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Abstract

:

Globally, the numerous efforts exerted toward providing basic sanitation services to people have not been sufficient to achieve universal coverage. In developing countries worldwide, many policies, strategies, initiatives, and projects on basic sanitation have failed, despite important investments. Of the several reasons explaining the failure, it is remarkable to note that such approaches have focused mainly on improving the technology of the sanitation system without considering the human aspects, such as user preferences. Moreover, there is currently no comprehensive approach that ensures the provision of a sanitation service that users want or need to satisfy their needs. In this regard, this study proposed an approach to identify the variables and indicators that represent user preferences in the selection and creation of more holistic sanitation strategies, technologies, systems, and services. The proposed approach was applied in rural communities of Chiapas, the poorest state of Mexico, and was effective in identifying user preferences, which suggests that it could be an intrinsic part of the design, planning, and implementation process toward leading rural communities to achieve sustainable development goals on universal basic sanitation. The evaluation results also demonstrated that among the preferences linked to the technical features, esthetics, costs of the system, and socioeconomic-related aspects were the most important to be considered in the provision of basic sanitation. The study points out the necessity of understanding how culture, preferences, practices, and socioeconomic conditions directly affect the possibilities for users to gain access to basic sustainable sanitation services.
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1. Introduction


In 1992, the World Health Organization (WHO) published a book titled “A Guide to the Development of On-Site Sanitation,” highlighting the need for access to basic sanitation, such as the safe disposal of excreta, which is fundamentally important for the health and welfare of the community, including the control of its water supplies, vectors of disease, and housing conditions, among others. The publication also stressed that sanitation is of primary significance in human health as long as the lack of full sanitation services coverage represents a major problem for the integral development of human beings [1,2]. However, since this publication, the need for basic sanitation was one of the issues tackled in the United Nation’s Millennium Development Goals (MDGs) in 2005 and Sustainable Development Goals (SDGs) in 2015, which, in some cases, have been predicted to worsen as a result of the rapid population growth and being less considered for improvement and financial investment as compared to drinking water services [1,3,4].



Across the globe, many people, especially those living in the most precarious socioeconomic situations in the peri-urban and rural areas, do not have access to sanitation [5,6]. Moreover, almost 1000 children die every day from diseases caused by poor water and sanitation conditions, which should be preventable. It is estimated that 2.4 billion people do not even have basic sanitation. In addition, approximately 80% of wastewater is discharged into water bodies without proper treatment [7]. Many of these serious conditions have been encouraged by bad sanitation policies and projects, mainly because of government approaches that are not suited to the preferences of the users [8], which result in the failure of the strategies implemented, or because of the use of conventional, old, and outdated technologies [9,10,11]. High-ranking officials and decision-makers oftentimes do not include the users when selecting the technology or when implementing it in the sanitation system [9,11].



Worse, these approaches do less in preventing or improving the situation as they do not represent what users really need or prefer in the sanitation system [12]. Thus, it is important for decision-makers to understand people’s culture and behavior, and to integrate the users in the formulation of strategies for implementation [13,14]. Practically, the sanitation systems must also be designed to be feasible, affordable, and user-friendly [5,6,8]. In this regard, the identification of the users’ needs and preferences seems to be a central issue based on several authors’ reports showcasing the fact that the desired interventions were not holistic and did not meet user needs, and thus, could not be performed correctly [6,8,10,13,15,16,17,18]. In fact, a considerable number of research studies found several factors and indicators that seemed to correlate the choice of the best sanitation system with respect to certain users. These methods and compendium of indicators vary and require different types of approaches. Nevertheless, all the above authors had a common conclusion stating that a sanitation system should be developed with an approach that is user-centered, cannot generalize results, must link the user needs with resources found locally, must embrace a sociocultural approach, and must not be top–down [6,8,10,13,15,16,17,18].



Meanwhile, countries like Mexico aim to overcome the precarious conditions brought about by issues in water and sanitation and to achieve universal coverage of such services. In 2012, the Mexican government reformed the fourth article of its constitution to incorporate its citizens’ human rights to water and sanitation [19], which infers a lot about its political legislators having understood the need to address the water crisis and sanitation precariousness in the locale [20]. Although the 2018 National Water Commission of Mexico (CONAGUA) report stated that in 2015 about 92.8% of the population had access to sewerage and basic sanitation services and that the national coverage of public sewerage and septic tanks was 91.4%, these data referred mainly to the sewerage coverage, but not to wastewater collection and treatment (sanitation) [21].



