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The purpose of the study is to assess the levels of some physicochemical parameters and
heavy metals in water sources and quantify their possible impact. Household water
samples that include well water (n = 80) and treated municipal water (n = 3) collected
from March 2019 to March 2020 were analysed for 11 physicochemical properties using
instrumentation and classical methods. The estimated water parameters were first
compared with standard values for drinking water and then analysed spatially using
Inverse Distance Weighting (IDW) interpolation in ArcGIS software. Water quality
indices were also computed as function of the potability of the water sampled. Through
this study, it was found that the well water samples were slightly acidic (pH 6.7+0.61)
while the concentration of nitrate (59.38 mg/L), sulphate (294.06 mg/L), cadmium (0.03
mg/L) and lead (0.13 mg/L) were above permissible limits in drinking water - 50 mg/L,
100 mg/L, 0.003 mg/L and 0.01 mg/L, respectively. The results indicates that more than
92% of the well water samples were unfit for drinking due to elevated concentrations of
nitrate, sulphate, cadmium and lead. Findings from this study suggest prioritisation of
clean water provision to residents in the affected communities to avert public health

emergency.

1. INTRODUCTION

Groundwater is one of the finest water resources suitable for
drinking and domestic purposes when free from biological and
physicochemical contamination [1]. For the most part, in the
rural Sub-Saharan Africa, municipal treated water is usually in
short supply and this makes groundwater an excellent
alternative source of water supply for domestic purposes [2-5].
While anthropogenic activities can affect the quality of
groundwater, natural processes such as anoxia in the aquifers,
geological processes and interactions between the rocks and
water can also compromise the safety of groundwater [6-8].
Groundwater intended for domestic purposes are required to
be assessed for physicochemical parameters and trace metals
[5] since concentrations of chemical contaminants above
regulatory limits can lead to serious health complications [9,
10].

In order to gain insight into the quality of water sources,
Water Quality Index (WQI) is recommended because of its use
of raw water quality data to produce specific information on
the potability of water source [8]. The WQI provides an
aggregate number that represent the overall water quality at a
specific location and time, and thus permits comparison
between different sampling sites. Furthermore, the WQI
simplifies compound data into easily intelligible and usable
information. Moreover, the classification of water quality used
in computing WQI empirically informs the extent of water
pollution, if any, and whether the water is suitable for domestic
purposes or otherwise. Overall, the WQI aggregate value
derivable from estimated parameters yields valid and
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explainable information about water quality [11], even though
modification to the WQI has been reported [12].

Thus, the Canadian Council of Ministers of the
Environment (CCME) developed a gold WQI standard based
on comparison of estimated concentrations of water quality
parameters to guidelines [13]. However, the spatial
discernment of how groundwater sources get contaminated
can become clearer when WQI data is contextualised using
Geographical Information Systems (GIS) [5]. This study
therefore explored the use of WQI and GIS to get a
comprehensible picture of the effect of seasonal variations on
groundwater quality and highlight the possible source(s) of
contamination.

The distribution of treated municipal water is slanted to the
advantage of Ibadan metropolis because the two public water
treatment plants (Asejire and Eleyele) constructed to supply
water to residents do not perform optimally [14]. This has led
the residents of sub-urban Ibadan, particularly in Akinyele and
Lagelu regions, hitherto un-connected to municipal water
works, to consume water from well water sources, some of
which are acquiescent to fecal contamination during rainfall
[15].

Meanwhile, in few well water sources at Akinyele and
Lagelu region that were free from biological contamination,
little is known of their physicochemical qualities before being
certified safe for drinking and domestic purposes. Despite the
prioritization of access to clean water at national levels in
Nigeria, no recent study has examined the impact of seasonal
changes on the groundwater physicochemical qualities in these
communities. The current study therefore aims to assess the
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quality of the well water sources in the sub-urban Ibadan
communities to understand how seasonal changes could alter
the groundwater quality, outline the possible source(s) of
water contamination and their impacts while proffering
immediate and remote remedy.

