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Abstract
Globally, billions of people still lack access to safe water, including basic drinking water services, particularly in sub-
Saharan Africa. We analyzed water quality for improved water sources and associated factors in Kibuku district, Eastern 
Uganda. The mixed-methods study employed included; water quality analysis, a questionnaire survey, and key informant 
interviews conducted in the months of April–June 2020. A total of 249 improved water sources were sampled for analysis 
of bacteriological quality, pH, and electrical conductivity. This was followed by a sanitary and people’s attitudes survey at 
all the water sources visited. Among the water sources, 62.3% deep boreholes, 63.5% public tap stands, 14.3% rain-water 
harvesting tanks, and 28.6% protected springs had zero thermotolerant coliforms with 63.8% having acceptable pH levels 
(6.5–8.5) and 35.3% having acidic levels (less than 6.4). Furthermore, 96.3% deep boreholes, 99.1% public tap stands, all 
(100%) rain-water harvesting tanks, and 50% protected springs had their turbidity levels in the acceptable range (less than 
5NTUs). Additionally, only 22.1% of improved water sources had electrical conductivity in the acceptable range (less than 
300 microSiemens). Among the 249 participants, majority (91.2%) had low knowledge levels about various methods that 
can be used in improving the quality of water. Generally, water sources had poor quality of water which was attributed to 
agricultural activities, dirty water collection containers, and poor attitude to water chlorination. The Ministry of Health, 
Ministry of Water and Environment, and other agencies need to design sustainable and feasible models for water treatment 
for low resourced setting.
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Abbreviations
Pr	� Probability value
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WHO	� World Health Organization

Background

Globally, 2.1 billion people lack access to safe water, and of 
those, 844 million people do not have basic drinking water 
services (Singh 2022). In sub-Saharan Africa, an estimate 
of 102 million people are still using unsafe surface water, 
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with an estimated 695 million people still using unimproved 
facilities (Baye 2021). Among these water sources, 41% 
are in rural areas and at least 53% are in Africa (Bain et al. 
2014). Uganda, like many low-income countries, still lacks 
safe water, with recent report of contamination and mineral 
contents exceeding the normal levels (Lukubye and Andama 
2017).

Uganda currently loses up to 389 billion shillings ($177 
million), which is equivalent to U$5.5 per person per year 
or approximately 1.1% of national gross domestic product 
(GDP) annually due to poor water and sanitation (Water and 
Sanitation Program 2019). This burden is suffered as pre-
mature deaths of under-fives, loss of productivity among the 
sick populations, and out-of-pocket expenditure for health 
care services including treatment. The situation is worse in 
rural areas which are characterized by strong cultural beliefs 
and other sanitation-related practices that prevent people 
from treating drinking water and keeping water sources from 
contamination (Water and Sanitation Program 2019).

According to the Joint World Health Organization 
(WHO) and UNICEF Monitoring Programme, improved 
water sources refer to one that by the nature of its construc-
tion adequately protects the source from outside contami-
nation, in particular with faecal matter and these include 
piped water connection into dwelling, yard or plot; public 
tap or standpipe; tube well or borehole; protected dug well; 
protected spring; rain-water collection (WHO 2021). Some 
of these water sources are not always safe, though they are 
hypothetically assumed the safest providers of water suitable 
for human consumption (Shaheed et al. 2014). Although a 
large population in Uganda has access to water, most of it 
is not safe. For example, in 2017, 60% of improved water 
sources in Uganda’s capital city, Kampala were contami-
nated (Murphy et al. 2017), which contributed to the deadly 
outbreak of typhoid fever that killed over 51 people (Kab-
wama et al. 2017). In addition, faecal contaminants were 
also detected in bottled water in Kampala, yet such water 
would be considered among the most safe improved water 
sources (Halage et al. 2015). This situation therefore calls 
for routine assessment of the quality of water from improved 
water sources across the country.

Some water treatment methods in Uganda and generally 
in Africa are not always effective in removing all contami-
nants. Indeed, water treated using modern methods such as 
stabilization pond systems and conventional treatment meth-
ods tend to leave contaminants like nitrates and sulphates 
which are known to have carcinogenic effects, yet such water 
is supplied to thousands of people in respective cities and 
municipalities (Wang et al. 2014). A pilot study done by 
Evidence Action in Kibuku district in 2015 as a baseline 
before an intervention of supply of chlorine dispensers for 
safe water showed that 213 improved water sources were 
contaminated by faecal matter and required improvement. 

