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Abstract:

 In developing countries, the drinking water supply is still an open issue. In sub-Saharan Africa, only 68% of the population has access to improved sources of drinking water. Moreover, some regions are affected by geogenic contaminants (e.g., fluoride and arsenic) and the lack of access to sanitation facilities and hygiene practices causes high microbiological contamination of drinking water in the supply chain. The Water Safety Plan (WSP) approach introduced by the World Health Organisation (WHO) in 2004 is now under development in several developing countries in order to face up to these issues. The WSP approach was elaborated within two cooperation projects implemented in rural areas of Burkina Faso and Senegal by two Italian NGOs (Non-Governmental Organisations). In order to evaluate its sustainability, a questionnaire based on five different sustainability elements and a cost and time consumption evaluation were carried out and applied in both the case studies. Results demonstrated that the questionnaire can provide a useful and interesting overview regarding the sustainability of the WSP; however, further surveys in the field are recommended for gathering more information. Time and costs related to the WSP elaboration, implementation, and management were demonstrated not to be negligible and above all strongly dependent on water quality and the water supply system complexity.
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1. Introduction

In 2000 the member States of the United Nations signed the so-called Millennium Declaration, which later gave rise to eight Millennium Development Goals (MDGs). In particular, Goal 7, to ensure environmental sustainability, included a target (7c) that challenged the global community to halve the proportion of people without sustainable access to safe drinking water and basic sanitation by 2015. The WHO/UNICEF Joint Monitoring Programme for Water Supply and Sanitation (JMP) has provided regular estimates of progress towards the MDG targets. According to the last update (2015), the worldwide drinking water coverage relying on improved sources is 91% (3% above the MDG target). Thus, 663 million people still relied on unimproved or surface drinking water sources [1].

The worst situation is highlighted to be in the sub-Saharan Africa. Indeed, only 68% of the population has access to improved drinking water sources, with a strong disparity between urban (87%) and rural (56%) areas. Even worse the access to improved sanitation facilities reaches only 30% of the people: The percentage increases up to 40% in urban areas, whilst it decreases to 23% in rural areas [1].

In addition to this, it has to be considered that an uncountable number of people, whilst having access to an improved source, consumes drinking water of poor quality due to the lack of proper handling and hygiene during transport and storage steps.

For these reasons, the enactment of the Water Safety Plan (WSP) methodology should be considered in order to prevent (or at least minimise) drinking water contamination, without excluding the enhancement of proper hygiene and sanitation practices. The WSP approach, proposed in the third edition of the World Health Organisation (WHO) Guidelines for Drinking Water Quality (GDWQ) in 2004, in fact, entails the comprehensive assessment of both the risk to health and risk management. This assessment should encompass all stages of the water supply system, from the catchment to the consumer, considering hazards within the system by means of a multi-barrier framework [2].

The previous concentration-based approach, still spread worldwide and only able to determine whether drinking water complied with quality standards, has been overcome with the risk-based approach of the WSP strategy. Indeed, this latter approach can be considered proactive, since it is able to prevent drinking water contamination by means of the identification of all possible hazardous events, other hazards, and the evaluation of the risks related to the drinking water contamination. On the contrary, the previous concentration-based approach is characterised not by its preventative strategy; indeed, within this approach, water contamination is only detected, but not prevented or avoided. Moreover, the new approach takes into account parameters such as the level and duration of exposure to contaminants, their toxicity, and the severity of the diseases they produce in assessing the need for mitigation [3].

Despite several decades of development aid and thousands of international cooperation projects implemented all over the world, the worldwide situation in terms of safe drinking water consumption remains critical, as stated above. A coherent focus on sustainability should be therefore the key element for guaranteeing that interventions made by cooperation projects can reach the objectives stated by the MDGs, at least in relation to water supply and sanitation.

Sustainable development is defined as development that meets the needs of the present without compromising the ability of future generations to meet their own needs [4,5,6,7,8]. In order to evaluate and sustain water and sanitation supplies in developing countries, the international literature offers some proposals such as (i) create a “sustainability chain”, consisting of motivation, maintenance, cost recovery and continuing support elements [9]; (ii) divide water and sanitation projects into sequential steps [10]; (iii) base the project on three sustainability components: Effective community demand, local financing and cost recovery, dynamic operation and maintenance [11].

Moreover, it should be considered that sustainability is generally higher when the demand is directly expressed by household members and not through traditional leaders or community representatives such as water committees or local governments [12,13,14]. Therefore to achieve sustainability, water supply and sanitation development requires effective complementary inputs such as community participation, community capacity development, and community training.

This paper aims at presenting two complementary methodologies that can be used in order to evaluate the sustainability of Water Safety Plans (WSPs): The use of a questionnaire is based on five different sustainability elements, to be addressed to the main stakeholders involved in the WSP strategy development, and a cost and time consuming evaluation. These sustainability assessment tools were applied after the WSP approach implementation in rural areas of Senegal and Burkina Faso. The application of these tools permitted the evaluation of their usefulness in assessing the sustainability of rural water services where a WSP approach was applied.



