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In the current study, water from Chuho springs used as the main water source in Kisoro municipality,
Uganda were assessed for their suitability as drinking water. The temperature, turbidity, conductivity,
total dissolved solids, dissolved oxygen, biological oxygen demand, total hardness, total alkalinity,
calcium, magnesium, phosphates, iron, copper, arsenic, chlorides and the fluoride content of the water
samples were determined. Not all the parameters met World Health Organizations’ guidelines for
drinking water. Temperature, dissolved oxygen and fluorides were outside the recommended limits
of 15 °C, 10-12 mg/L and 1.5 mg/L, respectively. Further studies should assess the microbiological

and sanitary profile of the springs.

Introduction contaminated with faeces, which have the

Access to clean, reliable, affordable and safe  potential to expand the transmission window of
water is a challenge to at least 1.1 million people  water-borne diseases such hepatitis A, dysentery,
globally [1, 2]. A recent report articulated by the  typhoid, diarrhoea and cholera [4, 5].
United Nations World Water Development Consumption of contaminated drinking water
indicate that close to four billion people (two- accounts for at least 485,000 annual diarrhoeal
thirds of the global population) experiences deaths [6, 7].

severe water scarcity for at least a month every o )
Projections hold it that by 2025, half of the

year [3]. Up to two billion of the four billion ] ) )
global population will be in water-stressed areas

subsists on water from sources that are o ] ]
and this is emphatic of the need to monitor the
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physicochemical and microbiological quality of
water sources. Water is at the core of sustainable
development, and is an inevitable fuel for
economic development [5, 6]. The major barriers
to addressing water challenges in developing
nations range from chronic poverty to poor
governance, land use dynamics and the effects of
the decadal climate change [8]. Thus, the
Sustainable Development Goal target 6.1 calls
for universal and equitable access to safe and
affordable drinking water [6].

Sub-Saharan Africa, and Eastern Africa in
particular is one of the regions of the world with
limited access to clean and safe water [9, 10].
Uganda is one of the most hit countries in the
Sub-Sahara with water scarcity problem [11]. A
recent print indicated that more than 21 million
(51% of) Ugandans do not have access to safe
[12].

sanitation crisis, both the physicochemical and

drinking water In tandem with the
microbiological profiles of water in some areas
in Uganda have been indicated to be unfit for

drinking and other purposes [13-22].

Previous reports raised concerns over the
reduced levels and possible contamination of
Chuho springs by anthropogenic activities [23-
25]. Yet in Kisoro district of Uganda, only 44%
of the population have access to safe water (43%
rural and 57% urban), with only two pumped
water schemes fed by Chuho catchment [26].
Thus, dysentery, cholera and other water-borne

disease outbreaks have been recurrent in the

district [27]. As a contribution to water quality
monitoring and public health, this study for the
first time aimed at assessing the physicochemical
quality of water from Chuho springs used in
Kisoro district of Western Uganda and the health

implications.

Experimental part
Description of the study area

The water samples analyzed in this study were
taken from Chuho springs, Kisoro district,
Uganda (1.2209° S and 29.6499° E; Figure 1).
Kisoro district share common frontiers with
Kanungu district in the North, Kabale district to
the East, Rwanda to the South and the
Democratic Republic of the Congo to the West.
The district population stood at 281,705 as of
2014 [28], 65% of which uses piped water from
National Water and Sewerage Cooperation and
the rest use water from other sources. The total
area of the district is 701.4 km?, with about 78%
of it dedicated to agriculture while 8% is covered
by water. The rest of the land comprises of towns
and factories, notably tea processing industries.
Kisoro has a population density of 362.6 km?and
the growth rate is nearly 5% per year. The main
economic activities include farming, trade and
fishing especially in Lake Mutanda, Lake

Kayumbu and Lake Chahafi.

Chuho water has six springlets with identical
hydrogeochemistry and deliver water to a basin-
like depression from where a small river flows
northwards towards Lake Mutanda [23, 29].
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Chuho water is located at an elevation of 1,829
meters above sea level, about four kilometres
north of Kisoro town. The springs are recharged
by Kigezi wetland but the Chuho watershed
catchment has been indicated to be affected by
land degradation, impacting the water supply
available to downstream users [23].
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Figure 1. Map of Uganda showing the location of Chuho
springs in Kisoro district.