The End of Mission Statement of the Special Rapporteur on the Human Rights to Water and Sanitation in México (2017) described that a large portion of the country’s population has access to very low-quality water and sanitation services or do not have both services at all [22]. OXFAM, Oxford’s Committee for Famine Relief, also published a report depicting the strong likelihood of deficient water services with poverty, as portrayed in the inequality gap in Mexico where the lower-income citizens have to pay more but receive lower-quality services than the high-income users [23]. Such a situation is said to be more complicated in the southern states of Mexico, where the poverty levels are four times higher than the national average and risk factors, such as undernourishment, polluted water sources, poor sanitation services, and air pollution, are likely to increase child mortality by eight times more than in northern Mexico [24,25].



The economy of Chiapas, the country’s poorest state, depends on primary exports like unroasted coffee, bananas, and raw sugar, which make it a state with no economic diversification [26,27]. About 70% of its 5,217,908 inhabitants do not have access to drinking water and sanitation, whereas approximately only 26% of the homes were installed with piped water [28,29,30]. Thus, the region has a high economic privatization index, a high vulnerability to climate phenomena, and one of the biggest indigenous populations in the country [28,29] that are most affected by the inequality in the provision of water and sanitation services [11,23]. Additionally, all water streams in the area are polluted as most of the wastewater running throughout the region remains untreated [30,31].



Considering the scenarios above, it is imperative for policymakers, decision-makers, researchers, and technical sanitation professionals to be equipped with an instrument that allows the identification of indicators to determine user preferences as input for the selection and creation of sanitation systems, and thus, ensure improvement in the quality of life of the users as well as in the utilization of the systems for implementation. It is essential that the solutions be developed parallel to the context and environment of the locality, should be affordable to users and can be used correctly and consistently to improve health [32].



This study has a two-fold objective. First, it aims to develop an approach to identify the variables and indicators that allow the determination of user preferences required in the selection and implementation of more holistic sanitation strategies, technologies, systems, and services. Second, it aims to apply such an approach in the rural communities of the state of Chiapas in Mexico to determine the user preferences needed for the selection of appropriate sanitation systems. The effectiveness of the proposed approach in identifying the user preferences is discussed herein, which makes it feasible as an intrinsic part of the design, planning, and implementation process in leading rural communities toward achieving sustainability and SDGs on universal basic sanitation.




2. Methodology


2.1. Preparation of the Approach to Identify the Variables and Indicators


An exhaustive literature review of specialized academic and scientific websites (Scopus, Web of Science, Google Scholar, Wiley Journals, Scielo, among others) was conducted to identify the required social variables and indicators to determine user preferences as input for the selection and implementation of more holistic sanitation strategies, technologies, systems, and services. The social variables were prepared by grouping them in a matrix with respect to:




	i)

	
the recurrence of these variables across different studies (saturation);




	ii)

	
the influence of these variables;




	iii)

	
and, their importance in describing and identifying the needs and desires of the users.









To simplify the data analyses, the indicators were defined based on the variables selected.



As soon as the variables and indicators were identified, a field survey protocol was prepared in three sections, as follows:



Section a of the survey was structured for the collection of the socioeconomic information of the users, including their age, gender, school level, occupation, number of family members, access to basic sanitation, type of sanitation service, willingness to change the actual systems, weekly income, capacity of investment, and community location;



Section b evaluates the importance of sanitation with respect to other services such as piped or potable water, electricity, sewerage, mobile phone, internet, and television; and



Section c gathers information related to the users’ preferences and is divided into 10 subsections that correspond to the rest of the indicators: technical, ease, cost, esthetics, surroundings, user, peer influence, hygiene, social interactions, and environment.




2.2. Application of the Approach in Rural Localities of Chiapas


A field survey was conducted in the rural communities of Pijijiapan, state of Chiapas, Mexico, targeted to users and decision-makers 18 years and older. The survey for the users was different from that for the decision-makers, where the aim was to understand the differences and the values each group contributes to the sanitation service. The municipality was chosen because of its level of poverty and illiteracy. For the survey, sample size was estimated based on the total number of communities (788) in the municipality using the protocol described in [33]. Subsequently, the Pareto principle was employed as it was deemed suitable to represent the largest section of the population. Communities with more than 100 inhabitants and representing 80% of the population were grouped, and then a new sample size was calculated to set the number of interviews to be applied. The information was collected by means of mobile phones and an app named EpiCollect+ that allows data storage on the cloud.



