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INTRODUCTION

Introduction

Flooding poses a socio-environmental threat by introducing water to areas
usually dry, thereby facilitating the spread of various pathogens. Flood-
prone areas are vulnerable to numerous health risks, often resulting in
fatalities, especially among children under five and pregnant women.
Purpose

This study aims to assess the health risks associated with water-borne
diseases caused by flooding in the Kwilu River Valley in Kikwit.

Methods

This research employs a cartographic approach combined with
experimentation and descriptive observation to analyze a non-probabilistic
sample.

Results

Climatic and geomorphological factors are the primary natural causes of
flooding in the Kwilu River Valley. Socio-environmental vulnerabilities
among residents in the study area contribute significantly to the health risks
associated with flooding. Malaria is the most prevalent water-borne disease
in the Kwilu Valley, followed by diarrhoea, pneumonia, and typhoid fever.
Conclusion

The health risks associated with flooding in the Kwilu River Valley in
Kikwit are substantial. Pathological surveillance, enhanced drainage
systems, and expanded public health campaigns are essential to promote
improved living conditions for the community.

natural and anthropogenic factors, primarily related to
climate and the environmental characteristics of the

Floods are among the most destructive natural disasters  affected area (Hec et al., 2019). Floods occur due to various

worldwide (Ozer, 2022). They result from a combination of ~ factors, including natural meteorological phenomena,
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human activities, and climate change (Vuni et al., 2022).
They lead to numerous fatalities, material damage,
substantial economic losses, and the spread of water-borne
diseases and epidemics globally (World Health
Organization [WHO], 2020). These flood-related impacts
are felt more acutely in countries with inadequate urban
planning and in areas where health facilities are
dysfunctional (Kakesa, 2024).

Flooding increases the risk of faeco-oral diseases and
facilitates the transmission of pathogens, such as malaria,
dengue fever, leptospirosis, yellow fever, and cholera.
Additionally, people may be injured by falling trees,
debris 2022).
Environmentally, floods damage farmland, reducing crop

power lines, or other (Mutungu,
production and impacting food security. They also spread
pollution, negatively affecting both animals and humans.

In epidemiology, risk is defined as the probability that a
specific factor will contribute to the onset or development
of a pathology. The presence of this factor increases the
likelihood of disease development, regardless of other

causes (Munduku, 2021).

The World Health Organization (2020) warns of major
public health threats facing flood-affected populations,
especially the increased risk of water-borne and vector-
borne diseases like malaria and dengue fever in flood-
prone areas. Although the health risks of water-borne
diseases due to flooding in Kikwit have been slightly
raised by several authors, there has been little correlation
between rainfall data and disease prevalence. Previous
studies, such as those by Mutungu (2022) and Kakesa
(2024), have not found confirmed cases of water-borne
diseases in the Kikwit Nord health zone.

This
geomorphological and climatic factors, that heighten

study identifies natural hazards, such as
flooding risks and maps potential flooding areas. It then
correlates rainfall data with recorded water-borne diseases
to assess health risks and propose improvements for
managing the living environment. The Kwilu River Valley
in Kikwit was selected as the study area due to the
observed geomorphological and climatic hazards and the
high incidence of water-borne diseases following floods.
This study is essential for reducing the health risks posed

by water-borne diseases linked to flooding, which cause

loss of life, disrupt socio-economic activities, and

contribute to poverty in Kikwit.

The aim of this study is to assess the health risks of water-
borne diseases associated with flooding in the Kwilu River
Valley in Kikwit, Democratic Republic of Congo.

METHODS

Study Environment

The town of Kikwit is located in the central-southern part
of Bulungu territory in the Kwilu Province of the
Democratic Republic of Congo. It lies between 18°51'39.5"
and 18°44'14.6" east longitude, and 4°59'53.5" and
05°05'51.5" latitude. Situated 525 km from Kinshasa,
Kikwit is accessible by road, air, and the Kwilu River. It
covers an area of 92 km? and had an estimated population
of 1 million in 2023 (Kitadi et al., 2022).

Figure 1:
Map of the Kwilu River Valley in the Town of Kikwit

The Kwilu is the main river in the province of the same
name, located in the southwestern part of the Democratic
Republic of Congo. It spans 965 km, with an average flow
of 3,299 m?/s, originating in the Republic of Angola and
flowing through several Congolese villages and towns
before merging with the Kasai River, a major tributary of
the Congo River.

Climate

Kikwit is situated in the humid tropical climate zone AW4
according to the Kdppen classification, characterised by an
average annual rainfall of 1,000 to 1,400 mm and an
average temperature of 25°C (Wilson, 2020).

Relief
The Kikwit region primarily consists of plateau-like terrain,

surrounded by hills and valleys, with altitudes ranging
from 350 to 450 metres (Selhorst et al., 2020).
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Study Materials

This cross-sectional study employs a mapping approach to
assess the health risks associated with flooding in the
Kwilu River Valley. The study focuses on water-borne
diseases caused by flooding. To meet this study’s
objectives, the following tools were used:

e A Garmin GPS (Global Positioning System) device
to collect data at key points, with GIS software for
analysis to identify areas prone to flooding;

e A digital camera (iPhone brand) to capture images
in flood-prone areas;

e A field notebook for recording statistics on
confirmed cases of diseases reported in various
health facilities.

