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Abstract: This cross-sectional investigation was conducted in the Savio health Area, within
Tabacongo Neighbourhood, a peri-urban area of Lubumbashi City in the Democratic
Republic of the Congo. The researchers carried out face-to-face interviews with heads of
121 households utilizing a structured questionnaire. The study examined variables such as
the use of well water, hygiene practices related to containers and hand-dug wells, and
the proximity of the well from sanitation facilities in relation to the incidence of
waterborne diseases. Among the participants, 56% were women; the average age was 46
years, and 42% had attained secondary education or higher. Trading emerged as the
predominant occupation, accounting for 46% of respondents. The results indicated that
64% of households reported instances of diarrhoea, 62% noted cases of typhoid fever, and
19% experienced cholera. The analysis identified a relationship between well water usage
and diarrhoea, typhoid fever and intestinal parasitosis, mediated through multiple
factors, including the well proximity to potential sources of contamination, and user
practices in handling the water. The utilization of hand-dug well water combined with
inadequate cleanliness standards for both containers and wells significantly increases the
risk of illness from these diseases. This research underscores the urgent need to enhance
hygiene practices and improve management of water sources to reduce disease incidence.
Further investigations incorporating bacteriological testing are essential for a more
comprehensive understanding of contamination pathways.
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INTRODUCTION

The availability of safe drinking water is a significant public health issue in sub-Saharan
Africa (SSA). Although advancements have been made in pursuit of Sustainable Development
Goal 6, which aims to ensure clean water and sanitation for everyone, millions within the
region still depend on unimproved water sources, notably hand-dug wells [1].

In the Democratic Republic of the Congo (DRC), research on hand-dug well water and
waterborne diseases has emerged as a critical area of inquiry due to the widespread reliance
on groundwater sources, amid inadequate sanitation infrastructure, and the high burden of
waterborne illnesses. With a population exceeding 100 million, the DRC faces persistent
challenges in providing safe drinking water, particularly in suburban and rural areas where
hand-dug wells are common [2-3]. While these traditional sources are crucial for accessing
groundwater in regions without formal infrastructure, they often act as conduits for
waterborne diseases. This contamination can result from human and animal waste,
substandard construction methods, and insufficient maintenance practices [4].
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Hand-dug wells are manually excavated shallow groundwater sources. In contrast to
boreholes, which are created using machinery, hand-dug wells possess a broader diameter
and are less deep, making them more vulnerable to contamination from surface water.

On the other hand, waterborne diseases, which are illnesses caused by harmful germs
found in polluted water, pose a significant problem for people living in SSA. Diarrhoeal
diseases, in particular, are a major cause of illness and death, especially among children
under five years old. In 2021, around 1.2 million people died from diarrheal diseases. That
was equivalent to all violent deaths combined. The World Health Organization estimates
that around 829,000 people die from diarrhoea each year due to unsafe drinking water, lack
of sanitation facilities, and poor hygiene practices, with low-income countries being hit the
hardest[5]. Although the connection between contaminated water sources and disease
propagation has been extensively documented, communities with limited options continue
to depend on hand-dug wells. Regional disparities in infection rates have also been reported
[6-8].

Existing research reveals the role of hand-dug wells as vulnerable water sources, and
the influence of environmental and behavioural factors on contamination and disease
prevalence [9-12]. Understanding this connection is essential for developing effective
strategies that protect public health while maintaining access to vital water resources in
resource-constrained regions. Moreover, factors influencing contamination, including
hygiene practices, water storage, and environmental conditions, remain underexplored in
DRC [13-15]. This knowledge gap impedes the development of targeted interventions and
policies, potentially perpetuating disease transmission and undermining public health
efforts [16-17].

This study aims to identify the factors that facilitate the emergence of these diseases
and to evaluate how dependence on water from hand-dug wells affects the prevalence of
such illnesses in households located in a peri-urban area in the DRC.

