 125–135 128.67 � 2.25 1.468 0.271 <1000 1000

TDS (mg/L) 51–242 117.67 � 43.99 62.0–68.0 64.33 � 1.31 1.468 0.271 600 500

BOD (mg/L) 0.9–2.7 1.37 � 0.17 0.3–3.5 1.4 � 0.04 30.58 0.002** - -

DO (mg/L) 2.0–4.9 3.67 � 0.61 1.6–5.9 2.17 � 0.27 5.025 0.066 <5 3–5

Phosphate (mg/L) 0.041–0.062 0.049 � 0.005 0.026–0.047 0.037 � 0.004 3.738 0.101 <5 10

Sulphate (mg/L) 0.048–0.451 0.183 � 0.09 0.1–0.431 0.218 � 0.07 0.08674 0.778 250 250

Total hardness
(CaCO3mg/L)

208–292 256 � 17.66 376–488 422.67 � 23.79 31.63 0.001** 500 300

Alkalinity
(CaCO3mg/L)

5.0–12.0 8.0 � 1.47 21.0–32.0 26.33 � 2.25 46.54 0.0005*** 120 -

Chloride (mg/L) 3.2–30 17.07 � 5.48 5.0–18.0 11.9 � 2.67 0.7184 0.4292 250 250

Nitrate (mg/L) 0.3–5.32 3.43 � 1.11 1.1–7.32 4.77 � 1.33 0.5989 0.4684 <50 10

THBC (cfu/ml) 1.20 � 106-9.00 � 107 5.06 � 106 � 1.59 � 106 5.30 � 107-7.10 � 107 6.20 � 107 � 3.67 � 106 202.1 7.588 � 10�6*** <500 -

*significant difference (p < 0.05).
** High significant difference (p < 0.01).
***Very high significant difference (p < 0.001).
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3. Results

3.1. Physico-chemical parameters in domestic water sources

The physico-chemical parameters of water samples collected from
five different domestic water sources from Samaru community during the
study period are shown in Tables 1 and 2. The water quality observed
during this study were compared withWorld Health Organization (WHO,
2011) and Standard Organization of Nigeria (SON, 2007) acceptable
levels in the guidelines for drinking water is reported. The highest pH
mean concentration was recorded from river water sample (7.28 � 0.16)
compared with the reservoir water sample (6.35 � 0.13) and there was
significant difference (p < 0.05) among the surface water samples. The
overall water temperature observed at the period of study ranged from
26.1 - 31.5 (�C) while the highest mean water temperature was recorded
from river water sample (28.07 � 1.22 �C) and lowest was observed in
reservoir water sample (27.93 � 1.03 �C). The conductivity and TDS
concentration ranged widely from 102- 484 (μS/cm) and 51–242 mg/L
was recorded in surface water samples. Significantly, the mean values of
BOD observed between reservoir and river water sample differ greatly
and the highest mean was recorded in river water sample. The highest
DO and phosphate mean concentrations (3.67 � 0.61 mg/L and 0.049 �
0.005 mg/L) were obtained from water sample collected from reservoir
while higher mean value of sulphate (0.218 � 0.07 mg/L) was recorded
from river water sample. The highest mean concentration of total hard-
ness was recorded in river water sample (422.67 � 23.79 CaCO3mg/L)
and there was highly significant difference (p < 0.01) between the mean
value of total hardness obtained from river and reservoir water sample.
The lowest mean value of alkalinity was obtained from reservoir water
sample (8.0 � 1.49 CaCO3mg/L) while highest was observed from river
water sample (26.33 � 2.25 CaCO3mg/L) and there was significant dif-
ference among the surface water samples. The highest chloride mean
concentration was recorded from reservoir water sample while higher
mean value of nitrate was obtained from river water sample. The
maximum mean values of 6.40 � 0.11 and 27.57 � 0.81 �C were
recorded for pH and water temperature from borehole water sample. The
TDS and conductivity values ranged of 79.0–546 mg/L and 40.0–256
μS/cm were observed from ground water and there is high significant
4

different (p < 0.001) among the mean value of TDS and conductivity
recorded from groundwater samples. The highest BOD mean value was
recorded from well water sample (1.7 � 0.39 mg/L) while the maximum
DO mean concentration was observed from tap water sample and phos-
phate mean concentration was higher in borehole water sample. High
mean sulphate concentration was recorded from borehole water (0.325
� 0.010 mg/L) while lower mean value was obtained from well water
(0.034 � 0.002 mg/L) and there significant differences (p < 0.001) be-
tween different ground water sources. Significantly, the mean concen-
tration of total hardness obtained from the groundwater samples differ
greatly. Maximum mean alkalinity concentration was observed at well
water sample and there was high significant differences (p < 0.001)
between different groundwater sources. Lowest chloride mean value was
recorded from tap water sample (19.33� 3.40 mg/L) while highest value
was observed from borehole water sample (314� 142.4 mg/L) and there
was significant different (p < 0.01) among the various groundwater
sources. The ranged of 0.2–3.2 mg/L was recorded from underground
water for nitrate during the period study while 0.3–5.32 mg/L and
1.1–7.32 mg/L were recorded from reservoir and river water samples.