Type of Data
The data in this study is both quantitative and qualitative.

Sampling

Non-probability sampling is a method that involves
selecting units from a population using subjective, non-
random methods. Due to the challenges in accessing all
individuals in flood-prone areas, a non-probability
sampling method was used to target the most affected
populations. However, this may limit the generalizability

of the results.

Choice of Study Environment

The Kwilu River Valley was chosen as the study site due
to the high number of confirmed cases of water-borne
diseases caused by flooding recorded in the Kikwit North
health zone. The Kwilu River Valley, as the administrative
and commercial centre of Kikwit, has a dense and diverse
population and serves as the epicentre of water-borne
diseases in the city.

RESULTS
This section presents the results obtained from field and
laboratory studies.

Factors Favouring Flooding in the Kwilu Valley at Kikwit

Climatic Hazards

Climatic hazards are the primary factors increasing the
likelihood of flooding in the study area. Figure 2 shows
the average annual rainfall in Kikwit from 2018 to 2023.

Figure 2:
Annual rainfall data for the town of Kikwit from 2018 to 2023
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Source: Meteorological data from Kikwit station.

Geomorphological Hazards

The geomorphology of the Kwilu River Valley also
contributes to flood risks along the river. Figure 3
illustrates the steep slopes, ranging from 5% to 20%,
surrounding the Kwilu Valley. These slopes increase
runoff speed, intensify gullying, and funnel rainwater
from Kikwit town into the Kwilu Valley.

Figure 3:
Geomorphological hazards in the Kwilu River Valley.

Deforestation

The degradation of vegetation cover in the area
encourages intense rainwater runoff and accelerates
gullying. Vegetation degradation along the Kwilu River
significantly impacts flooding risks in the Kwilu Valley.
Figure 4 shows that over time, the primary forest that once
covered the Kwilu Valley has given way to secondary
forest and, in some areas, has disappeared altogether.
Human activities and construction have extended into
wetland areas that typically absorb floodwaters, making
these areas and human activities increasingly vulnerable

to flooding.
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Figure 4:
Vegetation cover dynamics in the Kwilu River Valley at Kikwit.

Flood Zones in the Kwilu River Valley at Kikwit

This section identifies the flood zones within the study
area. Figure 5 shows the areas prone to flooding in the
Kwilu River Valley. All areas along the Kwilu River act as
catchment zones for rainwater from Kikwit due to climatic
(heavy rainfall) and geomorphological (slope over 15%)
hazards, socio-

poor urban planning, and the

environmental vulnerability of the population.

Figure 5:
Location of flood zones in the Kwilu River Valley

Risk of Water-Borne Diseases

This section presents the recorded cases of water-borne
diseases linked to flooding in the study area. Figure 6
indicates that malaria is the most frequently recorded
disease in flood-prone areas, with 13,401 confirmed cases
in 2023, including 5,680 severe cases.

Figure 6:
Recorded cases of malaria in the Kwilu Valley.
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Diarrhoea is also prevalent, with 7,801 confirmed cases
reported in 2023, of which 874 were severe (see Figure 7).

Figure 7:
Statistics on confirmed cases of diarrhoea in the Kwilu River Valley.
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Following floods in the Kwilu Valley, some residences
remain flooded with stagnant water, creating breeding
sites for larval development and proliferation. Cleaning
flooded plots is challenging, and the lack of sanitation
facilities explains the rise in positive malaria cases,
particularly during flood periods along the Kwilu River.
Figure 8 illustrates stagnant water in a plot following the
floods.

Figure 8:
Stagnant water in a plot following the floods of November 2023 in the Kwilu Valley
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In addition to malaria and diarrhoea, many residents of
the Kwilu Valley in Kikwit also suffer from pneumonia.
Figure 9 shows that 854 cases were recorded in 2018, with
156 classified as severe.

Figure 9:
Recorded cases of typhoid in the Kwilu River Valley in Kikwit.
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Figure 10 shows that 2023 had the highest number of
recorded typhoid cases, with 11,850 cases reported in
health facilities within the study area. The year 2020
followed with 9,200 cases, 2019 with 9,112 cases, 2018 with
7,933 cases, and finally, 2022 with 765 positive cases.
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contaminating facilities and degrading health standards.

Figure 10:
Statistics on cases of pneumonia registered in the Kwilu River Valley in Kikwit.
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Figure 11 depicts the flooding of Office National de
Transport (ONATRA) facilities in the Kwilu Valley at
Kikwit, Democratic Republic of Congo. This situation
exposes the facilities to high humidity, increasing the
health risk of pneumonia.

Figure 11:
Flooding of ONATRA facilities on the banks of the Kwilu River in Kikwit,

November 2023.