This informed interventions such as installation of chlorine 
dispensers across water sources which had been vandal-
ised by the community claiming these dispensers have no 
value to them (KibukuDLG 2018). In this project, commu-
nity leaders known as Village Health Teams (VHTs) were 
trained about this rationale of Chlorine in ensuring safety 
of water. These were then entrusted with Chlorine supplied 
by the implementing agency (Evidence Action Uganda) to 
be stored at their homes and would refill the dispensers in 
the water source at their catchment areas. These VHTs were 
part of the water user committee on such water sources and 
would sensitize the water users about the importance of chlo-
rine to this water. This project was characterized by misuse 
of this chlorine by the VHTs for washing their clothes and 
sometimes selling off. Furthermore, these VHTs did not have 
adequate education to understand the behavioral dynamics 
of water users but also addressing the myths associated with 
chlorine in water (EvidenceAction 2017).

In addition, the quality of water from the improved water 
sources across the district needed to be known, because a 
number of residents continued to raise complaints about it. 
It was therefore necessary to conduct this study to assess 
the water quality of improved water sources and associated 
factors in Kibuku District, Eastern Uganda.

Methods

Study design and setting

An analytical mixed method cross-sectional study was con-
ducted among 249 improved water sources in a rural-based 
district of Kibuku in Eastern Uganda, Africa. The study was 
conducted between April and June 2020. In addition to water 
quality analysis, a questionnaire survey and key informant 
interviews were also conducted. The water sources involved 
in the study included public tap stands, protected springs, 
rain-water harvesting tanks, and deep boreholes. These 
sources are categorized by WHO as improved water sources 
and perceived to be safer for human consumption in com-
parison with other sources. The water sources are located in 
rural areas in water user’s land which is always donated to 
the government during the siting phase of a particular water 
source. Such water is surrounded by other socio-economic 
activities of the land donor. These activities could be farm-
ing/agriculture, animal grazing, mining, and others. The 
district is among those located in low land areas character-
ized with high water table, clay soils, and flooding when 
it rains. These water sources are always constructed using 
public resources through Ministry of Water and Environ-
ment (MoWE), district local governments, or development 
partners.
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Kibuku district is located in Eastern Uganda (Appendix 
Fig. 2) with a total population of 202,033, the majority of 
the population (60.3%) being between the age of 0–17 years, 
51.8% being females, and with about 65.4% of the area being 
water logged (Nekaka et al. 2021). The district is bordered 
by Pallisa district in the North, Budaka district in the East, 
Butaleja district in the South, and Namutumba district in 
the West. Kibuku district has a total of 402 villages and 92 
parishes and wards. Most of the residents in the district are 
peasants and the main economic activity in the area is agri-
culture. The district has 13 sub-counties and 5 town councils 
(TCs) (urban areas) of Kibuku, Bulangira, Tirinyi, Kasasira, 
and Kadama. Although the district is distributed by several 
improved water sources, public tap stands are mostly found 
in Kibuku, Kasasira, and Tirinyi TC. The other areas in the 
district use rain-water harvesting tanks and deep boreholes 
as their main sources of water.

Kibuku district has an average safe water access of 68% 
with rural areas having more access at 70% and urban access 
at 42%. The district is largely served by deep boreholes 
(87%) followed by shallow wells (7%), protected springs 
(6%), and public tap and rain-water harvest tanks at 1%. 
The district has equally non-functional water sources and 
this is attributed to technical breakdown (50%), poor water 
quality (25%), and vandalism (25%). These water sources are 
designed to have mostly communal management of opera-
tions (80%) followed by institutional (8%), private operators 
(8%), and lastly individually managed (4%). These differ-
ent water sources are constructed using different sources of 
funding with central and local government as a main funder 
at 87% followed by non-government organizations like 
religious groups and other donors at 8% and lastly private 
funders at 5% (ATLAS 2021).

Kibuku district was formerly under Pallisa district and its 
geological environment consists of a Gneissic Complex For-
mation or Gneiss and granitic formations of the Pre-Cam-
brian origins, and these form a principal source of ground 
water supplies (Nyende 2003). This study further showed 
that the area has three water-bearing zones (the upper, the 
middle, and the lower) and the metamorphic formations 
are widely weathered as you go deeper the earth, meaning 
that the lower zone of fresh geological granitic material 
are of a fractured bedrock. The hydrogeological investiga-
tion showed that groundwater in the study area lies below 
30–70 m from the surface topography. The water table tends 
to lie at the base of the clay where fragments of the parent 
bedrock predominate the bedrock surface (Nyende 2007). 
This study area is occupied by rural populations who deeply 
on ground water sources as the main source of water includ-
ing boreholes, wells, and springs. The public tap stands are 
recent innovations from National Water and sewerage corpo-
ration (NWSC) and her partners like Eastern water Umbrella 
which has promoted their installation and utilization in the 

peri-urban centers of our study area. Given their majority 
varsity, they contributed to more to our sample size. The 
public tap stands were installed for convenience and accessi-
bility as they can be situated at people’s homesteads but also 
stood minimal contamination from hydrological interactions.

The various improved water sources serve a total popu-
lation ranging from 2 to 1000 depending on the type and 
availability of other existing water sources. The district had 
a total of 975 functional shallow and deep boreholes, 278 
functional public tap stands, 48 functional rain-water har-
vesting tanks, and 87 protected springs (KibukuDLG 2018).

