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Abstract

Urban river pollution causes serious problems to the environment, sedimen-
tation of shore, human health, and water scarcity. This study compared the
sediments at the weir level of rivers in the city of Bukavu, Lake Kivu basin in
the Democratic Republic of Congo between 2003 and 2021. To do this, Google
earth images from 2003 and 2021 were used and data was processed by the
cartographic software ArcGIS 10.7.1. The rivers are at the base of the dis-
placements of the sediments in Lake Kivu and in 2021 on these sediments of
Lake Kivu are built homes anarchically. The invasion of the shore of the lake
is not only the work of the rivers, in certain places the population of Bukavu
brings piles of earth which it pours into the lake and thereafter it erects hous-
es on these lands which it considers to be parcels. The authorities must pro-
tect this heritage which also contains a large quantity of methane gas which
constitutes not only a threat but also and above all an opportunity for wealth
for the country.
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1. Introduction

Sterner et al. (2022) [1] and Jenny et al. (2022) [2] show that, approximately 1.35
million tons of fish are harvested each year from the 25 largest lakes in the world
by commercial or artisanal fisheries, with approximately 95% of this harvest com-
ing from the African large lakes. Indeed, in developing countries and indigenous
communities especially, the food provided by large lakes can represent key com-
ponents of the diet. Aquaculture, a growing industry within the waters of several
large lakes (e.g., [3]), also provides a source of protein to a growing human pop-
ulation, along with employment opportunities and economic benefits. However,
large lakes can offer supplemental resources to human populations, or in some
regions the necessary resources to sustain populations [4].

The excessive production of sediments, considered as a vector of environmen-
tal disturbances due to anthropogenic activities, is increasing in many regions of
the globe and leading to various water pollutions [5].

In the Lake Kivu basin (specifically in Bukavu and its surroundings), there are
enough aquatic systems that show signs of pollution resulting from human ac-
tivities [6]. The sediment supplies of rivers in organic matter [7] [8] as in sus-
pended inorganic matter [9] [10] [11], in Lake Kivu as elsewhere, underwent a
drastic change a few decades ago. This is the direct consequence of the anarchic
occupation of the slopes of different rivers in the city of Bukavu. The dynamism
of the habitat and the development of a city depend on the natural increase of
the population within the city and the rural exodus [12].

[9] found that 84.26187 m’, on average, of suspended solids were carried by
the Tshula River, one of the urban watercourses of the city of Bukavu, in the 8
months covered by his study. These sediments will result in an increase in the
solid load (sediment flow) of the watercourses and the deposition of the sedi-
ments towards the lower latitudes, already at the level of the lake. Downstream,
not only are these deposits a threat to the aquatic fauna and flora [13] but they
are also a significant vector for modifying the morphology of the shore of Lake
Kivu [9] [14] and upstream the uprooted sediments have a negative impact on
food security because it is the fertile part of the soil that is subject to this erosion.

The work of [9] comparing two satellite images of the SNCC bay, one from
1973 and the other from 2008, showed that a drift of sediments about 100 m
wide was made in 35 years, Ze. a sedimentation rate of about 3 m per year. While
[9] observed in 2012 that the fact justifying rapid sedimentation of the Tshula
River in Lake Kivu is the fact that from 100 to 300 meters from the coast, Ze. in
the middle of the lake Kivu recognized for its steep coasts, the water only reaches
the level of the belt of an adult man (1.20 to 1.30 m in height). We therefore
realize that the Tshula River-Lake Kivu interface is characterized by significant
alluvium of this first. Of different mass and densities, it came to stop there by
setting up an alluvial plain of a shape similar to a triangular area. This delta, in
which the bed runs over 162.9 meters in length, is between 0 and 1.60 meters

above the level of Lake Kivu (1460 meters above sea level). This alluvial plain,
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with an area of about 2.5 to 2.7 hectares reclaimed from the lake, is today densely
inhabited by the urban population (places where small fishing canoes for Lim-
nothrissa miodon and Haplochromis dock; culture of amaranths, Bar-restaurant
with beach) [9].