2. Materials and Methods


2.1. The Development of a Simplified Water Safety Plan Approach

The WSP developed in rural areas of Senegal and Burkina Faso was simplified compared to the original framework proposed by WHO, in order to ensure its suitability and sustainability. Indeed, local conditions are such as the absence of strong institutional support and the low technical expertise of the managers of water supplies and users required to revise and simplify the original approach. Table 1 lists all the steps defined by the WSP framework and highlights (✓) those that were developed in the present research.

Table 1. Steps defined by the Water Safety Plan (WSP) framework.


	WSP Step
	Developed





	Assemble the WSP team
	✓



	Describe the water supply system
	✓



	Identify hazards and hazardous events and assess the risks
	✓



	Determine and validate control measures, reassess and prioritize the risks
	✗



	Develop, implement and maintain an improvement/upgrade plan
	✓



	Define monitoring of the control measures
	✓



	Verify the effectiveness of the WSP
	✓



	Prepare management procedures
	✗



	Develop supporting programmes
	✓



	Plan and carry out periodic review of the WSP
	✓



	Revise the WSP following an incident
	✗








Even if the establishment of a qualified and dedicated team is one of the prerequisites of the WSP approach, local conditions did not permit this first step in the Burkina Faso’s case study to be rigorously carried out. Thus, the WSP team was composed of users and water committee members, who were the leading subjects involved in the drinking water management along the supply chain.

An aspect that differed from the original framework, for both case studies, was the determination and validation of existing control measures for risk reassessment and prioritisation. This step was not carried out since the already planned control measures for preventing or at least minimising drinking water contamination were not in place. Moreover, a prioritisation of the risks (with a cut-off score under which the causes of contamination can be neglected) was not carried out, as it was considered significantly important to assess and provide control measures for each possible cause of contamination (as an effective barrier approach). The reason is that even low minimisation or prevention of contamination can improve the quality of drinking water, and therefore the potential improvement of health conditions of the local population.



In the Burkina Faso case study, since the WSP was elaborated as a prevention tool to be managed by the users, who had no technical expertise in the field, the step related to the verification monitoring programme was not fully developed, thus simplifying the approach. The development of the WSP effectiveness evaluation programme is scheduled to be concluded later.

The technical and organisational conditions in which the WSP was elaborated and implemented in both the rural areas of Burkina Faso and Senegal did not permit the development of management procedures in the conventional way. However, the actions provided within the operational monitoring (monitoring of the control measures, establishment of critical limits and related corrective measures) were developed in order to guarantee their effectiveness.

Finally, for the same reasons stated above, the last step suggested by WHO (the revision of the Plan following every emergency, incident or unforeseen event) was not carried out.



2.2. Development of a Tool Based on Five Sustainability Elements

In order to evaluate the sustainability of a water service, several frameworks have already been developed and adopted worldwide, using specific and objective sustainability indices [15,16,17]. Interesting tools were also suggested by the IRC (International Water and Sanitation Centre) [18,19], where for instance the quality and quantity of water delivered, the distance/access to and reliability of water supply services were the main aspects taken into consideration. Despite this, a new tool was developed for evaluating the WSP sustainability, since it is simpler, easier to carry out and it allows feedback from the stakeholders involved in the project to be quickly obtained. Indeed, these characteristics are considered essential for rural contexts, above all if the stakeholders involved in the sustainability evaluation have not a high educational level and technical expertise.

The tool elaborated in the present research is based on the main five sustainability elements [20,21,22,23,24], and was previously adopted by Zurbrügg et al. [25] in a research concerning the sustainability evaluation of waste management projects. The five sustainability elements are related to: (i) technical sustainability, in terms of use of local material and human resources, and appropriate technologies with an affordable and simple operation and maintenance need; (ii) economic sustainability, which means the adoption of technologies or facilities with low costs of investment and operation, able to create local trade and business opportunities, thus guaranteeing a self-reliance; (iii) organisational and institutional sustainability, in terms of acceptance by the local institutions (from the lowest to the highest) and in terms of creating a strong partnership amongst local stakeholders (with a key-role of local NGOs/Associations), able to guarantee that the activities/good practices spread during the project implementation can be carried on even after its “official” end; (iv) social and cultural sustainability, which means developing projects and implementing technologies really felt by the local people that can rapidly show an improvement in everyday life; and (v) environmental and health sustainability, in terms of minimising the use of natural resources by acting on the reuse or recovery of waste or other resources and in terms of confining environmental impacts.

The sustainability concept clearly requires a long-term view of the facility/technology/approach implemented or the behaviour change in the lifestyle generated by the project. On the basis of the elements above mentioned, both the Senegal and Burkina Faso case studies were evaluated at the end of the project implementation.