Sample collection and analysis

A total of 30 samples were collected from four
Chuho springs (A, B, C and D) and a commonly
used tap water between January 2019 and
February 2019. The samples were collected
between 9:00 am to 10:00 am (East African
Standard Time) as described by Omara et al.
[15]. Non-conservable parameters such as pH,
temperature, conductivity and total dissolved
solids were determined on-site using a hand held
Jenway 370 pH/temperature meter (Jenway
Gransmore Green, England) and Jenway 4520
Conductivity/TDS meter
England) [15, 30]. All the samples were

(Keison Products,

transported in an icebox and the remaining

parameters were analyzed within 12 hours of
collection at the Chemistry Laboratory of
Mbarara University of Science and Technology,
Mbarara (Uganda) following the standard
method for examination of water and wastewater

[31].

Data analysis

Data were presented as means + standard

deviation of triplicates. The means were
compared with World Health Organization
(WHO) guidelines for drinking water [32]. One-
way ANOVA was used to separate the means,
while Pearson’s bivariate correlation was used to
establish  the relationship  between the
parameters. Analyses were performed at p< 0.05
using SPSS statistical software (Version 20, IBM

Inc.).

The water quality index (WQI) was calculated

according to The Canadian Council of Ministers

of the Environment Water Quality Index
(CCME-WQI) [33] using equation 1.
CCME-WQI = 100 - (—V“ZZZ’Z*”E‘) (1)

Where F1, F2 and F3 is the water quality
parameters (objectives) of scope (percentage of
individual variables that do not meet objectives),
frequency (percentage of individual tests that do
not meet objectives) and amplitude (amount by
which failed tests do not meet their objectives),

respectively.
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Results and Discussion

The analytical results of the analysis of

physicochemical parameters of the water

samples are given in Table 1.

Temperature

Temperature is one of the most essential
parameters used to evaluate the quality of
drinking water. It affects many phenomena
including the rate of chemical reactions in water,
reduction in solubility of gases and amplification
of taste and colour [34, 35]. The temperatures
obtained in this study ranged from 20.85 to 21.10
°C. There were no significant differences in the
temperature of water from the springs (p =
0.527). All the recorded water temperatures were
above the WHO recommended level of 15 °C
[32]. The results of the current study are in
congruence with previous studies. Haruna et al.
[20] reported temperatures of 24.3 £ 0.5 to 25.0
+ 0.8 °C for Katwe and Kisenyi springs of
Kampala city which are comparable to the values
recorded in this study. In Kampala (Natete) and
Lira district (Uganda), Okot and Otim [36]
reported temperatures of 23.00-25.50 °C for
spring water. In Mbarara district of Uganda,
Lukubye and Andama [19] reported temperatures
of 22.38 + 0.16 °C and 23.45 + 0.23 °C for
springs in Kiswahili and Kisenyi. Similarly,
Omara et al. [15] reported that Katalina, Airport
1 and Airport 2 spring water in Kyambogo
University propinquity had mean temperatures of
20.53 +1.23, 21.53 + 0.60 and 20.33 + 1.62 °C,

respectively. These temperatures were not
statistically different, and were lower than 23.1°C
to 28.8 °C recorded earlier in the dry season of
2013 for Katalina, Katoogo and Bukuuku springs
in Kampala and its environs [14]. The variations
in temperature of the samples may be attributed
to sampling locations as some of the samples
were collected from the underground while
others were partly on the surface exposed to
direct sunlight, richness in organic matter (hence
microbial activities) and the generally higher
temperatures in Uganda during January. It is
desirable to have water temperatures not
exceeding 15°Cas the palatability of water is
enhanced by its coolness [37].