Sample size and sampling

The study was conducted among 249 improved water 
sources. The water sources included public tap stands, pro-
tected springs, rain-water harvesting tanks, and deep bore-
holes. This was computed using Kish–Leslie formula, 1965 
with a single proportion of water quality estimated to be 
25% following previous quarterly reports submitted to Atlas 
system at MoWE (KibukuDLG 2018). A 95% confidence 
interval was considered. The improved water sources were 
randomly selected using stratified sampling (stratified by 
water source type) where each water source type contributed 
to the sample size proportionately based on the available 
quantity it had in the district.

A total of two samples were collected from each water 
source as selected samples were taken to different labora-
tories of regional water laboratory in Mbale district and 
Kibuku district for purposes of comparison as a form of 
quality assurance. Five key informants based at the Kibuku 
district headquarters who also doubled as members of the 
District Technical Planning Committee were purposively 
selected to participate in this study. The key informants 
were chosen given their role in making decisions and poli-
cies regarding water safety in the district as part of their 
mandate. These included the District Health Officer, District 
Water Officer, Assistant District Water officer in charge of 
sanitation, and Assistant District Water Officer in charge of 
mobilization and welfare and the secretary for works.

Data collection and analysis

To assess the quality of water from improved water sources, 
different parameters of water quality including physico-
chemical and bacteriological/microbiological analysis were 
examined. For physico-chemical parameters like water pH, 
conductivity, and turbidity, these were measured onsite by 
observation using a pH meter, conductivity meter, and tur-
bidity meter from Delaqua water kit, respectively. The meas-
urements were done three times in a minute’s interval and 
the average reading was recorded. During data collection, 
the study period was characterized by rainy season (average 
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rainfall, high humidity and low temperatures). The Delaqua 
water testing kit was supplied from WagTech limited one of 
the leading suppliers of high standard water testing kits in 
the country (WAGTECH 2021).

For bacteriological quality, membrane filter technique 
was used. In this technique, a water sample of 100 ml was 
incubated at 440C for a period of 18 h, and later, the number 
of coliform units counted using ×10 hand lens to show micro-
bial growth. The numbers of these coliform forming units 
(CFUs) were recorded and tabulated in an Excel sheet and 
then later exported to STATA version 13 for both univari-
ate bivariate analysis and multiple logistic regression. The 
results from these analyses were immediately recorded in the 
data collection forms and later entered into STATA version 
13 for analysis. The results of the improved water sources 
were checked for conformity with WHO drinking water 
guidelines 2011 and Uganda National Bureau of Standards 
(UNBS) US EAS 12.

These standards were agreed and considered a thresh-
old as follows: thermotolerant coliforms should be zero 
(0/100 ml): turbidity of drinking water/portable water should 
be less than 5 Nephelometric Turbidity Units (NTUs), 
electrical conductivity should be less than 300 micro sie-
mens/100 ml, and the pH of drinking water should be in the 
range of 6.5–8.5, with that less than 6.4 taken to be acidic 
and that beyond 8.5 taken to be alkaline. This study used 
these guidelines as a standard which determined the status 
of a particular type of water source.

To determine the factors and community practices influ-
encing the quality of improved water sources, an observa-
tional electronic checklist/Sanitary Risk Score tool (Adopted 
from Risk of Contamination (ROC METHOD) WHO, 1997 
was used. The tool had various parameters that are known to 
be risk factors for water contamination at various improved 
water sources such as location of pit latrine, availability 
of pit latrine within the 100 feet (30 m), radius of a water 
source, presence of refuse or solid waste management equip-
ment within 10 m radius, protection of the water sources, 
accessibility of animals to the water source, existence of 
agricultural activities, and open defecation.

These factors were observed and noted, and later, catego-
rization was made to show whether the water source had low 
risk, medium risk, or high risk. The risk scores of 0–30% 
were regarded as low, 39–50% = medium, 59–70% = high, 
and 79–100% very high risk (Mushi et al. 2012). During 
our study, a research assistant observed the conditions at 
the water source and scored accordingly. These results were 
tabulated and entered into STATA version 13 for analy-
sis of association with results of water analysis of various 
parameters. Two-sided chi-square tests for association were 
computed to detect relationships between variables such 
as presence of thermo tolerant coliforms, high or low pH, 
and high turbidity with the sanitary risk score from various 

improved water sources. Statistical significance was assessed 
at a p-value level of 0.05.

The study also established the community knowledge, 
attitudes, and practices about water quality of improved 
water sources. A total of 249 participants aged 18 years and 
above found the respective improved water sources, were 
interviewed to assess their level of understanding of differ-
ent water quality parameters, water treatment methods, and 
dangers of drinking water contaminated.