Respondents (users) were selected by means of a snowball-type sampling [34], whereas decision-makers were authorities or leaders of the communities. The data collected were analyzed and processed using Pearson’s chi-square tests for associations, given a significance level of α = 5%. Relationships between the indicators were analyzed and described to identify user preferences. Two-proportion and Pearson’s chi-square tests were also conducted for some specific users and decision-makers’ answers to identify any similarities or differences in their responses and to disclose if authorities are aware of the users’ interests in and needs of sanitation. Issues selected for the comparison included the preference between sanitation and other services, willingness to change, location, management, privacy, and construction material.





3. Results


3.1. Preparation of the Approach to Identify the Variables and Indicators


Most of the studies reviewed focused on one or two aspects of sanitation, such as usage or ownership and cost or technical features, whereas some had a significant number of variables. Here, all the aspects were gathered into indicators for ease of analysis and to cover as many aspects of sanitation as possible to be represented in a more holistic approach that identifies the important social variables and indicators required to determine user preferences, as shown in Table 1.



Every indicator was used to evaluate specific constituents. For instance, cost was used to assess the economic capacity or willingness of the user to pay to build (or improve) and maintain the system, esthetics, to evaluate the space available to build or improve the system and its appearance, as indicated by the floor type and color preferences, ease, to assess the frequency of use and periodicity of maintenance to keep the correct function of the system, hygiene, to indicate the periodicity of cleaning the system and handwashing of the user, peer influence, to assess the customs and will for change and determine if there is community pressure on the kind of system used, surroundings, to evaluate concerns regarding climatic conditions in the area, user, where and how the user prefers or uses the system, technical, to assess the willingness of the user to manipulate wastes for disposal and preferences with respect to the construction material, environment, to understand any existing concern for the environment, social interactions, to see if there is external help from organizations and how relationships are inside the community, and socioeconomic, to understand the community.




3.2. Application of the Approach in Rural Localities of Chiapas


Located in the state of Chiapas in the southern part of Mexico, Pijijiapan is home to 50,079 inhabitants distributed in 788 rural communities with a high marginalization index (0.51). About 71.1% of the population is poor (21.7% of whom live in extreme poverty), and there is only one urban municipality [47,48,49]. The geographic location of the study area, displayed in Figure 1, is divided into three main regions: Coast, mountain, and plain. The location of the communities surveyed is also indicated. The total sample size was 180, 80% of which corresponded to the users interviewed, while 20% corresponded to the decision-makers (community leaders, officials, or health workers). A total of 156 valid interviews were obtained after the elimination of responses that were incomplete or contained inconsistent answers.



3.2.1. Socioeconomic Context


The needs, experiences, and preferences of the users can be understood by placing them under a general context and by determining which sanitation systems are currently used. The majority of the respondents in the study area utilized unimproved and limited sanitation facilities. A large proportion of 84.4% of the respondents stated that they had flush toilets connected to septic tanks, making up the main sanitation system, 6.2% of the respondents stated that their flush toilets are connected to sewerage, 4.2% reported having no facility and using open defecation, and 3.1% said they had flush toilets connected to a sanitation system (see Table 2). The respondents showed apparent discomfort with the actual system, citing bad odor, flooding, and flying mosquitoes during the rainy season as the primary reasons.



In terms of the importance of sanitation as a basic service, 67% of all the respondents indicated that sanitation is more important than piped or potable water, electricity, sewerage, mobile phone, internet, and television. Their preference seems to be highly influenced by different socioeconomic aspects. For instance, those who achieved higher education levels prioritized the service. Similarly, people with low incomes, those not fully able to read, old people, and small families preferred sanitation. In cases where sanitation was not regarded as important, electricity and potable or piped water services were the preference. Some users quoted, “If we have no electricity, then we cannot pump water,” as their main water source was water wells.