Erosion in the watershed (upstream), which influences the turbidity of the
watercourse [15] and the rapid sedimentary accumulation in the lake [9], is con-
sidered as a disorder that disturbs the balance of aquatic life and often attracts
the attention of biologists.

An increasing number of anthropogenic activities, however, represent addi-
tional disturbances that lead to the acceleration of erosion and siltation processes
and the input of fine sediments into the water column. The presence of excessive
amounts of sediment influences the processes of heat transmission in the water
column, which inevitably modifies the amount of dissolved oxygen [16] but also
by limiting the penetration of light, the load turbidity reduces photosynthesis
processes and can lead to phases of anoxia, particularly in lake systems [17]. Ef-
fects on aquatic organisms are generally grouped into two categories; direct ef-
fects: physiological disorders, behavioral changes and mechanical damage; and
the indirect effects that result from an alteration of the habitat and their food
resources. The level of susceptibility of different aquatic organisms can vary great-
ly between species and is dependent on their biological requirements.

This work analyzes the sediments between 2003 and 2021 at the level of the
weirs of the rivers of the city of Bukavu, basin of Lake Kivu in the Democratic
Republic of the Congo. Specifically, it is a question of identifying the main places
where the modifications of the shore of the lake are observable, evaluating the
zones and perimeters of sediments deposited by watercourses and deducting the

sedimentation rate.

2. Methodology

To identify and define the problem related to the threats, a documentary research
and, then a field visit to the points subject to the threats were carried out and the
sampling of the geographical coordinates using the GPS (Garmin Map 64s) were
made there (Figure 1).

Then, mapping and remote sensing were done to have the evolution over time
of sedimentary deposits caused by watercourses on the shore of Lake Kivu. To
do this, Google earth images from 2003 and 2021 were used. Then again, the da-
ta was processed by the cartographic software ArcGIS 10.7.1. In it, the calcula-
tion of the surfaces and perimeters of the sedimentary deposits was carried out.
The area of sediment deposited from 2003 to 2021 was taken divided by 18 as the

number of years.

3. Results

The mapping of areas of Lake Kivu vulnerable to change due to sedimentary de-

position is as follows.
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Figure 1. Rivers visited in the city of Bukavu (Blue line).

3.1. Bukavu Bay (SNCC): Kahwa River

On the left, Figure 2 shows the occupation of the waters of Lake Kivu in 2003
and on the right in 2021, Lake Kivu is invaded by sediments transported by the
Kahwa River. The area of these sediments calculated in ArcGIS is 18773.100 m?,
with a perimeter of 1068.520 m. Anarchic constructions are put in place at the
location of the sediments (Figure 3).

3.2. Wesha River

Also, Figure 4 below shows the occupation of water in 2003 (left) and sediment
with anarchic constructions in 2021 (right). The area of these sediments calcu-

lated in ArcGIS is 2686.730 m?, with a perimeter of 374.894 m.

3.3. Tshula River

Tshula River presents the occupation of waters in 2003 (left) and of sediments

with anarchic constructions in 2021 too (right). The area of these sediments
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Figure 3. Anarchic constructions on the sediments deposited in the bay of Bukavu
(SNCCQ).

Figure 4. The mouth of the Wesha River.
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calculated in ArcGIS is 4745.520 m’, with a perimeter of 473.574 m (Figure 5).

3.4. Mugaba River (Bwindi)

On the Mugaba River (Bwindi), the area of these sediments calculated in ArcGIS
is 6834.720 m’, with a perimeter of 617.370 m. Figure 6 presents the occupation

of waters in 2003 (left) and of sediments with anarchic constructions in 2021 too
(right).

3.5. Nyamuhinga River (Towards Kazingo)

Again, on the Nyamuhinga River (Towards Kazingo), the area of these sediments
calculated in ArcGIS is 4730.950 m?, with a perimeter of 617.370 m. Also, Figure
7 below shows the occupation of water in 2003 (left) and sediment with anarchic
constructions in 2021 (right).

