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Abstract
Introduction: Waterborne diseases remain a major public health challenge in developing countries, particularly in the Democratic Republic of the Congo (DRC), where access to safe drinking water and adequate sanitation facilities is limited. Bongondjo District, a peri-urban area of Mbandaka, experienced a notable increase in waterborne disease cases between 2020 and 2021. This study aimed to identify the factors contributing to the resurgence of waterborne diseases in Bongondjo District.
Methods: A community-based cross-sectional descriptive and analytical study was conducted from January 2020 to December 2021 in Bongondjo District, Wangata Commune, Mbandaka, DRC. A total of 100 households were selected using simple random sampling. Data were collected using structured questionnaires, direct observation, and interviews. Descriptive statistics (frequencies and percentages) were computed. Chi-square tests were used to examine associations between environmental factors and disease occurrence.
Results: The sample was predominantly female (58%) and aged 28–37 years (38%). The main water sources were unprotected wells (40%) and rivers (15%); 68% of households did not treat water before consumption. Water storage in open containers was practiced by 45% of households. Sanitation was inadequate: 30% lacked latrines, 50% used open dumps for waste disposal, and 55% had wells located within 15 meters of latrines. Stagnant water was present in 65% of households, and 60% had never received hygiene education. The most frequent waterborne diseases were diarrhea (45%), typhoid fever (30%), parasitic infections (15%), and cholera (10%). Significant associations were found between water treatment and disease occurrence (p < 0.05), latrine availability and disease occurrence (p < 0.01), and distance between wells and latrines (p < 0.001).
Conclusion: The resurgence of waterborne diseases in Bongondjo District is multifactorial, driven by consumption of unsafe water, inadequate sanitation, poor hygiene practices, lack of community awareness, and poverty. Multisectoral interventions—improving water supply, promoting household water treatment, constructing sanitation infrastructure, and conducting sustained hygiene education—are urgently needed.
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1. Introduction
1.1. Background
Waterborne diseases constitute a major public health burden in low- and middle-income countries, particularly in sub-Saharan Africa. According to the World Health Organization (WHO, 2018), approximately 2 billion people globally consume water contaminated with fecal matter, leading to an estimated 485,000 diarrheal deaths annually. The most common waterborne diseases include cholera, typhoid fever, acute diarrhea, dysentery, and intestinal parasitic infections, which disproportionately affect children under five years, pregnant women, and socioeconomically disadvantaged populations.
In the Democratic Republic of the Congo (DRC), access to safe drinking water and adequate sanitation remains a critical challenge. According to UNICEF (2019), only 52% of the urban population has access to improved water sources, and sanitation coverage is even lower. Recurrent outbreaks of cholera, typhoid fever, and other waterborne diseases are documented across the country, particularly in peri-urban areas where infrastructure is inadequate and poverty is widespread (WHO, 2023).
Mbandaka, the capital of Équateur Province, is a rapidly growing city with a population of approximately 1.2 million. Like many Congolese cities, it faces significant water and sanitation challenges: unprotected wells, inadequate waste disposal, poor drainage, and limited hygiene education. Bongondjo District, a peri-urban area within Wangata Commune, has been particularly affected.
1.2. Problem Statement
Between 2020 and 2021, health facilities in and around Bongondjo District reported a notable increase in cases of waterborne diseases, including diarrhea, typhoid fever, and cholera. This resurgence occurred despite periodic awareness campaigns by health authorities and local organizations. The persistence of these diseases raises critical questions about the underlying determinants.
This study sought to answer the research question: What are the factors responsible for the resurgence of waterborne diseases in Bongondjo District between 2020 and 2021?