MATERIALS AND METHODS

Sampling Method

To ensure the randomness of the selection process, a three-step sampling methodology was
implemented to identify the households for the survey. The initial step involved the random
selection of some streets from a comprehensive list encompassing all streets in the Savio
Locality. In the subsequent stage, dwelling plots were randomly chosen within each street
selected during the first step, following a thorough census. This selection considered the
sampling fraction derived by dividing the number of surveyed plots by the allocated sample
size for that particular street. It is important to note that only those dwelling plots equipped
with hand-dug wells were included in this study. Finally, in the third stage, one household
within each selected dwelling plot from the previous stage was randomly chosen for
interviews using a mobile application.

Study Area

The study took place in September 2022 within the Savio Health Area, depicted in Figure 1,
which has a total population of 26,412 individuals. This region is part of the Tabacongo
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neighbourhood, located within the Kampemba Health District of the Kampemba Municipality
in Lubumbashi, Democratic Republic of the Congo (DRC). Furthermore, the Tabacongo
neighbourhood is in proximity to both the industrial district and the BRASIMBA brewery.
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Figure 1: The map of the study area adapted from OpenStreetMap data
https://rues-rd-congo.openalfa.com/taba-congo

Data Collection Technique
The data were collected at the home of the participants by a face-to-face interview using

a pre-established, structured questionnaire. The questionnaire was administered to either
the household head or his/her representative who gave an oral consent to participate in the

study.

Data Management
Data were entered using a standardized data structure created in IBM SPSS [18], cleaned,

converted into csv format and then transferred to R [19] for analysis.

Variables

Information About the Household Head
Gender (male or female); Age in years, Professional occupation of the household head,

Education attained which entails the last certificate obtained if any; and household size

given by the number of household members.
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Information About the Water Used by the Household Members

The participant was asked about the drinking water source and any method used to treat
the hand-dug well water. The fieldworker assessed the bucket and rope used to retrieve
water from the well and the well maintenance then noted each as clean or unclean.

Dependent Variables

Participants reported any occurrence of four waterborne infections (diarrhoea, typhoid
fever, cholera and intestinal worms) in their households within the 2 weeks preceding the
interview.

Data Analysis

Data were summarized by employing counts (n) and percentages (%) for categorical
variables, while numerical data were represented using mean values and standard
deviations (SD). The four categorical response variables were cross-tabulated with each of
the influencing factors, followed by the application of a chi-square (y?) test for
independence to assess their univariate associations. Additionally, a logistic regression
model was constructed with each waterborne disease serving as the response variable. All
socio-demographic factors and characteristics of hand-dug wells were included in the model
to identify which variables exhibited independent association with the studied waterborne
diseases. The anti-log of the estimates along with 95% confidence intervals (Cl) were
computed to derive the Odds Ratios (OR).

RESULTS
Socio-demographic Characteristics

A total of 121 households participated in this study. The socio-demographic and
occupational profiles of the heads of these households are detailed in Table 1. A notable
56% of these households were led by females. The average age of the household heads was
46 years (SD=16), with ages spanning from 21 to 88 years. Among the participants, 42% had
attained a higher level of education, specifically at least secondary education. Furthermore,
18 out of the 121 participants were classified as unemployed, housewives, or lacking formal
employment. Additionally, 32 household heads, constituting 27%, reported being employed
as civil servants. On average, each household comprised 5.7 members, with a standard
deviation of 2.55. Household sizes varied from a single individual to as many as 12 members;
interestingly, the median number of individuals per household was found to be 5.

Characteristics of Hand-dug Well and Water Handling Hygiene

Table 1 presents a summary of the attributes associated with hand-dug wells and the
hygienic practices linked to water management.

» Primary source of drinking water: A significant proportion of households, specifically
78 (65%), obtain their drinking water from boreholes. In contrast, only 26 out of 121
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households (21%) utilize water from hand-dug wells, while the remaining 17
households (14%) rely on piped or bottled water.

» Proximity to sanitation facilities: Slightly more than one-quarter of households,
totalling 31 (26%), have constructed their wells at least six meters away from
sanitation facilities, a distance that is generally considered safe from faecal
contamination.

