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Abstract: For millennia, springs have provided water for drinking, domestic use, balneological
treatment, liminality rites as well as tourist attractions. Amidst these uses, anthropogenic activities,
especially urbanization and agriculture, continue to impair the functionality of springs. With the
looming decadal climate change, freshwater springs could be a sustainable source of clean water for
the realisation of Sustainable Development Goal 6. This paper presents the results of the sanitary
inspection and assessment of limnochemical characteristics and quality of water samples (n = 64) from
four freshwater springs (coded SPR1, SPR2, SPR3, and SPR4) in Kansanga, a flash flood-prone area in
the African Great Lakes region of Uganda. Each sample was analysed for 17 parameters (temperature,
pH, electrical conductivity, turbidity, fluorides, sulphates, chlorides, nitrates, orthophosphates, total
dissolved solids, dissolved oxygen, total alkalinity, potassium, sodium, total, magnesium and calcium
hardness) following the standard methods. Water quality index (WQI) was calculated to establish
the quality of the water samples based on the physicochemical parameters measured. Based on
the sanitary risk assessment results, the springs had medium- to high-risk scores, but most water
parameters were within the WHO guidelines for potable water, except for nitrates (in SPR1 and SPR2),
hardness levels (in SPR2), and dissolved oxygen (in all the samples). Sampling season and location
had significant effects on the limnochemistry of the freshwater springs (p < 0.05). The water quality
indices calculated indicated that the water from the springs was of good quality (WQI = 50–57), but
there was a reduction in water quality during the wet season. The best water quality was recorded in
samples from SPR4, followed by those for SPR3, SPR1, and SPR2. These results provide insights into
the contribution of floods and poor sanitation facilities to the deterioration of spring water quality
in Kansanga, and the need to leverage additional conservation strategies to support vulnerable
communities in the area. Further studies are required to establish the risk posed by trace metals and
microbes that may contaminate freshwater in the studied springs, especially following flood events.

Keywords: potable water; physico-chemical quality; water quality index

1. Introduction

Universal access to clean and safe water and hygiene services is one of the core
targets to be realised by 2030 (Sustainable Development Goal 6) to achieve the central and
transformative mantra of “Leave No One Behind” [1]. According to the United Nations,
increasing population pressures has exacerbated water insecurity, with several millions
of people having limited access to clean and safe water, which is otherwise considered to
be a basic human right [2]. While we have less than a decade to 2030, the complexity of
achieving universal water security has become more apparent [3]. Several challenges that
are beyond basic water infrastructure, supply, and utility are being identified [4,5]. For

Resources 2024, 13, 133. https://doi.org/10.3390/resources13100133 https://www.mdpi.com/journal/resources

https://doi.org/10.3390/resources13100133
https://doi.org/10.3390/resources13100133
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/resources
https://www.mdpi.com
https://orcid.org/0000-0002-0175-1055
https://orcid.org/0000-0002-4165-4516
https://orcid.org/0000-0001-6036-3389
https://doi.org/10.3390/resources13100133
https://www.mdpi.com/journal/resources
https://www.mdpi.com/article/10.3390/resources13100133?type=check_update&version=1


Resources 2024, 13, 133 2 of 17

example, disease epidemics and climate risks in combination with water insecurity creates
a triple threat to the realisation of the Sustainable Development Goals [5,6]. Thus, there is a
need to adopt a holistic approach including integrated water conservation techniques, real-
time water quality monitoring, and water pollution control to offset the current innovation
deficit in water resource management [4,7].

Natural freshwater resources such as lakes, rivers, swamps, and springs are the most
important sources of water that support life on Earth, and are critical for sustainable
future developments [3]. Despite this, there is irrational use and pollution of freshwater
resources, and the situation is much more deplorable in developing countries due to weak
regulatory infrastructures and monitoring systems [8]. In Africa, the water insecurity
predicament seems to be largely driven by poor management (economic scarcity) rather
than overexploitation or overextraction (physical scarcity) [9].

Considering the various sources of fresh water, springs are unique because they
connect the lithosphere, hydrosphere, biosphere, and atmosphere [10]. Springs result
when water pressure induces a concentrated natural discharge of groundwater onto the
Earth’s surface via fractures, contact zones, or other such openings [11]. In most cases,
they represent headwaters or low-order tributaries. The calcareous nature of aquifers
gives spring water its calcium-bicarbonate hydrochemical signature, along with other
dissolved ions such as magnesium, sulphates, and sodium [12]. Since all spring water
initially originates from precipitation, external factors can influence the quality of the final
water [13]. Thus, monitoring the limnochemical and microbial characteristics of water from
springs is an important step towards the realisation of sustainable development and in
enhancing their use [14,15].

The African Great Lakes region (the focal point of this study, henceforth referred to
as AGLR) refers to the region lying in the Western and East African Rift (including the
Albertine Rift) with a series of tropical lakes (Albert, Edward, Kivu, Malawi, Tanganyika,
Turkana, and Victoria) [16]. These lakes, collectively called the “African Great Lakes”,
are shared by ten African countries, namely Uganda, Burundi, the Democratic Republic
of the Congo (DRC), Rwanda, Ethiopia, Tanzania, Kenya, Malawi, Mozambique, and
Zambia [17]. For example, Lakes Albert and Edward are shared by Uganda and the DRC
while Tanganyika is shared among four countries: Tanzania, DRC, Burundi, and Zam-
bia. The geological formations of AGLR have favoured the formation of springs [18–20].
In Uganda, springs are cherished as sources of water for drinking and domestic uses,
balneological treatment, sites of liminality, and the protection of unique landscapes as
well as tourist attractions [14,15,19–23]. However, studies investigating the limnochemical
and microbial characteristics of springs have been confined to the Rwenzori, Kitagata,
Kibenge, Katanga, Nyakirango, and Ihimbo hot springs [15,22,24–28], Chuho springs [14],
and protected springs in the Mbarara and Kasese Districts [29–31] of Western Uganda.
In contrast, fewer reports exist on the quality of freshwater from springs in other parts
of Uganda [21,23,28,32–37]. These limited studies make it challenging to understand the
factors that influence the quality of water from the springs. Additionally, policymakers and
responsible institutions in charge of water resource management including the Ministry of
Water and Environment are constrained in making informed decisions related to the use
and regulation of water quality from springs.