For each of the five sustainability elements identified, a series of questions was listed and addressed to the main stakeholders of the projects (NGOs, local Authorities, beneficiaries, etc.). The aim of this methodology was to gather specific information about all the likely reasons of success or failure of the projects, and in particular of the WSPs. Table 2 reports, for each sustainability element, the questions provided, which were selected from a longer list of questions initially considered. The choice of the final questions was made based on the two following aspects: (i) the questionnaire should be pithy and easy to carry out since it is addressed also to the population of rural areas (maybe without a certain educational level and technical expertise); and (ii) the questions should consider the most crucial aspects characterising the rural water services.


Table 2. Sustainability elements and related questions.



	
Sustainability Element

	
Question






	
Technical

	
Are there locally knowledge and technical expertise necessary for the elaboration and development of a WSP?




	
Are there locally knowledge and technical expertise necessary for the management and update of a WSP?




	
Are there locally knowledge and technical expertise necessary for the design and construction of a technology for drinking water treatment?




	
Are there locally knowledge and technical expertise necessary for the operation and maintenance of a technology for drinking water treatment?




	
Is there locally the availability of people and material resources for the WSP implementation?




	
Is there locally the availability of people and material resources for the construction and management of the technology used for drinking water treatment?




	
Is the WSP performing as it was designed to perform?




	
Is the technology used for drinking water treatment performing as it was designed to perform?




	
Economic

	
Is there locally economic availability necessary for the elaboration and development of a WSP?




	
Is there locally economic availability necessary for the design and construction of a technology for drinking water treatment?




	
Is there locally economic availability necessary for the management and update of a WSP?




	
Is there locally economic availability necessary for the operation and maintenance of a technology for drinking water treatment?




	
Organisational and Institutional

	
Has the WSP team been adequately trained for the implementation and management of the WSP?




	
Have the managers and operators been adequately trained for the construction, operation and maintenance of the technology used for drinking water treatment?




	
Are the WSP managers supported by the local community?




	
Are the adopted technology managers supported by the local community?




	
Are the WSP managers supported by the local Institutions (political and technical Institutions)?




	
Are the adopted technology managers supported by the local Institutions (political and technical Institutions)?




	
Social and Cultural

	
Has the community been informed about the WSP implementation and its benefits?




	
Has the community been informed about the technology used for drinking water treatment and its benefits?




	
Is the community favourable to the WSP implementation?




	
Is the community favourable to the use of a technology for drinking water treatment?




	
Does the community contribute and encourage the WSP elaboration and implementation?




	
Does the community contribute and encourage the use of the technology for drinking water treatment?




	
Environmental and Health

	
Has the WSP implementation improved local people health?




	
Has the WSP implementation permitted to guarantee the drinking water quality according to the WHO standards?




	
Are the adopted technology managers well equipped to assure well-being and health?




	
Have adequate measures been adopted in order to safety dispose of any residues produced by the technology for drinking water treatment?




	
Has the WSP implementation prevented the arising of any negative impact on the environment?











Taking as reference the technical sustainability element, questions were intended to analyse the different aspects: ability/capability to elaborate, develop and manage the WSP, as well as the ability/capability to design, construct and manage the treatment technology. These aspects do not point to the same issue, but they were analysed from the same point of view (technical, first, and then economic, institutional and organizational, social and cultural, environmental and health). This approach was applied since sustainability can be guaranteed not only by the ability to elaborate the WSP (or the treatment technology), but also by the capability to manage it.

Moreover, questions were related to the WSP in general and also specifically to the treatment technologies implemented in loco (in Senegal bone char-based filtration and chlorination, whilst in Burkina Faso only chlorination). Indeed, water treatment represents the most important stage, above all in rural areas of sub-Saharan Africa, in order to guarantee the consumption of safe drinking water (thus making effective the treatment technology and consequently the WSP). In addition to this, drinking water treatment in rural areas of sub-Saharan Africa is rather at household level than at community level, thus having a possible negative influence on its sustainability, owing to the lack of technical skills or social acceptance, etc. For these reasons, questions related to the treatment technology were added into the questionnaire, in order to specifically evaluate the impact of this element on the sustainability of the entire WSP. In such a way, during the elaboration of the questionnaires, the positive or negative effect of the treatment technology on the sustainability of the entire WSP could be highlighted.

The possible answers to each question were: “absolutely yes”, “rather yes”, “rather no”, “absolutely no” and “not applicable to the project”. This latter option was provided in order to make the questionnaire applicable to various projects. Indeed, not all the questions could be pertinent for other case studies. Finally, for each answer, a score between 0 and 1 was attributed, in order to assign a numerical value at the sustainability level. Table 3 reports scores related to each possible answer.

Table 3. Scores assigned at each answer.


