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HISTORY ABSTRACT
This study was conducted to determine the level of contamination of domestic water sources in
Pindiga, Akko Local Government, Gombe State, to observe the trend of quality change of these
water sources, if any. Water samples were collected and analyzed for the presence of coliforms
and physicochemical quality using standard methods. The results show that the mean value
recorded for the physicochemical parameters and the total coliform count among the domestic
Coliform water sources were within stipulated limits of WHO and NSDWQ except for the chloride mean
ggr“;}e;t]‘ec Water value of 444.9+437.3 mg/L recorded in borehole water, Biochemical Oxygen Demand means
Hand dug well value of 154+8.58 mg/L (hand dug well) and 166.83+32.67 mg/L (borehole) and total hardness
Pindiga mean value of 626.5+510.26 mg/L recorded in hand dug well. Although most of the
Physicochemical parameters and the total number of coliforms in domestic water sources were
within acceptable limits, continuous monitoring and quality assessment of these domestic water
sources in relation to their purification process is needed to maximize safety and healthy life for

everyone.
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INTRODUCTION indiscriminate household waste disposal contributes to the

contamination of water sources by these activities, which also

Water is life, and Only 2.4% of the world's total water is spread
on land, and only a small percentage of it can be used as fresh
water. Fewer than 0.3 to 0.5% of the water that is available to
humans is fresh water [1]. Water is now a rare and limited
resource. This is a result of both overexploitation and the
expanding population [2,3]. Approximately 1 billion people in
poor nations do not have access to clean drinking water today [1].
The necessity to use sources of water other than conventionally
treated waters at maximum risk of microbiological and chemical
pollution has been prompted by the growing shortage of excellent
quality water in developing countries. As a result, water-related
illnesses like diarrhoea, which make up 10% of the disease
burden in underdeveloped nations, are particularly prevalent
there [4]. Surface water, boreholes, and hand-dug wells are the
main sources of water supply for most places. Human activity has
contaminated these water sources, particularly the hand-dug
wells and surface water. Most residents use pit latrines, and

include the use of pit latrines by most residents [5]. The majority
of hand-dug wells are shallow and frequently left uncovered,
making them vulnerable to contamination from surface water
during intense precipitation as well as human activity [5].

Additionally, contaminants in drinking water that are
concentrated above their allowable levels cause health issues like
fluorosis, typhoid, jaundice, cholera, preterm babies, and other
issues, particularly in newborns [6]. Around 70% of Ghana's
population relies largely on groundwater for drinking [7]. Any
fresh water that is found in soil pores and rock formation fissures
below the surface of the earth is known as groundwater. Because
it seems pure and clean, groundwater is typically regarded as one
of the best sources of water. This is due to the several layers of
rocks and sediments it passes through, which act as a kind of
natural filtration mechanism. However, insufficient source
protection and poor resource management can lead to
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groundwater contamination and a decline in groundwater quality.
Human activity is almost invariably the cause of groundwater
contamination. Groundwater is prone to intentional or
unintentional pollution in regions with high population density
and intense human activity. Chemicals, microbes, fertilizers, fuel
minerals, and metals, among others, can contaminate
groundwater [6].

Water-borne illnesses like gastroenteritis, cholera, typhoid,
giardiasis, stomach aches and pains, vomiting, respiratory
infections, liver damage, and even cancer (due to DNA damage)
have all been linked to the use of contaminated groundwater.
These illnesses are brought on by a variety of chemicals,
including CFCs, MTBE, and others [8]. Inputs from the
atmosphere, soil and water-rock interactions, as well as pollution
sources like mining, clearing land for agriculture, acid rain, and
domestic and industrial wastes, all have an impact on
groundwater quality [9, 10]. However, due to contamination from
sources such as septic tanks [11], landfill leachates, home sewage
[8], agricultural runoff/agricultural fields [12], and industrial
wastes, the quality of groundwater is declining more quickly [9].
It is also crucial to remember that one of the most crucial factors
in studies of water resources is groundwater quality [13]. It is
mostly governed by the host's and associated rocks' discharge-
recharge patterns, as well as polluted activities [14].