Seasonally, the highest pH mean concentration were recorded during
rainy season in all domestic water sources compared with dry season as
presented in Table 3. The mean values recorded for water temperature
were higher during the dry season than rainy season except for borehole
water sample. Conductivity and TDS mean concentration were higher in
the dry season among the surface and undergroundwater samples but tap
water sample was high in rainy season. The highest BOD mean values
was recorded from underground water samples during rainy season
while highest was recorded from surface water samples in dry season.
The DO mean concentration was higher in rainy season among the
various underground water samples while the highest was observed
during rainy season for reservoir and in dry season for river water sam-
ple. High phosphate mean concentration was recorded among the do-
mestic water samples during this study was higher in rainy season
compared with dry season. The total hardness mean concentration
recorded in underground water samples was higher in the dry season
except for tap water while highest was recorded in the rainy season for
reservoir water sample and during dry season in river water samples.
Nitrate mean concentration was higher during rainy season among
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domestic water sample than dry season. The mean value of chloride was
higher in all underground water samples during dry season but higher in
surface water samples in rainy season.

3.2. Bacteriological load in domestic water sources

The total heterotrophic bacteria counts recorded in this study varied
widely from 1.2 � 107- 9.0 � 107 cfu/ml with a significant difference (p
< 0.001) between the surface water samples. The total heterotrophic
bacteria counts ranged from 1.0 � 106- 4.3 � 107 cfu/ml while the
highest mean value of 2.6 � 107 � 6.09 � 107 cfu/ml was recorded in
well water sample which was highly significant differences (p < 0.001)
between groundwater. The Enterobacter spp highest mean value was
recorded in well and river water samples (1.08 � 107 � 2.14 � 107 cfu/
ml and 1.42 � 107 � 3.17 � 107 cfu/ml) during the dry season while
Proteus spp was observed in well and river water samples (3.75 � 106 �
7.50 � 106 cfu/ml and 1.24 � 107 � 2.77 � 107 cfu/ml) during rainy
season (Table 3). The highest mean for Escherichia coli and Salmonella
typhi was observed in well and river water samples (33.75 � 44.60 cfu/
ml and 55.25� 96.69 cfu/ml) (1.06� 107 � 2.37� 107 cfu/ml and 201
� 446.66 cfu/ml) during rainy season. Shigella spp was recorded in well
and river water samples (75 � 9.57 cfu/ml and 811 � 1782.83 cfu/ml)
during dry season (Table 3). The total heterotrophic bacteria counts
mean values was higher during rainy season in all underground water
samples but higher during dry season among the surface water samples
(Table 3). Five types of bacteria were identified during the period of
study including Enterobacter Spp, Escherichia coli, Salmonella typhi,
Shigella spp and Proteus Spp. Enterobacter spp had the highest frequency in
river water followed by well water and least frequency in the tap water
and highest occurrence of Proteus spp was observed in reservoir water,
followed by borehole water and least in well water but Shigella spp,
Salmonella typhi and Escherichia coli were high in river water (Figure 2).

3.3. Biochemical identification

Urea, H2S, indole, motile, MR were positive (þ) for Proteus spp (tap
water), borehole, reservoir water and Shigella spp (Reservoir) except for
VP which was negative. Citrate is positive for Proteus in tap and borehole
waters but negative for Salmonella, Shigella and Escherichia in river, well
and reservoir waters. H2S, motile and VP showed positive for Entero-
bacter spp, Escherichia coli and Salmonella typhi in well and river water
while biochemical parameters like urea, motile andMR showed negative
as shown in Table 4. There was a strong correlation between total het-
erotrophic bacteria counts and physico-chemical parameters (Table 5).
The variable score plot shows variable that cluster within close range
with each other when a higher percentage of variable in the data
explained. In the factor score plot it shows that there are clear differences
between the well, borehole, river, reservoir and tap. The 1st factor
showed that there are close relationship between chloride, alkalinity,
phosphate, TDS and electrical conductivity clustered in borehole and
well water while 2nd factor showed that total heterotrophic bacteria
counts, pH and sulphate are related in River water. 3rd factor showed
that was association between water temperature, nitrate and total
hardness in reservoir and 4th factor showed BOD and DO clustering in
Tap water but 2nd factor are not seem to be good cluster when is
compared with the 1st factor, 3rd factor and 4th factor. It showed that
there is a close relationship between borehole and well water, tap water
and reservoir but river water is differ from the rest of domestic water
sources (Figure 3).

4. Discussion

4.1. Physico-chemical parameters

The physico-chemical parameters and bacteriological analysis for
different domestic water source are discussed in relation to WHO and



Table 3. Seasonal variation of bacteriological quality and physico-chemical parameters of domestic water samples.