	Possible Answer
	Score/Sustainability Level





	Absolutely yes
	1



	Rather yes
	0.75



	Rather no
	0.25



	Absolutely no
	0



	Not applicable to the project
	Not considered










As previously stated, the aim of the questionnaire is to collect information about the sustainability of the WSP from the different points of view of the stakeholders involved in the project implementation. For this reason, results obtained by the elaboration of the questionnaire depend on the subjective opinion of each respondent. The value of the questionnaire is not only the score itself, but rather the discussion of the scores amongst the stakeholders, in order to trigger specific actions to improve the sustainability of the water service. The “Results and Discussion” section proposes a comparison between the scores obtained in the two case studies where the questionnaire was tested. The aim is to highlight the possible reasons of success and failure of the WSP approach applied in different contexts of the sub-Saharan Africa, and not to make a strict comparison amongst the two case studies.



2.3. The Study Area in Senegal

A cooperation project was started in 2008 in order to improve drinking water quality in the Rural Community of Patar (RCP), in the Diourbel Region (Senegal), in collaboration with the “G. Tovini” Foundation (Italian NGO), the University of Dakar and the Diourbel Hygiene Authority. In 2011, this first project continued with the elaboration and implementation of the Water Safety Plan (WSP) strategy.

The RCP is divided into 52 villages, counting globally about 15,000 inhabitants, with 12 elementary schools, one high school and five health centres. The water supply system is quite complex; three different drinking water sources are locally available: (i) open dug wells, which are located in all the RCP villages (Figure 1); (ii) protected wells network, serving about 3000 people, which extracts water from a shallow aquifer and serves, through a small distribution system, public taps (Figure 2) and (iii) groundwater distribution system, serving about 10,000 inhabitants, which pumps water to public and household taps (Figure 3). This latter type of source was the most used by the population for water supply even if shown to be characterised by concentrations of fluoride exceeding the 1.5 mg/L Guide Value suggested by WHO [26].

Figure 1. Drinking water supply chains in the Rural Community of Patar (RCP): The open dug wells.
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Figure 2. Drinking water supply chains in the RCP: the protected wells network.
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Figure 3. Drinking water supply chains in the RCP: The groundwater distribution system.
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As a response, amongst the activities carried out within the first project, a bone char-based filtration system for fluoride removal was studied, experimented and implemented at household level [27]. In addition to chemical contamination, microbial growth was detected in both the transport and storage tanks, due to a lack of hygiene in handling the containers [28]. For this reason, awareness campaigns for improving hygiene were organised at household level, aimed at enhancing disinfection with chlorine.

The development of the WSP was carried out with the technical support of a technician from the Diourbel Hygiene Authority (DHA) and the manager from ASUFOR (Association responsible for the management of the groundwater distribution system). The WSP team was assembled in order to involve all the organisations responsible for water catchment, distribution and management and in agreement with the Director of DHA and the President of the RCP. The WSP team was composed of 12 people: two representatives of ASUFOR, two representatives of GIE (Association responsible for the management of the protected wells network), two representatives of DHA, the Responsible for the Patar Health Centre (RPHC) and five students of the University of Dakar, who lived in the RCP, as representatives of the community. The WSP team, on one hand, elaborated the WSP and, on the other, was made aware of how to manage and handle drinking water along the entire supply chain in order to prevent or minimise microbiological and chemical contamination.

The sustainability evaluation (questions listed in Table 2) was addressed to the main stakeholders involved into the project implementation: two volunteers of the NGO G. Tovini Foundation (FonTov NGO), who worked directly in the field; four representatives of the local partners, University of Dakar and Diourbel Hygiene Authority (UniDak & DHA); the WSP team; the most relevant people of the Rural Community of Patar (RCP) involved in the project activities, such as the President of the RCP, the President of the Women Association and the President of the Young People Association.

The choice of these stakeholders “categories” was done in order to collect information from different subjects (each one involved in a different way in the implementation of the project activities) and, hence, to compare different points of view related to the sustainability of the WSP.



2.4. The Study Area in Burkina Faso

A cooperation project was started in 2011 in order to improve drinking water quality and health conditions of the population of Fingla and Diarra rural villages (about 3000 people globally), in the Béguédo municipality, Centre-East Region (Burkina Faso). This first project was developed and implemented in collaboration with the NGO Medicus Mundi Italy and the Burkinabè NGO Dakupa.

A preliminary survey conducted in the field enabled highlighting the presence of a simplified drinking water supply chain; indeed, only two main drinking water sources were identified: (i) 16 open dug wells (located only in the village of Fingla) (Figure 4); and (ii) 11 tubewells fitted with hand pumps (located in both the Fingla and Diarra villages), which were the most used by the people for drinking water collection (Figure 5). Despite water quality being acceptable at source level, microbial growth in the transport and storage tanks was detected, revealing a lack of proper handling and hygiene practices. On the contrary, chemical contamination was absent.