For qualitative data, a pretested key informant guide was 
used in data collection. The corresponding author made 
arrangements with these key informants for this interview. 
They dictated the time and location for the interview, since 
we did not want to interrupt usual work progress. They all 
consent by signing the consent forms before starting the 
interview, and then, permission was sought to record the 
sessions to enable further transcription. The audios were 
later transcribed verbatim by two research assistants. The 
corresponding author reviewed the transcripts by listening to 
the audio and tallying it with the transcripts. The transcripts 
were all exported to ATLAS.ti for deductive thematic analy-
sis. The key themes that emerged informed the discussion 
section of this manuscript. The data collection tools were 
translated from English to the local language for use during 
data collection. The quantitative data were edited accord-
ingly to assess correctness and later entered into the STATA 
version 13 for analysis.

Results

The study was conducted among 249 improved water sources 
in Kibuku district as follows: deep boreholes (44.0%), public 
tap stands (47.6%), protected springs (5.6%), and rain-water 
harvesting tanks (2.8%), Fig. 1.

Bacteriological and physical quality of water

Among the water sources, slightly above average (59.7%) 
had no coliforms. However, 40.3% of the water sources had 
coliforms which were statistically significant (P ≤ 0.005) 
with the type of the water source and their risk categories 
(P = 0.002) at 95% CI (Table 1).

Regarding pH, two-thirds of the water sources (63.9%) 
had pH in the acceptable range according to WHO and 
UNBS (6.5–8.5). However, 35.3% of the water sources 
had acidic water (pH less than 6.4), while very few 
had basic/alkaline range (0.8%) (pH greater than 8.5). 
Concerning turbidity, the majority of the water sources 
(95.2%) had a turbidity of less than 5 NTU which was 
within the WHO and UNBS recommended levels. For 
electrical conductivity, most of the water sources (77.9%) 
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had their electrical conductivity/dissolved salts of 22.9%, 
which was beyond the WHO and UNBS recommended 
level.

Factors affecting water quality

Among the water sources, less than average (41.3%) had 
at least one of the mostly observed risk factors of poor 
latrine situation, agricultural practices, poor waste man-
agement, or no fencing of water sources, followed by 
29.3% that had all the four factors. In addition, 24.5% 
of the water sources had other risk factors such as use of 
dirty containers, clogged soak pits, access by animals, 
no functional water user committees at water points, and 
delayed cleaning of rain-water harvesting tanks, whereas 
4.8% had no risk factors. The sanitary risk score results 
below were statistically significant (P ≤ 0.001) with the 
identified risk factors at various improved water sources 
(Table 2).

Socio‑economic data of participants

Almost a third of the participants (32.9%) were aged 
between 26 and 35 years, almost half (40.2%) had attained 
at least primary level education, while slightly above third 
39.0% had a monthly income of USD 1.3–8 and majority 
were married (79.5%) (Table 3).

Community knowledge and attitude on water 
quality

Most of the participants only knew one type of water source, 
with wells and boreholes mostly reported (90.8%), and 90.0% 
knew at least one type of improved water source (deep bore-
hole). In addition, 85.1% of the participants knew at least 
one of the parameters (with color/turbidity and odor mostly 
reported parameters) used for assessing water quality, while 
41.0% did not know any of the common factors that could 
affect the quality of improved water sources. Most of the 

Fig. 1   Different water source 
types

44%

47.60%

5.60%

2.80%

Deep boreholes Public tap stands Protected springs Rain Water harvest tanks

Table 1   Thermo-tolerant 
coliforms per improved water 
sources

Pearson chi2(3) = 12.6941 Pr = 0.005

Type of improved water sources Acceptable CFUs 
(0/100 ml) (%)

Beyond acceptable CFUs 
(> 0/100 ml) (%)

Total

Deep boreholes 68 (62.4) 41 (37.6) 109
Public tap stands 75 (63.6) 43 (36.4) 118
Rain water harvest tank 1 (14.3) 6 (85.7) 7
Protected spring 4 (28.6) 11 (71.4) 14
Total 148 101 249
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participants (91.2%) knew at least one type of water treatment 
method (boiling was the most reported) with 90.5% of the 
participants knowing at least one of the dangers of drinking 
contaminated water (causing diseases was the most reported 
danger). Most of the participants believed that the quality of 
water from their water sources was always good (81.9%), 
with only 8.8%, believing that the quality of water was not 
good all the time. Less than half of the participants (41.2%) 
believed that the mandate/role of ensuring safe water was with 

the owner of water sources, followed by 38.6% who believed 
it should be the role of water user committees, and 4.8% who 
believed it is the role of the government/district (Table 4).