2. MATERIAL AND METHOD
2.1 Research design and study area

Analysis of well water samples for physicochemical
parameters and heavy metals is part of a study on the status of
household water in sub-urban Ibadan, Southwest Nigeria. The
current study is a longitudinal investigation of household
water sources in Akinyele and Lagelu regions of Ibadan
(Figure 1) out of the six administrative areas with sub-urban
status in Ibadan [16]. Ibadan is the third largest city in Nigeria
with a population of 3, 552, 000 [17] located between the
latitude (349°E and 357°E) and longitude (7<20°N and
7<27°N) [16, 18]. As a result of urban renewal, the Akinyele
and Lagelu regions were re-demarcated in the course of this
study into six sub-administrative units. Overall, these
locations were selected based on their sub-urban attribute and
non-connectivity to the municipal water supply [19]. Forty
sub-urban households were randomly included in the study
where well water samples (n = 80; 40 samples per season) and
treated municipal water (n = 3) were collected. The water
samples collected from March 2019 through March, 2020
were analysed for 11 physicochemical parameters that include
pH, temperature, conductivity, Total Dissolved Solids (TDS),
Total Suspended Solids (TSS), Total Solids (TS), Sulphate
(SO4), Nitrate (NO3), cadmium (Cd), chromium (Cr) and lead
(Pb).

2.2 Sample collection

The well water samples were collected into a clean one-L
polyethylene bottle already pre-washed with deionised water.
The experiment was controlled through collection of treated
water samples from municipal water treatment plant at Asejire,
Ibadan. The Asejire water treatment facility, though less
operational, was designed to provide clean water to
households in Akinyele communities and those at the fringes
of the Lagelu region. After collection, the samples were placed
on an ice park inside a dark container to avoid the effects of
temperature and light.

2.3 Determination of physicochemical parameters and
heavy metals

The water physicochemical parameters were measured
using standard methods and guidelines of the American Public
Health Association [20]. For each of the samples, duplicate
readings of the parameters were taken and the average values
of the readings were recorded. In carrying out the experiments,
firstly, the probe used was rinsed with deionized water after
each measurement to avoid cross contamination among the
samples.

2.3.1 Instrumentation and sample analysis

The pH of the well water samples was taken by using a pH
metre. Three standard solutions of pH 4.0, 7.0 and 10.0 were
used to calibrate the pH metre before taking the readings. The
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pH probe was first immersed in the samples and held for a few
minutes to achieve a stable reading. The temperature of the
samples was taken at each sampling point using mercury
thermometer, while the conductivity was measured by the
conductivity metre. Standard solution of known conductivity
was used to standardise the conductivity metre probe. After the
calibration, the probe was immersed in the water sample and
reading was taken. Using filtration method, the samples were
analysed for TS, TSS and TDS following previously described
standards and procedures [20-22].

2.3.2 Analysis of water samples for heavy metals

The water samples were analysed for three heavy metals -
chromium (Cr), cadmium (Cd), and lead (Pb). Briefly, 50 mL
of the filtered water sample was poured into a digestion flask
and diluted with 10 mL of 68% HNO3. The mixture was heated
for about 6 h at 80 <C until the resulting volume was
approximately one-fifth of its original volume. The solution
was allowed to cool and filtered with Whatman number 41
filter paper. Distilled water was used to dilute the filtrate to
100 mL [23]. The concentrations of Cd, Cr and Pb in the water
samples were determined using Flame Atomic Absorption
Spectrometer (FAAS).

2.4 Determination of water quality index

To calculate the WQI, the standard value of the estimated
parameter (Si) was obtained from national [24] and
international guidelines [25]. The inverse of each standard
value of the estimated parameter was calculated and the
cumulative value (Cv) for all the estimated parameters were
performed in Eq. (1). The inverse of Cv was taken as constant
of the proportionality, K in Eq. (2) [26]. The unit weight, Wi,
of each parameter was calculated as K/Si in Eq. (3). The
quality rating, Qi was computed using Eq. (4) where Ci =
concentration of each parameter in mg/L except temperature,
pH and electrical conductivity. The WQI was computed as
>'WiQi for all the estimated parameters since ) Wi =1 in Eq.
5. The water sources were then grouped where 0 < WQI < 50,
50 < WQI <100, 100 < WQI < 200, 200 < WQI < 300 and
WQI > 300 respectively denotes excellent water, good water,
poor water, very poor water and water unfit for drinking [27].

Cv =Y (1/Si) €))
where, Si is the standard value for i parameter, Cv is the
summation of inverse of the standard value for the estimated
parameters.

