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Abstract - A bibliometric analysis is conducted to identify trends, stakeholders, prominent methodologies, and less studied topics 

in the scientific literature related to rural sanitation and sustainable development, with an emphasis on Latin America. The 

quantitative, descriptive, and longitudinal bibliometric techniques employed in the current research utilized the Scopus and Web 

of Science records until early 2026. The three research queries are related to SDG 6, sustainability, technology, performance, 

and equity and inclusion. The sample was obtained after exporting the metadata and filtering in spreadsheets; the data was 

exported in. ris format and subsequently analyzed in VOSviewer, considering productivity indicators such as leading production 

countries, and keyword co-occurrence. The results showed that studies related to SDG 6 started in 2008, showing a moderate 

increasing trend and then reaching a peak in 2024 (with 5 publications) and thereafter one publication in early 2026. The other 

series started in 1976, reaching its peak in 2025 (with 19 research papers) and registered four publications so far in 2026.  

Regarding equity, production started in 2005 and showed an inconsistent trend, reaching five publications in 2024 and three in 

the current year. The results show that Asia is the leading region in research production—with China and India being the key 

contributors—and outpacing the Latin American region, where Brazil, Chile, and Guatemala (in that order) are the most 

representative countries in research production. Thematically, the technocentric and the economic-normative clusters were the 

most common; the topics related to governance, operation, and maintenance, post-implementation monitoring, and equity are 

less studied. It is concluded that rural sanitation sustainability is currently partially studied and unevenly addressed, as the 

efforts are mainly directed to technical performance and economic viability; this approach fails to consider continuity of the 

service or inclusion, which limits the link between rural sanitation and sustainability, especially in Latin America. 
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1. Introduction 
Rural sanitation is a critical component of sustainable 

development because of its direct influence on public health, 

reduction of inequalities, productivity, and environmental 

implications. As a consequence, the implementations and 

advances in rural sanitation constitute an axis of the SDG 

(sustainable goal) 6.  

 

Rural areas present gaps associated with geographical 

dispersion, financial limitations, institutional weaknesses, and 

low community participation in the management of WASH 

(Water, Sanitation, and Hygiene). The main problem is that 

improvements in sanitation coverage do not always guarantee 

the long-term sustainability of rural services, particularly 

when operation, maintenance, financing, monitoring, and 

community governance remain weak. In Peruvian rural areas, 

the absence of basic sanitary services is associated with a 

higher rate of diarrhea and urinary diseases, especially in 

children, which evidences the link between sanitary 

infrastructure and public health [1].  

 

Figure 1 depicts a rural sanitation infrastructure in poor 

conditions, which reflects the need not only for infrastructure 

coverage, but service continuation and post-implementation 

management in the long-term for an appropriate functioning 

of the sanitary systems.  

 

http://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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The word sustainability implies that the infrastructure is 

used, maintained, paid for, and owned by the community. 

However, communities in rural areas often lack the financial 

resources and technical knowledge to maintain the sanitation 

systems, which ultimately causes the deterioration of these 

systems [2]. The implementation of enhanced or novel 

solutions may fail for the same reason, as any solution requires 

maintenance and social organization, which, as mentioned 

earlier, these characteristics are part of the definition of 

sustainability [3]. For example, the "Open Defecation Free" 

designation, which is a distinction given to communities 

where every household uses a safe and environmentally 

friendly toilet, can be lost if the community lacks maintenance 

practices and institutional support. [4]. In summary, rural 

sanitation is intrinsically linked to sustainability rather than 

just a one-time implementation of infrastructure achievement.   

 
Fig. 1 Deterioration of rural sanitary infrastructure as evidence of 

challenges in sustainability and maintenance [1] 

In the realm of sustainability, recent research has shown 

various points of view. For instance, the work [12] of in rural 

indigenous communities in Canada created a risk-benefit 

management framework for drinking water systems. This 

framework showed how community perception, water quality, 

and health risks affect the long-term viability and 

effectiveness of the service. In a similar way, in the rural 

setting of northwestern Togo, the hydrostructural 

characterization of crystalline aquifers markedly enhances the 

accuracy of borehole siting and fortifies sustainable water 

resource management [13]. Solutions based on nature, such as 

built wetlands for reusing wastewater in rural schools, have 

shown efficiency in waste removal and operational 

sustainability through community participation and local 

materials [14]. These studies evidence that guaranteeing safe 

water access requires integral approaches that encompass 

technical aspects, risk management, and long-term 

sustainability.  

