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Abstract

In the coastal cities of West Africa, land use change, rapid population growth,
bad sanitation systems and poor environmental governance degrade the qual-
ity of groundwater. This study aimed to assess alternative, acceptable, afford-
able sanitation disposal and practices for groundwater quality rehabilitation
in the cities of Cotonou and Lomé. The study was based on the participatory
transdisciplinary approach, field surveys, feedback from interactions with
stakeholders, experiences of the practitioners and institutional consultations.
This multi-stakeholder approach helped to appreciate ecological aspects of
sanitation disposal and its implications on water quality improvement. SWOT
model was used to analyze the relevance of assessed ecological system. Well
water quality is deteriorated by traditional waste management disposal. Eco-
logical sanitation systems are septic tanks on polyethylene, above-ground la-
trines and phytoremediation technique in the swamp areas. Collected wastes
are used for composting and biogas production. Based on the optimist scena-
rio at 2030 horizon, kind success factors of groundwater security are partici-
pation of citizens, existence of sanitation market, valorization of the waste by
category, low-cost disposal adaptable to the individual, household and neigh-
borhood’s scales. The strategic directions rely on funding and public policies
for WASH, ecological sanitation disposal, cultural environment and good sa-
nitation practices for emergence of new sanitation system to secure and sus-
tain well water quality. But the social acceptability of ecological disposal is li-
mited by the society’s multicultural heritage. These findings could help in de-
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cision-making concerning urban groundwater quality protection in the Afri-
can coastal cities.
Keywords

Socio-Ecology, Sanitation, Well Water Quality, SWOT, Scenario, Social
Acceptability

1. Introduction

Groundwater is a vital source of drinking water in African towns and cities; how-
ever, this resource has often been compromised by the combined use of aquifers
as a repository for human waste [1] [2] contamination sources such as wastewa-
ter basin, latrines and gutters. The current environmental governance linked
urban linear metabolism leads to high level of pollution, notably in the informal
settlements. Indeed, the threats to urban groundwater result from inadequate
sanitation and hygiene infrastructure and the proximity to lakes and lagoons, etc.
Related to urbanization, Zaporozec et al [3] cited domestic and municipal solid
waste disposal, disposal of domestic wastewater, disposal of collected wastewater
and effluents, salvage and junkyards and other urban sources. Almost 85% to
90% of global wastewater is discharged without treatment [4] (Corcoran et al,
2010).

Thus, in the cities of Cotonou and Lomé, the available groundwater has a poor
quality (therefore inaccessible) because of poor sanitation and inappropriate hy-
gienic practices. In these towns, the basic disposal of wastes and excreta man-
agement are gutters, swamps, sumps, streets, courtyards of house, pit latrine and
septic tank [5] [6] [7] [8]. The bad status of these sanitation infrastructures af-
fects groundwater quality, compromising safe water supply to citizens. Ground-
water, mostly from shallow aquifers is polluted with faecal coliforms on these
two cities [9]-[15]. In this context, the past and current sanitation systems can’t
be that which could help to achieve the sustainability of domestic water use in
the poor African cities. The emergence of new water management concepts over
time involves water security [16]. A sustainable and environmentally healthy
water resource management is important to ensure, in the future, drinking water
quality and quantity [17]. So an integrated representation of socio-ecological
systems can help to support local communities to move towards sustainability
[18]. Indeed, social planning has come to be synonymous with technical fore-
casting [19]. This paper is based on the theory that safe groundwater will not be
accessible in coastal cities due to poor sanitation and inappropriate hygiene prac-
tices. However, socio-ecological mechanisms of solid, liquid and excreta waste
management can reduce groundwater pollution. To this end, we explore a highly
interconnected relationship between human societies and ecosystems defined by

Royce and Behailu [20] to positively impact the hydro system by safe sanitation.
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Universal clean sanitation has been promoted as one of the pillars of the United
Nations’ Sustainable Development Goals (SDGs) for 2030 [21]. Also, with regard
to the Intergovernmental Hydrological Programme of the United Nations Edu-
cational, Scientific and Cultural Organization (UNESCO-IHP) post-2015 goal
“ensure water security for sustainable development” and the challenges of urban
sustainability, it is necessary to develop socio-ecological systems to protect ground-
water. According to Berkes & Folke [22], social-ecological systems are linked sys-
tems of people and nature, emphasising that humans must be seen as a part of, not
apart from, nature.