Water's suitability for different purposes depends on the
type and concentration of dissolved minerals, and groundwater
has a higher mineral content than surface water [15]. In reaction
to daily, seasonal, and climatic variables, groundwater quality is
continually changing. It is vitally important to continuously
evaluate water quality measures since shifts in water quality have
far-reaching repercussions on people and other living things.
Groundwater contamination also depends on the local geology,
and it happens quickly in limestone regions and hard rock places
where there are large cavern systems below the water table [16].
In Nigeria, the majority of the rural population lacks access to
clean water, therefore they rely on well, stream, and river water
for domestic use.

Groundwater, pipe-borne water, and other natural water
supplies in Nigeria have been reported to have poor
microbiological and physicochemical quality, with coliform
counts far higher than the W.H.O.'s recommended standard
[1,17]. It is possible to link the need for elaborating on significant
criteria in water quality evaluation to the idea that these factors
shouldn't be overlooked when assessing the overall potability of
water. The variations in physical, chemical, and biological
conditions that it encounters cause changes in the quality of
groundwater [16]. In developing countries where the availability
of potable water is a major concern, poor drinking water quality
has been linked to several human ailments including cholera and
diarrhoea. Therefore, the purpose of this study is to evaluate the
physical and chemical characteristics and count the coliforms
present in groundwater in Pindiga, Akko L.G.A., and Gombe
state to aid policymakers in creating criteria to prevent
groundwater contamination.

MATERIAL AND METHODS

Sample Site and Study Area

The location of this study was Pindiga, Gombe State, Nigeria.
The town of Pindiga is located between latitudes 04°15' and SN
and 8°25'E. Pindiga Town, which is in the Gombe state's Akko
Local Government Area and is bordered to the north by Tumu
Village and the south by Kashere, is situated. It covers 331.551

square kilometres of land. Pindiga Town is a coastal community
located in a tropical area.

Sample Collection

Boreholes and hand-dug wells in Pindiga town and its
surrounding villages, specifically Gujubawo (A1), Garin alkali
(B1), Ubandoma street (C1), and Madagaska street (D1)., were
the sources of water samples for physicochemical analysis and
total coliform count. Twelve (12) samples each from boreholes
and hand-dug wells were used to produce the 24 samples, which
were then conveniently analyzed for the parameters listed below:
temperature, conductivity, turbidity, iron, dissolved oxygen, total
hardness, sulphate, chloride, phosphate, sodium, iron,
biochemical oxygen demand, magnesium, and total coliform
count. Within two hours of collection, the water samples were
analyzed in the lab in triplicate

Physico-chemical Analysis

Total dissolved solids, appearance, hardness, conductivity, pH,
colour, odour, and other conventional parameters are used to
evaluate the quality and portability of water for drinking.

Temperature

A thermometer was used to measure the temperatures of the
samples. The thermometer bulb was inserted into the water
sample in the beaker and left there for a few minutes before the
reading was obtained [19].

Conductivity

The Hanna Instrument H18733 conductivity meter was utilized.
A conductivity reading was displayed after the conductivity
meter probe had been cleaned with distilled water and put into
the sample in a beaker [19].

pH

Utilizing a pH meter, the pH was determined (Model: Mettler
Toledo Mp 220). After inserting the pH meter probe into the
beaker-containing water sample, the READ key was depressed to
obtain the pH reading [19].

Turbidity

After adding the sample to the turbidimeter bottle, it was cleaned
with a cloth to remove any possible fingerprints that might have
influenced the reading. The turbidity reading was then shown
once the bottle was put on the turbidimeter and the READ key
was pressed [19].

Iron

A test tube containing 5 mL of water sample and 0.3 mL of iron
reagent (Fe) was filled, agitated, and left to stand for three
minutes. The iron concentration was then measured using a
spectrophotometer at a wavelength of 420 nm [19].