 

Studies focused on technological solutions oriented to 

operational efficiency can be found. For instance, 

Kumarasaravanan et al. [5] developed a smart photovoltaic 

pumping system with IoT integration for dry and no-grid 

connection areas; the system demonstrated efficiency and 

stability. Similarly, Z. Zhu et al [6] proposed a wetland 

integrated with an iron-carbon enhanced microbial fuel cell to 

attain superior removal efficiencies and bioenergy recovery 

from rural greywater. These improvements make the 

technological and environmental aspects stronger, but there 

are still gaps in the analysis of institutional sustainability, 

community ownership, and service continuity.  

 

Although there is abundant research on coverage, 

technologies, and health risks reductions, the knowledge 

remains dispersed, with important gaps in sub-implementation 

sustainability, participatory governance, equity, 

environmental resilience, and integral performance 

evaluation, particularly in rural areas of Latin America. In the 

same geographical context, it has been reported problems with 

monitoring systems, limitations in sustainability metrics, and 

structural issues with financing and operation that affect the 

continuity of service in community systems [7]. 

 

Previous literature has shown that rural sanitation has 

been widely studied from technological, environmental, and 

public health perspectives. However, it is limited to the 

bibliometric evidence regarding how scientific production has 

addressed long-term sustainability, governance, operation and 

maintenance, equity and service continuity, particularly in 

Latin America. Recent empirical studies have increasingly 

emphasized the relevance of governance structures, 

community engagement, economic sustainability, and 

maintenance capacity as critical dimensions for achieving 

sustainable rural sanitation services [3, 8]. International 

evidence has also shown that WASH interventions can help 

lower the number of diarrheal diseases in low- and middle-

income countries. This strengthens the connection to the 2030 

Agenda [10]. Research on rural services in Latin America has 

highlighted the importance of the institutional framework, 

post-construction assistance, and financial mechanisms for the 

maintenance of community systems [11]. Analogously, 

previous studies presented the state of the art of sanitation 

governance and its relation with socio-environmental conflicts 

in different territories of the global South and in traditional 

communities [9]. 

 

Based on the conducted review, a bibliometric analysis is 

necessary to identify the evolution of the field, high-relevance 

countries, the dominant themes, the underexplored 

dimensions of rural sanitation, and its sustainable 

development. This study conducts a bibliometric analysis of 

global scientific output regarding rural sanitation and 

sustainable development, focusing on Latin America, and 

identifying trends, prevailing methodologies, research 

networks, and thematic deficiencies. This interdisciplinary 

field includes sustainable development, public health, 

environmental management, service governance, and rural 

planning. As a key contribution, the conducted bibliometric 
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approach combines three complementary lenses: SDG 6 and 

sustainability, technological performance, and equity and 

inclusion. In addition to identifying publication trends and 

leading countries, it is presented the imbalance between 

technical efficiency and sustainability of rural sanitation 

services in Latin America. The results of this review can help 

shape research agendas and public policy decisions that go 

beyond covering larger areas. Thus, this study aims to 

characterize the evolution, the actors, and dominant topics in 

the field, while also identifying deficiencies related to the 

genuine sustainability of the service, with a particular focus on 

Latin America. 

2. Materials and Methods 
2.1. Study Design 

Following the same scheme of bibliometric studies 

[15]—where the focus is on water and sanitation aligned with 

SDG 6, and identifying topic trends, collaboration patterns, 

and knowledge gaps—a descriptive-longitudinal bibliometric 

study of worldwide scientific production on rural sanitation 

and sustainable development is carried out. The 

methodological scheme includes productivity indexes, impact, 

collaboration networks, and co-occurrence analysis of 

keywords; this review aims to identify topic trends, research 

networks, and gaps in scientific literature. 

2.2. Information Sources 

The bibliometric search was conducted in leading 

scientific databases, Scopus and Web of Science. These 

databases are multidisciplinary and widely used in 

bibliometric studies, making them suitable for the present 

study. It is well-known that rural sanitation and sustainable 

development involve multiple fields, including environmental 

engineering, public health, government policies, rural 

planning, and social equity. Aligned with a global bibliometric 

search strategy, no geographical filters were applied in the 

databases. However, a special focus was placed on the Latin 

American region as part of the analysis stage of the resulting 

records, identifying country information of the region, author 

affiliations, and regional participation. Subsequently, the 

results reflect the visibility of Latin America's scientific 

production within the selected databases. A flowchart that 

explains the methodological process is shown in Figure 2. The 

phases include literature search, data export, data cleaning and 

standardization, processing in VOSviewer, and results 

presentation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Flowchart of the bibliometric analysis methodological process

Phase 1: Literature Search 

Database: Scopus 

Defined search equation 

Phase 2: Data Export 

Export in .ris format 

Fields included: title, authors, year, keywords, affiliation 

Phase 4: Processing in VOSviewer 

File import 

Selection of analysis type: Co-occurrence → Author keywords 

Phase 5: Results 

Network map generation 

Identification of thematic clusters 

Analysis of frequency and link strength 

Phase 3: Data Cleaning and Standardization 

Duplicate removal 

Verification of incomplete metadata 

Standardization of author keywords 

Normalization of author, institution, and country names 
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On February 19, 2026, bibliographic records were 

extracted. Metadata from both databases was exported, 

including the title, abstract, keywords, authors, affiliations, 

country, source, DOI, language, references, and funding data 

when available. 