For the qualitative results, all respondents were males with 04 
employed as permanent civil servants in public service and 01 
directly elected to the district council and later assigned tempo-
rarily as secretary for works for about 5 years. The respondents 
had more than 5 years of experience. 03 of the respondents had 
bachelor’s degree, while two of them had diplomas. Many of 
the key informants believed that the quality of the water from 
their sources was good due to the many improved water sources 
available across the district, including those with existing chlo-
rine dispensers. However, it emerged that some key informants 
believed some water sources such as protected springs were 
contaminated, as well as public tap stands due to leakages from 
pipes, with some of them reporting complaints from consumers 
of water doubting the quality of water.

“Well, the quality of improved water sources here in the 
district is okay because I can say we use improved technol-
ogy. However, also remember that not all water can have 
the same quality like water from protected springs cannot 
be of the same quality like deep boreholes because pro-
tected springs derive their water from subsurface aquifers 
where as deep boreholes derive their water from lower 
aquifers.” Member of the District Health Team.
“I am not sure about the quality of water in the district 
from those improved water sources because the previous 
water quality monitoring reports have shown that some 
of them are contaminated and actually this made us to 
compare the results from our water laboratory with that 
of ministry of water and environment in Mbale last year 
in September (2019), as we wanted to be sure.” Member 
of the District Health Team.

Discussion

We interviewed people mostly aged 36–50 years with major-
ity having attained primary education. Majority of our 
respondents had an income range of USD 1.3–8 with many 

Table 2   Risk factors affecting the quality of Improved water sources

Pearson chi2(6) = 62.5201 Pr ≤ 0.001

Risk score Identified risks per improved water source

All four factors [poor latrine situation, agricultural practices, 
poor waste management, no fencing of water sources (%)]

At least one 
factor (%)

Any other risk 
factor (%)

None (%) Total (%)

Low risk 11 (9.8) 45 (40.2) 44 (39.3) 12 (10.7) 112
Medium risk 48 (44.4) 43 (40.0) 17 (15.7) 0 (0.0) 108
High risk 14 (48.3) 15 (51.7) 0 (0.0) 0 (0.0) 29
Total 73 103 61 12 249

Table 3   Socio-economic data of the participants

Parameter Frequency 
(n = 249)

Percentage (%)

Age (years)/social
 18–25 58 23.3
 26–35 82 32.9
 36–50 66 26.5
 > 50 43 17.3

Education level/social
 None 4 1.6
 Primary 100 40.2
 Secondary 98 39.4
 Tertiary 46 18.5

Average monthly income (USD)/economic
 < 1.3 30 12.1
 1.3–8 97 40.0
 8.1–13.3 40 16.1
 > 13.3 82 32.9

Marital status/social
 Single 43 17.3
 Married 198 79.5
 Divorced 1 0.4
 Widowed 6 2.4

Gender/social
 Males 127 51.0
 Females 122 49.0

Occupation/economic
 Agriculture 164 65.9
 Others (business, students) 85 34.1
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of them married and practicing agriculture. Our findings, 
furthermore, showed that a good number of water sources in 
the district had risk factors that directly affect the quality of 
water which could lead to water-borne diseases such as chol-
era, typhoid, dysentery, and other diarrheal-related diseases. 
A high occurrence of water-borne diseases leads to loss of 

productive time spent in the health facilities as well as the 
economic loss from the costs incurred by people undergoing 
treatment. In addition, the findings show a number of risk 
factors that directly deteriorate the quality of water in the 
area such as poor waste management, open defecation prac-
tice, poor situation of latrines, and agricultural activities.

Table 4   Knowledge and attitude on water quality

Parameter (s) Frequency 
(n = 249)

Percentage (%)

Mention of common water sources (public tap stands, wells, deep boreholes, protected springs, rivers)
 None of the above 4 1.61
 At least three and above 17 6.83
 Only one of the above 226 90.76
 Not answered 2 0.80

Mention of improved water sources (public tap stands, rain-water harvest tanks, deep boreholes, protected springs)
 None of these 21 8.43
 All the four 3 1.20
 At least one of the four 224 89.96
 Not answered 1 0.40

Mention of parameters for assessing water quality (pH, turbidity, EC, E. coli, temperature, smell)
 None of the above 29 11.65
 All parameters 4 1.61
 At least one parameter 212 85.14
 Not answered 4 1.61

Factors that affect quality of water (latrine situation, poor solid waste management, agricultural activities, no fencing)
 Mention of all four factors 14 5.62
 At least one of the factors 131 52.61
 None of the above 102 40.96
 Not answered 2 0.80

Methods for improving quality of water (boiling, chlorination, solar disinfection, sedimentation)
 None of these 10 4.02
 All these mentioned 11 4.42
 At least one of these 227 91.16
 Not answered 1 0.40

Dangers of drinking contaminated water (diseases, economic loss, loss of productive time, reputation loss due to outbreaks)
 None of these 9 3.73
 All these mentioned 1 0.41
 At least one of these mentioned 218 90.46
 Not answered 13 5.39

Belief on the quality of water
 Always good 204 81.9
 Changes during some seasons 17 6.8
 Not good 22 8.8
 None of above 3 1.2