Herein, we examined the temporal variations in the limnochemistry of water from four
freshwater springs in Kansanga, a flood-prone area in the Greater Kampala Metropolitan
Area of the AGLR, Uganda. In addition to calculating the water quality index (WQI),
we adapted the recommended guidelines by the World Health Organisation to perform
a sanitary inspection of the springs for the identification of possible risks of microbial
contamination. This information is essential for ensuring water quality, protecting public
health, and addressing environmental challenges related to spring water.
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2. Methods
2.1. Study Area and Choice of the Sampled Springs

The study was conducted in Kansanga (0◦17′14.0′′ N, 32◦36′28.0′′ E; Figure 1), Makindye
Division of the Greater Kampala Metropolitan Area (GKMA), Uganda. Kansanga shares
common frontiers with Kabalagala and Kisugu in the north, Muyenga to the northeast,
Bukasa to the east, Bbunga to the southeast, Konge to the south, Lukuli to the southwest,
and Nsambya to the west. Initially a middle or otherwise mediocre class residential
neighbourhood of Kampala, Kansanga is a cosmopolitan, rapidly growing residential
area [38]. The area is highly accessible, being only 7 km to the city centre of Kampala.
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Figure 1. Map showing the location of the sampled springs in Kansanga, Greater Kampala Metropoli-
tan Area. SPR1 to SPR4 refers to the four springs considered.

Despite the impressive business and residential facades in Kansanga, there is a section
of highly populated low-income areas of Kampala city suburb situated in a flood plain
marked by the Kampala Capital City Authority [39,40]. The majority of the 40,000 residents
in this area rely on freshwater from eight springs for drinking and other domestic uses [41].
With regard to climate, Kansanga has bimodal rainfall, with two wet seasons running from
March to May, and then from September to November every year. The dry months are
January to February and July to August. The mean annual rainfall is 1320 mm.

In this study, four springs labelled SPR1 to SPR4 were chosen (Figure 1). They were
purposely selected based on the intensity of human activities and poor waste disposal prac-
tices that could be potential causes of water contamination. Spring-head material (whether
polyvinyl chloride, i.e., PVC or steel) and construction design were the other factors con-
sidered (Figure 2). SPR1 is located in the Mutesasira zone (0◦17′4.73012′′ 32◦36′20.29513′′),
with its source inside the walls of Wonderworld Amusement Park. Its water flows through
an open concrete drainage channel that ends in a PVC spring-head. SPR2 is located in
the Simbwa zone (0◦17′14.63532′′ 32◦36′12.762′′) and possesses a steel spring-head. It is
bordered by the Kampala City Council Authority Primary School to the north, a slum
settlement uphill, and a drainage channel to the south. SPR3 is in the Kiwafu A zone
(0◦17′4.73012′′ 32◦36′38.20104′′) and is inside a motor garage that has a well-planned pri-
vate residence uphill with the landmark being the Gospel Light Baptist Primary School.
The last spring (SPR4) is situated in the Kiwafu B zone (0◦16′59.11716′′ 32◦36′57.78504′′),
which is close to Windchimes Kindergarten School. It is surrounded by well-planned
residences uphill, and a busy murram road to the west. It has a steel spring-head. Based on
the coordinates, SPR1 is 384.4 m from SPR2, while SPR3 is 629.2 m from SPR4.
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2.2. Sanitary Inspection of the Springs

A sanitary assessment survey was conducted at the selected springs to identify the
risks for contamination. The study employed an approach previously used in
Uganda [21,23,30,33] that is also very similar to the recently developed sanitary inspection
package (drinking water) for springs provided by the World Health Organisation [42]. Our
inspection involved filling in a ten-point standardised data form consisting of questions
with yes/no options for ten designated risks. A score of one point was awarded for each
“yes” answer (risk observed) and zero points for each “no” answer (no risk observed). By
way of summing up all of the “yes” scores, a final risk score was obtained, which gave
the overall assessment of the risk profile of a spring. The total sanitary risk score was
manipulated into a percentage, and the aggregate risk score was graded as nil (0%), low
(1% to 30%), medium (31% to 50%), high (51–80%), or very high (81–100%) [21].

2.3. Water Sampling Protocol

Water samples were collected from the four springs in the morning, afternoon, and
evening every fortnight from July to October 2023 following the procedures described by
Omara et al. [23] with slight modifications. The seasons were stratified into the dry spell
(July and August 2023) and wet or rainy season (September 2023 and October 2023) to dis-
cern whether there were any potential impacts of rain on the limnochemical characteristics
of spring water. Samples for the same day per spring were combined into a composite
sample, resulting in 16 samples per month (i.e., 32 samples per season and 64 samples in
total). Sterilised 500 mL polyethene bottles were used in the sampling campaigns. After
removing any attachments that could cause the splashing out of water at the mouth of the
springs, water was allowed to flow for one minute, and with the bottle held at the mouth
of the spring with one hand, the bottle was opened with the other hand, placed below the
pipe, and filled with water while ensuring that there was an allowance (air space). Samples
were immediately taken to the laboratory for analysis.

2.4. Determination of Physicochemical Parameters of Water
2.4.1. Non-Conservable Parameters

Electrical conductivity (±0.5%), pH (±0.002), and temperature (±0.2 ◦C) were mea-
sured using a Duo pH/Ion/Cond meter SG78 (Mettler Toledo, Oakland, CA, USA).
The total dissolved solids (TDSs) were measured using a waterproof HI 98129-HI 98130
pH/TDS/temperature/conductivity meter (Hanna Instruments Inc., Woonsocket, RI, USA).
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2.4.2. Turbidity and Total Alkalinity

The turbidity was determined by shaking each water sample to obtain a homogeneous
mixture. The water samples (2 mL) were transferred into a cuvette, and the turbidity was
measured using an HACH turbid meter 2100P in nephelometric turbidity units (NTUs).
The double indicator method was used for total alkalinity determination [43].

2.4.3. Nitrate-Nitrogen and Water Hardness

Nitrate nitrogen (NO3-N) was determined by following the Standard Methods for the
Examination of Water and Wastewater [43,44]. The ethylenediaminetetraacetic acid (EDTA)
titration method was used to determine the total, calcium, and magnesium hardness [43].
Briefly, 2 mL of ammonia buffer solution was added to the water samples (25 mL), and
the resultant solutions were titrated in triplicate against a 0.01 M EDTA solution using
Eriochrome black T. The end point of the titration was indicated by a sharp colour change
from wine red to blue. The total hardness as calcium carbonate (mg/L) was calculated
using Equation (1) [45].