Parameters Groundwater Surface water

Tap Borehole Well Reservoir River

Rainy season Dry season Rainy season Dry season Rainy season Dry season Rainy season Dry season Rainy season Dry season

Physico-chemical parameters

Mean � SD Mean � SD Mean � SD Mean � SD Mean � SD Mean � SD Mean � SD Mean � SD Mean � SD Mean � SD

pH 7.69 � 1.02 6.37 � 0.03 6.55 � 1.09 5.02 � 0.32 7.87 � 1.29 6.19 � 0.19 6.98 � 1.14 6.24 � 0.32 7.75 � 0.82 6.70 � 0.83

Water
temperature (�C)

24.97 � 1.44 27.677 � 1.69 27.55 � 1.30 28.10 � 1.97 24.817 � 1.51 27.81 � 1.87 25.78 � 1.39 28.06 � 2.31 25.03 � 1.28 28.39 � 2.44

Conductivity
(μS/cm)

100.73 � 17.05 91.007 � 9.24 160.03
� 68.14

193.00
� 122.58

230.2 � 153.79 296.25 � 243.96 133.87
� 195.62

231.00
� 162.99

121.70 � 42.75 238.75 � 26.21

TDS (mg/L) 66.20 � 19.65 57.51 � 4.04 82.07 � 30.23 96.5 � 61.27 139.43 � 81.71 148.75 � 122.89 88.77 � 89.28 149.50 � 8.35 86.27 � 43.11 154.5 � 13.18

BOD (mg/L) 0.77 � 0.44 0.76 � 0.29 0.83 � 0.43 0.72 � 0.63 1.153 � 0.78 1.00 � 0.37 1.98.�0.54 2.68 � 0.24 1.01 � 0.55 1.20 � 0.78

DO (mg/L) 3.97 � 0.46 1.66 � 0.75 3.32 � 0.84 2.28 � 0.76 2.85 � 0.49 2.54 � 0.58 4.80 � 0.79 2.08 � 0.79 2.67 � 0.56 2.73 � 1.20

Phosphate (mg/L) 0.69 � 0.47 0.057 � 0.02 0.37 � 0.48 0.12 � 0.11 0.41 � 0.45 0.05 � 0.02 0.39 � 0.47 0.05 � 0.02 0.38 � 0.48 0.04 � 0.02

Sulphate (mg/L) 0.33 � 0.42 0.057 � 0.01 0.28 � 0.31 0.18 � 0.16 0.20 � 0.33 0.04 � 0.01 0.20 � 0.33 0.15 � 0.20 0.25 � 0.34 0.08 � 0.04

Total hardness
(CaCO3mg/L)

193.67 � 13.57 170.007
� 57.74

159.33 � 40.34 189.00 � 53.20 194.67 � 17.06 220.00 � 71.18 226.00 � 44.36 210 � 70.54 264.00 � 86.52 301.00 � 163.21

Alkalinity
(CaCO3mg/L)

19.57 � 11.05 9.57 � 0.58 25.28 � 12.32 26.5 � 19.64 42.95 � 28.77 30.00 � 23.85 16.12 � 8.89 7.75 � 2.22 24.62 � 9.91 18.00 � 10.80

Chloride (mg/L) 18.577 � 2.22 37.10 � 9.24 56.95 � 89.37 281.25 � 95.27 64.12 � 47.63 143.50 � 51.42 26.28 � 5.86 14.3 � 9.87 17.32 � 4.92 14.75 � 9.22

Nitrate (mg/L) 1.637 � 0.76 0.55 � 0.40 1.55 � 0.55 0.88 � 0.81 2.08 � 1.03 1.13 � 1.42 2.76 � 1.59 1.68 � 2.45 3.02 � 1.94 2.38 � 3.32

Bacterial species

Enterobacter
spp (cfu/ml)

35 � 47.258 77.5 � 148.41 2.25
� 3.304038

1.5 � 2.38 1.07 � 107

� 2.14 � 107
1.08 � 107

� 2.14 � 107
3.00 � 106

� 5.19 � 105
211.8 � 441.08 1.02 � 105 � 1.72 � 105 1.42 � 107 � 3.17 � 107

Proteus spp
(cfu/ml)

2.01 � 106 �
3.36 � 106

7.60 � 106

� 1.49 � 106
3.00 � 106

� 3.82 � 106
1.25 � 106

� 1.29 � 106
3.75 � 106

� 7.50 � 106
5502.5 � 9710.65 1.86 � 106

� 3.99 � 106
1.02 � 106

� 2.23 � 106
1.24 � 107 � 2.77 � 107 1.32 � 104 � 2.45 � 104

Escherichai coli
(cfu/ml)

0 � 0 0 � 0 0 � 0 0 � 0 33.75 � 44.60 29.5 � 47.19 37 � 39.62 21 � 20.12 1.06 � 107 � 2.37 � 107 1308.6 � 2337.582

Salmonella typhi
(cfu/ml)

0 � 0 0 � 0 0 � 0 0 � 0 55.25 � 96.69 51.5 � 99.02 37 � 63.600 40 � 62.45 201 � 446.66 161 � 304.31

Shigella spp
(cfu/ml)

0 � 0 0 � 0 0 � 0 0 � 0 3.25 � 5.85 7.5 � 9.57 12.4 � 158.8 44.2 � 87.26 0.2 � 0.447 811 � 1782.83