2.3. Search Strategy 

The extraction stage of the bibliographic was performed 

in February 2026; the available metadata in both databases 

was exported (title, abstract, keywords, authors, affiliations, 

country, source, DOI, language, references, and data finance 

when corresponded). 

2.3.1. Sustainability of Rural Sanitation in the Context of SDG 

6 

Query 1: ("rural sanitation" OR "sanitation in rural areas" 

OR "rural sanitation systems" OR "onsite sanitation" OR 

"decentralized sanitation") AND (sustainability OR 

"sustainable development" OR "SDG 6" OR "Sustainable 

Development Goal 6") 

 

The combination of used terms captures the heart of the 

literature about sanitation in rural areas by including well-

known phrases in the field. The incorporation of “onsite 

sanitation” and “decentralized sanitation” is key, due to the 

fact that in rural contexts, onsite solutions or decentralized 

ones are the predominant (latrines, septic tanks, or systems at 

the household or community level) more than traditional 

sewerage systems. Besides, many technical studies employ 

these specific terms instead of general expressions like “rural 

sanitation”, so their inclusion makes the search broader and 

more precise. On the other side, the block 

“sustainability/sustainable development/SDG6” binds the 

analysis with the 2030 agenda, which is the main axis of this 

study.  From the bibliometric perspective, this collection of 

words works as a research base or mother since it allows you 

to evaluate the productivity, country leadership, and 

temporary evolution in the field, as well as the identification 

of global trends and the analysis of the SDG 5 discourse 

consolidation in the area of rural sanitation. 

 

2.3.2. Performance and Sustainability of Rural Sanitation 

Technologies: 

Query 2: ("rural sanitation" OR rural) AND ("pit latrine" 

OR latrine* OR "septic tank*" OR "composting toilet*" OR 

"ecological sanitation" OR ecosan OR "urine diversion" OR 

"constructed wetland*" OR "decentralized wastewater") AND 

(sustainability OR performance OR "service level") 

 

In rural areas, many types of technologies are presented. 

The terms “pit latrine”, “latrine” (or latrine variants), “septic 

tank”, phrases related to “composting toilet”, “ecological 

sanitation”, “ecosan”, and “urine diversion”, are included; the 

terms related to “constructed wetlands”, and “decentralized 

wastewater” are also considered. Consideration is given to 

other terms such as “performance” and “service level” since 

some studies do not explicitly use the term “sustainability”; 

these studies often assess performance through service levels, 

efficiency, or failures, and are categorized as “functional 

sustainability”. The addition of this point will provide a view 

of the most important technologies, growth patterns, 

specialized lines, and gaps in the literature with an emphasis 

on Latin America. Finally, it must be mentioned that the 

inclusion of the word “rural” often encompasses technology–

related studies but may include studies that are not strictly 

related to rural sanitation. 

 

2.3.3. Sustainability and Social Justice in Rural Sanitation 

Query 3: ("rural sanitation" OR WASH) AND (gender 

OR women OR equity OR inequality OR inclusion OR "social 

inclusion" OR "indigenous" OR "vulnerable population*" OR 

"disability") AND (sustainability OR access OR "service 

level") 

 

The keyword selection—which includes the equity aspect 

and WASH approach of “leaving no one behind” — is aligned 

with the 2030 Agenda. The words “gender” and “women” are 

included to depict the relation between safety, privacy, and 

menstrual hygiene management, reflecting the diverse needs 

of users. The words "equity," "inequality," and "inclusion" 

also help find studies on service quality and access gaps.  

 

The word "indigenous" is especially important in Latin 

America, where many rural inequalities are found in remote 

areas and among indigenous people. "Disability" is also 

included because it is related to accessibility and the removal 

of physical barriers, as well as being a common but 

underrepresented aspect that can help find gaps. Finally, 

"access" and "service level" are terms that studies use to talk 

about service continuity and quality without using the word 

"sustainability." This follow-up would allow the evolution of 

the field to be examined over time in terms of thematic and 

geographical shifts, emerging research lines to be identified, 

and the likelihood of the previously identified gaps being 

addressed in the near future to be assessed. 