Total hardness (mg/L) =
V × M × 10, 000

v
(1)

where V = volume of EDTA used, M = molarity of EDTA, v = volume of sample used, and
10,000 was the factor used to convert the results from millimoles (mmol) to milligrams per
litre (mg/L) of calcium carbonate equivalent, which is the standard unit for expressing
water hardness.

For magnesium (Mg) hardness, titration was conducted by employing a pH 10 borax
buffer. Eriochrome black T indicator (2 drops) was added, and the mixture was heated
for 5 min. The resultant solution was then titrated against a standard solution of 0.01 M
EDTA until the appearance of a permanent blue colour. The volume of EDTA used to reach
the end point was recorded. The titre values were used to compute the concentration of
magnesium in the water samples using Equation (2). Calcium (Ca) hardness was computed
as the difference between the total and Mg hardness [46].

Mg hardness =
V × M × 24, 305

v
(2)

From which V, M, and v follow from Equation (1). The value of 24,305 is a conversion
factor specific to magnesium. The factor represents the molecular weight of magnesium
expressed in mg/mol. This was used to convert the amount of magnesium (in moles) into
milligrams per litre (mg/L), which is the standard unit for water hardness.

2.4.4. Determination of Sulphates, Phosphates, Fluoride, Sodium, and Potassium Contents

The sulphate (SO4
2−) content of the spring water samples was quantified based on

the Standard Methods for the Examination of Water and Wastewater [47]. Briefly, samples
(25 mL) were transferred into Erlenmeyer flasks followed by the addition of a conditioning
reagent (50 mL of glycerol, 30 mL of 2 M of concentrated hydrochloric acid, 100 mL of
95% ethanol, and 75 g of sodium chloride). The mixture was agitated for 3 min. After
10 min, the absorbance of the resultant solution was measured spectrophotometerically at
420 nm using deionised water as a blank. The analysis utilised a Thermoscientific Gallery
Plus Discrete Analyzer, and the SO4

2− concentration was obtained from a calibration curve
constructed from standard sodium sulphate solutions (10 to 50 mg/L) plotted against
absorbance [43].

Similarly, phosphates (as total phosphorus) were quantified using the vanadomolyb-
dophosphoric acid method [43]. Briefly, nitric and sulphuric acids (2 M, 2 mL each), ammo-
nium molybdate (0.052 M, 5 mL), and ascorbic acid (0.15 M, 2 mL) were added to 50 mL
of the sample in an Erlenmeyer flask. The absorbance of the blue coloured solution was
determined spectrophotometrically on a Thermoscientific Gallery Plus Discrete Analyzer
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at 650 nm utilising deionised water as a blank. Phosphate concentrations were determined
from a calibration curve of a standard solution of potassium hydrogen phosphate [43].

For the determination of fluorides, 50 mL of the water samples was transferred into
250 mL beakers followed by 50 mL of Total Ionic Strength Adjustment Buffer (TISAB). A
fluoride ion-selective electrode was rinsed, dried, and placed in the sample, followed by
stirring until a stable reading was obtained. The stable reading was taken from the meter
and calibrated again every one hour. Direct measurement results were verified by a known
addition procedure, which involved adding a standard solution (2 mg/L) to each sample
solution. From the change in electrode potential before and after addition, the original
sample concentration of the fluoride was determined, and the mean value was obtained
from three replicates [43].

To quantify the chloride content of the water from the springs, 50 mL of the samples
was pipetted into a conical flask and titrated against a standard solution of 0.0141 M silver
nitrate in the presence of a 5% potassium chromate indicator. The end point was indicated
by the appearance of a red-brown precipitate of silver chromate. A blank was also treated
in the same way, and the concentration of chloride was computed using Equation (3).

Chlorides (mg/L) =
(X − Y)× M × 35.45

V
(3)

where X = volume of silver nitrate used in the titration, Y = volume of silver nitrate required
for blank titration, V = volume of the sample, and M = molality of the silver nitrate solution.
The value 35.45 represents the mass of one mole of chloride ions, which was used to convert
the titrant amount into the mass of chloride in the water sample (mg/L of chlorides).

A flame photometer was employed to determine the sodium and potassium concen-
trations. The photometer was calibrated using standard stock solutions of sodium and
potassium with a 30 mg/L concentration. Water (100 mL) from each collected sample was
filled in standard laboratory plastic bottles and then analysed.

2.5. Assessment of Water Quality

Since spring water is considered to be potable, we harnessed the WQI as an established
straightforward, practical, and inexpensive approach for ascertaining the overall quality of
surface and groundwater and its acceptability for human consumption (Equation (4)) [48].

WQI = ∑ (Wi × (
Ci

Si
)× 100) (4)

where Ci denotes the concentrations of the factors used in the computation, Si symbolises
the WHO standard levels for drinking water [49], and Wi is the relative weight expressed
as a ratio of wi to ∑wi in relation to their relevance of the parameters to human health as
well as water quality. The relative weight takes values between 1 and 5 [48]. Subsequently,
the quality of freshwater from the springs was categorised as excellent, good, poor, very
poor, or unfit for use, depending on whether the calculated WQI was <50, 50–100, 100–200,
200–300, or >300, respectively [33].

2.6. Statistical Analysis

The sanitary inspection and water parameter data were captured in Microsoft Excel
2019. Descriptive statistics were used to analyse the data, which were subsequently av-
eraged and presented with standard deviations of the replicates for the different water
parameters. One-way analysis of variance (ANOVA) was used to establish the significant
differences in the means of the water parameters among the springs and between seasons.
Statistical evaluations (at p < 0.05) and data visualisation were executed in GraphPad Prism
for Windows (version 9.3.1 GraphPad Software, San Diego, CA, USA).
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3. Results and Discussion
3.1. Sanitary Risk Assessment Results

Sanitary inspection is a pivotal analytical asset for the evaluation of the quality and
safety of spring water sources. It points out potential hazards that could compromise water
quality and pose health risks to consumers [42]. In this study, four springs were assessed,
and their qualitative risk profiles indicated that there were medium to high risks, and the
highest score of 70% was for SPR2 (Table 1; Figure 2). Two springs (SPR1 and SPR4) had
high scores of 60%. Only SPR3 exhibited a medium risk profile, which is in agreement
with the sanitary risk assessment results for the Bwanika I, Kasule, and Maama Betty
springs of Kampala [21] and springs in Kiswahili and Kisenyi, Mbarara Municipality [30].
Some springs in Kampala (Nakatanza, Kazungu, Musoke, Kakajo, Kiteeso, Luzige, and
Bwanika II) [21] and Bwaise (Nabukalu, Bishop Mukwaya, Kiggundu, and Jace School) [50]
had high to very high sanitary risk scores (60–90%), which were higher than those observed
in the present study.