Dissolved Oxygen

Using the APHA [19] method, the dissolved oxygen was
calculated. One glass bead was put into a reaction cell that was
overflowing with other materials. It added oxygen reagent 02 -
1k (5 drops). After mixing for 10 seconds, 5 more drops of the
oxygen reagent 02 - 2k were added. Finally, 10 drops of the
oxygen reagent 02-3k were added, and mixed, and the dissolved
oxygen value was read out at a wavelength of 498 nm in the
spectrophotometer.

Total Hardness
Using a pipette, 1 mL of the sample and 1 mL of the total
hardness reagent H-1k were introduced to a reaction cell. Total
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hardness in a spectrophotometer at a wavelength of 450 nm was
obtained after a three-minute reaction period [19].

Sulphate

2.5 mL of the water sample and 0.2 mL of the sulphate reagent
SO4-1A were put into a test tube and stirred. The sulphate reagent
S0O4-2A powder was added and stirred with 1 level spoonful. The
solution was then tempered for five minutes in a water bath at
40°C. The solution was filtered through Whatman No. 1 filter
paper after 2.5 mL of the sulphate reagent SO4-3A was added,
mixed, and removed. Following that, the filtrate was combined
with 0.4 mL of the sulphate reagent SO4-4A. Once more, the
solution was tempered for 7 minutes at 40°C in a water bath. This
was put into a circular cell and put in a spectrophotometer to
determine the amount of sulfate in the water sample. The
wavelength chosen was 520 nm [19].

Chloride

2.5 mL of the chloride reagent Cl-1 was mixed with 5 mL of the
water sample in a test tube. Additionally, the chloride reagent Cl-
2 was added, agitated, and allowed to stand for 1 minute before
the spectrophotometer detected the chloride concentration at a
wavelength of 460 nm [19].

Phosphate

A test tube containing 5 mL of the water sample had 0.5 mL of
the phosphate reagent PO4-1A added to it and stirred. One level
spoonful of the phosphate reagent PO4-2A was then added.
Before reading out the phosphate content at a wavelength of 420
nm, 5 minutes of reaction time was allowed [19].

Sodium

A reaction cell contained 0.5 mL of the sodium reagent Na-1k,
along with 0.5 mL of the water sample, which was then mixed.
Before reading the sodium concentration from the
spectrophotometer, one minute of reaction time was allowed
[19].

Biological Oxygen Demand (BOD)

Water samples were kept at room temperature (25°C) in a dark
closet for more than five days before the Winklers method, as
described by APHA, was used to determine their oxygen content
[20].

Total Coliform Count

Using the membrane filtering method, the Total Coliform Count
(TCC) was carried out. Each water sample was filtered through
50 mL of 0.45-m filter paper before being placed on nutrient,
mFC, and mENDO agar plates and cultured for 24 to 48 hours at
37 °C. The colonies from nutrient agar plates were also purified
and sub cultured on MacConkey agar, blood agar, mannitol salt
agar, cetrimide agar, and bile esculin agar plates. The blue and
metallic sheen colonies from mFC and mENDO plates were
purified and identified. Gram staining and
morphological/biochemical techniques were used to isolate and
screen pure colonies [19,21].

Statistical Analysis

The contamination of water samples was described using the
mean, range, and standard deviation. The data obtained were
compared to the Nigeria Standard of Drinking Water Quality
(NSDWQ) and WHO (World Health Organization) drinking
water standards. SSPS version 22 was used to do the statistical
analysis.

RESULTS

Physicochemical properties and total coliform count of
domestic water sources (hand-dug well and borehole) in
Pindiga

Temperature, pH, electrical conductivity, and turbidity were the
physical parameters that were analyzed. Results of temperature
for hand dug well (Table 1) show that the sampled water ranged
between 27.8 to 29.7°C with a mean value of 28.5°C, the least
value was recorded in Garin Alkali (B1) and the highest value
was recorded in Ubandoma (C1), pH ranged between 6.5 and 7.6,
with the mean value of 7.07, the least value was recorded in
Ubandoma(Ci) and the highest value in Madagaska (D),
Turbidity ranged between 1.36 to 3.28 NTU, with a mean value
0f2.42 NTU, the least value was recorded in Ubandoma (C1) and
the highest value in Madagaska (D1), Conductivity ranged
between 5.42 and 16.58 us/cm, where the least and highest value
were found in Gujubawo (A1) and Garin Alkali (B1) respectively.
The major cations and anions were the chemical parameters that
were analyzed.

