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Abstract

Situated on the right bank of the Pool Malébo, in the Congo River
basin, the city of Brazzaville is rich in potential water resources. This
resource is being polluted by human practices that are deteriorating the
quality of the soil and, consequently, the quality of the water. The aim of this
study is therefore to list the activities carried out by the population around
watercourses in order to get an idea of how waste is managed and its impact
on water and soil quality. The survey sample was selected on the basis of
zones of influence located between 250 m and 750 m around watercourses.
The survey form was drawn up using Sphinx Plus2-Edition Lexica-V5. The
data from the surveys was entered into the same software, then transferred to
Excel for processing in order to produce the graphs. 880 people were
surveyed, the most dominant age group being between 25 and 48 years old,
i.e. a rate of 66%; the female sex being the most representative with a rate of
54%. The average age of the respondents was lower secondary school, and
they were generally employed in the private sector. Commercial activities
(restaurants/bars, pharmacies, grocery stores/butchers, markets, etc.) are the
most common economic activity, with a rate of around 70%; 59% of these
activities are located close to or very close to the watercourse (750 - 1000
m). The activities that contribute to soil degradation, and consequently water
degradation, in the city of Brazzaville are: 59% the dumping of household
waste and/or wastewater on the ground and 32% uncontrolled urbanization.
The study shows that soil and water pollution in Brazzaville is caused by
poor management of household waste and uncontrolled urbanization.

Keywords: Survey, waste management, pollution, water, soil, Brazzaville

1. Introduction

The exponential development of most African cities, accompanied
by very rapid population growth, poses the problem not only of the
availability of water resources, but also of their quality (Nwamo et al.,
2016). This population growth is accompanied by an equivalent need for
food production, exploitable land and water (Nwamo et al., 2016). The
Congo has enormous water potential, but is not immune to water quality
problems (Ofouémé-Berton 2010). For several decades, the country has
experienced significant demographic growth, caused by a massive rural
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exodus resulting in an increase in urban density and anarchic occupation of
the land, which is then subject to multiple anthropogenic actions and effects
(Essouli et al., 2020). Socio-economic human activities (agriculture,
industry, livestock farming, fishing, household activities, medical care, etc.),
coupled with processes due to natural phenomena (soil erosion, rainfall,
evaporation, runoff, etc.) put surface water resources undegreat pressure,
and accelerate their degradation (Hawa et al., 2011; Aw et al.,, 2011;
Adjagodo et al., 2016; Dovonou et al., 2022). Consequently, the discharge
of untreated industrial and urban wastewater, the presence of informal
landfill sites and human activities are the main sources of deterioration in
water quality (Laffite, et al., 2016; Poté, et al., 2008; Mubedi J., et al.,
2013). Several factors, including poor waste management and the
uncontrolled installation of latrines, influence the quality of soil and water
resources in general, and surface water in particular. Surface water is often
enriched with organic matter and suspended solids as a result of human
activity, which accelerates its degradation (Hawa et al., 2011). Their
composition is more variable and they are sensitive to pollution from the
external environment. The aim of this study, based on surveys of urban
populations, is to identify the various human activities that influence soil
and surface water quality in the city of Brazzaville.

2. Materials and methods
2.1. Study area

The city of Brazzaville is located on the right bank of the majestic
Congo River, the second most powerful river in the world after the
Amazon in terms of flow (40.000 m?® s). It is 30 km long and covers an
area of 263.9 km?. It is bounded to the north-east by the Batéké plateau and
the Djiri river, to the south and east by the Congo River, and to the west by
the Maloto river (Figure 1). It lies between latitudes 4°10" and 4°17' South
and longitudes 15°16' and 15°45' East. The city of Brazzaville has nine
(09) arrondissements: Makélékélé (1), Bacongo (2), Poto-Poto (3),
Moungali (4), Ouenze (5), Talangali, (6), M*filou (7), Madibou (8), and Djiri
(9). The climate of Brazzaville is currently influenced by climatic
variations. It is marked by two main seasons: a rainy season that extends
over a period of eight (08) months (from October to May) with average
annual rainfall of 1,343.77 mm between 2003 and 2010 (Louzayadio,
2019). Brazzaville is part of the vast hydrogeological complex of the
Bateké plateaux, and is crossed by several watercourses forming a
dendritic network. These waters flow over three types of ferrallitic soil,
depending on the material on which they were formed. There are ferrallitic
soils on weathering material from the Inkisi sandstones, ferrallitic soils on
Bateké sands and ferrallitic soils on material of alluvial origin. These soils
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all belong to the subclass of highly desaturated, depleted ferrallitic soils,
which means that the sum of exchangeable bases (Ca, Mg, K, Na) is very low
in the B horizon (of the order of 1 cmol (+)/kg of soil) and that the saturation
rate of the absorbent complex is less than 20% (Schwartz,1986, Essouli et
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Figure 1. Location of the study area