THBC (cfu/ml) 3.20 � 107

� 2.94 � 106
2.00 � 106

� 1.15 � 106
4.43 � 106

� 3.08 � 106
4.25 � 107

� 2.98 � 106
9.93 � 106

� 7.87 � 106
1.55 � 107

� 1.93 � 107
3.51 � 106

� 3.53 � 106
4.50 � 106

� 3.41 � 106
3.41 � 107 � 3.67 � 107 3.42 � 107 � 3.74 � 107
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Figure 2. Abundances of bacterial counts observed from different domestic water.
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SON guidelines for drinking water quality. The importance of hydrogen
ion concentration (pH) of water is evident in the manner by which it
affects the chemical reactions and biological activities that occur only
within a narrow range (Kolawole et al. 2013). In this present study, the
pH concentration trend observed in tap water is slightly acidic and pH
range fell within standard acceptable range for drinking waters of
6.5–8.5 (WHO, 2011). This finding is in agreement with Shittu et al.
(2008) who reported a similar range for pH of water used for drinking
and swimming purposes in Abeokuta, Nigeria. The mean pH values
recorded lower than 6.5 are considered to be too acidic for human con-
sumption and can cause health concern such as acidosis infections; and
the low pH has synergistic effects on heavy metal toxicity in waterbodies.
The pH value ranged of 6.2–6.7 (6.40 � 0.11) indicating that the bore-
hole water is slightly acidic. However, it falls within the range of pH of
5.5–9.0 of natural waters (Hems, 1985). The pH value recorded for
borehole water are similar with the results of Ogbonna et al. (2010) for
various groundwater samples who reported that pH of groundwater
could be determined by type of soil and free carbon (IV) oxide level in the
water. The fluctuations in optimum pH ranges may result in increase or
decrease in the toxicity of poisons in waterbodies (Okonko et al. 2008).
Well water had pH values varying between 6.24-6.40 (6.31 � 0.03)
which fell within stipulated permissible limit of WHO and SON for
drinking water. This could be due to fluctuations in the carbon oxide/-
bicarbonate/carbonate equilibrium and consequently affect the bacterial
counts. Brady (1998) reports that similar quality of water is mostly
govern by function of the mineralogical and geochemical characteristics
of the rocks underlying of that area. Most minerals in rocks are soluble
under appropriate geochemical condition and ground water flows
screens out most bacteria's through different types of soil layers. Many
unseen dissolved minerals and organic constituents are present in ground
water in various concentrations. Most are harmless or even beneficial
while others are harmful and a few may be highly toxic. Sojobi et al.
(2014) attributed the acidic nature to the geological formation of the
Table 4. Biochemical Test Analysis of different Domestic Water Sources.

Domestic water sources Biochemical Test

TSI Urea Citrate H2S Indo

Tap Alkali/Acid þ Gas þ þ þ þ
Borehole Alkali/Acid þ Gas þ þ þ þ
Reservoir Alkali/Acid þ Gas þ - þ þ
Well Acid/Alkali þ Gas - - þ -

River Acid/Alkali þ Gas - - þ -

Source by Donalson (1980). þ specie is present and � specie is absent.
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area. The pH range of 6.24–6.40 and 7.02 to 7.73 observed for reservoir
and river water sample in this present study was within the range re-
ported for some Nigerian rivers such as the River Asa (6.8–8.9) (Otobo,
1995) and the River Kaduna (6.4–7.2) (Samuel et al. 2015). Similarly, the
observed pH values fell within the range of Class II (Acceptable Quality)
as classified by Prati et al. (1971). The pH values were slightly acidic and
alkaline. The variation of pH ranged observed in the reservoir can be
explainable in terms of vegetation decay and higher influx into the basin
(Ikhile, 2004; Tyokumbur et al. 2002) (Awba stream and Reservoir);
Ikomi et al. (2003 (River Adofi). However, pH values obtained in surface
waterbody could be linked to the predominant soil type in the area or
possibly to the built-up of organic material from runoff. As organic
substances decay, carbon dioxide is released and combines with water to
produce weak acid “carbonic” acid.

Temperature is one of the major physico-chemical parameters used to
assess quality of water for human consumption and control many activ-
ities in waterbody such as the rate of chemical reactions, reduction in
solubility of gases and amplifications of tastes and colours of water have
to be considered (Olajire and Imeppeoria, 2001). The water temperature
ranged from 26.0-29.1 �C, 26.0–29.8 �C and 26.2–29.7 �C (tap water,
borehole and well) were recorded for underground water sources. Higher
water temperature was recorded in borehole water might be as a result of
factors such as climatic condition, geographical soil type, and depth of
the ground water which may affect the biochemical and physiological
activities of organisms found in the water sources (Ekhaise and Anyansi,
2005). The mean water temperature observed during the period of study
were within the standard permissible limit of WHO (2008) and SON
(2007). This is similar to Oparaocha et al. (2010) who reported the
maximum water temperature of 28 �C from different water source in
Nigeria but higher than the study conducted in Bahir Dar town (15–20
�C) (Milkiyas et al. 2011). The water temperatures recorded in various
underground waters were above the WHO recommended level (<15 �C)
and temperature optimal ranged for some aerobic mesophilic bacteria
le Motile MR VP Organism

þ þ - Proteus spp

þ þ - Proteus spp
þ þ - Proteus spp and Shigella spp

þ - þ Enterobacter, salmonella spp

þ - þ Enterobacter, Escherichia coli, and Salmonella spp



Table 5. Correlation matrix showing the relationship between bacteriological quality and physico-chemical parameters of domestic water samples.