The major cations include Mg?", Fe?* and Na*. The major
anions include CI, SO4%, POs>, CO3* as well as Dissolved
Oxygen, Biological Oxygen Demand and Total hardness. The
results of these chemical parameters show that the Mg?* ranged
between 2.32 and 12.61 mg/L with the mean value of 8.12 mg/L,
the least value was recorded in Garin Alkali (B1) and the highest
value in Ubandoma (C1), Fe?" ranged between 0.000 to 0.0616
mg/L with the mean value of 0.0616 mg/L, where the lowest
value was found in Gujubawo (Ai), Garin Alkali (B1) and
Ubandoma (C1) respectively and the highest value in Madagaska
(D1), Na, ranged between 6.75 and 9.21 mg/L with the mean
value of 7.93 mg/L, the lowest value was found in Garin Alkali
(B1), and the highest value in Ubandoma (Ci), Cl, ranged
between 47.9 to 259.9 mg/L with the mean value of 114.95 mg/L,
the lowest value was recorded in Ubandoma (C1) and the highest
one in Garin Alkali (B1), SO4+> ranged between 2.40 to 5.6 mg/L
with the mean value of 3.94 mg/L, the lowest value was found in
Garin Alkali and the highest one in Ubandoma (C1), PO4", ranged
between 0.64 to 13.25 mg/L the lowest value was found in Garin
Alkali (B1) and the highest value in Gujubawo (Ai), total
hardness (CaCOs) ranged between 120 to 1070 mg/L, the lowest
value was found in Gujuwabo (A1) and the highest value in
Madagaska (D1).

Dissolved oxygen ranged between 0.72 to 3.66 mg/L, the
lowest value was found in Ubandoma (C1) and the highest one in
Garin Alkali (B1), biological oxygen demand ranged between
185 t0 212.3 mg/L, the lowest value was found in Gujubawo (A1)
and the highest value in Madagaska street (D1). Total coliform
count (TCC) ranged between 1-9 to 7.5-9 c¢fu/100 mL, the lowest
value was found in Madagaska street (D1) and Garin Alali (B1)
and the highest one in Gujubawo (A1) and Ubandoma street (C1).
Results for borehole (Table 2) of temperature show that the
sampled water ranged between 28.7 to 31.2 °C with a mean value
0f 29.93 °C. The least value was recorded in Garin Alkali (B1)
and the highest value was recorded in Madagaska street (D1), pH
ranged between 6.5 and 7.1, with a mean value of 7.13, the least
value was recorded in Ubandoma (C1) and the highest value in
Garin Alkali (B1), Turbidity ranged between 1.64 to 5.97 NTU,
with a mean value of 3.69NTU, the least value was recorded in
Garin Alkali (B1) and the highest value in Ubandoma street (C1).
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Table 1. Physicochemical properties and total coliform count of some hand-dug wells in Pindiga.

Parameter/Unit Location Range Mean +S.D WHO (2008) NSDWQ (2007)
Ay Bi C Dy HDL MPL