Colour

Colour is primarily a water quality concern for
aesthetic reasons. Coloured (turbid) water is
translated to it being unfit to drink, even though
it may be safe. Colour may also indicate the
presence of organic substances, such as algae or
humic compounds, an aspect which has been
employed in the assessment of water quality.
Colour values of water samples in this study
ranged from 6.38 + 0.92 to 9.28 + 1.84 colour
units (CU) which were within the WHO
permissible limit of 15.0 CU [32]. There were no
significant differences in the colour of the spring
and tap water samples (p = 0.667). Previous
studies in Uganda examined the turbidity levels
of spring water rather than colour. Okot and Otim
[36], Haruna et al. [20] and Omara et al. [15]
reported that the turbidity of springs in Lira and
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Table 1. Physicochemical profile of water from some water sources used in Kisoro municipality, Western Uganda.

Parameter Spring A Spring B Spring C Spring D Tap water p-value Range WHO guidelines
Temperature (°C) 22.07£0.87 21.98+0.74 22,10+ 0.55 20.85+0.53 21.10+0.54 0.527 20.85-22.10 15.00
Colour (colour units) 8.80+£0.94 9.28+1.84 6.77£0.79 6.90 £2.70 6.38 £0.92 0.621 6.38-9.28 15.0
pH 7.76 7.73 8.07 8.40 8.25 0.000 7.73-8.40 6.5-8.5
Dissolved oxygen (mg/L) 4.14 £ 0.87 4.87 £ 0.59 3.06 +0.32 3.15+0.27 2.41+0.15 0.019 214-4.87 10-12
Biochemical oxygen demand (mg/L) | 1-54 + 036 2.03+0.25 2.46 + 0.56 1.31+0.15 1.36 +0.17 0.098 1.31-2.46 50
Total dissolved solids (mg/L) 366.07 £ 4.35 394.83 £2.31 | 400.7 +0.50 460.32 +1.08 | 64.49 +0.56 0.000 64.49-460.32 500-1500
Electrical conductivity (uS/cm) 44828 £1.29 | 45547 +£2.72 | 453.32+3.67 | 425.33+3.90 | 105.49+0.68 | 0.000 105.49-455.47 750-1000
131465+ 165.16 £ 146.44 + 146.81 £ 120.01 £
Total alkalinity (mg/L) 15.41 33.56 25.78 26.58 13.03 0.732 120.01-165.16 200
Total hardness (mg/L) 70.42+£2.091 71.20+£2.85 68.00 + 1.55 70.98 £ 1.62 33.66 £ 2.08 0.000 33.66-71.20 100-300
Magnesium (mg/L) 60.34 + 3.08 60.54 £ 2.77 55.66 + 1.52 54.52 +2.75 20.17 £ 2.53 0.000 20.17-60.54 30-50
Calcium (mg/L) 10.08 £ 0.93 10.66 +0.89 12.33 £ 0.56 16.47 +2.17 13.49+1.14 0.012 10.08-16.47 50-75
Fluoride (mg/L) 2.15+£0.06 2.45+0.10 2.45+0.10 2.27+0.16 0.11+£0.01 0.000 0.11-2.45 0.15
Chloride (mg/L) 22.64 +1.15 20.35 +1.37 21.41+£2.89 20.69 £ 2.26 30.04 £ 6.65 0.288 20.35-30.04 250
Phosphates (mg/L) 0.75+0.07 0.89£0.05 0.89+£0.04 0.81+£0.07 0.17£0.05 0.000 0.17-0.89 5
Copper (ug/L) 9.15+2.04 8.85+2.67 11.17+1.11 0.72+0.40 6.87 £3.02 0.017 0.72-11.17 2000
Iron (mg/L) 0.01+£0.02 0.05+0.02 0.09 £0.02 0.03+£0.01 0.03+£0.01 0.078 0.01-0.09 NL
Arsenic (ug/L) BDL BDL BDL BDL BDL NA NA 10.0

BDL: Below method detection limit, NA: Not applicable, NL: No established limit.
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Kampala districts were lower than 5 Formazin
Turbidity Unit which are comparable to the lower
colour units recorded in this study. The colour of
water is influenced by presence of organic
matter, algae or dinoflagellates and minerals
especially iron, manganese and other metals
occurring as natural impurities and corrosive
products [38].