K =1/Cv 2

K is the constant of the proportionality
Wi = K/Si 3)

Wi is the unit weight of each parameter
Qi = (Ci/Si) x 100 4)

Qi is the quality rating for the i water quality parameter
WOQI = YWiQi (5)

WQI is the water quality index



2.5 Data analysis

The raw water data were analysed using descriptive
statistics, while p value was preset at < 0.05. The minimum,
maximum, mean and standard deviation of the estimated
parameters were calculated in MS-Excel 2016. The variations
observed in pH, temperature, NOs, SO4, Cd, Cr and Pb over
seasonal changes were investigated using a box plot analysis.
Computed WQI assigned to their corresponding households’
Geographic Positioning System (GPS) coordinates taken by
GPS coordinates Version 4.56 (144) were drawn into maps
using Inverse Distance Weighting (IDW) interpolation method
in ArcGIS 10.3 software [28].
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Figure 1. Map of the contiguous Akinyele and Lagelu
regions of Ibadan showing sampling locations and associated
features

3. RESULTS

3.1 Analysis of physicochemical parameters and heavy
metals

The results of the physicochemical parameters and heavy
metals are listed in Table 1. Little dissimilarity was noted in
the values of temperature for the well water samples in the
2019 wet season (mean = 27.8°C) compared to what was
obtained in 2020 dry season and the treated municipal water

(28.5°C). Minor variations were also observed in the pH
values recorded in the 2019 wet season (pH mean value = 6.8)
as against the 2020 dry season (pH mean value = 6.7). The
conductivity of the well water during the wet season (503.7
S/cm) compares with the dry period (492.1 pS/cm), though
the conductivity of the treated water was much lower (109.7
S/cm). In contrast to the values obtained for conductivity,
slightly higher values were recorded for TDS between the wet
season (252.03 mg/L) and the dry season (246.0 mg/L) though
lower value was obtained in the treated water (71.6 mg/L). The
values recorded for TSS were very negligible in the samplings;
in effect, the TS values had a similar pattern with the TDS
(Table 1). The nitrate concentration of 14.15 mg/L in the 2019
wet season was tripled in the succeeding dry season (59.38
mg/L), though it was much lower in the treated water (5.37
mg/L).

The average sulphate value in the dry sampling (294.05
mg/L) was more than ten times the value obtained in the wet
season (25.85 mg/L). Again, the treated water had the lowest
sulphate concentration of 2.77 mg/L. Analysis of the samples
for heavy metals showed that Cd, Cr and Pb concentrations
were below detectable concentrations in the treated water
samples (Table 1). Moreover, there was little or no difference
in the concentrations of Cd, Cr and Pb in the 2019 wet season
(0.02 mg/L, 0.01 mg/L and 0.13 mg/L) relative to what was
obtained in the 2020 dry season sampling (0.03 mg/L, 0.02
mg/L and 0.13 mg/L) (Table 1). A sum-up of the treated
municipal water physicochemical properties showed that the
values obtained fell below acceptable limits for drinking water.

3.2 An overview of the groundwater contamination

Simultaneous analysis of the results of the groundwater
physicochemical parameters alongside with standards is
presented in Table 2. The results of this study compared with
the standards recommended for drinking water by National
Standards for Drinking Water Quality [24] and World Health
Organisation [25] was used as yardstick for the assessment of
the level of chemical contamination of the water sources. The
side by side comparison of the estimated and standard values
clearly showed variations in the well water quality. Though pH,
conductivity, TS, TDS, TSS and chromium were within the
permissible level, other water quality parameters (temperature,
nitrate, sulphate, cadmium and lead) were higher than the
permissible levels. The recommended temperature of 25°C for
drinking water [24, 25] was exceeded by the well water and
the treated municipal water (Table 2).

Table 1. The physicochemical and heavy metals concentrations of water sources from sub-urban Ibadan, Southwestern Nigeria