» Household Water Treatment: Point-of-use water treatment techniques serve as a
protective measure against waterborne pathogens, even in instances where the
source water is compromised. In this study, 20 participants (17%) indicated that they
employed chlorination, while the majority, comprising 73 households (60%), reported
boiling their water. Additionally, 28 participants (23%) utilized purification methods
that included filtration.

» Hygiene of the Water Retrieval Container and Well Maintenance: Approximately half
of the surveyed individuals used clean buckets and ropes for drawing water from the
well. Furthermore, 43 participants (36%) ensured proper maintenance of their wells.

Table 1: Summary of sample characteristics

Characteristic N =121

Gender, n (%)

Female 68 (56%)
Male 53 (44%)
Age (yrs), Mean (SD) 46 (16)

Age (yrs), n (%)

20-29 3 (19%)
30-39 38 (31%)
40-54 3 (27%)
55+ 27 (22%)

Household size, Mean (SD) 5.69 (2.53)

Household Size, n (%)

1-4 40 (33%)
5-7 48 (40%)
8+ 33 (27%)

Education attained, n (%)

Lower 70 (58%)

Upper 51 (42%)

Occupation, n (%)

None 18 (15%)
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Independent 70 (58%)
Official 32 (27%)
Unknown 1

Drinking water source, n (%)

Piped or Bottled 17 (14%)
Borehole water 78 (64%)
Well water 26 (21%)

Distance to toilets, n (%)
< 6m 90 (74%)
>=6m 31 (26%)

Water treatment, n (%)

Chlore 20 (17%)
Boiling 73 (60%)
Purification 28 (23%)

Retrieval container, n (%)

Unclean 60 (50%)
Clean 60 (50%)
Unknown 1

Well maintenance, n (%)
Unclean 78 (64%)
Clean 43 (36%)

Waterborne Diseases

» Diarrhoea: Among the 121 household heads surveyed, 77 individuals (64%) indicated
that at least one member of their household experienced an episode of diarrhoea
within the two weeks preceding the interview.

» Typhoid fever: During the same timeframe, typhoid fever was reported in 75
households (62%).

» Other diseases: Additionally, a smaller number of cases were noted, with 23
households (19%) reporting instances of cholera and 26 households (19%) citing
occurrences of intestinal worms.

Factors Associated to Waterborne Diseases
Diarrhoeal Disease

Table 2 presents a summary of the bivariate analysis conducted to explore the relationship
between several factors and the incidence of diarrhoea within households. The analysis
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identified five specific factors that were statistically associated with the occurrence of
diarrhoea:

>

Occupation of the household head: It was observed that 94% of individuals without
formal employment reported experiencing diarrhoea in their household, in contrast
to only 59% from other occupational categories (p=0.015).

Proximity to sanitation facilities: The analysis revealed that households with hand-
dug well located within 6 meters of sanitation facilities experienced a diarrhoea rate
of 72%, compared to a significantly lower rate of 39% for those with toilets situated
at least 6 meters away from hand-dug wells (p<0.001).

Source of Drinking Water: Among households utilizing well water, 88% reported
instances of diarrhoea, in contrast to 65% of those consuming piped or bottled water
and 55% of households relying on borehole water (p=0.009).

Hygiene of Retrieval Container: Of the households using unclean retrieval buckets,
82% experienced occurrences of diarrhoea, compared to only 45% among those
employing clean buckets (p<0.001).

Well Maintenance: In households with properly maintained wells, 51% reported cases
of diarrhoea, while this figure rose to 71% for those with poorly maintained wells
(p=0.034).