2.2.  Survey method

The areas to be surveyed were chosen along the seven (07) main rivers
that irrigate the city of Brazzaville (Djiri, Tsiemé, Djoué, Mfoa, Maduku,
Mikalou, M'Filou) and are all tributaries of the Congo River. The survey
areas were chosen upstream, mid-slope and downstream of the rivers
(Figure 2). The survey was carried out from 09 to 14 December 2022, by a
group of ten (10) students from the University of Marien N'Gouabi in the
Republic of Congo. It was carried out face-to-face with the respondent,
using a questionnaire developed with the help of Sphinx Plus software? -
Edition Lexica-V5. The sample of people to be surveyed was selected in
concentric zones, starting from a central point in the middle of the
watercourse. Three concentric zones were defined with an equidistance of
250 m, the furthest zone being 750 m from the river (Dieng et al., 2016;
Madzella, 2019). These concentric zones were delimited using Qfield
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software and incorporated into the Smartphones for easy location of the zone
of influence in the field. These survey zones were determined using a
satellite image of the city of Brazzaville to cover the extent of the survey
area. The questionnaire was submitted mainly in households and to people
encountered in the survey area (shopkeepers, local players, farmers, etc.).
The surveys were conducted in French and local languages, depending on
the district and the social level of the population. In the field, people or
households were chosen at random, while respecting the geographical
representativeness of the survey area. The survey data were analyzed and
entered into the Sphinx software and transposed into Excel to produce the
graphs. A total of 880 people were surveyed, including 176 farmers.
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Figure 2. Survey area sites location

WWW.esipreprints.org 544



http://www.eujournal.org/

ESI Preprints February 2024

3. Results and discussion

The surveys were carried out in the eight (08) arrondissements of
the city of Brazzaville through which the following rivers flow: the Djoué,
the Mfilou, the Mfoa, the Madutkutsékélé, the Tsiémé, the Mikalou and the
Djiri. The highest proportions of respondents were found in the Djiri,
Mfilou and Madibou arrondissements, which are crossed by the largest
rivers, the Tsiémé, Djiri, Mfilou and Djoué respectively (Figure 3). The
most representative household size, representing nearly 30% of those
surveyed, is between 6 and 8 people (Figure 4).

6t08 4t06 2to4 Sto 10to >12 <2

Figure 3. Frequency (%) of respondents Figure 4: Frequency (%) of household sizes

in each arrondissement

According to the breakdown of respondents by gender, women are
the most represented with a percentage of 54% (figure 5). The most
represented age groups were 25-30 and 37-42 (Figure 6), which shows that
the people interviewed in this study are mostly young and of age. Similar
results were obtained by Nkounkou et al, (2017) who worked on drinking
water in the city of Brazzaville
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19-24
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m 31-36
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m43-48
49-54
m>55
mMale mFeminine ® Unanswerable

Figure 5. Breakdown of respondents by gender Figure 6. Breakdown of respondents by age group

According to the respondents of activity sector, 60% of them were
employees, 54% of them in the private sector and 6% in the public sector
(Figure 7). The majority of respondents (56.93%) had a secondary education
and 26.48% had a higher education (Figure 8).
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Figure 7. Respondents sector of activity Figure 8. Level of education of respondents

Most households (79%) have a source of water supply, which in this
case is the Congolese water distribution company (LCDE). A further 15%
have boreholes, 7% wells and 8% springs (Figure 9). The majority of
households that do not have a water supply source on the plot (87% of those
surveyed) travel a distance of less than 100 m to obtain water, and
sometimes more than 600 m (Figure 10). These results differ from those
found by Nkounkou, (2017), where water supply was a chore for people.
This can be explained by population growth, which
encourages people to have a source of supply in their neighbourhoods.
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Figure 10. Distance travelled by
households to obtain water