pH

pH is a term used universally to express the
intensity of acid or alkaline condition of a
solution. pH represents an  important
characteristic of water and slight variation in its
level can disorganize the quality of water making
it unsuitable for use. High pH values are known
to alter the toxicity of water pollutants. For
example, ammonia is more toxic in alkaline
water than acidic water due to free ammonia. In
this study, pH ranged from about neutral to
slightly alkaline (7.73 to 8.4), which was within
the WHO range of 6.5-8.5 [32]. The slightly
alkaline pH could be because of the rocks in the
area. Water may become naturally alkaline as it
flows over rock, silt, sand and gravel which may
contain trace minerals such as potassium,
magnesium, calcium and bicarbonates. There
was a significant variation in pH values of the
spring and tap water (p < 0.05). Studies in
springs in and around Urbanite Kampala and Lira
[15, 36, 39] reported comparable pH values to the
ones recorded in this study. For example, springs

in Kyambogo University vicinity had pH of 5.33

+ 0.25, 6.30 £ 0.10 and 7.10 = 0.46, with only
one spring having pH value within the acceptable
limits (6.5-8.5) for drinking water [15]. A lower
pH value (5.14) was earlier reported for Katalina
spring by Moulodi and Thorsell [14], while a
lower range of 4.4 to 6.6 were reported for
springs in Kasenyi and Katwe [20]. In Mbarara
district, lower pH values of 6.17 to 7.02 were
reported [19]. Slightly acidic pH of Ugandan
springs were previously thought to be induced by
carbon dioxide saturation in the ground water
[15, 20, 40]. It is important to note that even
within the acceptable pH range, slightly high pH
causes water to have a slippery feel whereas
slightly low pH may cause water to have a bitter
or metallic taste [15, 30, 41].

Dissolved oxygen

Dissolved oxygen refers to the level of free, non-
compound oxygen present in water. The different
water samples obtained from springs and the tap
had mean dissolved oxygen (DO) values ranging
between 2.14 + 0.87 mg/L to 4.87 £ 0.59 mg/L.
There were significant variations in DO content
both within and among samples (p = 0.019).
These acceptable when
compared with the WHO standards of 10-12
mg/L for DO of fresh water [42]. The obtained

results were comparable to 1.90 to 15.60 mg/L

results were not

reported for springs in Mbarara district by
Lukubye and Andama [19] but slightly higher
than 0.33 to 1.36 mg/L earlier reported in
Kampala [14]. Temperature of water influences

the amount of DO with only lesser oxygen
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dissolved in warm water than cold water.

Correlation analysis revealed a significant

negative correlation between temperature,

phosphates and DO (r = -0.683, p < 0.05).

Biological oxygen demand

When biodegradable organic matter (including
organic waste) is present in water, it provides
nutrient for growth of bacteria and other
microorganisms causing them to multiply and
where bacterial numbers are sufficient, they
cause depletion of DO in the water. The
biochemical oxygen demand/biological oxygen
demand (BOD) is a measure of the amount of
oxygen consumed by microorganisms in

breaking down the organic matter.

Biological oxygen demand is a chemical
procedure for determining the amount of DO
needed by aerobic organisms in a body of water
to break down organic material present in a given
water sample at certain temperature over a
specific time period [43]. In this study, there was
significant variation in BOD obtained for the
samples (p = 0.093). The values of BOD obtained
in this study ranged between 1.31 mg/L and 2.46
mg/L, which were below WHO guideline of 50
mg/L [32]. The low levels of BOD could be due
to dilution effect, high temperatures [44] and
natural purification systems along Chuho water

springs.

Total dissolved solids

Total dissolved solids (TDS) is a measure of the
amount of dissolved inorganic and organic
materials in water. It affects the taste of drinking
water if the concentrations exceed 1000 mg/L
[42]. The TDS readings recorded in the current
study ranged from 64.49 + 0.56 mg/L to 460.32
+ 1.08 mg/L, which were below the range given
by WHO [32]. Statistically significant mean
variations in TDS were observed among the
water samples (p < 0.05). These were lower than
345.00 to 579.00 mg/L reported for some springs
in Mbarara, Uganda [19]. Further, TDS showed
a significant  positive  correlation  with
temperature (r = 0.091, p = 0.000). Generally,
high TDS affects the aesthetic quality of water,
interferes with washing operations and can be

corrosive to plumbing fixtures [41].