Temperature (°C) 283 278 29.7 283 27.8-29.7 28.5+0.82 20-30 40 Ambient

pH 7.0 7.2 6.5 7.6 6.5-7.6 7.08 £ 0.46 7.0-8.5 6.5-92 6.5-8.5

Turbidity (NTU) 323 1.36 1.81 3.28 1.36 -3.28 2.42+0.98 5 25 5

Conductivity (us/cm) 542 1658 549 543 5.42-16.58 20.58 +23.48 500 1400

Total Hardness (mg/L) 120 2544  1060.8 1070.9 120- 1070 626.5+510.26 500 150

D O (mg/L) 1.81  3.66 072 2.49 0.72 - 3.66 2.17+1.23 14

S04* (mg/L) 2.87 240 5.6 4.9 2.40-5.6 3.94+1.55 200 400 100

POs (mg/L) 13.25 0.64 ND 10 0.64 - 13.25 17.22 +12.74 200

B O D (mg/L) 185.3 194.7 203.7 2123  185.3-212.3 154 + 8.58 <5

Fe*" (mg/L) 0.000 0.000 0.000 0.0616 0.000-0.0616 0.0154+0.031 0.1 0.3

Mg?* (mg/L) 10.70 2.32 12.61 6.87 2.32-12.61 8.13+4.55 20 30 0.2

CI (mg/L) 103.9 259.9 479 48.1 47.9-259.9 114.95 +100.16 250 250

Na* (mg/L) 774 6.75 9.21 8.05 6.75-9.21 7.94+1.01 200 200

TCC (cfu/100ml) 9 1 9 1 1-9 5+4.62 10

KEY: A= Gujubawo, B = Garin Alkali, Ci= Ubandoma street, D = Madagaska street
HDL = Highest Desirable Level MPL = Maximum Permissible Level

Table 2. Physicochemical properties and total coliform count of some boreholes in Pindiga.

Parameters/Units Location Range Mean+SD WHO (2008) NSDWQ (2007)
Al Bi Ci D HDL MPL

Temperature (°C) 29.6 28.7 30.2 31.2 28.7-31.2 29.93+1.05 20-30 40 Ambient
pH 6.6 8.3 6.5 7.1 6.5-7.1 7.13+£0.83 7.0-85 6592 6.5-8.5
Turbidity (NTU) 3.57 1.64 5.97 3.58 1.64 -5.97 3.69+1.77 5 25 5
Conductivity (us/cm) 6.22 22.0 1800 6.20 6.20 — 1800 458.6 +894.3 500 1400
Total Hardness  91.2 33.6 52.8 50.6 33.6-91.2 57.05 +24.33 500 150
(mg/L)
D O (mg/L) 2.41 2.34 3.39 3.36 2.41-3.39 2.88+0.58 14
SO04* (mg/L) 3.32 6.80 4.0 6.10 3.32-6.8 5.06 £ 1.66 200 400 100
PO4 (mg/L) 3.89 4.54 1.5 8.57 1.5-8.57 4.63 £2.94 200
B O D (mg/L) 187.3 185.0 1'76.7 118.3 118.3-187.3 166.83 + 32.67 1000 <5
Fe?* (mg/L) 0.0096  0.000 0.0013 0.1150  0-0.0096 0.032 +0.056 0.1 0.3
Mg?" (mg/L) 10.29 11.63  8.54 2.04 2.04-11.63 8.13+£4.25 20 30 0.2
CI" (mg/L) 1079 159.9  391.8 148.8 148.8 - 1079 4449 +437.3 250 250
Na* (mg/L) 8.59 8.90 6.06 7.04 6.06 — 8.9 7.65+1.34 200 200
TCC (mg/L) 9 6 9 6 6-9 7.5+1.73 10

KEY: A= Gujubawo, B; = Garin Alkali,
HDL = Highest Desirable Level

C; = Ubandoma street,

Conductivity ranged between 6.20 and 1800us/cm, where
the least and highest value were found in Madagaska street (D1)
and Ubandoma street (C1) respectively. The major cations and
anions were the chemical parameters that were analyzed. The
major cations include Mg?*, Fe?* and Na'. The major anions
include Cl, SO4*, POy, COs* as well as Dissolved Oxygen,
Biological oxygen demand and Total hardness.

Results for borehole (Table 2) of temperature show that the
sampled water ranged between 28.7 to 31.2 °C with a mean value
0f29.93 °C, the least value was recorded in Garin Alkali (B1) and
the highest value was recorded in Madagaska street (D1), pH
ranged between 6.5 and 7.1, with a mean value of 7.13, the least
value was recorded in Ubandoma (Ci) and the highest value in
Garin Alkali (B1), Turbidity ranged between 1.64 to 5.97 NTU,
with a mean value of 3.69NTU, the least value was recorded in
Garin Alkali (B1) and the highest value in Ubandoma street (C1),
Conductivity ranged between 6.20 and 1800us/cm, where the
least and highest value were found in Madagaska street (D1) and
Ubandoma street (C1) respectively. The major cations and anions
were the chemical parameters that were analyzed. The major
cations include Mg?', Fe?" and Na*. The major anions include CI
, SO4*, POs, COs3> as well as Dissolved Oxygen, Biological
oxygen demand and Total hardness.