Figure 4. Drinking water supply chains in the villages of Fingla and Diarra: The open dug wells.
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Figure 5. Drinking water supply chains in the villages of Fingla and Diarra: The tubewells fitted with hand pumps.
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A specific WSP was developed for each tubewell with hand pump. The people involved in the WSP elaboration (as WSP team) were the water committee (named CGPE) and the source’s users. As for the previous case study, the WSP team elaborated the plan and at the same time was made aware of how to manage and handle drinking water along the entire supply chain in order to prevent or minimise contamination.

The sustainability evaluation (questions listed in Table 2) was addressed to the main stakeholders involved into the project implementation: two volunteers of the NGO Medicus Mundi Italy (MMI NGO), who were working in the field for almost the entire period of the project implementation; three representatives of the local NGO Dakupa, responsible for the implementation of the project activities; the team of seven hygienists of Fingla and Diarra villages (Local Hygienists), who had actively worked on the elaboration and implementation of the WSP.

In this case study, the questionnaire was not addressed to the WSP team (composed of the water committees and the users of each tubewell), since this was not officially established.



2.5. Complementary Evaluation Based on Costs and Time Consumption

The WSP implementation requires both financial support and time availability.

The time needed to elaborate a WSP depends on a number of factors. These include the experience of the staff, the amount of data available on the water supply, the size and complexity of the supply, and the presence of potential control systems already adopted. These factors are all inter-related; for this reason, it is difficult to exactly define how much time is required to elaborate a WSP in all circumstances.

Cost is another important factor in the implementation of any new approach or procedure. Risk-based approaches to water safety management, such as the WSP, aim at significantly decreasing costs due to microbial testing. This may offer opportunities for significant savings in countries where consumables for microbial testing are expensive [2]. Thus, financial and resource requirements need to be addressed at the outset, but there should also be the understanding that proper implementation of the WSP approach can save money and better target resources in the longer term [29].

This complementary evaluation of the WSP sustainability was carried out estimating, for both the case studies, costs and times of the three different stages of a WSP approach: Elaboration, implementation, and management. Regarding elaboration, the real amount of money and time spent in loco for the development of each WSP step was considered. Concerning the two other steps, the price of the local resources and materials was considered. Then, costs for the implementation of all the control measures provided by the WSPs were estimated. This was carried out for all the steps of the supply chain: Source, transport, storage and treatment.




3. Results and Discussion


3.1. Appraisal Tool Output

A comparison between the sustainability evaluation carried out in Senegal and Burkina Faso is proposed in Figure 6. Values provided in the graphs were calculated based on the average score given by each group of stakeholders interviewed; the average sustainability value of each element is also highlighted (yellow boxes). As previously stated, this comparison has only the aim of highlighting the possible reasons of success or failure, without focusing on a strict comparison of the two case studies.

Figure 6. WSP sustainability’s comparison between Senegal (a) and Burkina Faso (b) case studies. (*): This element was not assessed since the sustainability evaluation was carried out after the first implementation of the WSP approach, when the effects of its adoption could not be assessed.
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Concerning the technical sustainability, a higher value was obtained in Senegal (77%) compared to Burkina Faso (73%), likely owing to the different members characterising the WSP teams. Indeed, in Senegal, the WSP team was composed of the members of the different water suppliers, who had major technical competencies and expertise compared to the inhabitants of Fingla and Diarra villages in Burkina Faso (who represented the WSP team).

Conversely, the economic sustainability element changed strongly in the two different contexts. The high number of significant structural improvements provided by the WSP in Senegal deeply affected this element, which obtained a final average value of 24%. In Burkina Faso, the final average value was equal to 84%, mostly due to the cheapest and easiest actions required by the WSP for preventing water contamination along the supply chain. Indeed, this latter plan was more characterised by behavioural changes than structural improvements.



Regarding the organisational and institutional element, the final average value provided by the Senegal case study was slightly higher (66%) than in Burkina Faso (64%). Actually, in both contexts, an important cause of the low sustainability value was the lack of support provided by local institutions, both technical and political.

Values related to the social and cultural sustainability were, as for the previously element, quite similar between them, even if slightly lower in Senegal (86%) than in Burkina Faso (89%). In fact, local communities were demonstrated to be participative and to support the WSP elaboration and implementation. Moreover, this element revealed provision of the highest sustainability value amongst the five elements investigated, meaning that socio-cultural support of the population was gained during the project implementation.

Regarding the environmental and health sustainability, comparisons are not possible due to the lack of information related to the Senegal case study. Indeed, questions concerning this element assume that the WSP has already been in place for a certain period of time, in order to verify its impact on the environment and on people’s health conditions. In the Senegal case study, the sustainability evaluation was carried out immediately after the implementation of the WSP approach, when the effects on the environment and people’s health were not yet appreciable.

The average sustainability values did not considerably differ within each case study, except for the economic element in Senegal and for the environmental and health element in Burkina Faso.