1.3. Objectives
General objective: To identify the factors responsible for the resurgence of waterborne diseases in Bongondjo District between 2020 and 2021.
Specific objectives:
1. To determine the main waterborne diseases encountered in Bongondjo District.
2. To identify environmental and socioeconomic factors favoring these diseases.
3. To assess the population's level of knowledge regarding hygiene practices.
4. To propose prevention and control strategies for waterborne diseases.
1.4. Hypotheses
· H₁: Consumption of unsafe water is significantly associated with the occurrence of waterborne diseases in Bongondjo District.
· H₂: Inadequate sanitation infrastructure (lack of latrines, poor waste disposal, proximity of wells to latrines) is significantly associated with the resurgence of waterborne diseases.
· H₃: Poor hygiene practices (lack of handwashing, unsafe water storage) contribute to the high prevalence of waterborne diseases.
· H₄: Low levels of community awareness and hygiene education are associated with increased disease occurrence.
2. Methods
2.1. Study Design and Setting
A community-based cross-sectional descriptive and analytical study was conducted from January 2020 to December 2021 in Bongondjo District, Wangata Commune, Mbandaka city, Équateur Province, Democratic Republic of the Congo.
Bongondjo District is bounded to the north by Port Mayele, to the south by Bolenge District, to the east by Ituri District, and to the west by the Congo River. The district has an estimated population of approximately 15,000–20,000 residents, with mixed housing types and limited public infrastructure.
2.2. Target Population and Sampling
The target population comprised all households residing in Bongondjo District for at least six months. Using simple random sampling, 100 households were selected from the district's three administrative subdivisions.
Inclusion criteria:
· Household head or adult representative (≥18 years).
· Residency in Bongondjo District for ≥6 months.
· Willingness to provide informed consent.
Exclusion criteria:
· Refusal to participate.
· Incomplete questionnaire responses.
2.3. Data Collection Instruments and Procedures
Data were collected using three complementary techniques:
1. Structured questionnaire: Administered to household heads or adult representatives, covering sociodemographic characteristics, water sources, water treatment practices, water storage methods, sanitation facilities, waste disposal practices, hygiene behaviors (handwashing), knowledge of waterborne diseases, and healthcare-seeking behavior.
2. Direct observation: Investigators observed water storage containers, presence of latrines, distance between wells and latrines (measured in meters), presence of stagnant water, and waste disposal sites.
3. Interviews: Informal interviews with community leaders and health workers provided contextual information.
2.4. Variables
Independent variables:
· Water source (improved vs. unimproved)
· Water treatment (yes/no)
· Water storage method (covered container vs. open container)
· Latrine availability (yes/no)
· Distance between well and latrine (<15 m vs. ≥15 m)
· Waste disposal method (sanitary vs. unsanitary)
· Presence of stagnant water (yes/no)
· Handwashing before meals (yes/no)
· Hygiene education received (yes/no)
· Education level
Dependent variable:
· Occurrence of waterborne diseases in the household during the study period (self-reported).
2.5. Data Analysis
Data were entered into Microsoft Excel and analyzed using descriptive statistics (frequencies, percentages). Chi-square tests were used to examine associations between independent variables and the occurrence of waterborne diseases. Statistical significance was set at p < 0.05.
2.6. Ethical Considerations
Ethical approval was obtained from the ISTM Mbandaka research ethics committee and local administrative authorities. Written informed consent was obtained from all participants. Confidentiality and anonymity were strictly maintained. Participation was voluntary, and respondents could withdraw at any time without consequence.
3. Results
3.1. Sociodemographic Characteristics of Respondents
A total of 100 household representatives participated (response rate: 100%). Table 1 presents the sociodemographic characteristics.
Table 1
*Sociodemographic Characteristics of Respondents (N = 100)*
	Characteristic
	Category
	n
	%