Bacteria pH Water temperature phosphate Sulphate Chloride Nitrate

Tap

Bacteria 0.000

pH 0.165 0.000

Water temperature 0.152 0.999*** 0.000

phosphate 0.802* 0.191 0.177 0.000

Sulphate 0.797* 0.201 0.197 0.963*** 0.000

Chloride 0.881** 0.176 0.154 0.963*** 0.882** 0.000

Nitrate 0.797* 0.172 0.150 0.971*** 0.874** 0.988*** 0.000

Borehole

Bacteria 0.000

pH 0.949** 0.000

Water temperature 0.995*** 0.920** 0.000

phosphate 0.762* 0.541 0.728* 0.000

Sulphate 0.993*** 0.906** 0.998*** 0.701 0.000

Chloride 0.885** 0.959*** 0.832** 0.290 0.830* 0.000

Nitrate 0.842* 0.915** 0.781* 0.180 0.786* 0.992*** 0.000

Well

Bacteria 0.000

pH 0.857** 0.000

Water temperature 0.997*** 0.894** 0.000

phosphate 0.903** 0.992*** 0.934** 0.000

Sulphate 0.984*** 0.922** 0.994*** 0.960** 0.000

Chloride 0.753* 0.364 0.706 0.422 0.624 0.000

Nitrate 0.705 0.287 0.653 0.350 0.568 0.996*** 0.000

Reservoir

Bacteria 0.000

pH 0.784* 0.000

Water temperature 0.992*** 0.825* 0.000

phosphate 0.983*** 0.782* 0.958*** 0.000

Sulphate 0.590 0.906** 0.677 0.524 0.000

Chloride 0.812* 0.348 0.734 0.854** 0.013 0.000

Nitrate 0.777* 0.336 0.692 0.838* -0.026 0.994*** 0.000

River

Bacteria 0.000

pH 0.994*** 0.000

Water temperature 0.989*** 0.985*** 0.000

phosphate 0.962*** 0.931** 0.924** 0.000

Sulphate 0.743 0.665 0.703 0.883** 0.000

Chloride 0.753* 0.761* 0.653 0.806* 0.584 0.000

Nitrate 0.804* 0.822* 0.718 0.819* 0.548 0.990*** 0.000
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and fungi. This result obtained could be attributed to time of sampling
and geographic location of the study area. It is desirable to have the
temperature of drinking water not exceeding 15 �C as the palatability of
water is enhanced by its coolness WHO (2003). The water temperature
ranged obtained from surface water (reservoir and river) was similar to
the report of Otobo (1995); Olobaniyi and Owoyemi (2004); Olobaniyi
and Owoyemi (2006) who recorded water temperature ranged of 26–31
�C from surface waterbodies in Nigeria. Higher mean values of water
temperature recorded in river could be attributed to high atmospheric
temperature and exposed to direct solar radiation, low relative humidity
and reduction in the amount of suspended particles which occurred as a
result of high water transparency and heat from sunlight increasing the
temperature of the surface water.

Electrical conductivity measures the degree of ions in water, which
greatly affects taste and thus has a significant impact on the user's
acceptance of the water. The mean value recorded for all underground
water sample were within WHO permissible limit. Findings were related
to report of Adetunde and Glover (2011). Electrical conductivity levels
varied between 22 to 315 μS/cm from well water samples in Nigeria. The
8

groundwater in this area is suitable for domestic, irrigation and other
purposes. The ranged of electrical conductivity values recorded from
surface water are generally lower than the permissible limit by WHO for
drinking water. Low conductivity indicates that the water receives low
amount of dissolved inorganic substances in ionized form from their
surface catchments (Kidu et al., 2015). The reduction in conductivity
observed in the study area could be attributed to the dilution effect of the
increased water volume within waterbodies during the rainy season.
Total dissolved solid (TDS) are measures of the general nature of water
quality (Olajire and Imeppeoria, 2001). The TDS is total sum of cations
and anions in water including carbonate, bicarbonate, chloride, sulphate,
phosphate, nitrate, calcium, magnesium, sodium, organic ions and other
ions. TDS affect the taste of drinking water if present at levels above the
WHO recommended level. The mean values of TDS recorded from un-
derground water were below the desirable limits set by WHO standards
and the range of values could be considered tolerable. The results ob-
tained in this study indicate that total dissolved solid (TDS) is between
40.0-47.0 mg/l, 113–1500 mg/l and 224–2760 mg/l from tap water,
borehole and well water samples. The present study showed that total