 

2.4. Data Processing and Analysis 

Bibliographic records were sent out in a format that could 

be used for analysis (.ris). Microsoft Excel spreadsheets were 

used for initial data cleaning and organization, following steps 

similar to those applied in recent bibliometric studies based on 

databases such as Scopus and specialized tools for managing 

large volumes of scientific literature [15]. Bibliometric 

analysis and visualization of co-authorship networks, keyword 

co-occurrence, and institutional collaboration were performed 

using VOSviewer software, which generates scientific 

relationship maps based on frequency and link strength. 

 

The following indicators were used: 

 Annual publication rate 

 Top productivity countries 

 Keyword co-occurrence analysis 
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 Collaboration networks 

 Subject areas classification  

Annual publication rate provides growing trends, while 

productivity at a country level allows a comparison between 

Latin America and other regions; the keyword co-occurrence 

analysis depicts dominant themes and research gaps. The 

collaboration networks are useful to show the interaction 

degree among authors, institutions, and countries. Lastly, the 

subject areas are helpful to determine the role of civil 

engineering in the retrieved literature. In general, the 

aforementioned indicators allow the study and evaluation of 

the temporal evolution, geographical distribution, thematic 

structure, and collaborative patterns of scientific production 

related to rural sanitation and sustainable development. 

 

The analysis was done on a global scale, with the Latin 

American aspect included by looking at the regional 

participation seen in country rankings, finding the Latin 

American countries in the sample, and unraveling the 

relevance of these in the broad annual production. 

 

No initial year restriction was applied during the search 

process. Therefore, the publication window extended from the 

earliest record retrieved by each search strategy to February 

19, 2026, which was the date of data extraction. This approach 

made it possible to observe both the historical development 

and the recent growth of scientific production on rural 

sanitation and sustainable development, including recent 

studies addressing inequalities in sanitation access and 

context-specific management challenges in vulnerable rural 

territories [16, 17]. However, the results should be interpreted 

considering possible language and indexing bias. Scopus and 

Web of Science provide broad international coverage, but they 

tend to give greater visibility to English-language journals and 

publications from countries with stronger scientific indexing 

systems. This limitation is especially relevant for Latin 

America, where part of the evidence on rural sanitation may 

be published in Spanish or Portuguese, as well as in technical 

reports, institutional documents, theses, government 

publications, and regional journals not indexed in the selected 

databases. Therefore, the low visibility of Latin American 

countries in the retrieved records should not be understood as 

the absence of regional experience, but as a limitation of the 

indexed scientific production captured by the selected 

databases. 

2.5. Thematic Analysis and Categorization 

Repeatedly appearing words and keywords were 

organized in groups based on the following themes: 

 Rural sanitation technologies. 

 Governance and community management. 

 Financial sustainability and Operation/Maintenance 

(O&M). 

 Equity and gender focus. 

 Public health and risk reduction. 

 Environmental resilience and climate adaptation. 

This analysis reveals the most prominent themes in the 

field and the least studied. For instance, nature-based solutions 

and passive treatment systems such as water-purifying 

wetlands (which can be affected by extractive technologies) 

are rural sanitation technologies whose efficiency depends on 

physicochemical factors and microbial activity [18]. 

3. Results 
3.1. Evolution and Trends in Research on Rural Sanitation 

and Sustainable Development (SDG 6) 

The results of Query 1 (which aimed to obtain studies 

related to rural sanitation and its relationship with SDG6) are 

presented. The research documents show the relationship 

between rural sanitation and sustainable development; the 

impact on the 2023 Agenda and current directions of scientific 

research are also included.

 
Fig. 3 Temporal trend of rural sanitation sustainability in the context of SDG 6 
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Figure 3 shows the publication trend from 2008 to early 

2026. The data shows that in 2010 lack of studies, and in 2014, 

the normal publication level returned, reaching a peak in 2015. 

Afterward, from 2016 to 2022, the volume remained constant, 

and from 2023, the increasing trend reached a peak of 5 

documents in 2024. Finally, from the last peak until early 

2026, the number of documents has returned to its normal 

level, although an increasing trend is expected in the coming 

years. 

 

 
Fig. 4 Country ranking of scientific production on rural sanitation sustainability in the context of SDG 6 

 

Figure 4 shows the documents by country. It can be seen 

that countries in the Asian region (China, India, and 

Bangladesh) are leading the ranking of scientific production. 

Consequently, Asia presents the majority of countries in 

contrast to other regions. The North American region is 

second in document production, and the US and Canada are 

the leading contributors. Denmark, France, and the United 

Kingdom show up in Europe, but only a few people seem to 

be interested. Ghana and South Africa are the only two 

African countries that are represented. Asia is clearly the 

leader in production, followed by North America and Europe 

with smaller contributions. Africa has a smaller presence. 