A new sanitation system will help restore and protect groundwater quality
through changes in the behaviour of the urban people. The issue is to propose a
socially accepted eco-hydrological approach for aquifer rehabilitation and pro-
tection, and improvement of well water quality in the coastal cities. This chal-
lenge leads to the exploration of the concepts like ecological sanitation and en-
vironmental sanitation, used by the World Health Organization (WHO) [23]
and Langergraber and Muellegger [24]. So, based on a conceptual scheme for
integrating social and ecological systems in the city [25] (Grimm et al, 2000) the
ecological sanitation challenges will be co-designed taking into account changes
in urban ecology and in the perceptions and attitudes of the citizens. We explore
the argument developed by Bijker et al [26] which certified that the stabilisation
of technology results from involving the social groups in designing and using
technology and their final decision of a solved problem. This can drive ecological
patterns and processes governing groundwater quality to guarantee the avail-
ability of safe domestic water for the two cities over a long period of time. But
the socio-ecological systems are associated with numerous constraints such as
increased urbanization, pressure on land availability, environmental variability,
etc. [27] that will be analysed through the Strengths—Weaknesses—Opportunities
—Threats (SWOT) approach.

The objective of this paper is to highlight ecological sanitation disposal, so-
cially adaptable for groundwater rehabilitation and its quality improvement in

the coastal cities as Cotonou and Lomé.

2. Materials and Methods
2.1. Study Area

Cotonou and Lomé cities are located in West Africa (Figure 1). These border
countries are established on the coastal sandy and marshy plain between the At-
lantic Ocean and lagoons or lakes. The sites are 4 to 6 km long [28] and 2 to 3
km long [29] respectively and have relatively flat and irregular topography with
0.4 to 6.5 m and 5 m. Soils with 80% being coarse sand and porosity exceeding
40% in Cotonou [28] facilitate infiltration and fast transfer of pollutants from
sewage, wastewater basin, landfills and latrines towards water systems mostly
shallow aquifers (Quaternary). The climate of these two cities is subequatorial with

two dry seasons and two rainy seasons. These cities have respectively an average
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rainfall of 1300 mm/yr and 800 mm/yr with annual temperatures of 27.7°C and
27.9°C. Interaction between natural and human factors enhances ecological risk
of aquifer contamination from unsafe sanitation disposal especially on the time of

yearly floods.
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Figure 1. Geographical location of the cities of Cotonou (a) and Lomé (b) and socio-anthropological
survey sites.
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The social system is dominated by the cities’ poorly planned, informal settle-
ments and inadequate basic socio-community infrastructures such as Water,
Sanitation and Hygiene (WASH). Rapid population growth in Cotonou with a
high density (14,591 people/km?®) and in Lomé (11,985 people/km?) has as a con-
sequence increased production of solid and liquid wastes and excreta (0.6
kg/hab/day and 0.596 kg/hab/day). While the solid waste collection is operational,
the wastewater and excreta collection system is unregulated and uncontrolled.
Thus, negative effects of improper waste management include the alteration of
the environment and water systems such as groundwater [9] [12] [13] [14].

Due to urban sprawl and spatial saturation residents of Cotonou (79 km?) and
Lomé (90 km?) live in a complex environment marked by improper waste man-
agement and leachate and faecal contamination of groundwater. In this context,
human health is affected by the bad groundwater quality due to faecal contami-
nation [12] [15] [30]. Focusing on WASH related to SDGs 3, 6 and 11, the two

cities have been chosen as the study area.

2.2.Data

This study is carried out in the selected case study area, based on the following
criteria: an unhealthy neighbourhood, a higher people density, existence of a
garbage dump, wastewater drainage disposal, type of excreta disposal. These cri-
teria are retained on the basis of expert judgment which governs their choice and
directs how they can help to assess the human pressure impacts on the environ-
ment health and well water quality.

Questionnaire, direct field observation and institutional consultancy helped to

collect data on well water, sanitation, hygiene and disposals.

2.3. Transdisciplinary Research Approach

To improve groundwater management, the value of drawing on theory and meth-
ods from social research is increasingly recognising [31]. The study was carried
out using the transdisciplinary approach [32]-[40] which involves all stakeholders
in the various steps of the research to generate new, comprehensive knowledge
and an overarching synthesis on best sanitation practices. Applied transdiscipli-
nary approach in this study leads community-based stakeholders in evaluating
and identifying the sources of domestic well water contamination. This enables
also to evaluate on-going experiences of best sanitation practices and co-production
ecological disposal to secure groundwater quality.