Responsibility for improving water quality
 Owners 105 42.3
 Water user committee 96 38.6
 Government/district 12 4.8
 None of these 26 10.4
 Not answered 3 1.2



	 Sustainable Water Resources Management (2022) 8:50

1 3

50  Page 8 of 13

We interviewed almost the same gender (males and 
females), aged 36–50 years with majority having attained 
primary education. Majority of our respondents had an 
income range of USD 1.3 -8 with many of them married 
and practicing agriculture. These findings could be attrib-
uted to the fact that this was a rural-based district in eastern 
Uganda where most of the people practice subsistence farm-
ing for a living and could explain why many respondents 
were farmers. The water users are both males and females 
in such places and this could explain almost a similar gender 
distribution among the people interviewed. This differs from 
previous scenarios where only females went to fetch water. 
Kibuku district is among the poorest districts in Uganda 
and this could explain why majority of our respondents had 
such an income. This was period was a school going time 
in the education calendar of Uganda and could explain why 
we had few respondents below 25 years of age and so we 
had more chances of meeting adults but also our selection 
criteria which prioritized those above 18 years of age. Our 
study does not agree that with a global study by Bouman 
et al. (2020) which showed that women were highly affected 
with issues of water and sanitation across the world. Further-
more, our study findings deviate from study conducted by 
Murtaza et al. (2020) in Pakistan which showed that children 
are always heavily affected with challenges of water quality. 
There is need to have age- and occupation-specific sensitiza-
tions in such rural districts as it will enhance learning.

Our study found a substantial number of improved water 
sources with bacteriological contamination. This contami-
nation of water could be attributed to various risk factors 
that were identified in our study including poor situation 
of latrines where many were uphill and near water sources, 
poor solid waste management seen at various water sources, 
most of the water sources having children playing in the 
water, and the observed practice of open defecation greatly 
affect the bacteriological quality of water. The situation of 
water sources is contrary to the Public Health Act cap 281 
specifications which recommends at least 100 ft (30 m) from 
any water sources to the pit latrine. These factors would 
lead to ground contamination of such water sources through 
ground water movement but also leaching of effluents from 
decomposing waste water in such locations. This contamina-
tion could also be explained by the hydrogeological nature 
of the area which has deep porous aquifer in some parts. The 
porousness could be arising from the continued weathering 
of the bed rock. Therefore, there could be chances of ground 
contamination. Open defecation could contribute to feacal 
matter which can find its way into open water sources like 
wells or unprotected springs more so during rainy seasons. 
Our study findings are in agreement with a study done in 

Addis Ababa, Ethiopia which reported faecal/bacteriological 
contamination in various water sources including deep wells 
(Debela et al. 2018). Additionally, the public tap stands in 
our study also had microbial contamination which is similar 
to the findings to a study conducted in Ghana that showed 
that public infrastructure had faecal matter due to broken 
systems (Dongzagla et al. 2020; Prouty and Zhang 2016; 
Lagbas and Habito 2016). The public tap stands in this study 
area have their water tapped from a deep well located at the 
upper altitude at Tirinyi town council and pipes are used 
to transport this water to various areas. This deep well is 
treated and put in a reservoir tank located in the same loca-
tion. The discovery of E. coli among public tap stands raises 
questions on the effectiveness of the treatment efforts at the 
main reservoir tank or the pipes that transport this water 
after treatment. Other possible risk factors such as leakages 
in pipes, corroded pipes, and irregular cleaning of storage 
tanks could explain this. This finding is the novelty of our 
study in this area, since no attention had been put on this 
reservoir tank. There is need to emphasize the addition of 
residual chlorine at the reservoir tank which would protect 
water on transit, such that any bacteriological contamination 
along the way can be treated. In addition, there is need for 
care during geological siting of new water sources but also 
regular geological monitoring of the existing water sources 
from time to time by the Ministry of Water and Environment.

Our findings on the physico-chemical parameters like pH, 
conductivity, and turbidity were beyond the WHO drinking 
standards and this could be associated with the fact that the 
study was conducted during rainy season in this study area 
(April–June 2020) which could have affected the turbid-
ity of the water. This would be possible, since some water 
sources were not protected and, therefore, turbid surface run 
off would compromise the quality of such water sources. Our 
sanitary inspection also showed that agricultural activities 
specifically rice growing were conducted in the vicinity of 
the water sources and this would compromise the turbidity 
of the water. Furthermore, the hydrogeological nature of the 
area could predispose such water sources to contamination 
as the water goes through the clay layer located under the 
bedrock and this could affect its turbidity. In addition, it 
should be noted that the water from this had high conduc-
tivity an indication of more ions in the area which could 
contribute to the acidic nature for many water sources. This 
high salt (ions) content in such water hinders the uptake 
of such water, since it increases the hardness of water and 
some people do not like salty water. Our study findings are 
in agreement with a study conducted by Bwire et al. (2020) 
which was conducted in communities similar to our study 
area but also found turbidity, pH, and conductivity levels 
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above the WHO recommended levels. These results do not 
agree with a study conducted by Saturday et al. (2021) in 
western Uganda around Lake Bunyonyi which showed that 
the physico-chemical parameters of lake water were within 
the WHO drinking standards. There is need to improve the 
quarterly water quality monitoring conducted by the district 
water department to focus on what ions exist in the study 
area. Furthermore, there is need for deliberate efforts in 
addressing the sanitary risks at various water sources cou-
pled with protection of water sources.

