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health and livelihoods in the vicinity of the lake.

This study evaluates the spatial and seasonal variations in the physicochemical water quality parameters of Lake
Nyabihoko. To assess the physicochemical quality, fifty-four (54) water samples were collected from nine sampling
stations during the wet and dry seasons. On-site measurements included water temperature, dissolved oxygen

(DO), turbidity, electrical conductivity (EC), and pH. Additionally, parameters such as hardness, alkalinity, chloride,
calcium, magnesium, phosphates, and nitrates were determined. Variance analysis revealed that the mean values

of all measured parameters did not significantly differ (p >0.05) among the sampling stations, except for magnesium.
The average values of DO, EC, turbidity, TDS, chloride, and phosphates showed significant differences between sea-
sons, while temperature, pH, hardness, alkalinity, calcium, magnesium, and nitrates did not. The lake’s water quality
index (WQI) was calculated according to WHO (Guidelines for drinking-water quality: incorporating the first and sec-
ond addenda, 2022) standards for drinking water, using the mean value for each parameter at each station, month,
and season. WQI values ranged from 82.9 to 88.8, with an overall mean of 86.1, placing the water in the “very poor”
category according to WQI classification. Seasonal variation was evident, with the WQI higher in the wet season (81.0)
than in the dry season (76.8). The study recommends implementing a community catchment management plan

and proper monitoring by local authorities to prevent further deterioration of water quality, thereby protecting public
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Introduction

Worldwide, freshwater sources are important to both
natural ecosystems and human development. They are
essential for agriculture, industry, and human exist-
ence. Lakes, which contribute approximately 50% of
the Earth’s surface, house four times more water than
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rivers and are critical natural resources [3]. They pro-
vide abundant ecosystem services to humans directly
through provisioning (e.g., water and fish) and indi-
rectly through cultural, regulating, and maintenance
services [10].

Nevertheless, anthropogenic activities like urbaniza-
tion, industrialization, and agriculture affect surface
water quality. Globally, 2.1 billion people lack access to
safe water; of these, 844 million lack access to essential
drinking water [32]. The rate of contamination of lake
water in Africa is high due to anthropogenic activities
[15]. An estimated 102 million people were reported to
be still using unsafe water in sub-Saharan Africa [32].
Contamination from human activities exacerbates the
issue, leaving millions reliant on unsafe water sources.
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In Uganda, people have settled close to freshwater
bodies for health and welfare benefits [23]. Population
growth, intensive farming practices, and infrastructure
development have led to increased water abstraction
and external nutrient loading in natural freshwater eco-
systems. Agricultural practices often lead to increased
concentrations of nutrients and total solids, while indus-
trial activities increase concentrations of toxic chemi-
cals and heavy metals in surface water. Most industries
in Uganda use conventional manufacturing technolo-
gies and lack efficient wastewater treatment facilities [1].
In addition, the increased cost of wastewater treatment
has led to higher levels of contaminants in natural water
sources [27]. Therefore, raw and harmful substances,
such as heavy metals, are discharged into surrounding
water bodies. Leachate from urban solid waste land-
fills, garages, car wash bays, and mining waste dumps is
another source of pollution. As a result, freshwater bod-
ies have undergone significant changes in their chemical
and physical properties, often exhibiting a notable tran-
sition from clear to turbid. Due to suspended sediments
and dissolved matter, such water sources are unfit for
current and future uses.