In Senegal, the reason for this difference should be sought from the different roles that each stakeholder played within the project. Indeed, the highest values were assigned by the WSP team and the volunteers of the Italian NGO who have actively supported the elaboration of the WSP, thus recognising the ability of communities to collect the money needed for the implementation of the control measures. Conversely, the lowest sustainability was provided by local partners, who were more involved in the mobilisation of resources for the WSP implementation and management, and, hence, were less sure of the possibility of gaining the amount of money required for the WSP implementation.

Concerning the environmental and health element in Burkina Faso, the main difference was due to the extremely low judgment provided by the Italian NGO. The discriminating factor was the quality of drinking water (at the transport and storage level) that did not respect the quality standards (second question related to this sustainability element, see Table 2). Despite this, Dakupa NGO and local hygienists assigned positive values to the sustainability level of this element, owing to the decreasing trend obtained by the microbiological analyses of drinking water, along the entire supply chain (some 60%, 75%, and 85% microbial reduction at source, transport and storage level respectively), after the WSP implementation. Indeed, this was considered as a proof that drinking water quality standards could be achieved in a short period of time.

Globally, the WSP developed in Senegal appeared to be less sustainable than the one implemented in Burkina Faso. Indeed, the average sustainability (comprehensive of all the scores assigned by the different stakeholders interviewed, for all the five sustainability elements evaluated) obtained a final value of 63% and 79% for Senegal and Burkina Faso respectively (blue boxes of Figure 6).

The comparison of the sustainability evaluation, strictly related to the specific questions concerning treatment technology, is presented in Figure 7.

Figure 7. Treatment technology sustainability’s comparison between Senegal (a) and Burkina Faso (b) case studies.
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The technical element provided a higher sustainability value in Senegal (72%) compared to Burkina Faso (61%), likely due to the poor diffusion of the chlorination treatment amongst the community as well as the use of improved storage containers.

As in the evaluation of the entire WSP sustainability, the economic element was significantly lower in Senegal (17%) compared to Burkina Faso (69%), mostly due to the need of a periodic and constant supply of bones in order to guarantee the functioning of bone char-based filters.

Even for the organisational and institutional element, the sustainability value was not very high (64% in both the case studies), owing to the lack of support by local political and technical institutions.

Concerning the social and cultural sustainability, the survey provided higher results for the Senegal case study (75%) in comparison with the Burkina Faso one (67%). In this latter context, the most critical aspect was related to the community acceptance of the chlorination treatment, which had not yet spread amongst the population. The proof that behavioural change is not easy to gain in a short period of time was given by a survey conducted after the WSP implementation. Indeed, only few households were highlighted as properly carrying out disinfection with chlorine.

Conversely, regarding the environmental and health element, better results were obtained in Burkina Faso (83%) than in Senegal (66%), above all owing to the lack of the safe disposal of exhausted bone chars in the RCP. The absence of residues derived from the water treatment introduced in the Burkina Faso case study strongly contributed to the higher sustainability value.

Globally, the treatment technology developed in Senegal appeared to be less sustainable than the one implemented in Burkina Faso. Indeed, the average sustainability provided a final value of 59% and 69% for Senegal and Burkina Faso case studies respectively.

These comparisons highlighted that the treatment technology negatively affected, as expected, the WSP sustainability. In both the case studies, this negative influence was higher for the economic and social and cultural elements.

Moreover, the work carried out in the field highlighted that the support from local partners was completely different in the two case studies: If in Burkina Faso support was constantly provided along elaboration and implementation of the WSP and guaranteed an active development of the supporting programmes, in Senegal local partners did not provide the same support. This is an aspect extremely relevant in order to guarantee sustainability of the activities carried out in both the case studies, as local partners represent the only reference point for local communities after the end of the project implementation. Probably, this different behaviour of local partners influenced the results of this sustainability evaluation, where a higher value was obtained in Burkina Faso.



3.2. Time and Costs Analysis

This second sustainability evaluation began with the estimate of the time needed for the development of the WSP in both the case studies. This analysis was carried out only regarding the first two steps of the WSP development (elaboration and implementation), without considering the management that lasts for an unlimited period of time. Figure 8 reports the time needed for the development of WSPs in Senegal and Burkina Faso.

Figure 8. Time required for the elaboration, implementation and management of WSPs in Senegal and Burkina Faso.
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Referring to the elaboration of the WSP, the different steps taken into consideration were: the assembly of the WSP team, the identification of the entire drinking water supply system, the evaluation of all the possible hazards along the supply chain and the elaboration of the plans. Amongst these steps, the hazard assessment represented the most time consuming step. Indeed, this requires the following activities to be carried out: identification of water points with related sanitary inspections and drinking water quality analyses (physical-chemical and microbiological); identification of all the types of vessel employed for transporting and storing water, and related drinking water quality analyses; interviews addressed to water committees and local communities. Considering all these aspects, the time required in Burkina Faso was part of 30 days, whilst in Senegal it was double. The reasons for this difference should be sought in the more complex water system and in the larger and more populated areas to be assessed in Senegal.