Table 1. Risk assessment scores of the selected springs in Kansanga, Kampala, Uganda.

Spring Potential Risks Noted a Risk Score (%) Aggregate Risk Score

SPR1 1, 2, 3, 4, 9, 10 60 High
SPR2 1, 2, 3, 5, 6, 9, 10 70 High
SPR3 2, 3, 4, 9, 10 50 Medium
SPR4 1, 2, 4, 5, 8, 10 60 High

a Risk definitions: (1) unprotected spring, (2) faulty spring masonry, (3) eroded backfill area, (4) spilt water
floods collection area, (5) non-existent perimeter fence, (6) animals can freely access the spring within a radius of
10 m; (7) pit latrine uphill and/or within 30 m of water source, (8) surface water collects upstream of the spring,
(9) diversion ditch situated uphill absent/non-functional, and (10) other potential contamination sources uphill of
the water source such as solid waste dumps, faeces, stagnant water, and drainage channels.

3.2. Temporal Variations in the Hydrochemistry of Spring Water

Table 2 provides a statistical summary of the physicochemical parameters of the spring
water samples measured during the dry and wet seasons. The individual parameters,
which are water performance quality indicators, are discussed in the following.

Table 2. Hydrochemical profile of the spring water sampled from Kansanga, Kampala, Uganda.

Parameter SPR1 SPR2 SPR3 SPR4 WHO Guidelines [51] p-Value

Electrical
conductivity

(µS/cm)

233 ± 0.82
(231 ± 0.74)

285 ± 1.50
(288 ± 3.14)

220 ± 0.81
(221 ± 1.32)

198 ± 0.77
(199 ± 1.30) 1500 0.000 ** (0.000**)

pH 6.10 ± 0.02
(6.30 ± 0.01)

6.15 ± 0.31
(6.00 ± 0.05)

6.13 ± 0.01
(6.10 ± 0.03)

6.02 ± 0.15
(6.01 ± 0.04) — 0.746 (0.430)

Temperature (°C ) 23.0 ± 0.85
(22.4 ± 0.65)

22.9 ± 1.20
(22.4 ± 0.75)

22.7 ± 0.60
(22.3 ± 0.53)

22.8 ± 0.25
(22.5 ± 0.51) — 0.847 (0.962)

Turbidity (NTU) 3.2 ± 0.25
(3.8 ± 0.03)

3.4 ± 0.30
(3.9 ± 0.42)

3.3 ± 0.02
(3.7 ± 0.31)

3.4 ± 0.20
(3.9 ± 0.25) 5 0.501 (0.474)

Total alkalinity
(mg/L)

38.00 ± 0.35
(36.50 ± 0.77)

5.10 ± 0.30
(3.81 ± 0.62)

38.00 ± 0.42
(35.92 ± 0.40)

34.00 ± 0.25
(32.63 ± 0.41) 200 0.000 ** (0.000 **)

Total dissolved
solids (mg/L)

90.20 ± 0.38
(90.60 ± 0.41)

90.40 ± 0.25
(90.60 ± 0.40)

89.70 ± 0.35
(90.00 ± 0.31)

89.90 ± 0.20
(90.10 ± 0.40) 1000 0.040 (0.315)

Nitrate-nitrogen
(mg/L)

30.89 ± 0.05
(38.60 ± 0.15)

30.63 ± 0.04
(31.31 ± 0.04)

17.00 ± 0.06
(20.00 ± 050)

5.14 ± 0.04
(5.80 ± 0.03) 10 0.410 (0.000 **)

Total hardness
(mg/L)

75.00 ± 0.30
(76.30 ± 0.51)

110.00 ± 0.76
(111.00 ± 0.65)

83.20 ± 0.40
(84.00 ± 1.21)

48.20 ± 0.52
(49.61 ± 0.53) 500 0.000 ** (0.000 **)

Calcium hardness
(mg/L)

43.00 ± 0.25
(44.70 ± 0.64)

60.10 ± 0.22
(61.80 ± 0.52)

51.10 ± 0.52
(51.80 ± 0.25)

30.00 ± 0.48
(32.20 ± 0.32) 150 0.000 **(0.000 **)

Magnesium
hardness (mg/L)

32.00 ± 0.58
(33.30 ± 0.78)

50.00 ± 0.68
(52.10 ± 0.62)

32.00 ± 0.40
(33.90 ± 0.22)

18.00 ± 0.20
(20.10 ± 0.01) 250 0.000 ** (0.000 **)

Sulphates (mg/L) 13.50 ± 0.30
(13.90 ± 0.20)

33.20 ± 0.21
(33.70 ± 0.90)

19.00 ± 0.29
(19.30 ± 0.40)

15.00 ± 0.50
(15.10 ± 0.25) — 0.000 * (0.000 **)

Total phosphorus
(mg/L)

0.23 ± 0.00
(0.07 ± 0.01)

0.05 ± 0.01
(0.02 ± 0.01)

0.05 ± 0.01
(0.02 ± 0.01)

0.05 ± 0.01
(0.03 ± 0.02) — 0.000 ** (0.006 *)
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Table 2. Cont.