The sanitary risk factors established in our study such as 
poor waste management, agricultural activities at the vicin-
ity of the water sources, dirty jerricans used, and no fencing 
of water sources to affect the quality of water from improved 
water sources have been found in other studies conducted 
in sub-Saharan Africa including proximity of septic tanks 
(Arwenyo et al. 2017; Adams et al. 2016). These septic 
tanks, if not well constructed and maintained, can lead to 
contamination of ground water hence are of public health 
concern.

The risk factors found in Kibuku district are partly due 
to the fact that most of these improved water sources had 
no functional water user committees to support their opera-
tion and maintenance. This could also explain the challenges 
faced by the Evidence Action Project Uganda in the district 
where a number of water sources had inactive water user 
committee members hence leaving few VHTs to supply 
and store chlorine to more than one water source. There is 
need to conduct refresher training for water user committee 
members so that they can appreciate their roles in ensuring 
protection of water sources from any form of contamination. 
Furthermore, the continued deterioration of water quality in 
the district could be attributed to the fact that water quality 
is not a key indicator reported by either the health depart-
ment or water department of the lower local government 
authorities, thus less prioritized by the stakeholders. These 
identified sanitary risk factors that lead to contamination 
of water sources need to be brought to the attention of the 
district health office and line ministries for attention through 
synchronized reporting system from water sources through 
VHTs or any water user committee to the national level. This 
will trigger action but also highlight for the future partners 
the gaps that need attention.

Ideally, people in communities who have sufficient knowl-
edge on various water sources, improved water sources, dan-
gers of consuming contaminated water, and parameters of 
water quality. This is very important in deciding the which 
water source to get water from but also appreciate the need 
to treat or store water safely in bid to maintain good health. 
The health belief model (HBM) concept of perceived sus-
ceptibility would be appreciated if the community members 

knew the risks they are exposed to. Our study established 
that community knowledge on some key water quality issues 
such as improved water sources, parameters for water qual-
ity, and water treatment methods need to improve, since 
many people knew little about pertinent parameters. These 
low levels on all water parameters which would be criti-
cal decision-making could be attributed to low sensitization 
done by the water user committees or VHTs and techni-
cal staff like the Assistant/Environmental Health officers or 
community development officers. It was evident that some 
water user committees (WUC) were non functionable but 
even those with WUC few did not have record of sensitiza-
tion sessions for each water source. A number of admin-
istrative areas commonly known as sub-counties or town 
councils (Nandere, Kakutu, Kenkebu, Kadama Sub County, 
Bulangira subcounty, Goligoli, Nankodo) did not have tech-
nical staff who could champion these initiatives in such areas 
of jurisdiction.

Most of the participants only knew one type of water 
treatment method (boiling), which still shows the urgent 
need to have more sensitization, such that they can appreci-
ate other treatment methods like use of chlorine disinfection. 
This method has been promoted by Evidence Action Uganda 
through installation of chlorine dispensers, and it has been 
established in studies conducted in Kenya, Uganda, and 
Malawi that people who had knowledge about chlorine were 
3.2 times more likely to use them (Kahuho et al. 2019). Most 
of the participants only knew leading to diarrheal diseases 
as the danger of drinking contaminated water, while still a 
section of participants knew none. This finding is related 
to other studies conducted in Nigeria (Okoh et al. 2020), 
Kenya, Uganda, and Malawi that showed that community 
empowerment through sensitization in a bid to increase their 
knowledge levels would greatly influence the uptake of safe 
water from various water sources (Kahuho et al. 2019).

These findings on community knowledge on water quality 
are in line with the other studies conducted in Uganda where 
community’s knowledge and practices about the safe water 
chain were low (Ssemugabo et al. 2019; Musoke et al. 2018). 
These studies were done in slum areas of Kampala among 
people of low economic class which has relatively similar 
socio-demographics of our study area. Our study findings 
are in agreements conducted in Australia as reported by 
Russell et al. (2020) who reported that most people make 
decisions on either to consume water basing on the physical 
appearance of water but also considered boiling as the most 
appropriate water treatment method. Similar results were 
also reported in Indonesia where it was clear that commu-
nity behavioral models are critical in ensuring water quality 
maintenance (Syafri et al. 2020).
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There is need to conduct routine community sensitiza-
tion on all key parameters of water quality; also, refresher 
trainings for the WUC would build a sustainable workforce. 
This would also contribute to better understanding of water 
quality, hence improving their practices regarding operation 
and maintenance of water sources. Furthermore, there is also 
need to recruit technical staff and facilitate their field activi-
ties to ensure execution of water safety tasks and agenda. 
This would contribute to the country’s realization of sustain-
able development goal #6.