Table 2: Summary of the household characteristics by Diarrhea Occurrence

Diarrhoea
Characteristic No Yes Overall | p-value’
N=44 |N=77 | N=121
Gender, n (%) 0.78
Female 24 (35) | 44 (65) | 68 (100)
Male 20 (38) | 33 (62) | 53 (100)
Age (yrs), n (%) 0.20
20-29 10 (43) | 13 (57) | 23 (100)
30-39 15 (39) | 23 (61) | 38 (100)
40-54 7 (21) |26 (79) | 33 (100)
55+ 12 (44) | 15 (56) | 27 (100)
Household Size, n (%) 0.090
1-4 11 (28) | 29 (73) | 40 (100)
5-7 16 (33) | 32 (67) | 48 (100)
8+ 17 (52) | 16 (48) | 33 (100)
Education attained, n (%) 0.83
Lower 26 (37) | 44 (63) | 70 (100)
Upper 18 (35) | 33 (65) | 51 (100)
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Occupation, n (%) 0.015
None 1(5.6) | 17 (94) | 18 (100)
Independent 29 (41) | 41 (59) | 70 (100)
Official 13 (41) | 19 (59) | 32 (100)
Unknown 1 0 1

Drinking water source, n (%) 0.009
Piped or Bottled 6 (35) | 11 (65) | 17 (100)
Borehole water 35 (45) | 43 (55) | 78 (100)

Well water 3(12) | 23 (88) | 26 (100)
Distance to toilets, n (%) <0.001
< 6m 25 (28) | 65 (72) | 90 (100)

>=6m 19 (61) | 12 (39) | 31 (100)

Water treatment, n (%) 0.93
Chlore 7 (35) | 13 (65) | 20 (100)

Boiling 26 (36) | 47 (64) | 73 (100)
Purification 11 (39) | 17 (61) | 28 (100)
Retrieval container, n (%) <0.001
Unclean 11 (18) | 49 (82) | 60 (100)

Clean 33 (55) | 27 (45) | 60 (100)
Unknown 0 1 1

Well maintenance, n (%) 0.034
Unclean 23 (29) | 55 (71) | 78 (100)

Clean 21 (49) | 22 (51) | 43 (100)
'Pearson’s Chi-squared test

Given the interconnectedness of the various factors analysed, we utilized a
comprehensive multivariate analysis model that encompassed all collected variables to
evaluate their independent effects. Among the five identified factors, only proximity to
sanitation facilities and the cleanliness of the retrieval container showed a significant
correlation with the occurrence of diarrhoea in households. The results from this analysis
are depicted in Figure 2.
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Diarrhoea Occurrence: OR (95% CI, p-value)
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5 |
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Figure 2: Factors associated to Diarrhea Occurrence

Participants whose wells were located at least 6 meters away from sanitation
facilities reported significantly lower odds of experiencing diarrhoea compared to those with
wells situated nearer to these facilities, with an odds ratio (OR) of 0.15 [95% C.I.: 0.04 to
0.53]. In a similar vein, households using clean retrieval containers had significantly reduced
odds of experiencing diarrhoea compared to those utilizing unclean containers, with an OR
of 0.10 [95% C.I.: 0.02 to 0.36].

Notably, households that employed a maintained hand-dug well exhibited odds of
experiencing diarrhoea that were 2.92 times higher than those using an unmaintained well;
however, this observation did not attain statistical significance.

Typhoid Fever

Similar patterns, resembling those observed in diarrheal diseases, were detected in relation
to Typhoid fever, as detailed in Table 3.

» Proximity to Sanitation Facilities: A comparative assessment indicates that the
distance from hand-dug wells to sanitation facilities—specifically toilets located
within 6 meters—correlates with an increased incidence of Typhoid fever, reported
at 68%. Conversely, the prevalence of Typhoid fever significantly decreases to 45%
when toilets are positioned at least 6 meters away from the well (p<0.001).

» Source of Drinking Water: Among households relying on well water, 81% reported
cases of Typhoid fever, compared to 71% of households using piped or bottled water
and 54% of those depending on borehole water (p=0.037).

» Hygiene of Retrieval Containers: In households utilizing unclean retrieval buckets,
85% indicated occurrences of Typhoid fever, whereas only 40% of households with
clean buckets reported such instances (p<0.001).

> Well Maintenance: Of the households that described their wells as clean, 33%
experienced cases of Typhoid fever; this is contrasted by a staggering 78% among
those with poorly maintained wells (p<0.001).
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The multivariate logistic regression model demonstrated a significant relationship
between the incidence of Typhoid fever and both the cleanliness of retrieval containers and
the maintenance status of the wells. The results from this model are presented in Figure 3.