Taken transdisciplinary action [41] involved the inclusion of stakeholders (in
the two cities) in framing of the problem statement (sanitation and quality of
well water in the two cities), field data collection on existing sanitation and hy-
giene disposals, analysis of the results and adoption of socio-ecological systems
to sustain groundwater quality. In practical terms, our research consortium in-
cluded academics geographers, sociologists, hydrogeologists, civil engineers, ar-
chitects, specialists in public health, sanitation and hygiene, and urbanists as well

as non-academic groups such as urban residents, business interest groups, civil
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society, government agencies working on Water Sanitation and Hygiene (WASH)
and municipality offices, urban community government. At the first step of this
approach diverse groups jointly identify the problems of current sanitation and
hygiene linked groundwater quality degradation.

Stakeholders engagement in direct research facilitated the transdisciplinary
co-production of knowledge (breaking the boundaries between science and soci-
ety) on the ecological sanitation practices to protect and sustain groundwater
quality. Research took the form of local field visits (in situ analysis of sanitation
and hygiene disposal and interactions with domestic wells, interviews on 115
households per city, and engaged researcher-stakeholder group discussions for a
new knowledge creation, addressing concerned sanitation problem solving by
ecological disposal.

Finally, the results of scientific studies were integrated into societal and scien-
tific practices to promote acceptable, affordable sanitation practices and disposal
to improve the quality of groundwater and, ultimately, to provide safe domestic
well water to the urban communities. Knlippe and Pahl-Wostl [42] supported
also this research approach explaining that in the groundwater context, stake-
holders to involve are scientists, policy makers, farmers, Indigenous people and
environmental interests, and there are clear benefits from not excluding these

key actors.

2.4. SWOT Analysis of Sanitation Disposals versus Groundwater
Quality

A SWOT analysis [43] [44] [45] [46] helped to assess factors that can influence
the ecological disposal for groundwater quality protection. This analytical model
can provide a good basis for strategy formulation [47] which is used for audits
and strategic planning [48] and so serves as an important support tool for deci-
sion-making [43].

SWOT analysis enables understanding of strengths, weaknesses, opportunities
and threats involved in any activity [49] or can be used to interpret a plan under
complex conditions [50] as waste management in the coastal urban area. Thus, a
SWOT Matrix is established to identify these strengths and weakness (internal
factors) and these opportunities and threats (external factors) on the views of en-
vironmental, political, social, economic or cultural vectors of behaviours change.
Use of the SWOT analysis can help to show the efficiency (or inefficiency) of
operation [51] that correspond in this study to the adoption of ecological sanita-
tion disposal to secure and sustain urban groundwater quality. It also helps to
define the strategic orientations for sustainable water, sanitation, hygiene and

health systems.

3. Results and Discussion

3.1. Citizen’ Logics of the Relationship between Society and
Environment

The study areas are a multicultural environment, bringing together in the same
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territory several groups of people from various areas, and with different percep-
tions and practices. Sanitation and hygiene in these towns are perceived as the
fact of purifying their immediate living environment, making it clean. Paradoxi-
cally, streets, abandoned houses, swamps, gutters, soils, lake, lagoon, etc. serve as
discharge sites of generated waste.

According to Ogu [52], in several developing countries, such as Nigeria, the
inadequacy of urban land development and planning has led to concerns re-
garding the environmental sustainability of the urban centers. A cohabitation of
urban people with solid, liquid or excreta wastes (Figure 2) is observed as re-
vealed in Dakar by APHRC [53]. In the middle cities of Burkina Faso, Bouraima
[54] revealed the human-waste relationship in its multidimensionality. These
behaviors linked to the traditional waste management system contribute to the
degradation of groundwater quality because of the fracture of the equilibrium
between the social and ecological systems. Also, there is a lack of public envi-
ronmental awareness generating acceptance of alternative solutions [55]. Figure
3 shows the perception the urban people with regards to practices that can con-
taminate groundwater.

Wastewater disposal near wells (33% in Cotonou; 32% in Lomé) and inap-
propriate household waste management (36% in Cotonou; 21% in Lomé) are the
main sources of well water contamination in these cities. Associated factors of
pollution are poor installation of sanitation facilities (11% in Cotonou; 15% in
Lomé) and proximity of the well to sanitation disposal (7% in Cotonou and 14%
in Lomé). In this context, according to UN-Water [56], environmental condi-
tions arising from inadequate or non-existing wastewater management pose sig-
nificant threats to human health, well-being and economic activity.