The willingness of the users to change or improve the existing systems is likewise important. Thus, their willingness to change customs was part of the indicators assessed for new systems possible for implementation. Only 30% of respondents indicated their extreme willingness on this aspect, 51% were disposed, whereas 19% were either indisposed or were no interested at all. People living in the mountain had more willingness than people living in the plains. People with septic tanks were the most interested in improving their systems as they prefer individual systems per home and thus, were willing to manage their waste. A good number of people also showed genuine interest in improving their sanitation system, although they lacked the financial resources. In a few cases, land tenure was an important factor as users did not show any disposition toward building sanitation infrastructure if they do not own the land. As one user stated, “Why would I invest in building in a place that is not mine?”



Under the same premise, the importance of sanitation against other services was analyzed and compared between the users and decision-makers to identify if authorities are aware of the local needs.



The users’ and stakeholders’ responses were similar, as shown in Table 3. Here, sanitation was perceived as generally a less important matter, mainly because the service is partially covered. Television, internet, and mobile phone services in these areas are usually not available yet.



It should also be noted that trust was lacking between the community members and decision-makers. As a user quoted, “Community leaders support just their relatives or people they are closely related to." This aside, the leaders seemed to be aware of the needs and preferences of the communities.




3.2.2. Relationships between the Variables and Indicators


Aspects related to technical features, cost, ease of the system, and those directly linked to socioeconomic aspects were found to be the most important, whereas aspects associated with the surroundings, environment, hygiene, esthetics, peer influence, and social interactions were less relevant. A summary of the relationships between the variables and indicators that influence user preferences is displayed in Table 4.



	
Technical indicator






Some variables of this indicator were related to variables of socioeconomic, ease cost, peer influence, and esthetics indicators. In terms of toilet material, older people, small families, and people living on the plains and coasts preferred porcelain. In these areas, the main productive activities were livestock, agriculture, and tourism. Thus, such activities could be drivers that influence people to prefer a common and known material. Other materials, such as cement, plastic, or iron, were preferred by young people and those living in the mountains. In all cases, porcelain was the only material they knew for toilets. However, a few expressed their willingness to try something different if necessary. Most people commonly asked for a better service, and the material was not a requisite concern. In the plains and coasts, people were willing to pay more than USD 20 for consumables and cleaning activities, and to invest in the system, whereas in the mountains, people were willing to pay less than that. Meanwhile, for waste management, men were willing to manage their waste, whereas women were not. People willing to manage their waste were also willing to do maintenance every week and to change their customs mainly for cleanliness, to prevent the existence of harmful pests, and to improve their quality of life. People who were not willing to do maintenance were also not willing to manage their waste. Finally, there were no important relationships between the variable construction material and proper disposal.



	
User indicator






As mentioned above, the opinion of the users is vital in the implementation of the system proposed herein. Their preferences arise from satisfying their family’s personal needs in the first place. Thus, the user indicator considered here is related to socioeconomic, ease, and esthetics indicators, whereas variables as daily use and products are related to the periodicity of maintenance and space availability, respectively. People would like to enjoy extra benefits, that is, in the form of marketable products, from managing their waste, while people who use a sanitation system at least three times daily have a specific physical space to build a sanitation system. In contrast, people who did not provide specific dimensions for the system to be built use it only once or twice a day. For the variable location, people who preferred a system outside the house were those receiving “Prospera” federal support, or those living in the mountains, whereas people who preferred a shared system were those willing to do maintenance at least twice a week and those who also preferred the system to be built in yellow or green. People without “Prospera” support preferred a private system, were willing to do maintenance once a week, every two weeks, or once a month, and preferred faint colors like blue, beige, and white if inside the house. Some people use phones while using the sanitation system and thus prefer the system in a location with the best signal reception, which is naturally poor in areas such as the mountains. Some people affirmed that the system is cleaner inside than outside the house, and some female users expressed that “white color allows us to see mosquitoes or undesirable fauna.” In the case of ownership, people (men) were willing to change their customs. People with septic tanks and those who would like to have extra benefits from managing their waste preferred a sanitation system per home. Meanwhile, women preferred a system per community as they believe that having a system per home means that they have to perform all the cleaning activities. Lastly, variables such as a water tap, a hand-washer, and electricity were considered irrelevant.



	
Cost, ease, and esthetics






The relationships between cost, ease, and esthetics indicators were insignificant, although some interesting issues were observed. For the cost, people willing to pay up to USD 250 for the installation of a new sanitation system receive less income than those who were willing to pay between USD 500 and 1500. People who attended higher school were willing to invest in a new sanitation system and to pay more than USD 3.0 for consumables. Conversely, people who were educated at the elementary level were not willing to invest and could not pay more than USD 3.0 for consumables. Education seemed to be an important factor for people willing to have better incomes and quality of life.