Table 3: Summary of the household characteristics by Typhoid Fever Occurrence

Typhoid Fever
Characteristic No Yes Overall | p-value’

N=46 |N=75 | N=121
Gender, n (%) 0.96
Female 26 (38) | 42 (62) | 68 (100)
Male 20 (38) | 33 (62) | 53 (100)
Age (yrs), n (%) 0.38
20-29 12 (52) | 11 (48) | 23 (100)
30-39 15 (39) | 23 (61) | 38 (100)
40-54 10 (30) | 23 (70) | 33 (100)
55+ 9(33) | 18 (67) | 27 (100)
Household Size, n (%) 0.41
1-4 16 (40) | 24 (60) | 40 (100)
5-7 15 (31) | 33 (69) | 48 (100)
8+ 15 (45) | 18 (55) | 33 (100)
Education attained, n (%) 0.60
Lower 28 (40) | 42 (60) | 70 (100)
Upper 18 (35) | 33 (65) | 51 (100)
Occupation, n (%) 0.32
None 4(22) | 14 (78) | 18 (100)
Independent 29 (41) | 41 (59) | 70 (100)
Official 12 (38) | 20 (63) | 32 (100)
Unknown 1 0 1
Drinking water source, n (%) 0.037
Piped or Bottled 5(29) |12 (71) | 17 (100)
Borehole water 36 (46) | 42 (54) | 78 (100)
Well water 5(19) | 21 (81) | 26 (100)
Distance to toilets, n (%) 0.025
< 6m 29 (32) | 61 (68) | 90 (100)
>= 6m 17 (55) | 14 (45) | 31 (100)
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Water treatment, n (%) 0.77
Chlore 9 (45) | 11 (55) | 20 (100)

Boiling 27 (37) | 46 (63) | 73 (100)
Purification 10 (36) | 18 (64) | 28 (100)
Retrieval container, n (%) <0.001
Unclean 9 (15) | 51 (85) | 60 (100)

Clean 36 (60) | 24 (40) | 60 (100)
Unknown 1 0 1

Well maintenance, n (%) <0.001
Unclean 17 (22) | 61 (78) | 78 (100)

Clean 29 (67) | 14 (33) | 43 (100)
'Pearson’s Chi-squared test

Typhoid Fever Occurrence: OR (95% ClI, p-value)
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Figure 3: Factors associated to Typhoid Fever Occurrence

Cholera

Our research found no relationship between the occurrence of cholera and any household
attributes or practices related to the upkeep of hand-dug wells or methods for water
treatment.

Intestinal worms

» Proximity to Sanitation Facilities: The analysis indicates that households with hand-
dug wells located within a 6-meter radius of sanitation facilities exhibit a substantial
increase in the prevalence of intestinal worms, rising to 27%. In contrast, when
toilets are situated at least 6 meters away from the well, the incidence of intestinal
worms significantly decreases to just 6.5% (p<0.018). This finding emphasizes the
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urgent necessity for maintaining an adequate distance between water sources and
sanitation facilities to reduce health risks.

» Source of Drinking Water: The research revealed that 54% of households dependent
on hand-dug well water reported cases of intestinal worms, whereas only 12% of
those utilizing piped or bottled water and 13% of those sourcing water from boreholes
experienced similar occurrences (p<0.001).

» Hygiene of Retrieval Containers: Among households using unclean retrieval buckets,
30% reported the presence of intestinal worms. In comparison, only 13% of those who
kept their buckets clean encountered equivalent issues (p<0.027). This underscores
the considerable influence that hygiene practices can have on health outcomes.

The multivariate logistic regression analysis indicated that no individual factor was
found to be independently associated with the presence of intestinal worms.