The results of these chemical parameters show that the Mg?*
ranged between 2.04 and 11.63 mg/L with the mean value of 8.13
mg/L, the least value was recorded in Madagaska street (D1) and
the highest value in Garin Alkali (B1), Fe*" ranged between 0.000
to 0.1150 mg/L with the mean value of 0.032 mg/L, where the
lowest value was found in Garin Alkali (B1), and the highest value
in Madagaska (D1), Na*, ranged between 6.06 and 8.9 mg/L with
the mean value of 7.65 mg/L, the lowest value was found in Garin

Di = Madagaska street
MPL = Maximum Permissible Level

Alkali (B1), and the highest value in Ubandoma (C1), Cl-, ranged
between 47.9 to 259.9 mg/L with the mean value of 114.95 mg/L,
the lowest value was recorded in Ubandoma street (C1) and the
highest one in Garin Alkali (B1), SO4* ranged between 3.32 to
6.80 mg/L with the mean value of 3.32 mg/L, the lowest value
was found in Gujubawo (A1) and the highest one in Garin Alkali
(B1), PO4* , ranged between 1.5 to 8.57, with a mean of 4.63
mg/L the lowest value was found in Ubandoma street (Ci1) and
the highest value in Madagaska (D1), total hardness (CaCO3)
ranged between 33.6 to 91.2 mg/L, the lowest value was found in
Garin Alkali (B1) and the highest value in Garin Alkali (B1),
Dissolved oxygen ranged between 2.41 to 3.39 mg/L, the lowest
value was found in Gujubawo (A1) and the highest one in
Ubandoma street (Ci), biological oxygen demand ranged
between 118.3 to 187.3 mg/L, with a mean value of 166.83 the
lowest value was found in Madagaska street (D1) and the highest
value in Gujubawo (A1). TCC ranged between 6 to 9 cfu/100 mL,
the lowest value was found in Garin alkali (B1) and Madagaska
(D1) and the highest value in Gujubawo (A1) and Ubandoma (C1).

DISCUSSION

Regarding the WHO and NSDWQ recommendations for drinking
water quality, the physicochemical parameters for the various
home water sources are discussed. Given that just a small
spectrum of chemical reactions and biological activities are
affected by hydrogen ion concentration (pH), its significance is
clear [24]. The mean pH concentration trend found in this study's
hand-dug wells and boreholes is neutral to slightly alkaline, and
the pH range fell within the permitted range for drinking water,
which is 6.5 to 9.2 [22]. This result is in line with that of Shittu ez
al. [25], who noted a comparable pH range for water used for
swimming and drinking in Abeokuta, Nigeria. The pH value
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measured for borehole water is comparable to findings from
Ogbonna et al. [26] for various groundwater samples, who found
that the type of soil and free carbon(iv)oxide level in the water
bodies [27] might determine the pH of groundwater. The bacterial
numbers may be impacted as a result of changes in the Carbon
oxide/Bicarbonate/Carbonate balance.

Temperature is a key physicochemical factor in determining
the suitability of water for human consumption as it affects a
variety of processes in water bodies, including the speed of
chemical reactions, the solubility of gases, and the amplification
of tastes and colours of water [25]. The main water temperature
within the study area for the borehole and hand-dug well was
29.93+ 1.05°C C and 28.5+0.82°C respectively. Due to factors
including climatic conditions, geographical soil type and depth,
and groundwater, which may affect the biochemical and
physiological activities of organisms found in the water sources,
both sources of water have high temperatures that may be
explained by these factors [28]. The observed results were within
the WHO's recommended permissible limit [22] and the NSDWQ
[23]. This outcome is comparable to that of Mezgebe et al. [29]
who reported the highest water temperature of 28°C from varied
drinking water temperatures not exceeding 15°C because the
coolness of the water improves its palatability [22].