In terms of investment, people with higher incomes already have a better system than those who earn less money. Poorer people were willing to invest in sanitation. However, even if the cost appears to be irrelevant, their economic situation can represent a significant challenge. People might be willing to pay but saving money or collecting it can be difficult. In terms of the variables ease and esthetics, people living in houses with more members were willing to conduct more maintenance activities (at least twice a week) than people in houses with fewer members. People able to (fully) read preferred a cemented floor, whereas people who can read to some extent preferred a tiled floor. Depending on the zone, mostly on the plains and coasts, people wanted nice and beautiful systems. In terms of the esthetics indicator, no relationships were observed for color and space availability variables.



	
Hygiene, peer influence, surroundings, environment, and social interactions






People with septic tanks were willing to change their customs and wanted security against rains, floods, wind, earthquakes, and pests. Furthermore, they preferred involvement in waste management to protect their health, nature, and productive activities, rather than to prevent water, soil, and air pollution. People did not show interest or awareness of the environmental impacts, probably because they were not fully informed regarding the negative implications of having low-quality sanitation services on health and hygiene.




3.2.3. User Preferences


Table 5 shows a list of the user preferences identified, based on the analysis of the relationships of the variables and indicators described above. Of the 11 indicators and 36 variables designed to assess user preferences, only eight variables of five indicators were relevant.






4. Discussion


The SDGs on sanitation has pinpointed the current need for developing ecological and conventional sanitation technologies in close collaboration with the users [13]. Thus, new holistic approaches have been and are being designed to evaluate users’ preferences on sanitation systems to ensure their success. Unfortunately, only a handful of researchers have undertaken the task of analyzing and understanding user preferences, so the task remains large. In addition, most of the current approaches focus on one or two aspects of sanitation, such as usage or ownership, and cost or technical features [8], whereas some have a significant number of variables [6]. Moreover, researchers such as Simiyu [18] and Conradin [50] have evaluated technologies where they were already implemented, and as Nawab et al. [13] suggested, it is possible and probably better to conduct the evaluation before the design and implementation based on user preferences, to improve and maybe ensure the acceptance of such systems. Until now, initiatives to address the lack of basic sanitation worldwide have ignored the human aspect, and the approaches do not represent what users need or prefer in a sanitation system [12]. This study incorporated the analysis of user preferences as part of the design, planning, and implementation process of a sanitation system to achieve universal basic sanitation coverage. Therefore, user preferences, along with the technical components that make a sanitation system efficient, can lead to ensuring the correct performance and appropriation of sanitation technologies [8,51].



In this study as well, localities were found to have less access to improved sanitation services and poorer associated behaviors. Their current sanitation system keeps nutrients out of the agroecological cycle, which may contribute to significant environmental impacts [13]. The system also provides a breeding ground for harmful fauna such as mosquitoes, diffusion of bad odor, and groundwater contamination, which are health risk factors for the possible transmission of contagious and serious illnesses such as malaria, Zika, chikungunya, and dengue [52,53]. When a sanitation system has an impact on health (sanitary risks, transmission of diseases, and malnutrition), environment (water pollution and groundwater over-extraction), well-being (safety, dignity, and gender equality), and the economy (cost of health and environmental degradation) of communities, it consequently affects the capacity of an area for sustainable development [52]. According to Imbach [54], “Sustainable development is the permanent process towards the satisfaction of all fundamental human needs without irreversible degradation of the environment.” In this context, fundamental human needs are needs that must be satisfied to achieve a dignified life. These are related to the individual, the surroundings, and a productive life. People living in rural and poor populations need motivation to satisfy these needs, being usually more concerned about their daily sources of food, water, shelter, and security rather than sanitation [13].



Interestingly, in 2015, Mexico claimed that it has “achieved” its MDG sanitation target, with 85% of its population (urban and rural) having access to improved sanitation services (however, this figure was more pertinent to sewerage access and not specifically to sanitation) [21]. Comparing the official figures provided by CONAGUA (National Water Commission of Mexico) and the United Nations (Table 6), it is no doubt that Mexico has achieved 92.8% of national sewerage coverage. However, only 45.54% of the population has been using safely managed sanitation. Thus, the technical implementation (coverage) of the systems was not equal to the percentage of usage. As a matter of fact, in the specific case of rural areas, the national sewerage coverage was barely 77.5%, while in Chiapas specifically, it was 68.9%, with no data available on the proportion of people using a safely managed sanitation system.