Saturday et al. [23] reported that high levels of pollut-
ants in the lake ecosystems may make the water unfit for
drinking, recreation, and fishing. Additionally, excess
nutrients (phosphorus and nitrogen) may trigger massive
algal blooms, a phenomenon known as eutrophication,
which harms aquatic life. Consequently, interventions
are necessary to effectively conserve the aquatic environ-
ment. In addition, a systematic understanding of the eco-
system functions that govern the lake as a water source
and habitat for aquatic and benthic organisms is required.
Regular monitoring of water chemistry in lakes is essen-
tial, as various factors contribute to declines in water
quality in specific bodies of water. The most significant
public health risk today is water pollution. Unhealthy
water conditions are estimated to contribute to approxi-
mately 80% of all human diseases [7]. In the Ankole sub-
region, Lake Nyabihoko is the primary source of drinking
water and the habitat for flora and fauna. Nevertheless,
human activities such as infrastructure development
along the lake shore, business centers, agricultural activi-
ties, and fishing influence the lake’s physicochemical
characteristics. Human efforts will likely lead to changes
in the physicochemical properties of Lake Nyabihoko.
This could ultimately lead to a deterioration in water
quality. To date, no studies have recorded the water qual-
ity status in Lake Nyabihoko, particularly in the context
of seasonal and spatial variations. Understanding these
parameters is critical for assessing the lake’s suitability
for drinking, fishing, agricultural, and ecological pur-
poses, as well as for informing sustainable management
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practices. Therefore, this study assessed the variability in
the physicochemical parameters of Lake Nyabihoko in
western Uganda to determine its water quality status.

Materials and methods

Study area

Lake Nyabihoko is located in Uganda’s Ntungamo dis-
trict between latitudes (0° 54' 0" S, 0° 55’ 0" S) and longi-
tudes (30° 06" 0" E, 30° 09' 0" E) with an average altitude
of 1359 m above sea level (Fig. 1). The lake is long and
narrow, with a total surface area of about 6 km? and is
surrounded by gently sloping hills. The area receives an
average of 900 mm of rainfall per year, with two primary
wet seasons: mid-September to November and March to
May, which are also the periods with the highest rainfall.
June to July is the dry season, while December to Feb-
ruary are the wetter months, with a milder season peri-
odically broken up by sporadic showers. The district’s
average annual temperature is 26 °C, with a mean annual
minimum of 14.5 °C. High temperatures are recorded
between January and February and June and August,
coinciding with dry season periods. Depending on the
season and current weather, relative humidity can range
from 93-85% in the morning to 60—45% in the afternoon.
Agriculture is a significant economic activity in the lake
catchment, where livestock such as cattle, goats, and
sheep are raised. Crops such as bananas, beans, maize,
groundnuts, millet, and vegetables are also grown. The
lake waters are used for fishing, irrigation, and recrea-
tional activities on the lake islands.

Selection of study sites

The lake was divided into three study sites: upper, mid-
dle, and lower. Nine sampling stations were selected from
these sites based on the extent and type of human activi-
ties around the lake. The upper Nyabihoko site included
Pelcan (UN1), Kobukamba (UN2), and Rukomo (UN3).
The middle Nyabihoko site encompassed Kasinga (MN1),
Mutumo Island (MN2), and Mwamba Island (MN3). The
lower Nyabihoko site featured Katoma (LN1), Kateko
Island (LN2), and Omukirimirire (LN3) stations. The
geographical locations of the sampling stations in Lake
Nyabihoko are shown in Table 1.

Water sampling and preparation

A total of 54 water samples were collected monthly from
nine stations during the wet season (March—May 2023)
and the dry season (June—August 2023). Before collec-
tion, bottles were labeled and rinsed four times with lake
water to remove any potential contamination. Sample
collection using polythene plastic bottles took place from
6:00 am to noon. The bottles were submerged at a depth
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Fig. 1 Map of the study area, along with sampling stations
Table 1 Sampling site location
Study site Station code Station name Location Description
Latitude Longitude
Upper Nyabihoko ~ UN1 Pelcan 0°54'20.58"S  30°08'54.92"E  This lake section receives runoff from Millennium Pelcan
Beach and the hotel
UN2 Kobukamba 0°54'16.75"S 30°08'21.25"E  The station is near the developed island
UN3 Rukomo 0°54"11.69"S  30°08'33.22"E  This s located adjacent to a wetland area with limited
human activities
Middle Nyabihoko MN1 Kasinga Landing site  0°54'01.58"S  30°08'02.68" E  The station is near the landing site where fishing canoes
are anchored
MN2 Mutumo Island 0°54'1458"S  30°07'56.73"E  The station is near the developed island
MN3 Mwamba Island 0°54'4042"S 30°08'01.85"E The station is near the developed island and cleared
lakeshore
Lower Nyabihoko  LN1 Katoma 0°54'1065"S 30°07'23.03"E Cattle grazing and crop cultivation with irrigation
LN2 Kateko Island 0°54'27.22"S 30°07'2896"E  The station is near the intact island
LN3 Omukirimirire 0°54'16.34"S  30°06'29.51"E  This is located adjacent to farmlands for livestock