Electrical conductivity

The ability of a solution to conduct electric
current is governed by the migration of solutions
and is dependent on the nature and numbers of
jonic species in that solution. This property,
termed conductivity, is a useful tool to assess the
purity of water. The permissible limit of
electrical conductivity is 750-1000 uS/cm [32].
Electrical conductivity of the collected samples
ranged from 105.49 £ 0.68 uS/cmto 455.47 +
2.72 uS/cm, which were within the permissible
limit and comparable to 95-705 pS/cm in Kisenyi
and Katwe [20], 28-760 pS/cm in Kampala and
Lira [36], 158-201 uS/cm in Kyambogo [15] and
685.00-715.00 puS/cm for Kiswahili spring water
in Mbarara, Uganda [19]. Moulodi and Thorsell
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[14] recorded conductivities of 155-821 uS/cm
for Katalina, Katoogo and Bukuku springs in
Kampala and its environs. Further, Lukubye and
Andama [19] reported electrical conductivities
higher than 1000 pS/cm in some springs in
Mbarara  Municipality, Uganda.  Higher
conductivities are usually associated with high
TDS and may be influenced by high temperatures

which increases the mobility of ions in water.
Total alkalinity
Alkalinity is the capability of water to neutralize

the acid [45].

aquatic life, function best in a pH range of 6.0 to

Living organisms especially

9.0. Alkalinity is a measure of how much acid
can be added in a liquid without causing a large
change in pH. The dissolved carbon dioxide from
rain is the primary source of carbonate and
bicarbonates ions in spring water. As it enters the
soil or rocks, it dissolves more carbon dioxide in
water. However, it is typically approximated by
carbon dioxide, carbonic acid, bicarbonate and
hydrogen ions. These species make up the
carbonate system, one of the most important
acid-base relationships in aquatic systems. In this
study, there was no significant variation in
concentration of total alkalinity (p = 0.732). Total
alkalinity ranged between 120.01 + 0.68 to
165.16 + 33.56 mg/L for the water samples. The
values of total alkalinity were below the
maximum permissible level of 200 mg/L [32].
There was a significant positive correlation
difference of total alkalinity with DO and BOD.

This could be because during respiration oxygen

Is used by aquatic ecosystem to produce carbon
dioxide responsible for total alkalinity.

Total hardness
In ground water, hardness is mainly contributed
by carbonates, bicarbonates, sulphates and
chlorides of calcium and magnesium. Hardness
is an indicator of the presence of calcium and
Hardness can be

magnesium in  water.

precipitated if the temperature rises. Total
hardness results from the presence of covalent
metallic cations of which calcium and
magnesium are the most predominant in ground
water [46, 47]. Calcium ions are common in
water sources, which are probably triggered by
leaching of the rocks [48]. The acceptable limit
of total hardness is 300 mg/L whereas the
maximum limit is 600 mg/L. The hardness of the
analyzed water samples varied from 33.66 + 2.08
to 71.20 £ 2.85 mg/L. The mean total hardness
for all springs were below the WHO (2017a)
recommended range of 100 — 300 mg/L hence
the water is not hard and is suitable for drinking
and for other domestic uses. Total hardness
showed significant difference between the
springs and tap water (p < 0.05). The springs had
higher hardness than tap water, corroborating a
previous report in Mbarara district [19]. This
may be because January is a dry period in which
evaporation of water led to increase in
concentration of calcium and magnesium (total

hardness).
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Calcium and magnesium

Calcium concentration ranged between 10.08
mg/L and 16.47 mg/L. The element calcium is
the most important and abundant in the human
body and adequate intake is essential for normal
growth and health. Magnesium concentration
ranged between 20.17 mg/L and 60.54 mg/L.
Magnesium concentration in spring C was the
highest, which could be attributed to
mineralization processes of carbonate-containing
rock materials in contact with water such as
dolomite and calcite. In addition to that,
evaporation of water occurred that led to increase
in concentration of calcium and magnesium.
Magnesium is abundant and a major dietary
requirement for human (0.3-0.5 g/day). It is the
second major constituent of hardness and it
generally comprises 15-20% of the total
hardness. All the recorded concentrations of
calcium and magnesium were found to be below
the prescribed ranges of 50 -75 mg/L and 30 — 50

mg/L respectively [32].
Fluorides

Fluoride is a naturally occurring compound
derived from fluorine, the thirteenth most
abundant element on the earth’s crust. High
fluoride concentration in water reflects the
solubility of calcium fluoride, associated with
soft, alkaline and calcium deficient waters.
Fluoride compounds occurring in drinking water
in the absence of calcium are mostly bioavailable

and are well absorbed in the gastrointestinal tract.