SAMPLINGS Wet season Well = 40

Treated Municipal Water = 3

Dry season Well = 40

Min Max Median Mean Min Max Median Mean Min Max Median Mean
Temp. (°C) 269 285 279 27.8 284 285 285 28.5 284 333 28.5 29.77
pH 554 793 6.71 6.8 6.7 711  6.97 7.09 6 7.3 6.65 6.7
EC (uS/cm) 121 1895 404 503.7 106.5 1205 112.2 109.7 161 1859 361 492.1
TDS (mg/L) 61 951 202 252.03 69.8 79.1 735 71.6 81 929 180.5 246
TSS (mg/L) 0 1.21  0.04 0.24 0 0 0 0 0 0.2 0 0.03
TS (mg/L) 61 951 202.15 25226 698 791 735 71.6 81.08 929.08 180.5 246.01
NOs (mg/L) 0 80.83 3.34 1415  2.46 10.79 6.21 5.37 0 1725 45.83 59.38
SO4 (mg/L) 137 67.32 26.49 2585 051 438 255 2.77 16.46 872.38 195.05 294.06
Cd (mg/L) 0 0.1 0.02 0.02 0 0 0 0 0 0.12 0.02 0.03
Cr (mg/L) 0 036 0 0.01 0 0 0 0 0 0.47 0 0.02
Pb (mg/L) 0 095 0 0.13 0 0 0 0 0 0.83 0.02 0.13

Temperature, Temp.; potential hydrogen ion concentration, pH; Electrical Conductivity, EC; Total Dissolved Solids, TDS; Total Suspended Solids, TSS, Total
Solids TS; Nitrate, NOs, Sulphate SO4, Cadmium, Cd; Chromium, Cr; Lead, Pb.
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Table 2. The unit weight and comparison of data between the current study and drinking water guidelines

Mean seasonal values

Parameters NSDWQ 2015 WHO 2011 Standards,Si  1/Si  K=1/) (1/Si) Wi=K/Si Wella Wello Municipal
Temp. (°C) - 25 25 0.04 0.0022 0.000088  27.76  29.77 28.5
pH 6.5-8.5 6.5-8.5 7.5 0.133 0.0022 0.000294 6.8 6.7 7.09
EC (uS/cm) 1000 1000 1000 0.001 0.0022 0.000002 503.73 492.08 109.7
TDS (mg/L) 500 500 500 0.002 0.0022 0.000004 252.03 245.98 71.6
TSS (mg/L) 25 - 25 0.04 0.0022 0.000088 0.24 0.03 0
TS (mg/L) - - - - - - 252.26  246.01 71.6
NOs (mg/L) 50 50 50 0.02 0.0022 0.000044 1415 59.38 5.37
S04 (mg/L) 100 100 100 0.01 0.0022 0.000022  25.85 294.06 2.77
Cd (mg/L) 0.003 0.003 0.003 333.3 0.0022 0.734895 0.02 0.03 0
Cr (mg/L) 0.05 0.05 0.05 20 0.0022 0.044094 0.01 0.02 0
Pb (mg/L) 0.01 0.01 0.01 100 0.0022 0.220468 0.13 0.13 0
1

Temperature, Temp.; potential hydrogen ion concentration, pH; Electrical Conductivity, EC; Total Dissolved Solids, TDS; Total Suspended Solids, TSS, Total
Solids TS; Nitrate, NOs, Sulphate SO4, Cadmium, Cd; Chromium, Cr; Lead, Pb.
2 = values obtained for the 2019 wet season; ° = values obtained in the well water sources during the 2020 wet season

Table 3. Overall seasonal rating of well water quality in the sub-urban Ibadan households

Range of WQI Water quality No. in each category

0<WQI<50 Excellent water 3
50 <WQI<100 Good water 0
100 <WQI <200 Poor water 1
200 <WQI <300 Very poor water 5

WQI > 300 Unfit for drinking 31

WQI = Water Quality Index

The elevated NO3; and SO4 concentration in the samples was
above the regulatory limit in the dry sampling as did Cd and
Pb in the same period (Table 2). The pH values of 5.54 - 6.0
suggest that the well water was slightly acidic as about two-
third of the water samples had pH value below the acceptable
limit of 6.5 - 8.5 [24, 25]. Regarding sulphate concentration in
the well water samples, more than two-third of the samples
analysed in the dry season were above the acceptable limits.

3.3 Spatial analysis of the water quality indices
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Figure 2. Spatial distribution of well water quality using

IDW interpolation in the study area during wet season
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Figure 3. Spatial distribution of well water quality using
IDW interpolation in the study area during dry season.

The WQI values varied from 0 - 3, 795 (2019 wet season)
and 0 - 3, 564 (2020 dry season) though comparable yet there
were inherent dissimilarities in the WQI across the seasons.
Progressively, the number of well water sources that deserved
potability in the 2019 wet season (n = 8) were halved in the
succeeding dry season (n = 4). Overall, only three (7.5%) out
of the 40 water samples were suitable for drinking whereas one
(2.5%) was poor, five (12.5%) were very poor and 31 (77.5%)



of the well water sources were unfit for consumption (Table
3). The spatial analysis of the WQI showed that the water
points deteriorated during the wet season compared side by
side with the dry season (Figure 2 and 3). The IDW revealed
that the quality of the well water sources in the 2019 wet
season was poor (Figure 2) as against similar locations in the
2020 dry season (Figure 3) though these locations permeate
Lagelu and Akinyele communities.