The findings describe that the situation in rural settlements remains far from being sustainable and dignifying. Thus, it is imperative to improve sanitation facilities and increase awareness regarding its importance in reducing health risks and poverty and supporting socioeconomic development [52]. With the urgency to achieve sustainable development through MDGs, implementers have prioritized the construction of sanitation systems over ensuring their use and user acceptance [3]. Moreover, faulty designs, inadequate technical knowledge, and unsuitable technologies [51,57,58] are important aspects to consider to understand why systems fail to be adequate. Of equal importance are social values and cultural variations that influence the type of technology appropriate for a specific community context [57]. When understanding user needs, experiences, and preferences, it is important to comprehend what current choices are available and what treatment methods can be used [32].



The study results show very clearly that in rural areas where people are marginalized, there is a need for basic services with a technology adapted on a local basis, meeting payment for these services, and maintenance possibilities. It is also important to consider the user preferences associated with the structural and functional parts of the system, payment capacity associated with the implementation, use, and construction of the system, and protection users need from the environment that surrounds them. Cost is a crucial factor for the success and broad implementation of a system. For instance, a higher cost can influence the decision of the users to accept or refuse the implementation and use of a system [50,59]. Indeed, affordability is one of the most defiant constraints. If the technology is not affordable for the majority of potential users, then it is not suitable for the circumstances [57,60].



In some cases, preferences such as the esthetics of a system could be an important issue. However, in poor rural areas where people are marginalized, the preference is commonly basic services. In these areas, the most important element is the sanitation service itself, where the appearance of the toilet or the system is not a must for the community to accept, as opposed to the assertion of [17] “where sanitation facilities are lacking or not functional, a pleasant-looking and functional toilet is a source of pride.” Meanwhile, shared systems can be a source of community conflicts. For instance, when users do not maintain hygiene in the toilet vicinity, then unsanitary conditions may initiate failure on the appropriation of the system and subsequently lacerate community relationships and complicate the optimal management of the system, maintenance, repairs, waste management, profits, cleaning, etc. Depending on the social capital, in some cases, users would not want to avoid creating problems [61], which justifies why they would rather have private systems than shared. Furthermore, financial barriers can represent a significant challenge in terms of the willingness of users to pay. Although they want to pay, saving, or collecting money may be difficult for them. Another issue is the lack of trust between the community or family members when the utilization of money is involved [61]. In the area of study, the majority simply could not afford sanitation charges. Thus, the government is not able to settle fees to the service, first, because it has no financial and infrastructural capacity to give basic sanitation services and second, because of the lack of trust in monetary management [3]. As a result, improvements in sanitation are difficult to achieve in the area.



In another perspective, focusing only on user preferences is not completely accurate. In this study, people in the locale did not show any interest in and awareness of the environmental and health impacts of poor sanitation, presumably because they were not fully informed of the negative externalities and implications of the lack of quality sanitation services on health and hygiene. Lack of awareness of this aspect is often related to poor educational standards. Nevertheless, it has been shown that poor and illiterate people have the potential and capacity to make good choices if they are given the opportunity to be involved from the start to the conclusion of sanitation projects [13]. Awareness is crucial in introducing good interventions and communicating the importance of sanitation to ensure a healthy community [62]. In other words, being active in the development of sanitation projects or at least knowing a little more about sanitation can benefit the system and the knowledge of people as individuals and as a community.



Furthermore, the government plays an important role in achieving full coverage of sanitation services. In the past, it was not a priority, and there were deliberate actions that permanently disrupted a sanitation system’s use, maintenance, and performance, thereby creating mistrust and expectations from people for free services from the government, even when they are not poor [3,63]. Likewise, direct user and stakeholder participation, as well as empowerment by intermediate-level organizations, can provide an avenue to identify the needs of the community [57,64]. This implies that current and future interventions in the design, selection, development, and monitoring of technologies and the subsequent provision of sanitation services should involve community decision-makers who understand people’s culture and behavior, to develop strategies with users as part of the process and to implement feasible, affordable, and user-accepted sanitation systems [6,7,9,14,15].