Figure 3. Principal component analysis (PCA) showing relationship between bacteriological load and physico-chemical quality of domestic water sources.
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dissolved solid values observed from surface water were below the
permissible limits of WHO (2011) for drinking water. The high value of
TDS recorded from river and reservoir water might be due to agricultural
runoff, other human activities like washing. According to Otobo (1995),
the concentration and relative abundance of ions in waters is highly
variable and depends mainly on the nature of the bedrock, precipitation
and evaporation crystallization processes. Dissolved oxygen is one of the
most important parameters of water quality that give direct and indirect
information on nutrient availability, the level of pollution, metabolic
activities of microorganisms, stratification, and photosynthesis in water
body (Premlata, 2009). The DO values ranging between 3.0-4.3 mg/L,
2.2–3.3 mg/L and 2.7–3.65 mg/L for tap water, borehole and well water
were compared with WHO acceptable standards for drinking water.
Temperature of water influences the amount of dissolved oxygen with
only lesser oxygen dissolved in warm water than cold water (Tenagne,
2009). Therefore, high temperature of the water sources could be one of
the factors for low DO values recorded in the current study. Dissolved
oxygen is of great significance to all living organisms; its presence in
water bodies can result from direct diffusion from air or production by
autotrophs through photosynthesis. The DO values observed during this
study period from the surface water sources were within the WHO limits.
Decreased in DO mean level observed in the river water samples may be
indicative of too many bacteria that may use up the dissolved oxygen in
it. Another likely reason for such decreased DO in this water sample may
be fertilizer run offs from farmland and lawns. Nduka and Orish (2008)
reported that DO oxidizes both organic and inorganic substances, thereby
interfering with their capacity to constitute a nuisance to the consumer.
Dissolved oxygen may not have a direct health hazard to humans, but it
could have effects on other chemicals in the water (Olajire and Imep-
peoria, 2001). Dissolved oxygen is an important water quality parameter
and has special significance for aquatic organisms in natural waters
(Willock et al., 1981). The BOD concentration recorded in underground
water samples were within the range of 1.0–2.0 mg/L, 0.5–1.1 mg/L and
0.6–2.4 mg/L from tap water, borehole and well water. However, there
ranged obtained from this study were below WHO guideline set for the
maximum tolerable limit of BOD in drinking water, for fisheries and
aquatic life. The BOD values recorded from surface water samples were
within the recommended values of WHO (2008). With the high range of
BOD obtained from both river and reservoir, water suggests that drinking
water sources were highly polluted by organic matter such as fecal matter
and improper disposal domestic waste materials finding their way into
waterbody through runoffs. Similarly, other findings also showed that a
9

high level of BOD causes to decrease the value of dissolved oxygen
(WHO, 2008). BOD measures the amount of oxygen utilized by micro-
organisms such as bacterium oxidize organic matter available within the
water (Willock et al. 1981; Aniyikaiya et al., 2019; Rachna and Disha,
2016). Detection of phosphate in various groundwater ranging from
0.0035-0.078 mg/L (tap water), 0.036–0.255 mg/L (borehole) and
0.032–0.079 mg/L (well) could be because of geology or topography of
that sampling location which contribute to amount of phosphate in this
ground water. The ranged of phosphate observed in this study is low due
to no seepage from run offs or sewage discharges, because it is a major
constituent of fertilizers and detergents. The mean values of phosphate
recorded in surface water (river and reservoir) is within acceptable limit
of WHO and this indicates contamination of the water sources by run-off
from agricultural farms using inorganic fertilizers as most of the people in
the study area were practicing farming. These observations indicate that
the water from these sources could not be stored for long in open con-
tainers, as the presence of phosphate encourages the growth of algae and
consequently cause adverse changes at least in colour and taste of the
water sources (Taha and Younis, 2009; Agunwamba, 2000). However,
the principal significance of high phosphate causes eutrophication,
which is more common in lakes and sometimes rivers (Abolude et al.
2016). Hardness is an important parameter in reducing the harmful effect
of poisonous elements. The deposition of calcium and magnesium salts in
water increases the hardness and pollution of the waters (Bhatt et al.
1999). The soil composition of the sampling sites and lack of casting of
the wall of well/or borehole may have contributed to the high total
hardness mean recorded in well water sample. People with kidney dis-
eases should avoid high content of calcium and magnesium in water. The
value of total hardness recorded in ground water was similar to the re-
ported by Ezeribe et al. (2012) but it is in consonance with the findings of
Bello et al. (2013). Total hardness mean observed from surface water
sources fell within the maximum permissible limit by WHO for drinking
water thus, the water will not precipitate soap, deposit scale and crust
accumulation in containers will be highly minimized. The hard water
does not pose a health hazard, but constitute a nuisance concerning its
use for other domestic activities such as washing and household cleaning.
This agrees with the results of Oladimeji and Kolo, 2004 from Shiroro
Lake and Ufodike et al. (2001) from Dokowa mine lake. The range of
sulphate concentration recorded from ground water samples
(0.046–0.056 mg/L in tap water, 0.298–0.341 mg/L in borehole and
0.028–0.039 mg/L in well water) were significantly low comparable to
the WHO and SON permissible limit for drinking water of 250 mg/L. The
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low level of sulphate can be attribute to the geological profile of the soil
and the mineral constituent of the source of water sample. Sulphate
naturally occur in groundwater by the dissolution of sulphides such as
pyrite from the interstratified materials by percolating water producing
sulphate ions (Olobaniyi and Owoyemi, 2006). This study revealed a low
mean sulphate values from surface water sources and were within the
WHO and SON stipulated limits of 250 mg/L. The low concentration of
sulphate could be due to the absence of anthropogenic activities that
influence the concentration in waterbodies. The average nitrate con-
centrations recorded from tap water, borehole and well water sample
(0.63 � 0.15 mg/L, 1.3 � 0.33 mg/L and 1.87 � 20.62 mg/L) fall below
the WHO standard limit for drinking water. The findings was similar to
report of Adejuwon and Mbuk (2011); Reimann et al. (2003) who
recorded high nitrate concentration of 50.6 mg/l in well water in Ikor-
odu. The nitrate levels ranging between 0.3-5.23 mg/L and 1.1–7.32
mg/L were recorded from surface water samples. The low variation
recorded for nitrate concentration in this study may be due to differences
in hydro-geological regimes and agricultural use of nitrates in organic
and chemical fertilizers has been a major source of water pollution.
Generally, farming remains responsible for over 50% of the total nitrogen
discharge into surface waters. Lifetime exposure to nitrite and nitrate at
levels above the maximum acceptable concentration could cause such
problems as diuresis, increased starch deposits and hemorrhaging of the
spleen (Reimann et al., 2003). Antibacterial properties of nitrate may
play a key role in protecting the gastrointestinal tract against a variety of
gastrointestinal pathogens. The level of chlorine in the ground water
samples collected ranging from10.0-26.0 mg/L (19.33 � 3.40 mg/L),
70.0–219 mg/L (314 � 142.4 mg/L) and 18.0–120 mg/L (172.67 �
20.98 mg/L) were recorded from tap water, borehole and well water. The
average chloride concentration obtained from borehole water was above
the WHO and SON standard limit for drinking water. High concentration
of chloride from this study could be due to uses of chlorine as a disin-
fectant in water purification for human consumption. The level of chlo-
ride is due to the natural occurrence of chlorides in the geological strata
of borehole and it widely distributed element in all types of rocks in one
or the other form (Braide et al. 2004). The chloride range recorded from
surface water sample were within stipulated limit by WHO for potable
water. Although there were inputs of pollutants from municipal wastes
into the river and reservoir but the level was not high, enough to have
significantly increase chloride concentrations above the limit. The level
of alkalinity values recorded from surface and underground water sour-
ces fell within the stipulated limit of 120 mg/L for portable water. The
mean alkalinity agreed with the range documented by Moyle (2009) and
Boyd (1981) for natural water. The low level of alkalinity indicates that
the catchment geology as well as anthropogenic runoff are the main
source of natural alkalinity, and probably contains low carbonate, bi-
carbonate, and hydroxide (Dhameja, 2012).