3.4 Variability of water quality parameters over seasonal
changes

The spread and variability of physicochemical parameters
investigated using box plot analysis showed greater variability
in pH (Figure 4 (A)) and Pb (Figure 4 (B)) in the wet season
compared to the dry season. The degree of sulphate and nitrate
concentration examined across the seasons on the other hand
showed that sulphate (Figure 4 (C)) and nitrate (Figure 4 (D))
had lower spread in the dry season compared to wet season.
This pattern was also the same pattern noted for temperature
(Figure 4 (E)) and cadmium (Figure 4 (F)).

4. DISCUSSION

The need for continuous assessment of household water
quality is to guarantee public safety while ensuring that water-

related illnesses are quickly detected. This becomes
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particularly  pertinent in  sub-urban  communities
disproportionately affected by clean water supply in Sub-
Sahara Africa [19] where there is dearth of municipal water
supply infrastructure. The current longitudinal study was
therefore conducted in the sub-urban Ibadan locales to assess
the drinking water quality using WQI that provides composite
information on the effect of chemical contamination of water.
In order to ascertain the level of chemical quality of the well
water sources and the suitability of the water sources for
drinking, the results obtained were compared with the national
[24] and international standards [25].

The impact of seasonal variations on well water quality is
rarely a subject of scrutiny in Ibadan informal communities,
thus this study reported slightly acidic water as against a
highly acidic water reported from borehole examination with
pH of 4.8 in southeastern part of Nigeria [26]. The pH of water
is usually influenced by several factors that include
interactions between rock, soil, organic and chemical materials
[29]. Acidic water is generally known to be corrosive, able to
solubilise rock materials and change the water-chemical
imbalance [29]. The water temperatures were above national
and international standards and is in agreement with the recent
report of Nta and colleagues [30] where elevated temperature
of groundwater was indicated as function of the water sources’
microbiological quality. The ability of water to carry electric
current depends on the presence of dissolved solids such as
calcium, potassium, magnesium and sodium in water [22].
Still, conductivity does not have a direct negative impact on
human health except for its effect on water aesthetic value [24].
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Figure 4. Box plot analysis showing variability and spread of the estimated parameters over seasonal changes
(A) shows box plot analysis for pH values; pH1 corresponds to 2019 wet season while pH2 corresponds to 2020 dry season; (B) shows box plot analysis of Lead
values; Pb1 corresponds to 2019 wet season while Pb2 corresponds to 2020 dry season; (C) shows box plot analysis of sulphate values; sulphatel corresponds to
the 2019 wet season while sulphate2 corresponds to the 2020 dry season; (D) shows box plot analysis of nitrate values; nitratel corresponds to the 2019 wet season
while nitrate2 corresponds to the 2020 dry season; (E) shows box plot analysis of temperature values; Templ corresponds to the 2019 wet season while Temp2
corresponds to the 2020 dry season; (F) shows box plot analysis of cadmium (Cd) values; Cd1 corresponds to the 2019 wet season while Cd2 corresponds to the
2020 dry season.The way that section titles and other headings are displayed in these instructions, is meant to be followed in your paper.

The longitudinal analysis showed contemporaneous higher
NO3 and SO4 concentration in the dry season compared to the
wet period since fewer wells in the wet season (n = 3) had
nitrate concentration above the allowable limits compared to
the number of wells in the dry season (n = 19). Overall, the
current study reported more than ten-fold nitrate concentration
of 59.38 mg/L compared side by side with 5.49 mg/L reported
from hand-dug well in Kafta Humera, Ethiopia where 85% of
the water source were used for domestic purpose [31].

Furthermore, the nitrate concentration obtained from the
present study is far higher, and were not in agreement with the
report of studies carried out on borehole water samples in
south-southern Nigeria and in Limpopo, South Africa, where
the nitrate concentration of 1.58 mg/L and 4.99 mg/L,
respectively were reported [5, 26]. This discrepancy could be
due to the well water acidity and elevated water temperature
that probably supported solubilisation of rock minerals. High
nitrate concentration in water is detrimental because
consumption of water contaminated with nitrate in the
midwestern United States of America was associated with
methemoglobinemia, otherwise called blue baby syndrome
[32]. Methemoglobinemia occurs during nitrate-induced
oxidation of hemoglobin that inhibits usual oxygen binding
thus resulting in reduced oxygen tension [32, 33].