Finally, although the focus of the study was on rural communities in Mexico, this does not limit the application and analysis of sanitation in other countries having the same problems related to basic sanitation, as those observed in Table 7, with a low proportion of the population using safe sanitation services.




5. Conclusions


A comprehensive approach was proposed to identify the variables and indicators that allow the integration of human issues (user preferences) in the selection and creation of more holistic sanitation strategies, technologies, systems, and services. The proposed approach was shown to be effective in the identification of user preferences and, therefore, is recommended to be an intrinsic part of the design, planning, and implementation process to lead rural communities to achieve sustainability and SDGs on universal basic sanitation.



As it was necessary to understand how culture, preferences, practices, and socioeconomic conditions directly affect the possibilities for users to gain access to basic sustainable sanitation services, the approach was assessed in the rural communities of Chiapas, the poorest state in Mexico. The results showed that sanitation is an important service for the users. Nevertheless, if there is a lack of other services, the concern toward sanitation could be affected by the priority to meet daily needs, such as food and shelter.



With regard to preferences linked to the system’s technical features, its esthetics, costs, and socioeconomic-related aspects were the most important to be considered for the provision of basic sanitation. The most important preferences of the users were privacy and protection proportioned by the system, the type of material for the toilet and the floor, and the costs of construction and maintenance. These preferences need to be an intrinsic part of the design, planning, and implementation processes to lead rural communities toward sustainability and to achieve SDGs of universal basic sanitation coverage. These elements, along with awareness of sanitation and government support, could help increase the appropriation and success in the use and implementation of basic sanitation services, as well as help recognize the limitations of certain types of sanitation systems and technologies before they are implemented. It is practical to say that leading rural communities to be sustainable remains a long and arduous task, but sanitation is not an isolated topic, as cultural, political, and economic forces are driving it, which means that it must be within a holistic framework that takes into account all the resources available in the community. The priority should be to design basic sanitation services based on user preferences.
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Figure 1. Area of study. 
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Table 1. Indicators and variables established to evaluate user preferences on sanitation systems.
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User Preferences




	
Indicator

	
Variables

	
References






	
Cost

	

	
Consumables



	
Cleaning



	
Investment






	
[8,35,36,37,38,39]




	
Esthetics

	

	
Type of floor



	
Color



	
Space availability






	
[8,35,40]




	
Ease

	

	
Periodicity of maintenance



	
Frequency of daily use






	
[8,13,17,35]




	
Hygiene

	

	
Periodicity of cleaning



	
Periodicity of hand washing






	
[8,35,40,41]




	
Peer Influence

	

	
Customs



	
Will to change






	
[6,8,38]




	
Surroundings

	

	
Climatic conditions






	
[8,17,35,40,41]




	
User

	

	
Privacy (shared community system or private system per house)



	
Daily use



	
Products



	
Water tap



	
Location (Inside, outside)



	
Hand washer



	
Ownership






	
[6,8,10,13,17,38,40,41,42]




	
Technical

	

	
Toilet material



	
Wastes manipulation



	
Construction material



	
Proper disposal






	
[6,8,13,37,39,40,42,43,44,45]




	
Environment

	

	
Environmental health






	
[43,44,45,46]




	
Social Interactions

	

	
External agent



	
Leadership



	
Community responsibility






	
[37,39,41,46]




	
Socioeconomic

	

	
Ability to read



	
Age



	
Scholar level



	
Zone



	
Current sanitation



	
Weekly income



	
Gender



	
Number of inhabitants per house






	
This indicator was added to understand the actual situation of the area of study. The literature made an indirect study on this indicator, but the present authors viewed this as the most relevant indicator to understand how a community functions.
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Table 2. Sanitation facilities in the area of study.
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	Facility
	Percentage
	Number of Persons





	Flush toilet connected to septic tank
	84.4%
	109



	Flush toilet connected to the sewerage
	6.2%
	8



	Other (open defecation or do not have a facility)
	4.6%
	6



	Flush toilet connected to a sanitation system (stabilization ponds)
	3.1%
	4
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Table 3. Sanitation compared to other services.
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Users

	
Decision-Makers

	
Services






	
Sanitation

	
53%

	
54%

	
Tubed water




	
45%

	
37%

	
Electricity




	
57%

	
60%

	
Sewerage




	
72%

	
77%

	
Mobile phone




	
82%

	
86%

	
Internet




	
89%

	
100%

	
Television
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Table 4. Matrix of indicators’ relationships.
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Socioeconomic