of 0.3 m. Samples were transported in an ice-cool box to
the National Water and Sewage Corporation (NWSC)
Laboratory in Mbarara within 24 h for further analy-
sis. In the laboratory, samples were stored at 4 °C until

analysis to ensure accuracy. All parameters were deter-
mined according to Standard Methods for the Examina-
tion of Water and Wastewater [21].
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The water temperature, dissolved oxygen, EC, and pH
were measured in situ using a portable Hach (HQ40d)
Multimeter kit. Turbidity was also measured using a
Hach 2100P turbidity meter, and results were recorded
in Nephelometric turbidity units (NTU). Total alka-
linity and calcium were determined by titration. Total
hardness was determined by the calculation method by
computing it from the results of separate calcium and
magnesium using the formula;

Hardness (CaCO3/L) = 2.497Ca + 4.118 Mg (1)

The atomic absorption spectrometric method was
used to determine magnesium, and phosphate was
determined using the persulfate digestion method. The
colorimetric approach was used to analyze chloride.

Water quality index estimation
The water quality index (WQI) for this study was calcu-
lated using the WHO [34] standard values for drinking
water. The measured mean value of each parameter at a
given station/month/season under study was used. The
weighted arithmetic index approach was used to deter-
mine the WQI because it is user-friendly and combines
data from numerous water quality parameters into a
mathematical equation that depicts the water’s eco-
logical state [14]. It also shows the significance of each
parameter in evaluating and controlling water quality
and can be used to define whether a water source is fit
for human use.

The WQI was computed through three steps. Step 1:
Calculate the unit weight (Wn) factors for each param-
eter by using the formula by Saturday et al. [23]

Wn = K/Sn (2)

where Wn is the unit weight for the nth parameter. The
unit weight (Wn) of each parameter is proportional to the
weightage of each parameter; # is the number of water
quality parameters. Su is the standard permissible value
for the nth parameter and K is the proportionality con-
stant. Step 2 Calculate the sub-index (Qn) value using the
formula.

Qn = [(Vn— Vi) = (Vs — Vi)] x 100 (3)

where Vn is the observed value and Vi is the ideal value.
Step 3 Combining step 1 and step 2, WQI is calculated as

WQI = XQnWn/ X Wn (4)
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Table 2 Water quality index classification

wal Water quality status  Possible use

0-25 Excellent Drinking, irrigation, and industrial
use

26-50 Good Drinking, irrigation, and industrial
use

51-75 Poor Irrigation and industrial use

76-100 Very poor Irrigation

Above 100 Unfit for human Requires proper treatment

consumption or fish before use

culture

Source: Siriwardhana et al. [24]

where Qu is the quality rating for the n™ water quality
parameter and Wa is the unit weight for the nth water
quality parameter.

Statistical analysis

The data were entered into Microsoft Excel version 2013.
It was then imported into Minitab 19 for statistical analy-
ses and inference. In Minitab, the data were first tested for
parametric assumptions underlying the corresponding
statistical tests, including normality and constant error
variance. To assess variation in physicochemical param-
eters in water across the different sampling stations, a
one-way analysis of variance (ANOVA) was conducted.
In cases of significant variation in the stations’ physico-
chemical parameters, Tukey’s post hoc test for multiple
comparisons was used to identify the least statistically
significant differences between station pairs. To analyze
seasonal variation, a two-sample independent ¢-test was
conducted for each physicochemical parameter. Based on
the water quality categories by Siriwardhana et al. [24],
water quality indices (WQI) were calculated using World
Health Organisation (WHO) standards [34]. The mean
values of the stations under investigation were used for
each variable (Table 2).