To reduce the damage caused by the bad sanitation and inadequate hygienic
practices on groundwater, socio-ecological solutions are necessary for the sus-
tainability of safe water supply on the two cities.

Adoption of the new ecological sanitation and hygiene systems allows the
protection against contamination sources and progressive improvement of well

water quality by reducing of pollutant transfer in the cities.

(®)

Figure 2. Households cohabitation with wastes on the cities of Cotonou (a) and Lomé (b)
(Photos: H.S. Totin Vodounon, June 2019).
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Figure 3. People perceptions of practices contributing in groundwater contamination.

3.2. Experimental Socio-Ecological Systems of Sanitation

The population is aware that it will be necessary to improve the household waste
management. Waste valorisation [6] [57] [58], according to the field survey re-
sults, includes compost (fertilizers for vegetables; 44% in Cotonou and 45% in
Lomé), fuels (biogas; 21% in Cotonou and 16% in Lomé), materials (transforma-
tion of plastic wastes on blocks for road construction; 24% in Cotonou and 16%
in Lomé). To this end, ecological garbage cans are sued in sorting waste, to avoid
odour pollution, animal vandalism and pollutants infiltration toward the shallow
aquifers.

With regard to the current linear urban metabolism in Cotonou [5] [7] [15], a
future circular bioeconomy [59] presents an opportunity for sustainability of the
cities. Recycling and reuse of liquid waste in agriculture, wetland governance
and energy can contribute to this kind of economy if positive wastewater man-
agement behaviours are adopted in the two cities. Andersson et al [60] link re-
cycling water resources to less freshwater abstraction from natural systems to
meet human demand, contributing to environmental sustainability.

Concrete septic tanks require the use of heavy concrete or brick structures
which over time present certain drawbacks such as lack of waterproofing. In this
case with the rapid development of modern technologies, ecological disposal of
wastewater and excreta management can be through the use of Polyethylene
septic tanks, above-ground watertight pit latrine in swampy environment as
presented in Figure 4 and phyto-purification by Eichhornia crassipes (water
hyacinth) at household or neighbourhood level or and natural lagoon. These
ecological systems have been inspired from existing experiences capitalized by
the Songhai Centre in Benin and NGO ENPRO (Safe Natural Ecosystem) in
Togo concerning integrated ecological sanitation and biogas production by
waste methanization (Figure 5). Methane is of significant importance due to the
large amount formed during the decomposition of organic wastes [61].

The phytoremediation of wastewater [62] [63] using Eichhornia crassipes or
other invasive plants is adapted to the swamp neighbourhoods. Eichhornia cras-
sipes accumulates heavy metals, dyes, radionuclides, and other organic and in-
organic contaminants from water [64]. The depolluting plants will be recovered

to produce biofuels [65] or for manufacturing briquette [66], within the sus-
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tainable development plan of the two cities. On an individual or household scale,
the phytoremediation disposal installation is supplied by water from toilets and
kitchen.

(b)

Figure 4. Experimental septic tanks in plastic polyethylene at Ahouansori Towéta (a) and
ecological above-ground watertight pit latrine in swampy environment of Agla in Coto-
nou (b) (Photos: H.S. Totin Vodounon, August 2019).

Lo

Figure 5. Methanization and biogas production disposal in
Lomé (Photos: E. Chokpon, July 2020).
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As noted by Andersson et al. [50], vast economic (as well as social and envi-
ronmental) benefits for societies could be provided by sustainable sanitation and
wastewater management. With these sustainable ecological disposals adapted to
the flooding areas, the waste (solid waste, wastewater and excreta) cannot con-
taminate aquifers systems. Sauer et al. [67] confirm that a high priority for many
cities is the protection of groundwater by ecological farming. So, it provides sus-

tainable groundwater protection in African coastal cities.

3.3. Internalization of Socio-Ecological Systems by Citizens

The success of the ecological sanitation is its acceptability by urban people. Ac-
cording to Esrey et al [68], the strangest aspect of ecological sanitation options
is the fact that it requires from households, certain manipulations of its prod-
ucts. Indeed, concerns have been expressed by urban people about the cultural
potential [69] or acceptability and health aspects of the ecological sanitation sys-
tems.