Figure 9. Water supply method

With regard to solid waste management, 40.60% of households store

their waste in dumps, 21.45% leave it in the open air, 14.04% burn it,

13.39% have it collected by collection companies, 14.24% is buried and

the rest is either recycled or dumped in watercourses (Figure 11). These

results are in line with those found by Nwamo et al (2016) in the city of

Douala in Cameroon, where the majority of people said they dumped their

waste in rubbish bins, and a small proportion in and around watercourses.
Dumping waste in this way stresses the watercourse in which it is dumped.
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Figure 11. Waste management by households

Faecal sludge from households is mostly buried (52%) or transported
by vacuum trucks (40%). Only 4% of households dump their waste in
composting pits, and 3% dump it in watercourses (Figure 12).
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Figure 12. Management of faecal sludge by households

Several methods are used to manage domestic wastewater (Figure
13). In fact, 56% of households surveyed evacuate domestic wastewater in
the street, 18% in plots and 11% in gutters. Only 9% of respondents
discharge their wastewater into individual sanitation facilities (septic tanks
and cesspools), which are collected by tanker trucks. Unfortunately, this
water is not treated before being discharged into the environment.
Controlling the quality of the water before it is discharged helps to maintain
a low-pollution environment, while guaranteeing health of people (Mbaka
et al., 2017; Pambou et al., 2022). Wastewater often contains
micropollutants and other pathogenic organisms dissolved in water, which
are responsible for waterborne diseases and the pollution of aquatic
ecosystems (Pritchard, et al., 2009; WHO, 2011).
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Figure 13. Wastewater disposal in households

In the city of Brazzaville, more than 80% of the population does not
practise livestock farming (Figure 14); of those who do, 40% of waste is
buried or left in the plots, 32% is used in the fields and/or gardens, 20% is
dumped in the open in the street and 8% is sold (Figure 15).
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Figure 14. Frequency of livestock farming in the Figure 15. Frequency of livestock waste
survey area management

Regarding the link between waste management and environmental
pollution, nearly 91% of households surveyed said that their environment
was polluted by household waste (Figure 16). Plastic waste is the most
common pollutant. This shows that the biggest source of water and soil
pollution in Brazzaville is household waste.
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Figure 16. Sources of environmental pollution in the city of
Brazzaville

According to Figure 17, the most common illnesses linked to
environmental pollution in the city of Brazzaville are, in descending order,
malaria (53%), diarrhoea (20%), stomach ache (16%), typhoid fever (4%)
and dermatitis (3%). Cholera and urticaria were marginal. These results can
be explained by the fact that these are diseases that have plagued tropical
areas for millennia (INSERM, 2015).
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Figure 17. Type of deseases prevalent

In terms of human activities that are sources of pollutants,
commercial activities (restaurants/bars, pharmacies, grocery stores/butchers,
markets, etc.) are the most common, accounting for around 70%, followed
by agricultural activities (17%). Other human activities (livestock farming,
fishing, crafts, pharmacies and industry) are, on the whole, very little
represented in the areas surveyed (6%) (Figure 18). These results highlight
the predominance of commercial activities in the districts of the city of
Brazzaville in Congo, as in some countries such as Gabon (Mombo and

WWWw.esipreprints.org 549



http://www.eujournal.org/

ESI Preprints February 2024

Edou, 2005) and the Democratic Republic of Congo (Makuku et al., 2018).
On the other hand, the results found by Nwamo et al (2016) in the city of
Douala in Cameroon showed that agricultural activities (82.5%) and
livestock rearing (17.5%) predominate and are used for household
subsistence. The most widespread agricultural practices (Figure 19) are
market gardening (vegetables, chives, spinach, etc.) (41%), maize (20%),
groundnuts (11%), cassava (12%), fruit trees (8%) and sweet potatoes (2%).
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Figure 18. Human activities in the surveyed Figure 19. Type of culture produced
areas

The assessment of the distances of the sources of pollution showed
that most of these activities (59%) are located close to or very close to the
watercourse (Figure 20). This can be explained by the fact that the
majority of anthropogenic activities are carried out on the banks of
watercourses (Aziz Assaad, 2014).