Results

Spatial variations in physical water quality parameters are
summarized in Table 3. Kasinga Landing site recorded
the lowest temperature of 23.27 +1.11 °C, while Katoma
recorded the highest of 24.28+1.30 °C. The electrical
conductivity range of 389.3+28.7 pS/cm at Omukirim-
irire to 431.3+46.3 pS/cm at Rukomo. The mean tur-
bidity values ranged between 30.00 NTU at Rukomo
and 39.88 NTU at Kateko Island. TDS ranged from
194.75+11.05 mg/L to 208+ 16.39 mg/L at Katoma and
Rukomo. Analysis of variance showed that the mean val-
ues for all the measured physical parameters did not dif-
fer significantly (p>0.05) among the sampling stations
(Table 3).
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Table 3 Spatial distribution of physical water quality parameters in the study area
Sampling stations Physical parameters (mean +SD)
Temperature (°C) Electrical conductivity (uS/cm) Turbidity (NTU) Total
dissolved

solids (mg/L)

Pelcan 23.68+191 412.30+3240 39.58+2348 205.75+13.89
Kobukamba 23.73+£1.85 408.50+29.60 28871744 1953341818
Rukomo 23.87+2.09 431.30+46.30 30.00£11.05 208.25+16.39
Kasinga Landing site 2327111 404.30+40.20 30.80+7.24 202.20+£25.10
Mutumo Island 24.08+1.26 393.30+28.40 34.77+£11.90 196.25+12.96
Mwamba Island 2405+1.44 399.58+19.69 31.38+7.63 200.83£14.11
Katoma 24.28+1.30 401.20+40.50 3893+19.12 194.75+11.05
Kateko Island 24144143 392.90+25.10 39.88+19.59 196.17+13.58
Omukirimirire 2426+1.29 389.30+28.70 39.16+18.09 195.50+10.31
F-value 0.26 0.89 0.56 0.62
p-value 0.974 0.535 0.805 0.757
Table 4 Spatial distribution of chemical parameters in the study area
Sampling stations Chemical parameters (mean +SD)

DO pH Hardness Alkalinity Chloride  Calcium Magnesium Phosphates Nitrates
Pelcan 6.76+031 804+0.23 181.2+246 1101741144 3654263 7584+10.16 4794+464 262+199 031+0.23
Kobukamba 6.57+053 810+£0.23 194+19.90 108671967  284+£179 7895+9.72 5151+464 1.84£057 0.28+0.18
Rukomo 6.33+056 795+£0.23 200+29.6 11725+17.85 305+235 7728+1049 49.1+4.64 1.78+0.88 031+0.29
Kasinga 645+051 803+£022 209.5+17.21 1055+£1145 3.09+2.18 83.00+753 5349+464 1.93+0.57 027+0.19
Mutumo Island 6.60+039 817+£023 17667+1384 10625+13.13 3.13+£1.76 7334+792 4801+464 228+1.16 0.40+0.21
Mwamba Island 642+044 809+0.25 1875+12.01 109254967 3.03+197 7492+475 49.1+464 1.98+0.70 031+0.22
Katoma 6.73£044 804+025 1652+298 105.83+21.78 292+1.68 752+299 4181+464 269+1.84 0.33£0.21
Kateko Island 6.06+051 8.1+0.19 173+27.7 96.83+£18.62  343+226 7272+1399 4657+464 288+203 0.34+0.21
Omukirimirire 651+038 799+020 179.7+348 10433+12.50 345+2.10 70.01+£1092 4273+464 2.58+1.68 0.30+0.23
F-value 1.29 0.09 1.96 0.84 0.1 0.46 2.65 0.53 0.19
p-value 0.271 0.999 0.074 0.576 0.999 0.875 0.018 0.826 0.991