	Sex
	Male
	42
	42

	
	Female
	58
	58

	Age group
	18–27 years
	25
	25

	
	28–37 years
	38
	38

	
	38–47 years
	22
	22

	
	48 years and above
	15
	15

	Education level
	Primary
	20
	20

	
	Secondary
	55
	55

	
	Higher/University
	25
	25


Interpretation: The sample was predominantly female (58%), reflecting that women are primarily responsible for water collection and household hygiene. The largest age group was 28–37 years (38%), representing the economically active population. Most respondents (55%) had secondary education, indicating moderate literacy levels.
3.2. Water Sources, Treatment, and Storage
Table 2
*Water Sources, Treatment Practices, and Storage Methods (N = 100)*
	Variable
	Category
	n
	%

	Primary water source
	Tap (piped)
	35
	35

	
	Unprotected well
	40
	40

	
	River
	15
	15

	
	Vendor/purchased
	10
	10

	Water treatment before drinking
	Yes
	32
	32

	
	No
	68
	68

	Water storage method
	Covered container
	40
	40

	
	Open container
	45
	45

	
	Sealed reservoir
	15
	15


Interpretation: The majority of households relied on unimproved water sources: unprotected wells (40%) and rivers (15%). Alarmingly, 68% did not treat water before consumption. Open container storage (45%)—which facilitates contamination—was common.
3.3. Sanitation and Waste Management
Table 3
*Sanitation Facilities and Waste Management Practices (N = 100)*
	Variable
	Category
	n
	%

	Latrine availability
	Yes
	70
	70

	
	No
	30
	30

	Distance between well and latrine
	<15 meters
	55
	55

	
	≥15 meters
	45
	45

	Waste disposal method
	Open dump
	50
	50

	
	Incineration
	20
	20

	
	Public collection
	30
	30

	Presence of stagnant water
	Yes
	65
	65

	
	No
	35
	35


Interpretation: While 70% of households had latrines, 30% practiced open defecation or lacked facilities. Critically, 55% of wells were located within 15 meters of latrines—a major contamination risk. Half of the households disposed of waste in open dumps, and stagnant water was present in 65% of properties, providing breeding sites for disease vectors.
3.4. Hygiene Practices and Health Knowledge
Table 4
*Hygiene Practices, Health Knowledge, and Healthcare Seeking (N = 100)*
	Variable
	Category
	n
	%

	Handwashing before meals
	Yes
	55
	55

	
	No
	45
	45

	Soap use for handwashing
	Yes
	52
	52

	
	No
	48
	48

	Received hygiene education
	Yes
	40
	40

	
	No
	60
	60

	Knows causes of waterborne diseases
	Yes
	46
	46

	
	No
	54
	54

	Healthcare seeking for illness
	Health center
	62
	62

	
	Self-medication
	38
	38


Interpretation: Handwashing before meals was practiced by only 55%, and soap use was inadequate (48% did not use soap). A striking 60% had never received any hygiene education, and 54% could not identify the causes of waterborne diseases. Self-medication was practiced by 38%, bypassing formal healthcare.
3.5. Types and Frequency of Waterborne Diseases
Table 5
*Types of Waterborne Diseases Reported (N = 100)*
	Disease
	n
	%

	Diarrhea (acute)
	45
	45

	Typhoid fever
	30
	30

	Intestinal parasites
	15
	15

	Cholera
	10
	10


Table 6
*Frequency of Waterborne Disease Episodes (N = 100)*
	Frequency
	n
	%

	Often (multiple episodes)
	48
	48

	Rarely
	32
	32

	Never
	20
	20


Interpretation: Diarrhea was the most frequently reported waterborne disease (45%), followed by typhoid fever (30%). Nearly half of households (48%) experienced recurrent episodes, indicating ongoing transmission.
3.6. Factors Associated with Waterborne Disease Occurrence
Table 7
Factors Associated with Occurrence of Waterborne Diseases
	Factor
	Category
	p-value
	Strength