The mean of alkalinity agreed with the range documented by Moyle
(2009) for natural waterbodies. The level of alkalinity ranged recorded
reservoir and river water samples were within the stipulated limit of 120
mg/L for portable water (WHO). The low level of the alkalinity indicates
that the catchment geology as well as anthropogenic runoff are the main
source of natural alkalinity, and probably contains low carbonate, bi-
carbonate, and hydroxide (Dhameja, 2012). The seasonal fluctuation of
physico-chemical parameters obtained in this study could depend on
location of the sampling station as well as the activities that go on around
the site. The mean values of pH, DO, and Alkalinity were higher in the
rainy season maybe due to dilution of water while water temperature,
conductivity and TDS were high during dry season. Seasonal variations
showed that pH mean was low in the dry season and low pH is known to
favour the solubility of ions associated with TDS. The high Electrical
conductivity mean values was recorded in surface water sample during
dry season when compared to the rainy season. High EC values are
mostly associated with wastewater discharges from sewerage, agricul-
tural runoff and industries.
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4.2. Bacteriological quality

The mean total heterotrophic bacteria counts recorded in both
reservoir and river were above WHO stipulated for drinking water. This
study agrees with the report of Doughari et al. (2007) that extremely high
total heterotrophic bacterial load in water suggested that the water has
been contaminated by potentially dangerous microorganism and unfit for
human consumption. Bacterial occasionally, find their way into ground
water sometimes in dangerously high concentrations through runoffs or
seepage. From this present study, it shows that borehole and well could
be contaminated through floodwater forming after rainfall, depending on
the depth of the groundwater or through broken underground pipes
under this condition, the surrounding floodwater flows into the pipe
through the cracks (Nwachukwu and Otokunefor, 2006). The major
diseases that could arise from bacteriological contamination of the
groundwater include typhoid, diarrhea and cholera. The deeper ground
water contains little or no presence of bacteria could have been removed
by extensive filtration as water percolates through the soil (Uzoigwe and
Agwa, 2012). This was confirmed by the characterization of the isolates
from the ground water samples from the sampling locations under study
that were highly contaminated with one or more bacterial pathogens.
The high bacterial load of genera like Enterobacter, Proteus, Escherichia,
Salmonella and Shigella were isolated from well, borehole and tap water
samples respectively. The high abundance of bacteria isolated in ground
water sample as seen in this study indicate the presence of high feacal
contamination and health risk for the human consumption due to high
pathogens presence in the water sample (Franciska et al. 2005). Ac-
cording to WHO recommendations, there should no fecal coliforms in
100 ml drinking water and the reason for the gross contamination of
ground waters by pathogens as observed in this study may be due to
openness and shallowness of this ground water that allows easy entrance
of particles from the surroundings. It may also be due to poor sanitary
condition around the areas where such wells are located.