Parameter SPR1 SPR2 SPR3 SPR4 WHO Guidelines [51] p-Value

Sodium (mg/L) 23.00 ± 0.05
(23.50 ± 0.04)

48.20 ± 0.03
(49.10 ± 0.35)

26.20 ± 0.24
(26.80 ± 0.45)

17.20 ± 0.04
(17.51 ± 0.05) 200 0.000 ** (0.000 **)

Potassium
(mg/L)

6.80 ± 0.01
(7.00 ± 0.25)

22.00 ± 0.02
(22.80 ± 0.04)

8.10 ± 0.01
(8.50 ± 0.05)

4.20 ± 0.03
(4.30 ± 0.06) 12 0.000 ** (0.000 **)

Fluorides (mg/L) 0.29 ± 0.02
(0.28 ± 0.01)

0.17 ± 0.02
(0.17 ± 0.01)

0.16 ± 0.03
(0.15 ± 0.02)

0.39 ± 0.01
(0.39 ± 0.01) 1.5 0.004 * (0.012)

Chlorides (mg/L) 28.80 ± 0.50
(31.70 ± 0.41)

61.20 ± 0.48
(62.80 ± 0.45)

25.50 ± 0.55
(27.20 ± 0.31)

18.00 ± 0.45
(20.10 ± 0.35) 250 0.000 ** (0.000 **)

Dissolved oxygen
(mg/L)

5.68 ± 0.18
(5.55 ± 0.21)

5.70 ± 0.20
(5.80 ± 0.31)

5.90 ± 0.21
(6.00 ± 0.22)

6.20 ± 0.35
(6.00 ± 0.35) 4 0.822 (0.657)

Note: Results are presented as the means ± standard deviation of triplicates. Values in parentheses are for the
wet season. — means “No health-based guideline value established as per WHO (2022) guidelines for drinking
water [51]”. * Statistically significant at p < 0.05, ** also significant at p < 0.01. The significant differences were
among the means of the specific parameter measured for water samples from the four springs.

3.2.1. Electrical Conductivity

The highest seasonal mean electrical conductivity (EC) recorded during the wet and
dry seasons was 288.00 ± 3.14 µS/cm and 285.00 ± 1.50 µS/cm for SPR2, while the lowest
conductivities were 199.00 ± 1.30 µS/cm and 198.00 ± 0.77 µS/cm, respectively, for SPR4
(Table 2). There were significant differences in the EC among the four streams (p < 0.05).
Conductivity values of the water sources were below the WHO regulatory guideline of
1500 µS/cm for drinking water [51]. The EC of water provides good estimates of the amount
of solids dissolved in water (its TDS), is proportional to the water’s temperature [10]. The
high EC of the water samples indicates the presence of a higher content of salts, and organic
and inorganic ions such as alkalis, chlorides, sulphides, and carbonates.

Previous studies in Uganda have reported an EC of 104–248 µS/cm, 158–201 µS/cm,
155–821 µS/cm, 218.80–621.00 µS/cm, and 349.13–516.13 µS/cm for water from springs in
the Mbarara and Kasese Districts [29], Kyambogo University vicinity [23,37], and Kampala
and its environs [32,33]. Other research efforts into the Chuho springs of Kisoro [14], springs
in Kisenyi and Katwe (Kampala) [21], springs in Kampala and Lira [34], and Kiswahili
spring (Mbarara) [31] found higher ECs (425.33–455.47 µS/cm, 95–705 µS/cm, 28–760 and
685.00–715.00 µS/cm, respectively) than we recorded. Elsewhere in Cameroon, Germany,
and the Natuv Catchment (Palestine), higher ECs of 306 and 317 µS/cm, 182–892 µS/cm,
and 410–1307 µS/cm for spring water have been documented [52–54]. As a measure of
water quality, significant variations in the EC of water between two seasons, as observed
in this study, are indicative of discharge or some other source of pollution entering the
spring aquifers.

3.2.2. pH

This study also measured the variations in the acidity and alkalinity of the spring water
samples. The pH levels of the water sources ranged from 6.00 ± 0.05 in SPR2 to 6.30 ± 0.01
in SPR1 during the wet season, and 6.02 ± 0.15 in SPR4 to 6.13 ± 0.01 in samples from
SPR3 during the dry season (Table 2). All of the mean pH values were below the generally
acceptable range of 6.5–8.5 [51], and there was no statistically significant difference in the
mean pH values measured across the springs in both seasons

The pH values reported in this study were lower than 7.73–8.40 for the Chuho springs
in Kisoro [14] and 4.40–7.27 for the water from springs in other districts of
Uganda [21,23,28,29,32–34]. However, they were comparable to the 4.71–6.26, 6.19, and
6.52 reported for some springs in Banda, Katanga spring, Uganda [28,37], and the Damas
spring of Cameroon, respectively [52]. Tourism springs in western Kazakhstan were found
to be slightly alkaline, with pH values of 7.0–8.3, which are higher than those reported
for the Kansanga springs in the current study [55]. Seasonal variations in the pH values
of the water samples, as observed in the Kansanga springs, have also been reported in
springs on plateaus in Giresun Province, Türkiye in the range of 6.35–10.14 [48]. In the
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Yarlung Zangbo River Basin of China, a study reported that the pH of the spring water was
6.7–9.7 [56], which is higher than what we have recorded herein. In the Natuv Catchment
in Palestine, freshwater spring samples were found to have pH values of 6.4 to 8.3 [53].
Weber and Kubiniok [54] hinted that pH values of spring waters between 6 and 8 (neutral
range), as observed in the current study, are indicative that such springs are influenced
by anthropogenic (agricultural) activities. No health-based guideline value for pH has
since been indicated by the WHO. It should be emphasised that although insignificant pH
variations may not have direct impacts on health, higher pH values can induce unpleasant
smells and gastrointestinal tract irritations [57].

3.2.3. Temperature

The highest mean temperatures of 22.40 ± 0.75 ◦C and 23.00 ± 0.85 ◦C were regis-
tered in SPR2 and SPR1 during the wet and dry seasons, respectively. The lowest mean
temperatures (22.30 ± 0.53 ◦C and 22.70 ± 0.60 ◦C) were registered in SPR3 in the wet
and dry seasons, respectively (Table 2). Statistically, there was a significant difference
(p < 0.05) in the mean temperature among the water sources and between most of the pairs
of different water sources during the dry season, but this was not significant (p > 0.05)
during the wet season. All of the temperatures recorded were above the recommended
limit of 15 ◦C. Temperature is an important physical property of water because it influences
other parameters used to evaluate the quality of drinking water. It affects many phenomena
including the rate of chemical reactions in water, a reduction in the solubility of gases, and
the amplification of taste and colour. For example, a high water temperature enhances the
growth of pathogenic microorganisms, and may increase problems related to corrosion,
taste, odour, and turbidity or colour [51].