Spatial variations in chemical water quality param-
eters are summarized in Table 4. The mean DO ranges
from 6.06+0.51 mg/L to 6.76+0.31 mg/L at Kateko
Island and Pelcan, respectively. For pH, the high-
est mean value of 8.17+0.23 was recorded at Mutumo
Island, while the lowest mean value of 7.95+0.23 was
recorded at Rukomo. Total hardness varied between
165.2+29.8 and 209.5+17.21 mg/L at Katoma and Kas-
inga Landing sites, respectively. The highest mean alka-
linity of 117.25+17.85 mg/L was recorded at Rukomo,
and the lowest mean alkalinity of 96.83+18.62 mg/L
was recorded at Kateko Island (Table 4). The mean chlo-
ride values ranged from 2.84+1.79 to 3.65+2.63 mg/L
at Kobukamba and Pelcan, respectively. The highest
mean calcium of 83.00+7.53 mg/L was recorded at the
Kasinga Landing site, and the lowest mean calcium of
70.01+10.92 mg/L was recorded at Omukirimirire.

The highest mean phosphates of 2.88 +2.03 mg/L were
recorded at Kateko, and the lowest mean phosphates of
1.84+0.57 mg/L were at Kobukamba. The mean concen-
tration of nitrates varied between 0.27 +0.19 mg/L at the
Kasinga Landing site and 0.40+0.21 mg/L at Mutumo
Island. One-way ANOVA showed that the mean values of
the measured chemical parameters were not significantly
different across the sampling stations (p>0.05), except
for magnesium (Table 4). Tukey’s pairwise post hoc
comparisons indicated that the sampling stations Kas-
inga Landing site, Kateko Island, Kobukamba, Mutumo
Island, Mwamba Island, Pelcan, and Rukomo did not
differ significantly in magnesium concentration. In con-
trast, the Kasinga Landing site recorded a significantly
higher magnesium concentration than both Katoma and
Omukirimirire (Table 5).
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Table 5 Tukey's pairwise comparisons for magnesium
concentration among the different sampling stations

Sampling stations Mean+SD
Kasinga Landing site 53.49+5.14°
Kateko Island 4657+777%
Katoma 41.81+7.20°
Kobukamba 51.51+4.92%°
Mutumo Island 48014297
Mwamba Island 49.10+3.53%
Omukirimirire 4273+6.19°
Pelcan 4794+578%0
Rukomo 49.10+553%

Means that share similar superscript letters are not significantly different

The mean water temperature for the dry season
(23.62+0.13 °C) was less than that of the wet season
(24.24+£0.37 °C). However, further analysis showed that the
mean measured temperatures were not significantly differ-
ent between sampling seasons (p>0.05). The mean electrical
conductivity for the dry season (386.5+3.7 uS/cm) was less
than that of the wet season (420.8+6.8 puS/cm). Statistically,
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the mean EC values significantly differed between sam-
pling seasons (p<0.05). The mean turbidity for the dry sea-
son (39.7+3.7 NTU) was higher than that of the wet season
(29.91+0.78 NTU), and the mean turbidity values were signifi-
cantly different between sampling seasons (p<0.05). The mean
concentration of TDS in the wet season (206.0+ 3.3 mg/L) was
higher than in the dry season (192.89+1.9 mg/L). Statistically,
the mean TDS values differed significantly between sampling
seasons (p<0.05) (Fig. 2).

Between seasons, DO values were higher in the dry
season (6.83+0.05 mg/L) than they were in the wet
season (6.16+0.08 mg/L). The wet season recorded
a higher pH value (8.06+0.14) than the dry season
(8.05+0.04). The mean hardness in the wet season
(187+4.5 mg/L) was higher than that of the dry season
(183.3+5.6 mg/L). The mean alkalinity in the wet season
(108.8 £2.6 mg/L) was slightly higher than that of the dry
season (105.5+2.9 mg/L). The mean chloride concentra-
tion in the wet season (1.82+0.07 mg/L) was lower than
that of the dry season (4.53+0.38 mg/L). The mean cal-
cium concentration in the wet season (76.8+2.6 mg/L)
was higher than that of the dry season (74.6 +2.4 mg/L).
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Fig. 2 Seasonal variations in physical water quality parameters
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The mean concentration of magnesium in the wet sea- Table 7 Relative weight of parameters for WQI determination
son (47.43+0.94 mg/L) was slightly lower than that of  with WHO standards

the dry season (48.18 + 1.5 mg/L). The mean concentra-  p. - WHO standards _ Relative weight (Wn)
tion of phosphates in the wet season (1.61 +0.06 mg/L) (Sn)

was lower than that of the dry season (2.97 £0.31 mg/L).