 
Fig. 5 VOSviewer map of evolution and trends in research on rural sanitation and sustainable development (SDG 6)

Figure 5 depicts that the main identified clusters were 

sustainable development, sanitation, rural areas, economics, 

onsite sanitation systems, sewage, and sustainability. These 

findings evidence that the field is grounded in the framework 

of sustainable development and SDGs because the strong 

presence of sustainable development indicates that the 
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literature is formulated, predominantly, from the public policy 

language and the 2030 agenda, and not exclusively from the 

technical perspective. The term sewage is relevant —even 

though the search was mostly about rural-related issues— 

because many documents still have ideas that are similar to 

sewerage/wastewater, which shows that they fit into more 

general categories. The fact that economics is so important 

shows that most studies conceptualize sustainability in terms 

of its economic viability, such as costs, financing, efficiency, 

tariffs, and life-cycle costs. Onsite sanitation systems show 

that rural solutions (such as in-situ systems) are included, even 

though they are used with general wastewater terminology. 

Finally, less predominant terms are governance, community 

management, operation and maintenance, post-

implementation, equity, gender, indigenous populations, and 

monitoring. These terms represent a unique opportunity for 

researchers to expand knowledge on novel thematic 

combinations.   

3.2. Performance Evaluation of Rural Sanitation 

Technologies: Trends and Research Gaps 

The results of Query 2—which are related to studies of 

sanitation technologies in rural areas and their long-term 

sustainability and performance—reveal the most prominent 

technologies, growing adoption, specialized research areas, 

and knowledge gaps. 

 

Figure 6 shows that the use of the keyword started in 

1976, in which one document was found. Subsequently, the 

1980s and early 1990s evidenced few documents, and then a 

gap was observed until 2002. Thereafter, a peak in 2004, 2009, 

and 2016 clearly shows an increasing trend in previous years. 

Recently, from 2024 until the highest peak reached in 2025 

(with 19 research papers), along with the four research papers 

in early 2026, highlights the increasing global trend since its 

beginning. 

 
Fig. 6 Temporal trend of performance and sustainability of rural sanitation technologies 

 
Fig. 7 Country ranking of scientific production on performance and sustainability of rural sanitation technologies 
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Figure 7 shows that Asia is the leader in production, with 

China in first place (44 publications), ahead of all the other 

countries. The U.S. is in second place (14). Brazil, Canada, 

Germany, and India are all at an intermediate level, with six 

publications each. There are also records with unknown 

origins. Germany and Belgium are in Europe, while Australia 

is in Oceania. Brazil and Chile are the only Latin American 

countries on the list, which shows that there is less regional 

participation compared to Asian leadership. 

 
Fig. 8 VOSviewer map of performance and sustainability of rural sanitation technologies 

As can be seen in Figure 8, the main clusters were 

wastewater treatment, effluents, sewage, septic tanks, 

decentralized wastewater, pollutant removal, water 

purification, and controlled study. This puts in evidence the 

predominant orientation in engineering and sustainability, 

mainly focused on treatment processes and removal 

efficiency. The strong presence of septic tanks and 

decentralized wastewater suggests that the septic tanks and 

decentralized systems constitute the most studied solutions. 

Nonetheless, the low presence of terms like maintenance, 

management, affordability, user acceptance, behavior, or 

governance suggests that technological literature prioritizes 

performance and effluents over social and institutional 

dimensions of sustainability. Due to the constant overlap with 

sewage, the incorporation of more specific terms in future 

research is recommended (e.g., "onsite," "fecal sludge 

management," and "non-sewered sanitation") with the purpose 

of differentiating, with more clarity, onsite/decentralized 

sanitation from general urban approaches. 

 

3.3. Scientific Production on Sustainability and Social 

Justice in Rural Sanitation 

The exposed outcomes in this section were obtained from 

Query 3, designed for examining the integration of the social 

and equity dimensions in the research on rural sanitation. This 

strategy permitted to identify the studies that covered gender, 

social inclusion, inequalities, indigenous towns, vulnerable 

populations, and disabled people, in relation to sustainability, 

access, and service level. The retrieved set facilitates the 

assessment of the degree to which scientific production 

integrates the principle of "leaving no one behind," as 

advocated by the 2030 Agenda and the WASH approach, and 

enables an analysis of how the literature reconciles social 

justice and service provision with predominantly technical 

methodologies. This is how trends, gaps in themes, and levels 

of integration of the equity perspective in the area of rural 

sanitation are found. 