Assessing the Health Risk of Flood-Related Water-Borne
Diseases

This section assesses the health risk associated with water-
borne diseases due to flooding and explores the link
between rainfall and the number of cases recorded in the
study area. Figure 12 shows that malaria incidence was
highest in February, September, and December 2023, while
it was lowest in June, July, and August. January, March,
April, and October had relatively consistent incidence
rates.

Figure 12:
Incidence of malaria in 2023.
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Comparative Analysis of Water-Borne Diseases and Climatic
Data

The data was manually checked for consistency before
entry and analyzed using R software. Relationships
between variables were assessed using the Chi-square
(Chi?) test, as well as odds ratios (OR) and their 95%
confidence intervals. Variables were deemed significant if
their odds ratio was greater than 1, the lower bound of the
95% confidence interval exceeded 1, and the p-value was <
0.05. Adjustments were made using the Mantel-Haenszel
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test. The significance level for this study was set at p < 0.05,
and the bivariate analysis considered key variables that
explain water-borne diseases under the two climatic
contexts (rainy and dry seasons).

Table 1:
Relationship between malaria cases and rainfall data for 2023
Rainfall data for 2023 Ddl P S
Dry season Rainy season

December 0,00% 100% 1 0,001 TS
February 0,00% 100% 1 0,001 TS
July 67% 0,00% 2 0,082 el
August 43% 0,00 2 0,063  **

Comparative analysis using the Chi-square test indicates a
significant association between months of heavy rainfall
(December, February) and increased malaria cases, as
shown by the probability of 0.0147 (1.37%) compared to
the study’s significance threshold of 0.05 (5%). Specifically,
p = 0.001 < 0.05. Conversely, months in the dry season
(July and August) did not exhibit a significant relationship
with water-borne diseases (p = 0.082 and 0.063 > 0.05).

DISCUSSION

The results of this study are compared with findings from
other researchers to gain a comprehensive understanding
of factors that favour flooding in the Kwilu River valley at
Kikwit. Regarding natural hazards that contribute to
flooding, this study found that the River Kwilu valley is
surrounded by steep slopes ranging from 5% to 20%, with
an annual average rainfall exceeding 1,000 mm. Unlike
findings from Ozer (2022) in similarly flood-prone areas in
Senegal, where waterborne diseases were less common,
this study highlights a high prevalence of malaria and
diarrhoea in Kikwit. Residents relocating from eroded,
higher-altitude areas are confronted with flooding risks in
lower-altitude regions, thus facing both erosion and flood
risks depending on altitude.

The study further demonstrated significant degradation of
vegetation cover in the Kwilu River valley. These findings
align with those of Musibono (2022), who asserts that the
degradation of gallery forests increases flood risk,
especially in urban areas. Along the River Kwilu at Kikwit,
the gallery forest has been entirely destroyed by human
activities, disrupting the wetlands’ structure and function.
These wetlands previously acted as an ecotone between

terrestrial and aquatic ecosystems, absorbing excess water
during flood periods.

In terms of waterborne disease risks, the study recorded
multiple waterborne diseases reported by local health
facilities, with malaria being the most prevalent in the
Kwilu River valley at Kikwit. Although our findings are
(2022), this study
indicates higher incidences of typhoid than expected,

consistent with Kikozokozo et al.

likely due to inadequate health infrastructure in the region.
These results are further corroborated by Kambembo
(2022), who identified stagnant water as a primary factor
in the proliferation of larval breeding sites, predominantly
located outside houses in low-altitude areas. Kambembo
(2022) this
favourable conditions,

attributes phenomenon to ecologically
including dissolved oxygen,
temperature, conductivity, pH, turbidity, and the depth of
larval breeding sites, particularly beneficial for Aedes

species.

On a socio-economic level, the study’s findings are
Mbola et al. (2022) in Kikwit, who
observed that the health risks from waterborne diseases

consistent with

substantially impact the socio-economic well-being of the
population, disrupting commercial activities and reducing
income. Flooding is a significant public health issue that
disrupts multiple development sectors, sometimes
resulting in loss of life in Kikwit (Kikozokozo et al., 2021).
Similarly, Nienie et al. (2020) concluded that flooding in
the Kwilu River valley at Kikwit contaminates drinking
water sources, thereby increasing waterborne disease

transmission risks.

The management of living conditions in Kikwit's River
Kwilu valley plays a crucial role in the emergence and re-
emergence of waterborne diseases. As a result, we
recommend developing a new urban planning framework
policy
incorporating early warning systems, community health

and implementing a flood management
education, and infrastructure improvements in high-risk

areas.

CONCLUSION

This study has shown that the health risks associated with
waterborne diseases due to flooding in the River Kwilu
valley are substantial. Consequently, there is an urgent
need to establish effective disease surveillance to support
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public health prevention and control efforts. Future
research should focus on longitudinal studies to monitor
the long-term health impacts of flooding. Immediate
actions should prioritize enhancing drainage systems and
strengthening local healthcare infrastructure to mitigate
the health risks associated with flooding.
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