. . . Te t 25 0.10327545
The mean concentration of nitrates in the wet season ngp)leradure ¢ 043031438
(0.29+0.02 mg/L) was lower than in the dry season Ellsso_ve‘ oxydgen_ _ 1500 O'OOW72126
(0.34:+0.05 mg/L). Tectlr\C‘§a C|O ﬂduct‘lélty 600 0‘004303w4
Statistically, the mean values for DO, chlorides, and OHta 30IVEd S0las ’
phosphates significantly differed between sampling sea- " 85 030375133
Chloride 250 0.01032755
sons (p <0.05) (Table 6).
. Calcium 300 0.00860629
The water quality index for the study area was com-
Magnesium 30 0.08606288

puted using nine parameters due to their significance. .
These include DO, EC, TDS, pH, hardness, chloride, 2% >0 005163773
calcium, phosphates, and nitrates. WHO threshold val-

ues for drinking water were used to compute the water

quality index (Table 7). The WQI values for the study

area ranged from 82.9 to 88.8 at the Katoma and Kateko = Table 8 Change in the WQI values across the study stations
Island sampling stations, respectively, with an overall ¢y

Sampling stations wal Status
mean value of 86.1. All sampling stations recorded very
poor water quality; thus, water can be used for irrigation ! Pelcan 84.3 Very poor
(Table 8). 2 Kobukamba 87.5 Very poor
Across the study months, WQI values ranged from 61.1 3 Rukomo 85.2 Very poor
to 96 in March and May 2023, respectively, with an over- 4 Kasinga Landing site 87.1 Very poor
all mean of 79. Most of the sampling months recorded > Mutumo Island 87.9 Very poor
very poor water quality, except for March, which also © Mwamba Island 87.5 Very poor
recorded poor water quality (Table 9). Between sea- 7/ Katoma 829 Very poor
sons, the dry season recorded the lowest WQI of 76.8, 8 Kateko Island 88.8 Very poor
9 Omukirimirire 836 Very poor
Overall WQl 86.1 Very poor
Table 6 Seasonal variations in chemical water quality
parameters in the study area
Parameter Sampling Mean+SD T-value DF  p-value
season Table 9 Change in the WQI values during sampling months
DO Dry 6.83+005 748 52 0.000 S/N Sampling months wal Status
Wet 6.16+0.08 1 March 61.1 Poor
pH Dry 8.05+0.04 —-0.06 52 0.954 5 April 858 Very poor
Wet 806014 3 May 96.0 Very poor
Hardness Dry 1833+56 -0.52 52 0.607 4 June 76 Very poor
Wet 1870+45 5 July 757 Very Poor
Alkalinity Dry 1055+£29 -0.83 52 0.409 6 August 789 Very poor
Wet 1088+26 Overall WQl 79.0 Very poor
Chloride Dry 453+0.38 7.07 52 0.000
Wet 1.82+0.07
Calcium Dry 746+24 —0.60 52 0.550
Wet 768+26
Magnesium  Dry 481815 043 52 0669 Table 10 Seasonal change in the WQI values
Wet 47434094 :
Phosphates  Dry 2974031 429 52 0000 SN Sampling seasons wal Status
Wet 1.61£0.06 1 Wet season 81.0 Very poor
Nitrates Dry 0.34£0.05 0.90 52 0.371 2 Dry season 76.8 Very poor

Wet 0.29+0.02 Overall WQI 78.9 Very poor
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indicating very poor water quality. During the wet sea-
son, a WQI value of 81 falls under the poor water quality
category (Table 10).