Conversely, referring to the implementation of the WSP, the steps considered were: to apply all the control measures provided by the WSPs and to carry out supporting programmes. Even in this comparison, the Senegal case study required more time (730 days were estimated compared to the 372 of the Burkina Faso case study), owing to the higher number of control measures to implement according to the WSP developed.

The cost analysis was carried out for all the three steps of the WSP development (elaboration, implementation, and management). In order to determine the costs, the amount of money required for the implementation of all the control measures provided by each WSP was estimated. This estimation considered the local price of materials and resources, both in Senegal and Burkina Faso. Figure 9 outlines costs of the three different steps of the WSP development. Costs related to the WSP elaboration referred to the risk assessment phase (drinking water quality analyses, interviews, etc.) and to all the activities carried out for the development of the WSP. Costs related to implementation and management phases concerned all the control measures provided for each step of the drinking water supply chain (i.e., source, transport, storage and treatment).

Figure 9. Costs related to the different steps of the WSP development for both case studies.
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In Senegal, the most expensive phase was revealed as the implementation (the estimates carried out provided a final value of about 142,500 €), although costs were estimated to be rather high even in the routine management (part of 126,000 €). The reason for this should be sought in the complexity of the water supply in Senegal, due to the presence of a groundwater distribution system, a small drinking water network and some of 200 open dug wells. This latter type of source determined the highest costs, owing to the need for building several infrastructural elements (such as slab covers, appropriate parapets, concrete aprons, and drainage channels) for guaranteeing the distribution of safe drinking water. The comparison between the two case studies outlined the activities needed to put in for safety for the different sources of water in the RCP which accounted for about 87,500 €, whilst in the Fingla and Diarra villages for part of 1500 € (this estimate includes interventions for both the villages). Concerning the water treatment, in Senegal a total amount of about 50,000 € was required, whereas in Burkina Faso part of 500 €. This huge difference is justified by the need to regularly supply all the approximately 1500 RCP families with bones for the drinking water treatment.

The same considerations can be provided for the management step, where costs were greater in Senegal compared to Burkina Faso, owing to the higher amount of money needed for the drinking water treatment.

This analysis showed that costs were unlikely sustainable for the RCP in Senegal, whereas in the rural villages of Burkina Faso they were more affordable. In order to guarantee the sustainability of the WSPs developed, several alternative solutions able to make feasible the implementation of all the control measures (thus covering all the costs) were analysed. The distribution of all the costs amongst local population appeared to be the most sustainable alternative. Indeed, implementation costs, if homogenously distributed amongst the households of the RCP in Senegal and the Fingla and Diarra villages in Burkina Faso, required that each family contribute a total amount of money equal to 95.00 € and 21.75 € respectively for the Senegal and Burkina Faso case studies. Considering the average annual revenue of each household in both communities (calculated on the base of the information gathered during the interviews), equal to 1400 and 480 € per household in Senegal and Burkina Faso respectively, the amount of money required for the implementation of the WSPs represented 7.0% and 4.5% of the average annual revenue respectively. Regarding the management costs, these ratios were estimated to be equal to 6.0% and 4.0% respectively.




4. Further Considerations

A key element that should be considered for the sustainability evaluation of WSPs is the complexity of the drinking water supply system. Indeed, this experimental research highlighted that the more complex the water system, the more complex the related WSP development is and, hence, the more the time and costs.

In the following, some considerations based on these experiences are provided in order to better clarify which elements can make the elaboration of a WSP complex, above all in rural areas of sub-Saharan Africa. The first element is the number of water points available in loco and used by communities for drinking purposes; indeed, the higher the number of water sources, the higher the costs are due to implementation and management of control measures. Even the complexity of each water point plays a key role; indeed, the more complex the water system (presence of pipe interconnections, tanks, valves, taps, etc.), the more possible the causes of contamination can contribute to drinking water pollution, thus the more the controls should be identified, implemented and managed. Another element to consider is the number of unimproved water points without controls already in place, since the complexity of the WSP increases as well as all related costs of implementation, in order to put in safety water points. Complexity of the transport and storage steps should not be underestimated; indeed, similar to the complexity of the water system, the higher the complexity, the more the possible causes of contamination and the more the controls are required (even in a costs and time consuming way). Another factor to take into account is the type of drinking water contamination, since controls required for a drinking water microbiologically contaminated are more related to changes in management behaviour (thus less expensive), compared to the ones necessary to minimise or prevent a chemical contamination (more time consuming and costly). Moreover, the technical competencies and skills of water committees should be taken into consideration: High technical competencies could bring in already adopted controls in order to prevent drinking water contamination (thus minimising global costs), or at least allow the time needed in both WSP elaboration and implementation steps to be minimised.

Finally, even the characteristics of the local context should be carefully considered. Obviously the local context strongly influences the WSP development and consequently its sustainability. The main factors that should be taken into account in this “category” are:


	-

	Number of inhabitants: The greater the community, the more complex (and costly) is the WSP development.