DISCUSSIONS

The research revealed a significant prevalence of diarrhoea, typhoid fever, cholera, and
intestinal parasitosis among households that utilize water from hand-dug wells in a peri-
urban area of Lubumbashi, DRC. This observation is supported by various studies that have
established a connection between the consumption of contaminated water from hand-dug
wells and the heightened incidence and prevalence of waterborne diseases in SSA [6-7,20-
23]. In recent decades, research conducted in the DRC has highlighted frequent occurrences
of cholera, typhoid fever, and diarrhoeal diseases associated with water sources that are
contaminated [24-25].

We employed self-reported health outcomes in our study. This approach is known to
potentially introduce biases related to recall and reporting, which could result in the
misclassification of disease status and weaken the associations observed with water and
sanitation variables[7,26-29]. However, we argue that these biases are likely to have only a
minimal impact on the indicators without undermining the validity and reliability of the data
obtained. Self-reporting emerged as the most practical and economical method for swiftly
collecting responses to the closed-ended questions presented.

In the DRC, the relationship between contamination of hand-dug well water and the
incidence of waterborne diseases is shaped by various factors. These include the
construction techniques employed for the wells, their proximity to potential contamination
sources, and user practices regarding water handling.

The proximity of hand-dug wells to pit latrines is a critical factor influencing the risk
of waterborne diseases. This observation underscores the pressing need to maintain an
adequate distance between water sources and sanitation facilities to mitigate health risks.
The recommended separation distance is typically between 15 to 30 meters; however, our
research indicates that risks can be discerned even at a reduced threshold of 6 meters.
Given that many residential areas face spatial constraints, leading to shorter distances
between hand-dug wells and sanitation facilities, our findings are consistent with those of
other scholars who have shown that decreased distances are associated with heightened
microbial contamination [9,15,20, 30-37].
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A further set of factors identified as significant in the correlation between the use
of hand-dug water sources and the incidence of waterborne diseases includes behavioural
determinants, such as hygiene practices and methods of water handling. These factors serve
as essential mediators of both contamination and disease risk. Our research indicates that
maintaining adequate cleanliness of hand-dug wells, as well as the buckets and ropes
utilized for drawing water, serves to mitigate disease risk.

Our results underscore the importance of the proximity of pit latrines and inadequate
sanitation practices in facilitating microbial contamination of hand-dug wells. This supports
existing theories regarding faecal-oral transmission pathways associated with groundwater
sources. Evidence has been found indicating that wells situated within unsafe distances from
sanitation facilities are at a heightened risk for disease, thereby confirming the
susceptibility of shallow groundwater to contamination from onsite sanitation systems [30-
31,37].

Participants reported a relatively high incidence of cholera; however, the validity of
this statistic is uncertain. This study was carried out during a period when no official cholera
outbreak had been documented in the area. It is recognized that Vibrio cholerae, the
bacterium responsible for cholera, has been detected in hand-dug wells in various
investigations across SSA [38]. Current literature presents inconsistent results concerning
the presence of pathogens such as Vibrio cholerae in well water, with some studies
indicating significant levels of contamination while others show no detectable bacteria
during outbreaks [25,39-40]. Cholera remains endemic in many regions within this area, with
sporadic outbreaks causing substantial morbidity and mortality. Hand-dug wells may serve
as both transmission vectors for cholera and reservoirs where V. cholerae can persist
between epidemic events. However, the precise incidence of cholera reported in this
research is unclear due to the lack of clinical assessments of household members or
bacteriological testing of the hand-dug well water.

CONCLUSIONS

The results challenge the oversimplified perspective that enhancing water sources alone is
adequate for reducing disease rates. They emphasize the importance of evaluating the
quality of sanitation infrastructure, the state of clean wells, and consumer behaviours
related to water usage when analysing the spread of waterborne diseases.

The reliance on hand-dug wells and insufficient hygiene practices concerning
containers and wells correlate with higher instances of waterborne diseases in the studied
area. The research underscores the critical need to enhance hygiene practices and manage
water sources effectively to reduce disease prevalence. Additionally, further investigations
that include bacteriological testing are crucial for a more thorough understanding of the
contamination dynamics observed in this study.
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