In addition, the absence of/inactive physical planning 
committees in most of the district lower local governments 
(sub-counties and town councils) as established in our study 
is similar to other studies conducted across Africa inactive or 
nonexistent planning committees can be attributed to the ear-
lier centralized recruitment process by most African coun-
tries, which limits the enforcement of policies and bylaws 
for the safety of such rural water supplies. This limitation 
leaves communities with compromised physical develop-
ments that greatly affect the geological and soil composition, 

hence influencing the quality of water (Whaley et al. 2019; 
Godfrey et al. 2018).

The poor attitude of community members about water 
quality as established in our study is in agreement with 
another study conducted in Rakai district, Uganda, where 
poor attitudes toward operation and maintenance of water 
sources were due to low sensitization for their low knowl-
edge levels, as well as their low levels of education (Murd-
uca 2018). In our study, a good proportion of the participants 
believed that it was the government or district leadership or 
water user committee role to ensure the safety of the water. 
This could be an issue of less information on the burden of 
water quality to household income or productive time. There 
is a need to change this poor mindset among community 
members if improvement in water quality is to be achieved. 
Indeed, with improved attitudes of the community, they are 
likely to see themselves as being responsible for ensuring the 
safety of the water they use hence put in place appropriate 
measures that will ultimately contribute to the realization 
of the sustainable development goal 2030 (6.2) that is by 

Fig. 2   Map of Uganda showing Kibuku district and location of water sources studied
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2030, achieve access to adequate and equitable sanitation 
and hygiene for all and end open defecation, paying spe-
cial attention to the needs of women and girls and those 
in vulnerable situations. This finding community attitude 
is in agreement with a study conducted in Zimbabwe that 
showed that water user committees play a significant role in 
sustaining the functionality of water sources in rural areas 
(Kativhu et al. 2022). Further studies conducted in Malaysia 
were in agreement with our findings and reported the need 
to improve community participation in water management 
as a sustainable model for water quality (Ahmed et al. 2020).

Our study had a number of strengths including: data were 
collected from various sources including boreholes, wells, 
springs, and rain-water harvest tanks. Also, variety of inves-
tigations were conducted including water quality analysis, 
sanitary inspection of water sources, questionnaire survey 
among community members, and key informant interviews, 
which enabled triangulation of findings, and our study is 
the first of its kind in this study area exploring diversity of 
water sources in this study area. We provide information 
on possibility of contamination of public tap stands aris-
ing from main reservoir tanks which previously had been 
assumed to be well maintained and protected from any form 
of contamination. This study could potentially inform some 
actions from policy makers and safe water advocates across 
the world about likely sanitary risks to water quality in such 
limited resourced countries. However, this study also had 
limitations. For examples this study was conducted during 
lockdown in Uganda when schools and other institutions 
were closed due to the COVID-19 pandemic, and water 
points near or in school compounds were not functional; 
hence, the earlier intended sample size of 289 could not be 
achieved. In addition, another limitation of our study is that 
it did not conduct geological quality assessments but also 
specific tests on the type of ions that could be contributing 
to the high turbidity of water in the area, hence the inability 
to attribute these high turbidity levels /dissolved salts to a 
particular one for future directed intervention. Finally, the 
study was conducted during a rainy season (April, May, and 
June 2020); hence, the results may not be consistent with 
other seasons of the year.

Conclusions

Some water sources in Kibuku district had physico-chemical 
and bacteriological contamination beyond the WHO recom-
mended levels, and this calls for feasible and sustainable 
water treatment methods for a rural-based and low-income 
earner. Majority of the water sources had sanitary risks 
which exposes the water to contamination; there is need for 
empowerment of water source management committees for 
better operation and maintenance of these improved water 

sources. We recommend more studies on identification of 
ions contributing to high conductivity of water in such water 
sources and cost–benefit analysis of efforts of chlorination 
project that has been in the study area for the 8 years (Fig. 2).

Appendix: Supplementary materials

The team has also attached some supplementary materi-
als to aid the review process like the Approval letter from 
Mbarara University of Science and Technology Research 
Ethics Committee ( labelled as Approval letter), Approval 
letter from Uganda National Council of Science and Tech-
nology (UNCST), Also responses from the key informants 
that were interviewed labelled as KI responses, Also the 
quantitative data collected about the water sources (labelled 
as Last water) and lastly the sampling frame that was gener-
ated from the 947 water sources in Kibuku district (labelled 
as Kibuku sources).
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