9

Consequently, drinking water is a potential
source of fluoride that can lead to fluorosis which
affects the teeth (dental fluorosis) and the bones
when the concentration reaches 1.5 mg/L [49]. In
this study, fluoride concentrations varied from
0.11 + 0.01 to 2.45 £ 0.10 mg/L. There was
significant variation in fluoride concentration
among the water samples (p < 0.05), with springs
B and C having higher concentrations than
springs A and D. This is attributable to geogenic
processes such as dissolution of various minerals
present in rocks and soils. All the spring water
samples had fluorides in concentrations above
the minimum limit of 1.5 mg/L recommended by
[32], and this could be due to the presence of
fluoride-containing compounds in  Kisoro
volcanic area. Therefore, water from these

springs is not suitable for drinking.
Chlorides

Chlorides are common constituents of all-natural
waters. Higher values of it impart a salty taste to
water human

making it unacceptable for

consumption. This could be attributed to
dissolution of salt deposits, domestic and

industrial sewage discharge of effluents.
Chloride content of the water samples varied
between 20.35 + 1.37 and 30.04 £+ 6.65 mg/L,
with no significant variations observed between
the water samples (p = 0.288). The values were
comparable to 6.0 to 79.0 mg/L in Kasenyi and
Katwe springs [20] and 2.62 to 73.50 mg/L

reported in Katoogo, Katalina and Bukuuku
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springs in Kampala [14]. Tap water showed a
relatively higher concentration of chlorides than
other samples, and this is explained by the
addition of chlorine during tap water treatment
before it is distributed to the public. All the
chloride concentrations recorded were however
below the prescribed limit of 250 mg/L by WHO
[32].

Phosphates

Phosphates is a vital water quality parameter
because is considered to be the primary driver of
eutrophication in aquatic ecosystems [50].
Phosphates enter waterways from human and
bedrock,

effluents and

animal  wastes, phosphorus-rich

laundry, cleaning, industrial
phosphate-fertilizer runoffs. Phosphates become
detrimental when they over fertilize aquatic plant
and cause step up eutrophication [51]. Algae
exploit mineral phosphorus either by altering
various organic phosphates or in the form of
orthophosphates by absorbing it immediately.
Enzymes called alkaline and acid phosphatases
are grown by algae to hydrolyze organic
phosphates and remove assimilable mineral
orthophosphate. Analysis of water samples in
this study showed that the concentration of
phosphates in Chuho spring and tap water ranged
from 0.17 to 0.89 mg/L which were within the
prescribed WHO limit of 5.0 mg/L [32].
Temperature and pH are considered to be the
factors that lead to low phosphate concentration.
in pH  decreases

Increase phosphate

concentration.  According to  Pearson’s
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had
correlation with temperature and pH (r = -0.019,
p =0.919; r =-0.327, p = 0.078).

correlation, phosphates a negative

Copper
The concentration of copper in the water samples
in the study ranged from 0.72 + 0.40 pg/L (in
spring D) to 11.72 + 1.11 pg/L (tap water). None
of the sampled Chuho water springs or tap water
samples had copper in concentrations above the
maximum limit of 2000 pg/L by WHO [32].
Such low copper concentrations were previously
reported for water samples from Katoogo,
Katalina and Bukuuku springs in Kampala [14].
It was observed that copper concentration in the
water samples were generally low. However, tap
water samples showed the highest concentration
of copper. This could have been due to
agricultural chemicals of copper compounds at
the source or from corrosion of copper into water
in the pipe system. Copper intake at high
concentrations results into copper poisoning
characterized by vomiting (usually hematemesis)

and gastrointestinal distress [52].