The cultural acceptability of ecological sanitation depends on “positive asso-
ciations between sanitation and fertilizer production enabling quite significant
changes in attitudes towards human excreta” [70]. Understanding attitudes and
behaviour of the target population in order to design feasible eco-sanitation sys-
tems has also been the interest of Nawab ef al [71]. So, the participation of ur-
ban stakeholders can lead to activate the socio-ecological transition of cities in
order to preserve water system and sustain safe water supply. This can help to
avoid the failure of an ecological sanitation program when put in place without
the participation of concerned users. Donadei [72] reasoned that a population
actively involved is a key element to activate a change; it has to understand na-
ture, and to build real alternatives to the current model of territory occupation
based on the ecological paradigm.

With the transdisciplinary approach (participatory and inclusive), evoked
socio-ecological systems are selected to be implemented in order to improve well
water quality in the study areas. However, the social and cultural conditions—
habits, beliefs, values and practices that influence the design of the “social”
components of a sanitation system, its acceptability or “adjustment” within the
community are not static; new practices are constantly developing in many so-
cieties [68]. Sauer ef al [67] demonstrate that depending to regarded cities, the
actors involved with the water system assessed the socio-ecological transition
(SET) differently. So, in Cotonou and Lomé, cosmopolite cities, a social trans-
formation to secure groundwater need habits monitoring for possible and per-
manent adjustment. This transformative change may involve as highlighted by
Berkes [73], institutional change, technological innovation, behavioural shifts,

and cultural change.

3.4. SWOT Analysis of the Socio-Ecological Sanitation Practices

3.4.1. Solid Waste Management System
The system adopted with the population for the protection of the quality of the
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groundwater is the selective collection system based on the market economy. Its
implementation will lead citizens to no longer use the streets, abandoned houses,
swamps, gutters, soils, lake, lagoon as waste discharge sites.

The SWOT analysis of this system is presented in Table 1.

Using the SWOT model for the urban waste management analysis, Eheli-
yagoda [74] found as key points of strengths location of the solid waste manage-
ment centre, regular waste collection, establishment of waste purchasing and re-
cycling centres, strong awareness and training programmes on promoting mu-
nicipal solid waste management, waste taxation and availability of finance. Mor
et al. [49] evoked practice of door-to-door collection of waste with fixed monthly
charges payment by residents. But this strategy failed in Cotonou and Lomé be-
cause of the proximity of houses to swamps where urban people directly dump
garbage. Otherwise, political support is crucial for successful participation of

civil society initiatives [67] on the urban solid waste management.

3.4.2. Wastewater Management System

Ecological management of wastewater involves pre-treatment before discharged
in the natural ecosystems. Among the wastewater treatment techniques, phyto-
purification is one of those adapted to the context of sustainable development,
because it not only protects the environment, but also promotes the develop-
ment of flora. Phytoremediation by water hyacinth is therefore an ecological
system to eliminate pollutants of wastewater before its discharge in the envi-
ronment. This practise can progressively help in reducing groundwater con-
tamination by liquid waste. The development for phyto-purification could be
carried out in swamping neighbourhoods. SWOT analysis of this system is in
Table 2.

Table 1. SWOT Analysis of selective waste collection system.

Strengths Opportunity

Participation of urban population

Increase in household income Existence of experimental Centre (Centre

. Songhai, Programme VALDERA in Benin;

Sorting of waste .
NGOs STADD and ENPRO in Togo)

Existence of waste buying and recycling centers . L .
Existence of economy and sanitation value chain

Valorization of the waste by category interest (Business Interest Groups)
Protection against groundwater pollution by Waste management project on the National
landfill Development Plan

Production of natural fertilizers Promotion of organic products

Environmental Protection

Weaknesses Threat

Insufficient sorting and recovery centers for Incivism of urban people

household’s waste
No adhesion of the urban communities
Unavailability of human, technical and financial

resources Lack of coordination of waste collection company
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Table 2. SWOT Analysis of wastewater management system.