The degree of ions in water is measured by electrical
conductivity, which significantly affects the taste and, in turn, the
user's acceptance of the water. Both for the hand-dug well and the
borehole, the mean values recorded are all within acceptable
limits. The electrical conductivity of samples of borehole water
from Ubandoma street varied significantly (C1). The WHO
permitted limits (1400 s/cm) were exceeded (1800 s/cm). This is
a sign of the millions of tons of salt that are present in the salt
range, as well as differences in the mineral and chemical qualities
of the water body that cause bad taste and a high percentage of
total dissolved solids. The results of this study corroborated
Adetunde and Glover's report [30]. This region's groundwater is
good for home use, irrigation, and other uses. Low conductivity
means that the water's surface catchments only provide a little
amount of dissolved organic compounds in the ionized form [31].
The diluting impact of the increased water volume within water
bodies during the rainy season may be responsible for the
decrease in conductivity seen in the study area.

One of the most important indicators of water quality,
dissolved oxygen provides both direct and indirect data on the
availability of nutrients, the degree of pollution, the metabolic
activities of microbes, stratification, and photosynthesis in the
water body [32]. When compared to WHO limits for drinking
water, the mean DO values for both the borehole (2.88 + 0.58
mg/L) and the hand-dug well (2.17 + 1.23 mg/L) were within
acceptable ranges. Only a little amount of dissolved oxygen is
affected by water temperature, with warm water dissolving less
oxygen than cold water [33]. Therefore, one of the reasons for the
low DO values seen in the current study could be due to the high
temperature of the water sources. All living organisms place a
significant value on dissolved oxygen. Water bodies may contain
it due to direct air diffusion or autotrophic production during
photosynthesis. Reduced dissolved oxygen levels in rivers may
be a sign that there are too many bacteria there, which may have
depleted the dissolved oxygen. Although dissolved oxygen may
not directly endanger human health, other compounds in the
water may be affected [34].

The mean BOD concentrations found in the study area's
boreholes and hand-dug wells were 166.83 + 32.67 mg/L and
1.54 + 8.74 mg/L, respectively. The high range of BOD obtained

from both water sources indicates that drinking sources were
highly polluted by organic matters such as faecal matter and
improper disposal of household waste material that found their
way into water bodies through runoffs. However, these values
were above the WHO and NSDWQ guidelines set for the
maximum tolerable limit of BOD in drinking water. Similarly to
this, additional research revealed that a high BOD level
contributes to a drop in the value of dissolved oxygen [22]. BOD
estimates the quantity of oxygen used by bacteria and other
microorganisms that oxidize organic materials present in water
[34].

Phosphate was found in both hand-dug wells and boreholes
within the research area, with mean values of 4.63 £ 2.94 mg/L
and 17.22 £ 12.74 mg/L, respectively. This could be due to the
terrain or geology of the sampling location, which affects the
amount of phosphate in the groundwater. Since phosphate is a key
component of fertilizer and detergents, the range of phosphate in
this study is low since there is no seepage from runoffs or sewage
discharges. The mean values of phosphates obtained in this study
are within the permitted limit of WHO. This finding suggests that
water from these sources cannot be kept for an extended period
in an open container because phosphate increases the growth of
algae, which can lead to eutrophication, a condition more
common in lakes and occasionally rivers [35].

Hardness is a crucial factor in reducing the harmful effects
of hazardous elements. The buildup of calcium and magnesium
salts in water makes the water harder and more polluted [36]. The
mean total hardness measured in borehole water samples (57.05
+24.33 mg/L) is less than the level deemed safe for consumption
by the WHO and NSDWQ. As aresult, the water won't precipitate
soap, deposit scale, and the amount of crust that accumulates in
containers will be greatly reduced. Ubandoma and Madgaska had
the highest values, however, the mean total hardness measured in
the hand-dug well water sample (626.5 + 510.26 mg/L) exceeded
the maximum permissible limit set by WHO and NSDWQ. The
high total hardness found in the water sample from the hand-dug
well may have been caused by the soil composition of the
sampling sites and the absence of casting on the good wall. This
outcome is consistent with that which Ezeribe et al. [37] and
Bello et al. [38] both reported. Although hard water does not
provide a health risk, it is an inconvenience when used for home
chores like washing and cleaning.