	Water treatment
	Yes vs. No
	<0.05
	Significant

	Latrine availability
	Yes vs. No
	<0.01
	Significant

	Distance (well–latrine)
	<15 m vs. ≥15 m
	<0.001
	Highly significant

	Water storage method
	Open vs. Covered
	<0.05
	Significant

	Handwashing before meals
	Yes vs. No
	<0.05
	Significant

	Hygiene education
	Yes vs. No
	<0.01
	Significant


Interpretation: All six factors showed statistically significant associations with the occurrence of waterborne diseases. The strongest association was for proximity of wells to latrines (<15 m, p < 0.001), followed by latrine availability (p < 0.01) and hygiene education (p < 0.01).
3.7. Perceived Principal Factors and Proposed Prevention Measures
Table 8
*Perceived Principal Factors for Disease Resurgence (N = 100)*
	Factor
	n
	%

	Unsafe water
	40
	40

	Poor sanitation
	30
	30

	Lack of hygiene
	20
	20

	Poverty
	10
	10


Table 9
*Proposed Prevention Measures (N = 100)*
	Measure
	n
	%

	Water treatment
	35
	35

	Hygiene education/sensitization
	30
	30

	Latrine construction
	20
	20

	Environmental sanitation
	15
	15


Interpretation: Respondents identified unsafe water (40%) and poor sanitation (30%) as the main drivers of disease resurgence. The most recommended prevention measures were water treatment (35%) and hygiene education (30%).
4. Discussion
4.1. Summary of Key Findings
This study identified multiple, interconnected factors driving the resurgence of waterborne diseases in Bongondjo District. Key findings include: (1) 68% of households do not treat water before consumption; (2) 40% rely on unprotected wells and 15% on rivers; (3) 45% store water in open containers; (4) 30% lack latrines; (5) 55% have wells within 15 meters of latrines; (6) 50% use open dumps for waste; (7) 65% have stagnant water around their homes; (8) 60% have never received hygiene education; and (9) diarrhea (45%) and typhoid fever (30%) are the most common diseases.
4.2. Comparison with Existing Literature
The finding that 68% of households do not treat water is comparable to studies from other peri-urban areas in sub-Saharan Africa. A study in Kinshasa by Moore et al. (2020) found that 72% of households did not treat water before drinking, and this was strongly associated with cholera outbreaks. The lack of treatment, combined with reliance on unprotected wells (40%) and rivers (15%), represents a classic pathway for fecal-oral disease transmission (WHO, 2012).
The 30% of households without latrines is concerning. Open defecation and lack of sanitation facilities have been consistently associated with diarrheal disease incidence (WHO, 2018). The finding that 55% of wells are located within 15 meters of latrines—well below the WHO-recommended minimum distance of 30 meters—directly facilitates groundwater contamination. Squinazi (2015) documented that proximity of water sources to latrines is one of the strongest predictors of typhoid fever in resource-limited settings.
The 65% prevalence of stagnant water in household environments is a major risk factor for vector-borne diseases (such as malaria) and also contributes to waterborne disease transmission by creating favorable conditions for bacterial proliferation.
The low levels of hygiene education (60% never received) and poor handwashing practices (45% do not wash hands before meals) are consistent with findings from other DRC studies. Kanyange et al. (2025) reported similar deficits in hygiene knowledge in Goma, with 55% of caregivers unable to name three prevention measures for waterborne diseases.
The high rate of self-medication (38%) is concerning, as it delays appropriate treatment, can lead to drug resistance, and may mask severe cases requiring urgent care.
4.3. Confirmation of Hypotheses
	Hypothesis
	Finding
	Status

	H₁: Unsafe water consumption is associated with disease occurrence
	68% do not treat water; 55% use unimproved sources; significant association (p<0.05)
	Confirmed

	H₂: Inadequate sanitation is associated with disease occurrence
	30% lack latrines; 55% have well–latrine distance <15 m (p<0.001); 50% use open dumps
	Confirmed

	H₃: Poor hygiene practices contribute to disease occurrence
	45% no handwashing; 45% open water storage (p<0.05); 48% no soap use
	Confirmed

	H₄: Low community awareness is associated with disease occurrence
	60% no hygiene education (p<0.01); 54% unaware of disease causes
	Confirmed