Strengths Opportunity

Development of aquatic flora

Low investment cost Existence of swamps
Landscape integration Existence of lakes and lagoons connected to the
swamps

Easy to be realized at the household and
neighbourhoods scale

Weaknesses Threat

Requires more space

. Lack of wastewater collection service
Odour pollution

Created hydrosystem can increase proliferation Acceptability by riparian population

of mosquitoes Accumulation of waste
Necessity of specific pollutants remediation Filling of the phytoremediation basin by waste
plants

Starkl ef al [75] identified strengths as low energy requirements, benefits of
side products, high acceptance for reuse of treated wastewater while weaknesses
are high land requirements, odour and mosquitoes from the wastewater basin
near human settlements. The weaknesses are the challenge to face in the study
areas. Within the framework of relationships between urban community-based,
technology and nature, Van De Meene [76] and Bell [77] revealed the challenges
of wastewater treatment technologies and the shift from traditional to more sus-
tainable approaches. The basic mechanisms can be recycling and reuse of waste-
water that has to be made with dual water supply system for new layouts [78]
adaptable to the complex coastal areas of Cotonou and Lomé.

3.4.3. Excreta Waste Management System
Strande et al [79] highlight that the faecal sludge contains faeces and urine, toi-
let paper, anal rinsing water, and even greywater or flushing water. Reuse of nu-
trients from human faeces and urine is the basis for excreta ecological sanitation.
Excreta and urine can be used as components of compost and biogas produc-
tion. With regard to the permanent humid environment of the two cities, com-
posting dry toilets, watertight pit latrines, above ground latrine and reinforced
concrete septic tanks, and polyethylene septic tank are those adapted. The SWOT
analysis of this excreta management disposal is presented in Table 3.

According to Andersson and Minoia [80] ecological toilets can consist of cheap
and easy appliances; one important dimension is that their adoption must de-
pend upon potential users’ choices, coherently with their cultural sensitivity and

possible consideration as livelihoods resources.

3.5. Socio-Environmental Challenges versus Groundwater
Quality: Scenarios and Strategic Directives

Diagnosis of the environmental system revealed three sub-systems established as

an institutional framework, a living area, and a socio-cultural framework.
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Table 3. SWOT Analysis of excreta management system.

Strengths Opportunity

Adaptable to the individual and collective Possibility to use technological advances to manage
house excreta

Protection of the environment against faecal Promotion of the use of natural fertilizers and biogas

pollutants Promotion of organic products
Weaknesses Threat

Requires frequent draining

Social acceptability
Risks of odour rising

Health risks
Perception of the population

Responses to the various questions linked to the sub-system highlight the an-
ticipation ability of arising situations. Key aspects by sub-system are: institu-
tional frame (public policies and mobilisation of financial resources; sustainable
living environment (waste management and ecological system) and socio-cultural
framework (social acceptability and social practices/behaviours change). This
combination helps to identify the challenges and issues of the socio-ecological
sanitation system.

The main challenges to be overcome are the poor management of waste by the
existing sanitation and hygiene system and the adoption of an ecological system,
in order to reduce the degradation of groundwater quality. The concern of social
acceptability refers to the inextricable link between the sociological and technical
considerations. Mariwah and Drangert [81] recommend open discussions in the
community to success the ecological sanitation implementation. This challenge
must be taken up within an appropriate institutional framework in order to en-
sure the system a contributing role to development and within the cultural frame-
work in order to bring society, in this case the urban communities, to change
sanitation and hygiene behaviours and habits with the aim of the sustainable
restoration of aquifers. To overcome these challenges and ensure the protection
of groundwater quality, global scenarios have been formulated for each of the

sub-systems in Table 4.

3.5.1. Social Change on the Global Optimistic Scenario

The urban population, on the process of social change, understanding the con-
sequences of its actions on the environment and on its health, begins progres-
sively leaving bad behaviour such as: discharge the wastewater on streets, aban-
doned houses, swamps, gutters, soils, lake, lagoon, etc. Curtis ef al. [31] evoked
changes in human behaviour as condition of environmental improvements.

To sustain the effective membership of urban communities, waste produced is
recovered free of charge from households by the management structures. So, the
behaviour of citizens changes completely and they work in synergy with the
Municipality and the Basic Hygiene and Sanitation Offices. Indeed, the classic
sanitation system which contaminate groundwater and degrade of the quality of
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Table 4. Summary of global scenarios for the sub-systems of the WASH system.