= Very close(250m)
Close (250-500m)

-

‘ Far (500-750m)
Very far (750-
1000m)

Figure 20. Distance of sites where activities are carried
out from the watercourse

50% of people who practise agriculture think that the soil is fertile,
whereas 40% of those surveyed said the opposite (Figure 21). The main
criterion for recognising the level of soil fertility used by farmers is yield
(figure 22).
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Figure 21. Soil fertility status Figure 22. Warning signs of soil fatigue

To improve soil productivity, almost 60% of those surveyed use
fertilisers (chemical fertilisers and organic amendments), particularly for
market gardening (Figure 23); the rest of the population fallow and grow
shifting cultivation. Organic soil improvers are used more often than
chemical fertilisers in Brazzaville (Figure 24). Chemical fertilisers and
organic soil improvers are used empirically, without any official
recommendation of an optimal dose; this leads to soil and water pollution
and the bioaccumulation of heavy metals in crops (Malmqgvist and Rundle,
2002; Nwamo et al., 2016; Nzila et al., 2018).
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Figure 23. Measures taken in the event of soil
fatigue

Figure 24.Type of fertiliser used

The most commonly used chemical fertilisers are NPK and urea, with
less than 7 kg for NPK and 7 ml for urea on a 20 m? plot (Figure 25). These
fertilisers are applied to the plants using various methods (Figure 26) :
broadcast (30%), around the plant (28%), as a base dressing (25%) and in
patches (18%).
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Figure 25. Amount of fertiliser used on crops Figure 26. Methods of applying fertilisers to crops

The organic soil improvers used (Figure 27) are compost (33%),
poultry droppings (28%), pig droppings (22%) and household waste (16%).
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Figure 27. Types of organic amendments used on crops

Pesticides are used on 47% of crops (figure 28). Figure 29 shows that
the most commonly used pesticides are insecticides (42%), herbicides (29%)
and fungicides (21%). We are therefore witnessing an intensification of
farming practices characterised by regular and unsustainable inputs of
organic fertilizers (household waste sludge and compost, livestock manure,
agro-industrial by-products, sewage sludge), mineral fertilizers and the use
of various pesticides (Compaoré and Nanéma, 2010; Nzila et al., 2018).
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Figure 28. Frequency of pesticide use on
crops

Figure 29. Types of pesticides used

Almost half of residents of Brazzaville (45%) own their own home
(Figure 30). By contrast, 24% of residents rent, 21% live in family housing
and only 1% live in social housing. The majority (65%) of plots are
purchased from landowners, which explains why most people live in their
own homes (Figure 31).

0,
24% 9% 24%
2%
65% 9%

45%

1%

21%

m House owner = Family m Acquisition from the authorities
H Acquisition on our own land

Social housing ® Tenant Purchase from landowners
m Unanswerable m Unanswerable
Figure 30. Housing situation of residents in Figure 31. Land acquisition method

surveyed areas.

According to the people surveyed (Figure 32), the activities that
contribute to soil degradation in the city of Brazzaville are the dumping of
waste on the ground (59%) and anarchic urbanisation (32%) (Rebouh, 2019).
Indeed, the city of Brazzaville includes thousands of household waste dumps
that are either in the streets or in vacant lots (Zmirou et al.,, 2003,
PARSEGD, 2008; Nzila et al., 2010; Mukuku et al., 2018).
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Figure 32. Causes of soil degradation in the areas surveyed

Conclusion

The Brazzaville surveys were conducted in eight (08) districts
(Makélékélé, M'Filou, Talagai, Ouenzé, Poto-Poto, Djiri, Madibou and
Moungali). The most dominant age group is between 25 and 48, representing
66% of respondents. 54% of respondents were women. The average age of
respondents was lower secondary school level, and they were generally
employed in the private sector. The population generally uses water supplied
by the national water distribution company (LCDE). 56% of domestic
wastewater is discharged into the streets, resulting in a high prevalence of
malaria (73%). Commercial activities (restaurants/bars, pharmacies, grocery
stores/butchers, markets, etc.) are the most common economic activity,
accounting for around 70%; 59% of these activities are located close to or
very close to the watercourse. Farmers use organic amendments and
chemical fertilizers to improve fertility and obtain satisfactory harvests.
However, organic soil improvers are most commonly used by market
gardeners (mainly compost). To combat plant diseases and pests, these
market gardeners use pesticides, the most commonly used of which are
insecticides. The activities contributing to soil degradation in the city of
Brazzaville are mainly dumping waste on the ground (59%) and uncontrolled
urbanization (32%). This study shows that soil and water pollution in
Brazzaville is caused by poor management of household waste and
uncontrolled urbanization.
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