4.4. Strengths and Limitations
Strengths: First detailed study of waterborne disease determinants in Bongondjo District; use of multiple data collection methods (questionnaire, observation, interview); focus on modifiable environmental and behavioral factors.
Limitations: Cross-sectional design precludes causal inference; self-reported disease occurrence may be subject to recall bias; no laboratory confirmation of water quality or disease etiology; small sample size (n=100) limits generalizability; study period (2020–2021) includes potential confounding from COVID-19 pandemic disruptions.
4.5. Implications for Policy and Practice
1. Water supply: Urgently improve access to piped water or protected wells; install public standpipes in underserved areas.
2. Water treatment: Promote household water treatment (boiling, chlorination, filtration) through subsidized distribution of chlorine solutions or filters.
3. Sanitation infrastructure: Construct public latrines; enforce regulations on well–latrine separation (minimum 30 meters); support household latrine construction.
4. Waste management: Establish regular waste collection services; provide public waste bins; ban open dumping.
5. Drainage: Construct and maintain drainage canals to eliminate stagnant water.
6. Hygiene education: Conduct sustained, community-based hygiene promotion (handwashing with soap, safe water storage, food hygiene) using local languages (Lingala) and trusted community relays.
7. Healthcare strengthening: Improve access to health centers; discourage self-medication through community awareness.
5. Conclusion
This study demonstrates that the resurgence of waterborne diseases in Bongondjo District between 2020 and 2021 is the result of multiple, interacting factors: consumption of unsafe water from unprotected sources (68% no treatment, 55% unimproved sources), inadequate sanitation (30% without latrines, 55% with well–latrine distance <15 m), poor hygiene practices (45% no handwashing, 45% open water storage), low community awareness (60% no hygiene education), and poverty-related constraints.
All four hypotheses were confirmed: water quality, sanitation infrastructure, hygiene behaviors, and community education are all significantly associated with disease occurrence.
The most common waterborne diseases were diarrhea (45%) and typhoid fever (30%), with nearly half of households experiencing recurrent episodes. The strongest risk factor was the proximity of wells to latrines (<15 m, p < 0.001).
To reduce the burden of waterborne diseases in Bongondjo District, a multisectoral approach is urgently required:
· For local authorities: Invest in piped water infrastructure; enforce sanitation regulations (well–latrine separation); construct drainage canals; establish regular waste collection.
· For health facilities: Strengthen surveillance and case management; provide health education at every contact; distribute water treatment products.
· For community leaders: Promote hygiene through neighborhood associations; lead sanitation campaigns; model good practices.
· For households: Treat all drinking water; construct and use latrines; wash hands with soap before meals; store water in covered containers; eliminate stagnant water.
· For researchers: Conduct longitudinal studies to evaluate intervention effectiveness; expand research to neighboring districts; include water quality testing.
Waterborne diseases are preventable. With coordinated action from authorities, health workers, community leaders, and households, Bongondjo District can break the cycle of recurrent outbreaks and achieve lasting improvements in public health.
6. Recommendations
	Level
	Recommendations

	Local authorities (Commune of Wangata)
	Install public water standpipes in underserved areas; enforce well–latrine separation (minimum 30 meters); construct drainage canals; establish regular waste collection services; ban open dumping and open defecation.

	Health facilities (Zone de Santé)
	Conduct monthly hygiene education sessions at health centers and in the community; distribute chlorine solution or water filters; strengthen surveillance of waterborne diseases; report outbreaks promptly.

	Community leaders
	Form neighborhood hygiene committees; organize monthly community sanitation campaigns (cleaning drains, removing stagnant water); promote handwashing stations at public places.

	Households
	Treat all drinking water (boil, chlorinate, or filter); store water in clean, covered containers; construct and use latrines; wash hands with soap before meals and after defecation; eliminate stagnant water around homes; seek care at health centers (avoid self-medication).

	Future research
	Conduct water quality testing (bacteriological analysis); perform case-control studies to quantify risks; evaluate the impact of specific interventions (e.g., chlorination distribution); expand research to neighboring districts.
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