Table 1 presents the watercourses studied, the surface areas of the sediments

Figure 6. The mouth of the Mugaba River.
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Figure 7. The mouth of the Nyamuhinga River.

Table 1. Sediment area and Perimeter of watercourse.

Name of watercourse Sediment area (m?) Perimeter (m)
Kahwa 18773.100 1068.520
Wesha 2686.730 374.894
Tshula 4745.520 473.574

Mugaba 6834.720 617.370
Nyamuhinga 4730.950 467.204

and their perimeters.

From this table, it appears that the Kahwa River has a large sediment area and
perimeter, followed by Mugaba, then Tshula, again Nyamuhinga and finally We-
sha.

4. Discussion

The rivers are at the base of the displacements of the sediments in Lake Kivu as
illustrated in Figure 8. [18] and [19], the wastewater effluents and soil erosion
(coupled with heavy runoff and agricultural land-use practices) have a signifi-
cant impact on nutrients in Lake Kivu tributaries.

But, the invasion of the shore of the lake is not only the work of the rivers, in
certain places the population of Bukavu brings piles of earth which it pours into
the lake and thereafter it erects houses on these lands which it considers to be
parcels. There is also a lot of rubbish, household and industrial waste that is
poured into Lake Kivu. These are nuisances to the environment (Figure 9).

In 2021 on these sediments of Lake Kivu are built homes anarchically. Thus,
Samir and Ahobangeze [20] show that natural increase is another factor in the
demographic growth of the city. Urban immigration is all the greater in that the
average population density of the Bukavu hinterland is the highest in the coun-

try. According Majoro et al [21] and Muvundja et al [22], surface water plays a
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Figure 8. The coloring of the Kakombo River following siltation due to the sediment load
resulting from erosion in the catchment area.

N

A Embankments deposited
in the Lake Kivu

Figure 9. Illustration of a wild deposit for the extension of the plot at the edge of the lake.

significant role in the development of a country and individual citizens as
sources of food, water, transport, hydropower and recreation. Zou et al. [23]
show that the development of urban environments generates increasing flows of
pollutants into aquatic environments from urban drainage networks and storm
water management systems. In addition, urban runoff can alter the chemical
quality of watercourses, as it entrains suspended sediments with adsorption. N
and P nutrients, as well as other pollutants that accumulate on roads and park-
ing lots during periods of low rainfall [24] [25]. Waste in charge and wastewater
or leachate have led to diffuse water pollution [26] [27]. Thus, Muvundja et al.
[22] reported high concentration of sediments in water retrogrades the economy
of a country and the polluted water affect the livelihoods of people living in the
vicinity and can kill aquatic life. Again, [28] reported in globally, soil erosion in-
creases the amount of sediment transported in rivers at a rate of 2.3 billion tons

per year.
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5. Conclusions

The bays are ideal places for the reproduction of fish, given their physico-che-
mical characteristics (they are relatively calm places, sheltered from turbulence).
Unfortunately, the rivers carry sediments which come to invade these places with
all kinds of pollution (physical and biochemical); which will have a negative im-
pact on the lake ecosystem. Their habitat being thus threatened following this
modification, the fish will migrate and seek a favorable habitat (perhaps towards
Rwanda). Man is thus impacted because the ecosystem services provided by the
lake will decrease. This is one of the direct consequences of anarchic construc-
tions in the watersheds of rivers. Man commits anthropogenic actions in the
watershed, there is thus excessive production of sediments and rich in nutrients.
The nutrients contained in the sediments can lead to eutrophication which can
lead to the proliferation of aquatic plants (sometimes toxic). This phenomenon
will thus limit the penetration of the sun’s rays into the bottom of the lake. Fol-
lowing this the heat of the bottom of the lake is found modified but also the
photosynthetic activity, and the fish will seek a refuge. Following the migration
of fish, the services rendered by the lake ecosystem to man are reduced, thus
impacting it.

The authorities must protect this heritage which also contains a large quantity
of methane gas which constitutes not only a threat but also and above all an op-

portunity for wealth for the country.
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