 

Figure 9 shows that production started in 2005 with one 

publication and then stopped for a while. It continued to act in 

a sporadic way after 2015. There was another break from 2018 

to 2020. The first big change happened in 2021 and 2022, and 

it was clear that things were getting better compared to 

previous years. The biggest rise happened in 2024, when there 

were five articles. In 2025, production went down but stayed 

the same. So far in 2026 (as of February), three articles have 

already been published, which suggests that production is on 

the rise again. 
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Fig. 9 Temporal trend of sustainability and social justice in rural sanitation 

Fig. 10 Country ranking of scientific production on sustainability and social justice in rural sanitation 

Figure 10 shows that Asia has the most participation, with 

India having eight documents and China having only a few. 

The United States is the only country in North America with 

five publications. Italy and the Netherlands are in Europe. 

Brazil and Guatemala are known for making only small 

contributions in Latin America. Nigeria stands for Africa, and 

Australia stands for Oceania. In general, Asia is in the lead, 

followed by North America. The rest are only present in small 

amounts and spread out. 
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Fig. 11 VOSviewer map of sustainability and social justice in rural sanitation 

Figure 11 shows that the main terms associated with 

sustainability and social justice in rural sanitation are 

sanitation, WASH, water treatment, hygiene, personnel 

training, developing countries, household water, and water 

and sanitation. The central position of sanitation and WASH 

indicates that the social dimension is mainly addressed 

through hygiene education, training, service access, and 

public health interventions. However, terms directly related to 

structural equity, such as gender, indigenous populations, 

disability, inequality, and social inclusion, do not appear as 

central elements in the map. This suggests that equity is still 

treated indirectly in the literature, mostly through WASH 

implementation and hygiene promotion, rather than as a 

dominant analytical dimension of sustainable rural sanitation.  

4. Discussion 
The bibliometric data show that there has been more study 

on rural sanitation and sustainable development in the last few 

years, but not always in the same way, depending on the "lens" 

used. This inequality is not just about numbers; it's also about 

knowledge. The field tends to focus on the most measurable 

and publishable aspects (efficiency, removal rates, effluents) 

while ignoring important factors for real sustainability, such 

as governance, Operation and Maintenance (O&M), post-

construction support, and social justice. This disparity 

between infrastructure investment and sustainable service 

delivery has been demonstrated in African contexts, where, 

despite substantial investments in WASH, only approximately 

40% of interventions incorporate sustainability features, 

largely attributable to inadequacies in management and public 

policy orientation [17]. In this way, the observed patterns 

suggest that a technocentric bias characterizes the prevalent 

terminology: sustainability is often discussed in terms of 

technological performance or economic viability rather than 

service continuation within specific social and institutional 

contexts. 

 

Table 1 demonstrates that each search approach 

encompasses a unique aspect of the field: Query 1 organizes 

the discussion based on the SDG/economic sustainability 

framework; Query 2 shows that the technological-

environmental dimension (treatment, effluents, and removal) 

is the most important. Query 3 looks at the social dimension 

mostly through the use of WASH programs. In general, the 

comparison shows that there is a theme imbalance: the 

literature focuses on technical performance and generic 

wastewater terminology, whereas features like governance, 

O&M, post-implementation monitoring, and explicit equity 

are less visible in the dominating clusters. 

 

Compared with previous bibliometric studies on SDG 6, 

WASH, and wastewater treatment, this study confirms the 

growing scientific interest in sanitation and sustainability. 

However, unlike previous studies that mainly describe 

publication growth, country productivity, collaboration 

patterns, or technological trends, the present research 

identifies a more specific imbalance in rural sanitation 

literature. The findings show that technological performance 

and economic sustainability are more visible than governance, 

operation, and maintenance, post-implementation monitoring, 

equity, and service continuity. Regionally, the study also 

shows that Latin America remains less visible in indexed 

scientific production when compared with Asia, North 

America, and Europe. 
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Table 1. Comparison of bibliometric approaches and dominant gaps (Source: Author's own) 

Comparative 

dimension 
SDG 6 and sustainability Technologies and performance 

Equity and inclusion 

(WASH) 

Dominant “lens” 

of the field 

Sustainable development and 

sustainability (economics) 

Environmental Engineering and 

efficiency (removal/effluents) 

Social implementation 

(education/training) 

Main clusters 

observed 

sustainable development, 

economics, onsite sanitation 

systems, sewage 

wastewater treatment, effluents, 

septic tanks, pollutant removal, 

controlled study 

hygiene education, personnel 

training, and developing 

countries 

Most visible 

evidence 

Normative approaches/SDG 

policy + service economy 

Technical/experimental evidence 

and performance 

Evaluation of interventions and 

capacity building 

Interpretive risk 
“Sustainability” reduced to 

costs/feasibility 

“Sustainability” reduced to 

environmental efficiency 

“Equity” reduced to 

implementation (not structural 

inequality) 

Most likely gaps 

(according to 

maps) 

Governance, O&M, post-

implementation monitoring 

Adoption, affordability, 

community management, 

governance 

Gender/indigenous/disability 

with low centrality 

Reading for Latin 

America 

Low visibility in indexed 

databases and under the filter 

applied in the 

SDG/sustainability framework. 