Shittu et al. (2008) and Abednego et al. (2013) recorded high number
of total coliform count exceeded the WHO permissible limit from water
sources in river Ogun. The bacterial species identified from the water
samples might be as a result of farming activities practices occurring near
the surface water by habitat of the community living around this
waterbody, which could result in open defecation along the farmland and
there is tendency that the runoffs from these farmlands may be washed
into the River. Contamination of surface water maybe due to human
activities like bathing, farming, washing, and human or/animal feces
seepage run-offs enters the waterbodies and are capable of transmitting a
large number of infectious diseases (Anyanwu and Okoli, 2012). The
bacterial genus identified during this study can cause meningitis, pneu-
monia and urinary tract infections in consumers. The coliforms are the
primary bacterial indicator for faecal pollution in water and they are
most abundant bacteria in water responsible for waterborne diseases
such as typhoid, dysentery, diarrhea and also been implicated in mor-
tality across the world (WHO, 2011). The high abundance of bacteria
such as Enterobacter, Escherichia, Salmonella and Shigella that were
recorded in river and reservoir water in this study could be related to one
or to a combination of sewage effluents, such as agricultural run-off and
direct fecal contamination from natural fauna (Abulreesh, 2012). Surface
water are particularly liable to pollution from animals and birds, and
Salmonella spp. may be detected even when only a small number of in-
dicator organisms are present, e.g. Escherichia coli. Additionally, some
authors highlighted that the different rates of survival of Salmonella and
E. coli in non-host environment suggest that E. coli may not be an
appropriate indicator of Salmonella spp. contamination (Polo et al. 1999).
Salmonella spp. is a recognized human pathogen and its waterborne
transmission has been well-documented Polo et al. 1999). Presence of
Salmonella spp. in waterways indicates the spread of the agent in the
environment, highlighting the importance of fecal contamination of the
water environment in the spread of salmonellosis (Polo et al. 1999;
Cabral, 2010). There is a strong positive correlation between
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bacteriological and some physcio-chemical parameters such as nutrient
compound, ions, pH and water temperature that indicate they have in-
fluence on the bacteria growth in water. The result obtained maybe
caused due to abundance of these nutrients in soil composition or geol-
ogy type of the sampling location anthropogenic going on around the
area. Nutrients which support the growth of bacteria find the way into
drinking water after disinfectant has been applied to it through the
seepage and when the environmental condition favour their growth.
Some disinfectant are selective in killing particular organisms while
other survival or develop resistant towards it. Ward et al. (2006) reported
that disinfection itself can be selective for a variety of bacteria has been
demonstrated by the results of work of several researchers (Armstrong
et al., 1982; LeClerc and Mizon, 1978; Murray et al. 1984 who have
indicated that chlorination of water supplies select for survivors which
are multiply antibiotic resistant such as Flavobacterium strain was more
sensitive to monochloramine than to free chlorine. The results indicate
that selective pressures of water treatment can produce microorganisms
with resistance mechanisms favoring survival in an otherwise restrictive
environment. LeChevallier et al. (1993) suggested that the regrowth of
coliform bacteria in chlorinated water may be limited by assimilable
organic carbon (AOC) levels of less than 50–100 mg/L but heterotrophic
bacterial levels in non-chlorinated systems did not increase when
assimilable organic carbon (AOC) levels were lower than 10 mg/L.

High bacteria counts mean was recorded among the various ground
water samples during the rainy season could be due to runoff from the
environment as result of rainfall which can increased the microbial load
especially coliforms in water. The finding is similar to that obtained by
Esharegoma et al. (2018) who reported high microbial counts during
the raining season compared to dry season. This could be attributed to
high runoff which increased microbial load washed in from the soil by
rainfall, and more nutrients are brought in by the rain through leaching
of the soil. In addition, decaying organic matter from the top soil is
washed into the water body by the rain, thereby increasing the substrate
for organisms. The high mean of microbial was observed in surface
water samples during dry season could be attributed to increased
nutrient level occasioned by concentration of water through evapora-
tion during dry season (Ouma et al., 2016). This peculiar trend in the
occurrence clearly shows that their proliferation is favoured by certain
seasonal parameters in the tropics. The high microbial load could also
be as a result of higher pH and increase biodegradable organics in the
waterbody recorded during the dry season which favored an increase in
the microbial population.

5. Conclusion

The findings of this study showed that physico-chemical properties of
domestic water sources examined were within safe limits except for
chloride concentration (borehole water) and total heterotrophic bacterial
counts recorded in all water samples exceed WHO permissible limits for
drinking water. All domestic water samples analyzed were contaminated
with different types of Bacterial species such as Enterobacter, Escherichia,
Salmonella, Shigella and Proteus indicated faecal pollution that can cause
waterborne diseases.

6. Recommendation

The health concern of this community required serious attention
since people use untreated water for a wide range of domestic purposes.
Diseases related to contamination of drinking water constituent which
are major burden on human health and intervention to improve the
quality of drinking water provide significant benefits to humans health.
Therefore, health authorities should make the public aware of potential
danger in using untreated water as a source of drinking water and
encourage in-house treatment of the raw water. In addition, continuous
monitoring are highly recommended for the population before con-
sumption of this domestic water to ensure maximum safety and a
11
healthy living for all. It will be worthwhile to carry out further studies
to determine the presence of other species of Enterobacteriacea in the
study area.
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