In comparison to the WHO and NSDWQ permissible limits
for drinking water, which are 400 and 100 mg/L, respectively, the
mean sulphate concentration recorded from both borehole (5.06
+ 1.766 mg/L) and hand-dug well (3.94 + 1.55 mg/L) water
samples was low. The geological profile of the soil and the
mineral makeup of the source of the water sample can be
implicated in the low level of sulphate. Sulphate ions naturally
occur in groundwater as a result of the dissolving of sulphides
such pyrites from the inert stratified minerals by percolating
water [38].

The mean concentration of chlorides in the borehole water
samples (444.9 + 437.3 mg/L) exceeded the WHO and NSDWQ
standard limit for drinking water, with Gujubawo (A1) having the
highest level. Chlorine used as a disinfectant in water purification
for human consumption may be the cause of the high
concentration. Because chlorides naturally occur in the
geological strata of boreholes and are a widely dispersed element
in all types of rocks in one way or another, the amount of chloride
is a result of this [38]. The mean concentration of chloride in the
hand-dug well water samples, however, was within the
permissible WHO and NSDWQ standard for portable water
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(114.95 + 100.16 mg/L). Both the hand-dug well (2.42 + 0.98
NTU) and the borehole (3.69 + 1.77 NTU) had mean turbidity
levels that were within the NSDWQ's and WHO's a permissible
limit of 5 NTU. High levels of suspended and colloidal particles
in water typically give it an unattractive appearance.

The WHO and NSDWQ permissible limit of 200 mg/L was
not exceeded by the mean sodium concentrations in the study
area's hand-dug well (7.94 £ 1.01 mg/L) or borehole (7.65 + 1.34
mg/L) water samples. Higher availability of sodium ions in the
bloodstream as a result of excessive sodium intake from drinking
water increases heart size, blood pressure, and the risk of stroke
and hypertension [34]. Within the study area, the mean
concentrations of iron for water samples taken from hand-dug
wells (0.0154 + 0.031 mg/L) and boreholes (0.032 £+ 0.056 mg/L)
were both within the permissible limits set by the WHO (0.1
mg/L) and NSDWQ (0.3 mg/L), respectively. Many of the rocks
and soils that make up the crust of the earth include the very
common metal iron. In rare instances, iron is discovered in
groundwater that is discharging into a lake through springs and
contains ferrous iron [22,23].

One of the most prevalent elements in the crust of the earth
is magnesium. It is a vital component of water hardness and is
found in all naturally occurring waters. Dolomites and mafic
minerals (amphibole) in rocks are the sources of magnesium in
natural water. The average magnesium concentration in the study
area's borehole (8.13 + 4.25 mg/L) and hand-dug well (8.12 +
4.55 mg/L) water samples was within the WHO-permissible limit
[22]. The average total coliform counts found in water samples
taken from both hand-dug wells and boreholes were below the
NSDWAQ level established for drinking water.

CONCLUSION

The results of this study demonstrated that domestic water
sources (borehole and hand-dug well) in the study area had
physicochemical characteristics and a total coliform count that
was within safe limits, except the mean total hardness level
(hand-dug well), and more specifically, the total hardness
concentration (hand-dug well) in Ubandoma (C1) and Madagaska
(D1) water samples, which exceeded the WHO permissible limit
for drinking water. To prevent septic tanks and pit latrines from
contaminating groundwater, the government should enforce good
house planning. Health authorities should support proper public
awareness efforts about in-house raw water treatment to raise the
standard of drinking water. Furthermore, it is important to
promote a more thorough assessment of residential water quality.
To make regular assessments of the key water quality indicators,
a water quality laboratory should be created at the local
government area's headquarters. Having a resource inventory of
data on water quality will be made easier due to this monitoring.
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