In reference to previous studies on Ugandan springs, temperatures of 20.33–28.80 ◦C
have been reported [14,21,23,29,31,32], some of which are comparable to the values obtained
in this study. In the Chinese Yarlung Zangbo River Basin [56] and Germany [54], spring
water was reported to have temperatures of 7.38–7.84 ◦C and 7.7–12.0 ◦C, which were lower
than those observed in the current study. Tourism springs in western Kazakhstan have
also been reported to mainly be of the cold type (water temperature = 7.38–20 ◦C), except
for Ystyk Su spring, which is a hot spring with an average temperature of 52 ◦C [55]. The
Damas and Obili springs in Cameroon have recorded temperatures of 26 ◦C and 27 ◦C,
which are higher than those observed in this study [52]. The differences in the temperature
values observed in this study and the literature reports are because the study area is located
near the Equator, which makes the land relatively hotter compared to colder regions.

3.2.4. Turbidity

The provision of drinking freshwater that is not only safe, but also acceptable in
appearance, taste, and odour is of utmost priority. Thus, one of the most apparent physical
parameters used as an indicator of groundwater quality is turbidity or colour. Turbidity
describes the cloudiness of water caused by chemical precipitates (for example, manganese
and iron), total suspended particles (such as silts and clay), organic particles (such as plant
debris), and microorganisms [51].

In this study, the highest average turbidity values for both the wet and dry seasons of
3.88 ± 0.42 NTU and 3.40 ± 0.30 NTU were registered for samples from SPR2. The lowest
value of 3.65 ± 0.31 NTU was for SPR3 in the wet season and 3.20 ± 0.25 NTU for SPR1 in
the dry season. Interestingly, these turbidity values were not statistically different across
seasons and springs (p > 0.05), and the average values never surpassed the permissible
guideline limit of 5 NTU (Table 2). Preceding authors [23,33,34,37] have reported turbidity
values of Ugandan springs to be less than 5 NTU, which is in agreement with the results
of the current study. Apecu et al. [29] and Elambo et al. [52] disclosed turbidity values
of 5 NTU and 12 NTU for four protected springs in Mbarara and Kasese (Uganda) and
Damas spring (Cameroon), respectively, which were higher than the values we apprise din
this study.
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3.2.5. Total Dissolved Solids and Total Alkalinity

The measured TDS values ranged from 90.00 ± 0.31 mg/L in SPR3 to 90.60 ± 0.40 mg/L
in SPR2 during the wet season and 89.70 ± 0.35–90.40 ± 0.25 mg/L in the same springs
during the dry season (Table 2). The TDS values were less than the WHO regulatory
guideline of 500 mg/L in both seasons, suggesting that the presence of ionic species of
calcium, magnesium, sodium, bicarbonates, chlorides, and sulphates that contribute to the
TDSs were not a threat. There were no significant differences in the average TDS values
recorded in all of the water samples (p > 0.05).

Considering Ugandan springs, TDS readings have been registered in the ranges of
366.07–460.32 mg/L in Chuho springs [14], 55–125 mg/L and 345–579 mg/L for springs in
Kasese and Mbarara, respectively [29,31], 59–212 mg/L for springs in Kampala [34], and
111.90–323.20 mg/L for springs in Banda [37]. Two Cameroonian springs (Damas and Obili)
had TDSs of 153 mg/L and 159 mg/L [52], which were lower than for the Kansanga springs.
The total dissolved solids as a generic measure of the quantity of the dissolved salts and
thus water quality is known to impact the taste of drinking water if the readings surpass
1000 mg/L [58], but the U.S. EPA’s secondary regulations indicate that TDS readings should
be well below 500 mg/L [59]. In addition, high TDSs reportedly hinder washing operations,
and can readily corrode plumbing fixtures [44].

The highest average total alkalinity values (38.00 ± 0.35 mg/L and 36.50 ± 0.77 mg/L)
in the dry and wet seasons, respectively, were for SPR1. The lowest average values in
the dry and wet seasons (5.10 ± 0.30 mg/L and 3.81 ± 0.62 mg/L) were recorded in
SPR2. All of the mean alkalinity values were within the acceptable limit of 200 mg/L, and
displayed significant differences in both seasons (p < 0.05). Compared to a previous report
(131.465–165.16 mg/L, 10.35–60.40 mg/L, 10.00–345.00 mg/L) on the Chuho springs [14],
springs in Banda [37], and Giresun Province, Türkiye [48], the total alkalinity observed in
the Kansanga springs is lower.

3.2.6. Nitrate-Nitrogen

The NO3-N concentration of the water samples ranged from 5.80 ± 0.03 mg/L in
SPR4 to 38.60 mg/L in SPR1 during the wet season. In the dry season, the range was
5.14 ± 0.04 mg/L to 30.89 ± 0.05 mg/L in the same springs. Only the NO3-N concentra-
tions of spring water sampled from SPR4 were lower than the regulatory guideline of
10 mg/L provided by the WHO.

In Kampala, Nsubuga et al. [36] reported that NO3-N concentrations varied between
20–50 mg/L and 19.9–31.1 mg/L for water sampled from springs in the Makindye and
Kawempe Divisions of Kampala, respectively, during the dry season, while in the wet
season, the NO3-N levels were 19.8–49.5 mg/L and 4.3–11.1 mg/L, respectively. Other
comparable NO3-N contents of spring water examined in this study were reported by
Haruna et al. [21] (21–140 mg/L) and Kiwanuka et al. [33] (13.69–43.13 mg/L) for some
springs in Kampala. The NO3-N concentrations obtained by Okot-Okumu et al. [34] for
springs in the Kampala and Lira Districts of Uganda (0.01–1.3 mg/L), were, however, far
lower than those found in the present study. Lower NO3-N contents (0.09–3.52 mg/L)
were also highlighted for the wet and dry season spring water samples sourced from
Giresun Province, Türkiye [48]. Weber and Kubiniok [54] quantified NO3-N levels of
2.2–52.6 mg/L in 22 springs in Saarland, Germany, which were higher than in the Kansanga
springs. From a health perspective, nitrate ions may pose a risk to humans through
endogenous nitrosation (the formation of N-nitroso compounds), which are potent human
carcinogens [60].