Discussion

Spatial variability of physicochemical water parameters
Contrary to the hypothesis, the results showed no signifi-
cant differences in the physical parameters across sam-
pling stations. This may be attributed to the potentially
homogeneous human activities conducted in all sam-
pling stations and uniform hydrological events, which
result in similar impacts on water quality [19]. Previous
studies [19, 20, 33] reported that variability in factors
such as human activities, biological activity, precipita-
tion, and runoff, among others, would cause differences
in water quality across locations. Physical parameters
can vary from one region to another, depending on local
environmental conditions, land use, and waterbody
characteristics [35]. However, the observed lack of sig-
nificant difference may be attributed to a lack of signifi-
cant variations in human impact through waste disposal
and vegetation decline, which would otherwise lead to
higher values of physical water parameters. Hence, there
is no significant variation among the different sampling
stations.

Analysis of variance showed that chemical parameters
(alkalinity, pH, hardness, chloride, calcium, phosphates,
dissolved oxygen, and nitrates) were not significantly
different among the sampling stations. This might be
because these areas experience similar anthropogenic
interferences, which makes the impact magnitude uni-
form [18, 19]. Secondly, the locational proximity may
weaken their geospatial variability and, hence, lower
the likelihood of water quality differences among the
sampling stations. However, the mean magnesium con-
centration differed significantly among the sampling
stations,the Kasinga Landing site recorded the highest
concentrations, followed by Katoma and Omukirimirire.
This variation in magnesium levels could be attributed
to potential natural phenomena, such as groundwater
discharge into the lake [8], rather than to human factors.
For example, it has been reported that the magnesium
concentration in water can vary significantly based on
environmental and geological factors, including ground-
water from aquifers, which can have varying levels of
magnesium depending on the mineral composition of
the surrounding soil and rocks [12]. For example, regions
with dolomite and magnesium-rich limestone can have
groundwater with higher magnesium content [5], lead-
ing to variability in water magnesium levels. The Kas-
inga Landing site could have natural magnesium sources,
such as soil, which could release magnesium into water
through soil erosion.
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Seasonal variability of physicochemical water parameters
This study found that most water physicochemical
parameters differed significantly across months, with the
dry months recording higher concentrations than the wet
months. This may be attributed to several environmen-
tal factors, such as precipitation, lake circulation, and
groundwater interactions that affect physical parameters
such as temperature, turbidity, and sediment distribu-
tion, and human factors like agricultural cycles, which
affect water quality through increased nutrient runoff
and higher pollution loads [19]. Changes in these param-
eters are often driven by seasonal variations, weather pat-
terns, and anthropogenic activities [19, 20]. The different
months of the year exhibit variations in environmental
and weather conditions, such as temperature, precipita-
tion, runoff, and evapotranspiration [17], which in turn
affect hydrological processes and water quality. Saturday
et al. [22] reported similar findings in a study on Lake
Mulehe in South-Western Uganda, citing timely changes
in weather conditions that affect the activity levels of
aquatic organisms, such as algae, bacteria, and other
plants; the decomposition rate of organic materials; and
nutrient cycles.

Although this study hypothesized that seasonality
would significantly influence physicochemical parame-
ters, it found that the mean values for total dissolved sol-
ids and electrical conductivity were significantly higher in
the wet than in the dry season. This might be attributed
to erosion and deposition of materials during the wet
season, aquatic vegetation, and colloidal particle accu-
mulation, leading to more turbid water than in the dry
season [28]. This study further established that the mean
turbidity during the dry season was higher than during
the wet season, due to lower water levels [28]. Other
parameters, including temperature, were not signifi-
cantly different between seasons, although the dry season
recorded lower temperatures than the wet season. These
outcomes may be most controlled by the natural environ-
ment rather than by human activities’ impacts on water.
Although human activities enhance pollution, result-
ing in lower water quality, the level of human impacts in
the study area may not be significant, resulting in lower
water quality; the level of human impacts in the study
area may not be significant enough to warrant significant
differences among the seasons. These findings contradict
previous studies [22, 36], which reported significant vari-
ations between the dry and wet seasons in Lakes Mulehe
and Naivasha, respectively.