	-

	Social-cultural and political structure: A simple political authorities’ structure and a social-cultural availability positively contribute to the WSP sustainability.



	-

	Support of local (technical and political) authorities: WSP more sustainable if support is guaranteed.



	-

	Presence/absence of water committees: Water committees already in place make the WSP development simpler.



	-

	Presence/absence of control measures already in place in order to prevent/minimise drinking water contamination: Controls already in place positively contribute to the WSP sustainability and strongly help to minimise costs and time.



	-

	Drinking water management (use of more or less appropriate practices): The more good practices are spread, the simpler, cheaper and less time consuming (and thus the more sustainable) is the WSP.







5. Conclusions

This research aimed at presenting two complementary methodologies for WSP sustainability evaluation, tested in two rural areas of sub-Saharan Africa (Senegal and Burkina Faso).

The first method lies in a series of questions related to five sustainability elements: technical, economic, organisational and institutional, social and cultural, environmental and health. The questionnaire should be addressed to the main stakeholders involved in the WSP development. The tool aims at gathering all the information needed to highlight, according to the opinions of the respondents, all the likely reasons of success or failure related to the sustainability of rural water services in which the WSP approach is applied.

The second method, instead, lies in a time consuming and costs analysis. Based on the three different steps of the WSP development (elaboration, implementation, and management), an estimate of time needed and costs to cover should be carried out (based on control measures provided by the WSP), in order to better evaluate the WSP sustainability.

The following highlights summarise the main conclusions of this experimental research:


	✓

	The use of the questionnaire permitted highlighting of the elements able to guarantee the sustainability of the WSP, such as the technical and the social and cultural elements that obtained the highest average scores. Moreover, the possible elements of failure were also outlined, such as the economic one.



	✓

	The questionnaire alone cannot be the only method to investigate the sustainability of a project, but it can provide a general overview from the standpoint of the different stakeholders. Indeed, as shown by the results of the two case studies, the application of the questionnaire alone would not have allowed understanding of some aspects (appreciated thanks to the surveys carried out in loco). One of these is the presence of a strong local partner (as an NGO), able to gain the reliance of the local communities in the project, assuring its sustainability. This positive aspect resulted in a degree of success, due to the investigations conducted in loco.



	✓

	The questionnaire relies on the subjective interpretation of the different stakeholders involved in the sustainability evaluation, as clearly highlighted in the environmental and health element of the Burkina Faso case study.



	✓

	The sustainability evaluation performed by means of the questionnaire was carried out at the end of the projects, but a long-term assessment (after 1, 5, or 10 years) should also be provided in order to deeply understand the projects’ effectiveness. Moreover, if revised, the questionnaire can also be useful for evaluation of the sustainability of the activities (technologies or approaches implemented) before and during the project development.



	✓

	Time needed for the development of a WSP is not negligible. The WSP step characterised by the highest time consumption was demonstrated to be hazard assessment (in both the case studies). The WSP implementation, in terms of time, can vary depending on water system complexity.



	✓

	WSP costs were demonstrated to be strongly dependent on water system complexity and drinking water pollution. Indeed, the easy structure of the water supply system and the only presence of microbiological contamination in Burkina Faso provided rather acceptable costs of WSP implementation and management, whilst the more complex and polluted water system in Senegal was related to extremely high costs.



	✓

	An interesting solution for making sustainable costs of the WSP implementation can be to spread them amongst the local community (if feasible), otherwise the need of external funds is mandatory.



	✓

	The time and costs analysis carried out in this research was useful for understanding how the complexity of the water system under investigation should be carefully considered before the WSP elaboration and implementation.





Based on these conclusions, the following recommendations on the use of the tools proposed are provided:


	✓

	Due to the subjective nature of the questionnaire, the final scores should not be considered as absolute values. Indeed, these scores should be used not only to strictly evaluate the sustainability of the WSPs, but rather to trigger discussions amongst the stakeholders in order to identify actions able to improve the sustainability of the rural water services.



	✓

	The questionnaire elaborated in the present research could be improved, providing different or more questions, above all in order to investigate the sustainability of the economic, organisational and institutional, and environmental and health elements.



	✓

	If applied in a context where the water treatment does not represent a critical aspect in the supply chain, the specific questions addressed to investigate this phase should be ignored, in order to make the questionnaire pithier.



	✓

	A survey in the field should be carried out before the WSP elaboration, in order to evaluate the presence of a strong local partner able to strengthen the activities/actions recommended by the WSP approach (possible reason of success) and to evaluate the complexity of the water supply system (possible reason of failure, above all in rural areas of sub-Saharan Africa).



	✓

	During the WSP development, the cost analysis should be used to address a list of priority interventions to put in place in order to guarantee (as far as possible in rural areas of sub-Saharan Africa) the safety of the drinking water distributed and consumed, and thus the effectiveness of the WSP.
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