L . Global intermediate Global pessimistic
Sub-system Global optimistic scenario K .
scenario scenario

Perf f publi
errormance of public Performance of public ~ Ineffective public policies

Institutional policies and strong .
. policies and strong and poor resource
framework mobilization of . .
mobilization of resources mobilization
resources
Improving waste Improving waste Poor waste management
. management and management and and rejection of the

Living area - X - X .

adopting an ecological ~ adopting an ecological ~ ecological system by

sanitation system sanitation system citizens

Good social acceptability

Socio-cultural and good social behaviour

Poor social acceptability Poor social acceptability

framework and bad social practices and bad social practices

change practices

well water is controlled and stopped. From the short to long terms (horizon 2030),
groundwater is protected from any contamination source and its quality is pro-
gressively and permanently improved. According to Dietz ef al [82], effective
groundwater governance is easier in the framework where the user population,
the uses, and economic and social conditions are relatively stable or change only
moderately, and where communities that use the resource frequently interact.
With regard to this, urban population can have access to well water, use safe
water for all it needs, including drinking, and avoid water-borne diseases. The
limit concerning this scenario focusing on one of the theory of Inglehart and
Wayne [83] is that values can change, but they will reflect a society’s cultural
heritage. So, on the view of Minato et a/ [84] development of positive social

norms is one strategy that can be used to influence adoption of new practices.

3.5.2. Social Change on the Global Intermediate Scenario
The population of the two cities, despite efforts of the various actors, has mixed
behaviours or is resistant to change. According to Moser et al. [85], social resis-
tance to certain adaptation strategies is influenced among others by attitudes,
cultural norms, place attachment and historical investments. In the study areas,
people are coping with the domination of cultural influence and consider that
“water cannot be dirty”. Private waste management companies frequently visit the
neighbourhoods and households to recover waste produced, but the streets, un-
built houses, swamps, gutters, soils, lake and lagoon are still used as discharge site.
Urban communities therefore do not change their habits and continue with
the classic system of sanitation and hygiene, resulting from the vicious linear
metabolism which contributes to groundwater pollution in the cities. By 2030,
groundwater quality will be completely degraded and can no longer serve the
needs of the urban population. People continue to spend money for safe drink-
ing water and take care of the health risks associated with living in a polluted
environment and consuming contaminated well water. This scenario refers in

accordance with Llmas [86] to the need of the participation of the social groups
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and stakeholders, which should begin in the early stages and should be, as much

as possible, bottom-up in the water development projects.

3.5.3. Social Change on the Global Pessimistic Scenario

Urban population continue with their old habits which consist of waste dis-
charge on swamps near households, drainage of wastewater and excreta in the
gutters, lake and lagoons. In correspondence to this scenario, we agree with In-
glehart and Wayne [83] who highlight that the influence of traditional value sys-
tems is unlikely to disappear, however, as belief systems exhibit remarkable du-
rability and resilience. This could be related to the cultural nature of cities as
they are not planned, but spontaneous [87] mostly in a large part of Africa. So,
in the study areas, face to the government resignation and the providing of bad
sanitation services, urban residents continue also with their inappropriate prac-
tices (throwing waste water in the street, the courtyard of house or the unbuilt
area, emptying the sumps in the street and the gutters ...).

The linear urban metabolic system and groundwater (well water) quality dete-
rioration persists. By the horizon 2030, groundwater quality (shallow and deep
aquifers) is completely degraded and it can no longer be used for any need. Peo-
ple spend a lot of money for safe drinking water needs and health problems due
to a polluted environment and the consumption of water with poor quality. To
cope this challenge, Garduiio ef al [88] proposed that stakeholder participation
is essential because it facilitates the coordination of decisions relating to ground-
water, land-use and waste management and generally reduces cross-sector con-
tradictions.

Depending on the consistency, plausibility and realism, the optimistic sce-

nario is that securing groundwater is the desired one by 2030.

3.5.4. Strategies for Groundwater Security

The role of strategies is to help the effective realization of the desired future by
building a framework of general strategic directives and an operational strategic
framework for development. Therefore, they constitute the translation of the
results and views of the population into development policy. They help, based on
the objectives, to identify necessary resources to achieve them.

In this study, the SWOT analysis tool served to design strategies that reflect
the realities of water, sanitation and hygiene system. Thus each of the strategies
was the subject of a confrontation between the internal and external factors of
the system. The vision of concerned actors, the strengths and constraints of the
internal and external environment as well as the opportunities and threats on
these cities’ groundwater served as a basis to assess the implementation frame-
work of the system. The formulated strategic guidance has been summarized in
Table 5.