Iron
Iron is an essential trace metal present in rocks
but also found in water with no set regulatory
level in drinking water [32, 53]. However, it is
usually found at concentrations of 0.5 to 50 mg/L
in natural fresh water [54]. The maximum iron
concentration was 0.09 + 0.02 mg/L (for water
from spring C) and a minimum concentration of

0.03 £ 0.01 mg/L for Spring D and tap water.
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Similar lower iron concentrations of 0.00853
mg/L to 0.0173 mg/L were reported for water
samples drawn from Katoogo, Katalina and
Bukuuku springs in Kampala [14]. Overall, the
concentration of iron recorded in the water
samples did not vary significantly (p = 0.780).
The higher concentration of iron observed for
water from spring B could be due to the
geological composition of rocks and soil
structure, and the depth of the aquifer of an area
are known to influence its ground water iron
levels [55, 56]. Though not usually of much
concern, excessive dissolved ferrous iron gives
water a disagreeable metallic taste, and promotes
undesirable growth of ‘‘iron bacteria’’. In
addition, high iron content can damage the liver,
pancreas and heart or cause diabetes,
hemochromatosis, stomach problems, nausea,

and vomiting [57].
Arsenic

For all the spring water and tap water samples,
the concentration of arsenic obtained were below
the method detection limit of 0.00 pg/L (Table
1). Arsenic along with lead, mercury and

cadmium are listed in the World Health

Organisation’s list of top-ten chemicals of major
public concern in water due to their high toxicity,

persistence  in  the  environment and

bioaccumulative nature [58]. Arsenic is naturally
present at high concentrations in groundwater,
and chronic exposure to inorganic arsenic

through drinking-water is reported to be
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immunotoxic, aggravate the risks of skin, lungs,
bladder and kidney cancer and other dermal
changes such as hyperkeratosis and pigmentation
changes. It is also associated with cardiovascular
diseases and diabetes whereas in utero and early
childhood exposure leads to reduced cognitive
risks of acute

development and increased

respiratory infections deaths in infants [59-61].
Water Quality Index of the springs and tap

The WQI is used to interpret complex analytical
data obtained from water analysis into a water
quality information that is easily understood by
decision makers and the general public [62]. The
WQI expresses the overall quality of any water
sample under investigation so that the water
status can be known ( for instance fit for drinking
or unfit). The CCME-WQI value enables the
water to be ranked as poor (0-44), marginal (45-
64), fair (65-79), good (80-89), very good (90-
94) and excellent (95-100) [33]. The WQI index
obtained in this study (Table 2) shows that the
water quality of springs A, B and C are marginal
while water of springs D and tap water are fair

and good, respectively.

Table 2. CCME-WQI values for Chuho springs and tap

water

Sampling F1 F2 F3 CCME- Rank
point wQl

Spring A | 31.25 | 31.25 | 52.83 60.23 Marginal
Spring B 31.25 | 31.25 | 55.27 59.14 Marginal
Spring C 31.25 | 31.25 | 56.59 58.54 Marginal
SpringD | 25.00 | 25.00 | 48.39 65.39 Fair
Tap water | 18.75 | 18.75 | 15.53 82.26 Good
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The water quality of springs A, B and C is
frequently threatened and the conditions depart
from the natural or desirable levels. Water
quality of spring D is protected but occasionally
threatened. Water quality of the tap water is
protected with only a minor degree of threat,
conditions rarely depart from desirable levels.
However, the WQI results revealed acceptable
levels of the water quality (marginal to good) for

the Chuho springs studied.

Conclusions

Some of the physical and chemical
parameters of water samples taken from Chuho
springs and the tap were found to be outside the
recommended guidelines for drinking water by
the World Health Organization. Temperature,
dissolved oxygen and fluorides which were
outside the recommended limits of 15 °C, 10-12
mg/L and 1.5 mg/L,

research should be done to investigate other

respectively. Further

potential water contaminants of microbial and

radioactive  origin, along with sanitary
assessment of the springs. The variations of the
should  be

investigated during the wet season. Modeling and

physicochemical  parameters
predicting of water quality using artificial
intelligence should be applied in the Chuho
springs so as to improve the monitoring of its

water quality.
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