3.2.7. Magnesium, Calcium, and Total Hardness

Water hardness, defined as a measure of two major divalent cations (Ca2+ and Mg2+),
is basically used to classify water for its usability [61]. Water can be classified as hard or soft;
water with more than 300 mg/L total hardness (TH) is considered to be hard and water with
<75 mg/L TH is classified as soft. Hard water has a tendency to attract and potentially bind
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to the skin’s natural oils, leaving the skin feeling stiff. Aesthetically, hard water possesses
a characteristically unpleasant taste [62], and may form precipitates that encrust or clog
water pipes, appliances, and equipment or result in high soap consumption through scum
formation. Naturally soft water with a total hardness < 100 mg/L may conversely have a
low buffering capacity, and therefore is more corrosive to water pipes [51].

The highest mean TH values (110.00 ± 0.76 and 111.00 ± 0.65 mg/L) were recorded in
SPR2 in the dry and wet seasons, respectively. The lowest mean TH values (49.61 ± 0.53 mg/L
and 13.20 ± 0.49 mg/L) were recorded in SPR4 during the wet and dry seasons, respectively
(Table 2). The same trends were observed for Ca hardness, where the highest values
(60.10 ± 0.22 mg/L and 61.80 ± 0.52 mg/L) were recorded in SPR2 in the dry and wet
seasons, whereas the lowest mean values (32.20 ± 0.32 mg/L and 30.00 ± 0.48 mg/L) were
recorded in SPR4 during the wet and dry seasons, respectively. There was a significant
difference in the average of calcium hardness values in all water sources as well as between
pairs of water sources in both the dry and wet seasons (p < 0.05). These were also reflected
in the values of the Mg hardness values recorded. For example, the highest magnesium
harness values were 50.00 ± 0.68 mg/L and 52.10 ± 0.62 mg/L, and these were from SPR2
for the dry and wet season samples, respectively. The lowest mean values of magnesium
hardness were 20.10 ± 0.01 mg/L and 18.00 ± 0.20 mg/L for the samples from SPR4
obtained during the wet and dry seasons, respectively (Table 2). There were significant
differences in the average of the total, calcium, and magnesium hardness values recorded
among the springs, but these differences were not significant when the seasons were
considered for a particular spring (p > 0.05).

In the Chuho springlets of Uganda, the TH varied from 68.00 to 71.20 mg/L [14] while
Nzanzu et al. [37] found Ca and Mg hardnesses of 4.81–20.05 mg/L and 2.50–4.87 mg/L,
respectively, for some springs in Banda. A previous study of spring water quality in the
mid-hill of Nepal found that the TH varied from 60 to 370 mg/L, while the Ca hardness was
from 22 to 168 mg/L [63]. Another investigation of spring water from Giresun Province,
Türkiye recorded total, Ca, and Mg hardnesses of 15–411 mg/L, 6.17–150.18 mg/L, and
1.53–35.19 mg/L, respectively [48]. Taken together, the springs in Kansanga belong to the
low-flow freshwater category with average water hardness, similar to some freshwater
springs of the Chuvash Republic reported by Nikonorova et al. [64].

3.2.8. Sulphates and Phosphates

The highest average sulphate concentration for both the wet and dry seasons
(33.70 ± 0.90 mg/L and 33.20 ± 0.21 mg/L, respectively) were registered for samples
from SPR2 (Table 2). The corresponding lowest concentrations (13.90 ± 0.20 mg/L and
13.50 ± 0.30 mg/L, respectively) were in the SPR1 samples. In contrast, SPR1 had the high-
est mean phosphate concentration (0.07 ± 0.01 mg/L and 0.23 ± 0.00 mg/L) in the wet and
dry seasons, respectively. The lowest mean total phosphorus content (0.02 ± 0.01 mg/L)
was found in the SPR2 and SPR3 samples, respectively. The sulphate and total phosphorus
concentrations exhibited significant differences in both seasons (p < 0.05). It should be
noted that there are no set regulatory guidelines for both sulphates and total phosphorous
in drinking water according to the revised 2022 WHO guidelines for drinking water [51].

In some springs around Kyambogo University (Uganda), the sulphate content of
spring water is 2.44–5.31 mg/L, which is lower than that recorded in the present inves-
tigation. Sulphates occur naturally in spring water, but it is concerning at high levels in
drinking water because it can have laxative effects (diarrhoea) in unaccustomed consumers,
induce intestinal irritation, and consequently, dehydration. In addition, high sulphate
contents confer a bitter and/or metallic taste to drinking water [65]. Nkurunziza et al. [14]
quantified the phosphate content of Chuho springlets in Kisoro (Uganda) and reported an
average of 0.75–0.89 mg/L, which was lower than that observed in the Kansanga springs.
Phosphates (estimated herein as total phosphorus) have unnoticeable effects at low levels,
but digestive troubles can be experienced by individuals that consume water with very
high phosphate levels [66].
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3.2.9. Sodium and Potassium Contents

The highest mean Na contents (48.2 ± 0.03 mg/L and 49.1 ± 0.35 mg/L) were
recorded in SPR2 in the dry and wet seasons, respectively. The lowest mean values
(17.51 ± 0.05 mg/L and 17.20 ± 0.04 mg/L) were recorded in SPR4 during the wet and dry
seasons, respectively (Table 2). There was a significant difference in the average sodium
concentration values in all water sources as well as between pairs of water sources in
both the dry and wet seasons (p < 0.05). The average values were all below the acceptable
WHO guideline value of 200 mg/L [51]. Similarly, the highest mean potassium contents
(22.00 ± 0.02 mg/L and 22.80 ± 0.04 mg/L) were recorded in SPR2 in the dry and wet
seasons, respectively. The lowest mean values (4.30 ± 0.06 mg/L and 4.20 ± 0.03 mg/L)
were recorded in SPR4 during the wet and dry seasons, respectively. These variations were
significant among all of the samples in both seasons (p < 0.05). Interestingly, the average
potassium contents did not surpass the WHO guideline limit of 50 mg/L [51].

Kiwanuka et al. [33] recently quantified the Na content of some springs in Bwaise,
Uganda (61.93–133.7 mg/L), which were higher than what we found in the Kansanga
springs. Lower Na (16.11–34.45 mg/L) and K (4.05–11.85 mg/L) contents for some springs
in Banda were reported by Nzanzu and his co-authors [37]. Temporal studies in plateaus
in Giresun Province, Türkiye reported that the average Na and K contents of spring water
were 4.49–38.15 mg/L and 0.58–3.94 mg/L, which were well below the Na content observed
in the Kansanga springs. Thus, the results of the Na, K, and Ca hardness contents affirms a
recent communication by Macheyeki and Kafumu [67] that Ugandan underground water is
most likely to be the Na-Ca-HCO3 type, as opposed to that of Kenya and Tanzania, which
are largely of the Ca-Mg-SO4 and Na-Cl-HCO3 types.