	
Ease

	
Cost




	
Indicators

	
Variables

	
Ability to Read

	
Age

	
Scholar Level

	
Government Support

	
Zone

	
Current Sanitation

	
Weekly Income

	
Gender

	
Number of Inhabitants Per House

	
Periodicity of Maintenance

	
Frequency of Daily Use

	
Consumables

	
Cleaning

	
Investment






	
Technical

	
Toilet material

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Waste manipulation

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Construction material

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Proper disposal

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
User

	
Daily use

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Products

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Water tap

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Location

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Hand-washer

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Ownership

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Ease

	
Periodicity of maintenance

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Frequency of daily use

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Cost

	
Consumables

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Cleaning

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Investment
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Table 5. User preferences on sanitation systems.
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Indicator

	
Preference

	
Description

	
Percentage

	
Number of Persons






	
User

	

	
Private sanitation systems per house






	
To avoid community conflicts

	
75.2%

	
91




	

	
Marketable products as manure






	
To have extra income

	
63.6%

	
77




	

	
The system outside the house






	
To keep it far from the house

	
48.7%

	
59




	
Esthetics

	

	
Faint colors like white, beige, light blue, and yellow






	
To detect harmful fauna

	
38.8%

	
47




	

	
Dark colors like green and blue






	
No specific reasons given

	
29.7%

	
36




	

	
Cement or tile floor






	
To facilitate cleaning activities

	
76%

	
92




	
Cost

	

	
Low construction and maintenance costs






	
To be able to afford and maintain the system

	
52.8%

	
64




	
Technical

	

	
Porcelain toilet






	
To have the most known and common material

	
63.6%

	
77




	
Surroundings

	

	
Protection against climatic conditions and health risks






	
To avoid rains, floods, wind, earthquakes, and pests

	
82.6%

	
100
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Table 6. CONAGUA official numbers on sanitation in Mexico.
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Year

	
Population with Sewage to Public Net or Septic Tank (Million)

	
Population with Sewage (Million)

	
Sewage Coverage to Public Net or Septic Tank (%)

	
Sewage Coverage (%)

	
People Using a Safely Managed Sanitation Service (%)






	
General national level

	
2000

	
69.5

	
72.7

	
72.8

	
76.2

	
17.72




	
2005

	
83.5

	
85.6

	
83.5

	
85.6

	
23.78




	
2010

	
96.9

	
99.1

	
87.7

	
89.6

	
34.13




	
2015

	
109.5

	
110.9

	
91.4

	
92.8

	
45.54




	
Rural national level

	
2000

	
7.5

	
8.9

	
31

	
36.7

	
-




	
2005

	
12.8

	
13.8

	
53.3

	
57.5

	
-




	
2010

	
16.4

	
17.5

	
63.6

	
67.7

	
-




	
2015

	
2.4

	
21.3

	
74.2

	
77.5

	
-




	
General state (Chiapas) level

	
2000

	
-

	
-

	
-

	
-

	
-




	
2005

	
-

	
-

	
-

	
74.7

	
-




	
2010

	
-

	
3.83

	
-

	
81%

	
-




	
2015

	
-

	
4.4

	
-

	
84.4

	
-




	
Rural state (Chiapas) level

	
2000

	
-

	
8.9

	
-

	
36.7

	
-




	
2005

	
-

	
13.8

	
-

	
57.5

	
-




	
2010

	
-

	
17.8

	
-

	
68.9

	
-




	
2015

	
-

	
-

	
-

	
-

	
-




	

	
- NO DATA









	
Sources: [21,55,56]
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Table 7. United Nations official statistics on sanitation services in selected countries, 2015.
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Proportion of Population Using Safely Managed Sanitation Services in Different Countries in 2015




	
Country

	
Percentage

	
Country

	
Percentage






	
China, Hong Kong, and Macao Special Administration Region

	
100

	
Ecuador

	
74.36




	
United States of America

	
99.02

	
Colombia

	
71.12




	
Spain

	
98.18

	
Bangladesh

	
55.67




	
Japan

	
97.19

	
Mexico

	
42.61




	
Germany

	
99.22

	
Congo

	
37




	
France

	
93.31

	
Pakistan

	
35.64




	
Russian Federation

	
75.51

	
Nigeria

	
19.4




	
Source: [56]
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