The findings of this study showed that the mean values
of water parameters, including pH, hardness, alkalin-
ity, calcium, magnesium, and nitrates, were not signifi-
cantly different across seasons. Seasonality can directly or
indirectly influence water quality through its effects on
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temperature, precipitation, and biological and human
activities [29]. Such impacts can subsequently affect local
environmental conditions, land use, and water body char-
acteristics. The lack of significant variation in chemical
water parameters indicates that seasonal variations in
attributes such as temperature, precipitation (runoff and
evaporation), biological activity, and human activities
were perhaps not sufficiently concentrated or intensified
to warrant significant impacts on water quality. These
findings contradict the observations of Umer et al. [30],
who reported higher levels of chemical parameters, such
as chlorides, during the wet season, attributed to frequent
runoff and evaporation. In addition, the areas do not
appear to have sources discharging higher levels of these
chemical elements, resulting in significant concentrations
in the water. Previous studies by Tyagi and Malik [29] and
Verma and Saksena [31] on the concentrations of such
elements in water often depend on the source, e.g., rocks
or waste disposed of in areas linked to the water source.

Higher levels of turbidity may be attributed to high
biological activity, including the decomposition of
organic materials and runoff from agricultural fields
into the lake [9, 16]. Higher magnesium levels above
the permissible limits may be attributed to potential
geological sources, such as ground aquifers supplying
higher magnesium levels from lower rock layers [2].
Similar observations were made by Bwire et al. [4],
who also reported exceeding the World Health Organ-
isation thresholds for turbidity and magnesium.

Water quality index estimation

The study found that all sampling stations recorded very
poor water quality, which cannot be used for irrigation
unless treated. All sampled stations recorded very poor WQI
due to low water quality, resulting from variable contami-
nant levels in the areas. Waste materials that are deposited
in water result in lower-quality water [13]. The WQI scores
generally indicate that Mutumo, Mwamba, and Kateko
have very high WQI scores, indicating poor water quality.
This implies that such degraded stations with contaminated
water resources cannot support diverse aquatic life as they
have a reduced ability to harbour biodiversity [11]. Soman
et al. [25] reported that the continuous degradation of water
resources, including rivers and lakes, lowers water quality,
thereby reducing drinking water availability and harming
aquatic biodiversity. It was further noted that the WQI was
high during the wet season, likely due to increased water
pollution from runoff. These findings concur with previous
studies, such as Kiwanuka et al. [6] and Teshome [26], which
reported seasonal variations in WQJ, although the wet-sea-
son studies recorded higher WQI values.
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Conclusion
The measured physical water parameters showed no vari-
ation among the sampling stations. This indicates that
the physical water quality is relatively consistent through-
out the lake. The concentrations of all measured physical
parameters are significantly affected by seasonal varia-
tions, except for temperature, which did not vary consid-
erably across sampling seasons. The tested chemical water
quality parameters, except for magnesium, showed no
variation among the sampling stations. Hardness, alkalin-
ity, and pH showed higher mean values in the wet season,
while other parameters, such as dissolved oxygen, chloride,
magnesium, phosphates, and nitrates, were higher during
the dry season. Based on the WQI results, the lake’s water
quality is classified as very poor for drinking; therefore, it
can be used for irrigation. However, the study emphasises
the need for local authorities to regularly monitor human
activities in the Lake Nyabihoko sub-catchment to main-
tain physicochemical parameters within acceptable limits.
However, this study has certain limitations that should be
considered when interpreting the results. Excluding micro-
biological indicators, such as E. coli, restricts the assessment
of fecal contamination and related health risks. Similarly,
focusing solely on physicochemical parameters may over-
look pollutants such as heavy metals and other emerging
contaminants. Furthermore, the 6-month monitoring period
limits understanding of long-term trends and broader sea-
sonal dynamics. Future research should therefore include
microbiological analyses, extend monitoring durations, and
cover larger areas to gain a more complete understanding of
water quality in tropical agricultural catchments.
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