The pattern shown by NOz and SO in this study probably
indicates that they are likely from similar sources. In the urban
informal settings of the low and middle-income countries,
poor sanitation and unhygienic practices largely predispose
residents to acquisition of bacterial infections from fecal
materials entering water supply systems [34]. The observation
that sulphate and nitrate varied widely in the dry season may
have supported bacterial growth and proliferation [27] thus
increasing the temperature of the well water thus facilitating
rock materials solubilisation.

It is hypothesised that during the wet season, the amount of
rainfall can sufficiently raise the water table, thus increase the
amount of water in the wells which probably diluted the nitrate
and sulphate concentration. The impact of anthropogenic
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activities on groundwater quality, for instance, the higher
sulphate concentration in water sources, has been traced to
entry of agricultural runoff carrying unused sulphate [5] and
leaching of sewage effluent into water systems [35]. This
awareness could be applicable in this study because many of
the wells were mostly shallow and hand-dug. Moreover,
farming and livestock rearing are the agricultural lifeline of the
residents of Akinyele and Lagelu communities. The
subsequent high concentration of sulphate and nitrate in the
well water sources may be resultant of the intensive farming
activities where fertilisers containing either sulphate or nitrates
or both were applied in the farm field.

One of the critical findings of this study is the detection of
trace elements [Cd (0.12+0.03 mg/L) and Pb (0.83+0.23
mg/L)] that were above the permissible limits of 0.003 mg/L
and 0.01 mg/L, respectively. It was further found that 21
(52.5%) of the well samples concurrently contained Cd, Cr and
Pb during the dry season compared to 7 (17.5%) of the wells
that contained the three heavy metals during the wet season.
Overall, this observation is at variance with the low values of
Cd and Pb (0.001 mg/L each) reported in a similar study
carried out on boreholes sources in south-southern Nigeria
[26]. However, the observation from the present study is in
agreement with previous report [12] conducted in southeastern
Nigeria that reported higher Cd values (1.03+0.16 mg/L) from
borehole water samples.

Hydro-geochemical formations in the form of rock-water
interactions may have also accounted for the presence of heavy
metals in the well water sources [6-8]. Cadmium is found in
rocks and soils, where it enters water when solubilised either
by groundwater or surface water [5, 23]. Higher
concentrations of heavy metals above safe limits are pertinent
concerns because of their harmful effects on human health.
Lead and cadmium are very toxic, even in small
concentrations as they are capable of accumulating in the body
tissue to cause diseases such as cancer, kidney failure and
brain damage [30].

Overall, the quality of the well water sources found suitable



for drinking were observed only at two points in Akinyele
municipal area (Ojutaiye and Ori Eru) and at one point in
Lagelu regions of Ibadan (Olorunda). The modest
concentration of the estimated parameters in these three
locations suggest that these water sources were fit for drinking
and domestic purposes. However, in other regions, the
situation was completely different as none of the sampled well
water met the potability criteria using WQI.

5. CONCLUSIONS

The use of WQI through GIS to assess the quality of
groundwater sources in the sub-urban Ibadan, Nigeria showed
that more than 90% of the examined water sources were unfit
for human consumption. The study indicates that greater
percentage of the well water sources were not only acidic but
also contained disproportionate amounts of NOs, SO4 and trace
elements. The high amount of NOs, SO and even Cd pointed
at natural phenomenon i.e. underground rock solubilisation
and anthropogenic activities such as infiltration of fecal
materials and agricultural runoffs as prime sources of these
chemical contaminants in the water sources. The persistent
deterioration of the water quality despite seasonal changes is a
clarion call for prioritisation of clean water provision to
residents in the affected settings without which sicknesses due
to consumption of contaminated water may occur. Summarily,
this study outline a situation report of the quality of
groundwater in communities that rely on these sources for
domestic purposes due to their non-connectivity to treated
municipal water. A critical limitation of the study is the few
number of well water samples that were examined in the
course of the investigation. However, this study is considered
cogent enough to inform public policy on provision of clean
water to the residents while scaling up the investigation to
include multiple physicochemical parameters.
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