Localized technical evidence 

(Brazil/Chile) in the analyzed 

records. 

Limited recoverable 

production and thematic 

dispersion in the recovered 

sample. 

 
The novelty of this study lies in the integration of three 

complementary bibliometric lenses-SDG 6 and sustainability, 

technological performance, and equity and inclusion-to 

evaluate rural sanitation not only as a technical or 

environmental issue, but also as a long-term service 

sustainability problem. Previous studies have mainly 

examined SDG 6 and WASH-related research, [9, 15], 

sanitation technologies and wastewater treatment 

performance, [5, 6, 19-21], or rural service sustainability and 

management challenges, [7, 10] as relatively separate lines of 

inquiry. In contrast, the present study compares these 

dimensions within a single analytical framework and shows 

that the literature remains structurally imbalanced: techno-

environmental and economic-normative approaches are more 

visible than governance, operation and maintenance, post-

implementation monitoring, explicit equity, and service 

continuity. Therefore, this work contributes by demonstrating 

that the sustainability of rural sanitation is only partially 

represented in global scientific production, with a particularly 

low visibility of Latin America in indexed databases. 

 

Compared with previous bibliometric or thematic 

approaches, the present study achieved a more comprehensive 

interpretation of rural sanitation sustainability for three main 

reasons. First, instead of relying on a single general search 

equation, the analysis used three complementary bibliometric 

lenses: SDG 6 and sustainability, technological performance, 

and equity and inclusion. This strategy made it possible to 

distinguish the specific contribution and limitations of each 

research stream, which would be less visible in a single-query 

approach. Second, the combined use of Scopus and Web of 

Science, together with metadata cleaning and keyword co-

occurrence analysis, allowed a broader and more consistent 

identification of temporal trends, country participation, and 

dominant thematic clusters. Third, the comparison among the 

three maps enabled the identification of structural absences in 

the literature, particularly governance, operation, and 

maintenance, post-implementation monitoring, explicit 

equity, and service continuity. Therefore, the advantage of this 

study is not related to reporting higher technical performance 

than existing sanitation technologies, but to providing a more 

integrated and policy-relevant diagnosis of the scientific field. 

While previous studies have mainly reported technological 

efficiency, WASH intervention outcomes, wastewater 

treatment performance, or SDG-related trends separately [5, 

6, 9, 15, 19-21], this research shows why those lines of inquiry 

remain insufficiently connected and how this fragmentation 

limits the understanding of long-term rural sanitation 

sustainability, especially in Latin America. 

 

In Query 1, which captures the explicit link between rural 

sanitation and sustainability/SDG 6, production appears recent 

and low in volume within the applied filter, with an upsurge 

toward 2024. This behavior is consistent with the progressive 

consolidation of SDG language in the literature, where 

"sustainability" operates as a framework for legitimacy and 

alignment with global agendas. Nevertheless, the co-

occurrence map shows a concentrated nucleus on sustainable 

development and economics, suggesting that sustainability is 

operationalized mainly as an economic viability (costs, 

financing, efficiency) and not as sustained service 

performance. This trend is observed in recent studies that, 

while presented as sustainable solutions, prioritize technical 

performance and removal efficiency or resource recovery, 

such as decentralized fecal sludge management systems using 

drying beds and natural coagulants [22] in the Journal of 

Water Process Engineering, with an emphasis on low cost and 

byproduct recovery. This is critical because, in rural 
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sanitation, the main breaking point is usually the post-

implementation gap: systems that are built but do not function, 

are not maintained, or are not owned by the community [2-4]. 

The low prominence of terms like governance, monitoring, or 

maintenance indicates a disconnection between the 

sustainability discourse and the real determinants of 

continuous operation. 

 

In Query 2, the pattern differs: there is a robust technical 

base and accelerated growth since 2020. The dominant 

clusters (treatment, effluents, removal, controlled studies) 

evidence that the technological subfield is guided by 

environmental efficiency metrics and experimental evidence. 

This finding is valuable because it confirms solid production 

about treatment processes and physicochemical performance, 

as shown n laboratory studies that evaluate the attenuation of 

organic compounds in treatment onsite units under different 

hydraulic loads and controlled conditions, prioritizing 

removal percentages and operative parameters as central 

performance indexes [19]. Nonetheless, it also exposes a 

structural limit: when the field is defined primarily by 

effluents, pollutant removal, or controlled study, sustainability 

may be reduced to the capacity to remove contaminants in 

controlled or pilot conditions. In rural scenarios, where 

systems depend on local capacities and community financing, 

service continuity may fail even if the technology is 

"efficient". As a consequence, a central field tension is 

observed: technical efficiency does not guarantee the 

sustainability of the service. 