3.2.10. Fluorides and Chlorides

The highest mean fluoride content (0.39 ± 0.01 mg/L) was the same and recorded in SPR4
for both seasons. The least mean fluoride content (0.15 ± 0.02 mg/L and 0.16 ± 0.03 mg/L)
was for samples from SPR3 in the wet and dry seasons, respectively (Table 2). These concen-
trations fell below the acceptable value of 1.5 mg/L and showed significant differences in
both seasons. For chlorides, SPR2 had the highest mean concentration 62.80 ± 0.45 mg/L
in the wet season and 61.20 ± 0.48 mg/L during the dry season. Its lowest mean con-
centrations (20.10 ± 0.35 mg/L and 18.00 ± 0.45 mg/L) were witnessed in SPR4 in the
wet and dry seasons, respectively. There was a significant difference in the mean chloride
concentrations irrespective of the sampled spring and season (p < 0.05), and all of the means
did not surpass the prescribed guideline value (250 mg/L) for chlorides in drinking water.

A few studies in the literature have assessed the fluoride content of spring water. In the
Chuho springs, the fluoride content of water was between 2.15 mg/L and 2.45 mg/L, and
the high values were attributed to fluoride-containing compounds in the Kisoro volcanic
area [14]. It should be noted that water containing high fluoride levels can induce skeletal
and dental fluorosis [68], which are generally undesirable.

Similarly, our previous research efforts demonstrated that chloride levels in springs
around Kyambogo University (6.63–10.91 mg/L) [23] and in Chuho springs
(20.35–22.64 mg/L) [14] were within the acceptable levels for drinking water. However,
higher chloride contents of 6.0–79.0 mg/L for the Kisenyi and Katwe springs [21],
2.62–73.50 mg/L for the Katoogo, Katalina, and Bukuuku springs, and 13.49–148.80 mg/L
for the Nabukalu, Bishop Mukwaya, Kiggundu, and Jace School springs of Kampala and
Bwaise have been previously documented [32]. Elsewhere, chlorides have been found to
occur at levels of 48–212.7 mg/L in the springs of Natuv Catchment, Palestine [53].

3.2.11. Dissolved Oxygen

SPR4 had the highest mean value of dissolved oxygen (6.00 ± 0.31 mg/L), while
SPR3 registered the lowest mean dissolved oxygen of 5.900 ± 0.35 mg/L during the wet
season (Table 2). The same trend was observed during the dry season, and the means
varied significantly between seasons and springs (p < 0.05). All of the mean values at
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all sites were lower than the recommended levels of 6.5–8 mg/L for dissolved oxygen in
freshwater. Moulodi and Thorsell [32] and Nkurunziza et al. [14] had previously quantified
much lower dissolved oxygen contents (0.33–1.36 mg/L and 3.06–4.87 mg/L) in some
springs of peri urban Kampala and Kisoro, Uganda. Higher mean dissolved oxygen
values (1.90–15.60 mg/L and 0.4–9.2 mg/L) than those reported for the Kansanga springs
had previously been recorded in some springs in western Uganda [31] and Kashmir
Himalaya [69]. In the environmental chemistry context, dissolved oxygen refers to the level
of free and non-compound oxygen present in water, which can be largely influenced by
temperature. High levels of dissolved oxygen can lead to a better taste of water, but low
levels in freshwater is suggestive of probable water contamination [69].

Taken together, the hydrochemistry of spring water is largely influenced by rock–water
interactions, geochemical processes operating as water reacts with the geologic materials
where it flows as well as influences from anthropogenic activities [14,23,48,70]. In this
context, we did not compare the compositional ranges of spring water in the current study
with previous reports from the Rwenzori, Kitagata, Kibenge, Katanga, Nyakirango, and
Ihimbo hot springs of Uganda, where high values of physicochemical parameters such as
temperature (up to 94 ◦C), pH (7.1–9.77), EC (>21,000 µS/cm), turbidity (5.68–120.75 NTU),
and Na (up to 5991 mg/kg) have previously been reported [25,27,28]. In the current study,
the variations observed among samples obtained during the wet season could be attributed
to torrential rains (floods) that mobilise and transport waste into the ground water [36].
Moreover, residents of this area are known to empty their latrines into tertiary drains and
dump wastes to be carried away by stormwater, which may end up in the spring areas [71].

3.3. Water Quality Index of the Springs

The spatial and temporal WQI computed based on the 17 physicochemical parameters
of the springs were 56, 57, 52, and 50 and 57, 58, 55, and 52 for SPR1, SPR2, SPR3, and
SPR4 in the dry and wet seasons, respectively (Figure 3). Based on the predefined WQI
categorisation criteria in Section 2.6 [33], the spring water had good water quality. It
should be mentioned that the water quality tended to decrease during the wet season,
corroborating the observations in their limnochemical characteristics. In the Chuho springs
of Kisoro (Western Uganda), we previously found that the spring water could be ranked as
fair or marginal, based on the Canadian Council of Ministers of the Environment Water
Quality Index [14]. Kiwanuka et al. [33] recently reported that the WQI of four springs in
Bwaise (Uganda) were of excellent quality during the dry season (WQI = 40–49), but this
quality deteriorated to good in the wet season (WQI = 54–74). Together, our WQI profiling
of the springs suggests that freshwater from them is fit for domestic use.
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4. Conclusions

This study was the first of its kind to investigate the sanitary risks and temporal varia-
tions in the limnochemical characteristics and quality of water from springs in Kansanga, a
flood-prone area of Kampala, Uganda. Overall, the sanitary risk assessment scores indi-
cated that the springs had medium to high risks of microbial contamination, but most of
the investigated water parameters fell within the WHO guidelines for drinking water. Rain
(and hence flooding) had a statistically significant contribution to changes observed in the
limnochemistry of the freshwater springs studied. However, the variations suggest that
there is no significant source of pollution. In this context, initiatives should be launched to
mitigate floods and improve the sanitation in Kansanga to protect the health of the local
population that depend on spring water. Further studies investigating the occurrence of
microbial contaminants could shed more light on the extent of the potential risks from
consumption and the use of freshwater from these springs.
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