The strategic diagnosis of water sanitation and hygiene as well as the analysis
of the role of stakeholders led to the identification of the challenges these cities

are facing.
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Table 5. Strategic orientations for water sanitation, hygiene and health system.

Sub-system Major issues Strategic objectives Strategic issues  Strategic directions
Weakness of Increase public ~ How to bring out Reinforcement of public
public policies policies public policies?  policies for WASH

Institutional How to improve

framework Low financial Increase funding the level of .

. Increase funding of
resource of WASH and financial resources WASH and public health
an ic heal
mobilization health sectors devoted to the pu
sector?

Poor management Improve solid,
Adoption of an ecological

sanitation disposal for
the restoration and

of solid, liquid and liquid and excreta How to establish

excreta waste waste management .
a new ecological

Living area
system for waste

Adoption of Develop and adopt
management?

ecological the ecological
sanitation system system

preservation of
groundwater quality

Promotion of cultural

Low social Facilitate social ~ How to get citizen .
. . environment for
acceptability acceptability of  to accept the new
. L emergence of new
proposed ecological sanitation and K .
. ltural 2. . ecological sanitation
Socio-cultural  disposal sanitation hygiene system?
system
framework
How to get citizen Promotion of good
Bad social Changing the 8 . o 8 .
. . . to change their sanitation and hygiene
practices social practices

behaviour? practices

In the institutional framework, the public policies can include, based on the
analysis of Jabeen et al [89] environment, sanitation, drinking water policies.
According to Ramakrishnaiah [78], the chances for success of the policies to be
adopted depend on public support for and understanding and compatibility of
the policies with overall economic efficiency, environmental quality and equity
objectives. Related to funding of WASH, Ezenwaji et al [90] estimated that mi-
crofinance institutions should be meant to charge low interest rates on loans al-
located to households for water supply and sanitation and that the urban water
policy includes this innovative funding practice. In Cotonou and Lomé, this fi-
nancial strategy leading to the self-supply of water can help as shown by Ezen-
waji et al [91] in Onitsha (Nigeria) to improve the condition of domestic wells
and its water quality and to expand the capacity of water supply yielding the
better access, reliability and cost effectiveness. The social dimension of city sus-
tainability and development addressing informalities in urban growth, social in-
clusion [92] is a basis of the promotion of cultural environment for emergence
of new ecological sanitation system controlled by good practices. On the other
hand, ecological sustainability, economic feasibility, localized cultural and social

acceptability are a basis of ecological sanitation [80].

4. Conclusions

On the basis of this study, citizens of Cotonou and Lomé recognize the vul-
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nerability level of urban groundwater to contamination mainly from inappro-
priate household waste management, wastewater disposal near wells and poor
installation of sanitation facilities. Therefore, the main challenges of the wa-
ter-sanitation-hygiene-health system in these two cities are improvement and
adoption of an ecological system, in order to reduce the degradation of well wa-
ter quality. To limit shallow aquifers contamination, waste valorisation takes a
form of composting, recycling and reuse of liquid waste, biogas production, use
of the plastic wastes to produce blocks for road construction. Other ecological
sanitation options are the phytoremediation of wastewater and progressive re-
placement of pit latrines by polyethylene septic tanks. But, the success of the
sustainability of these ecological sanitation systems depends on its sociocultural
acceptability by urban residents.

To this end, the most strengths of the SWOT analysis are citizen’s participa-
tion in urban management planning, affordable new ecological disposal and
adaptability to the individual, household and neighbourhood’s scales. So on the
basis of the elaborated global optimistic, intermediate and pessimistic scenarios,
formulated strategic directions related to the WASH sub-systems (institutional
context, living area, socio-cultural framework) are the increase of funding and
public policies for WASH and public health, adoption of ecological sanitation
disposal, taking into account the cultural environment for the emergence of new
ecological sanitation system, engagement for good sanitation and hygiene prac-
tices (behaviours change).

The desired probabilistic scenario is that of protection of domestic well water
quality and reduction of its degradation by unsafe sanitation. This socio-ecological
approach can lead to a vision of sustainable systems of water, sanitation and hy-
giene and public health. Indeed, in the long term, this effective ecological system
is adopted by the urban communities for well water protection in the African
coastal areas. In the context of achieving the Sustainable Development Goals
(SDGs), establishment of ecological sanitation systems socially accepted is a con-

siderable step forward for groundwater security in the West African coastal cities.
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