 

A transversal finding is the recurrent presence of the term 

sewage in more than one approach. This suggests conceptual 

overlaps: although the study focuses on decentralized rural 

sanitation, part of the indexed literature remains anchored in 

broad wastewater categories historically associated with urban 

approaches. This ambiguity makes it difficult to differentiate 

in-situ/decentralized rural sanitation from centralized systems 

[23]. In contrast, recent investigations about decentralized 

systems underscore that sustainability depends on socio-

ecological, cultural appropriation, and co-construction with 

user interaction, indicating that technical solutions fail when 

these are not integrated into local and dynamic practices. In 

bibliometric terms, low visibility on these topics replaces the 

attention over specific rural topics, like community 

management, appropriation, post-construction support, and 

maintenance, and reinforces the dominance of technical, 

predominant frameworks.  

 

In Query 3, which was designed to capture equity and 

inclusion, the production is lower and intermittent, but with 

some growth in recent years. The dominant clusters linked to 

hygiene education and personnel training suggest that the 

social dimension appears mainly through the operational logic 

of WASH program implementation. However, despite 

including terms such as gender, indigenous peoples, and 

disability, these do not emerge as central nodes, reinforcing an 

"implicit equity". It is assumed that education or training 

resolves inequalities without necessarily addressing the 

material, territorial, or economic barriers that condition access 

and service continuity [24]. 

 

Figure 12 synthesizes the relative emphasis of the 

sustainability dimensions captured by each search equation. 

Query 2 concentrates evidence on techno-environmental 

performance, while Query 1 privileges the SDG framework 

and economic viability. Query 3 approaches the social 

dimension mainly through the WASH (education/training) 

implementation. Keeping low centrality on explicit equity and 

on post-implementation determinants. Collectively, an 

imbalance is observed: governance, operation and 

maintenance, monitoring, and service continuity present lower 

relative visibility; this supports the interpretation of “real 

sustainability” as partially "invisibilized". 

 
Fig. 12 Comparative profile of rural sanitation sustainability through bibliometric ‘lenses’ (Queries 1–3)
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* Note: Qualitative scale (1-5) based on identifying 

emphases in bibliometric maps; represents relative intensity, 

not direct measurements. 

 

The geographical distribution is also consistent with this 

diagnosis. The recurring leadership of Asia (particularly 

China and India) reflects research capacity and the centrality 

of the subject in national infrastructure and development 

agendas. This is evidenced by recent studies that 

systematically analyze the compatibility between the 

construction and operation of rural wastewater treatment 

facilities, emphasizing demographic, economic, and design 

variables as key determinants of performance [25]. In contrast, 

Latin America shows a low presence in the indexed records 

retrieved under the applied filter, which is significant given 

the magnitude of rural challenges in the region. Although there 

are recent contributions from the region regarding innovative 

technological solutions, such as the development of 

vermifiltration systems with alternative substrates for rural 

wastewater treatment [20], these works tend to concentrate on 

technical efficiency and the experimental performance of the 

technologies. This gap can be explained by a combination of 

factors: lower international indexing of regional journals, 

language barriers, less funding, and/or a greater weight of 

applied and “grey” technical literature (reports, project 

documents, institutional literature) that does not enter Scopus 

or Web of Science. In any case, the result suggests that the 

region does not yet represent a visible leadership in the global 

scientific agenda on sustainable rural sanitation, especially in 

social and institutional dimensions. 

 

Overall, the analysis supports an interpretative 

conclusion: the global field is advancing, but it does so with 

an imbalance that privileges the techno-experimental and the 

economic-normative, while actual sustainability—understood 

as service continuity over time—remains partially obscured. 

Recent production shows significant advances in process 

optimization, such as pilot studies that statistically validate 

improvements in nitrogen removal through operational 

adjustments in decentralized biological systems, emphasizing 

efficiency and performance metrics under controlled 

conditions [21]. However, this type of contribution, while 

valuable from an engineering standpoint, does not necessarily 

incorporate the social, institutional, and territorial 

determinants that condition service continuity in rural 

contexts. For Latin America, this opens a strategic 

opportunity: to produce contextualized evidence that connects 

technology with governance, post-construction monitoring, 

institutional support, explicit equity, and territorial resilience, 

aligning rural sanitation with the SDG framework's principle 

of “leaving no one behind” [5-8]. 

 

5. Integrated Analysis and Implications 
5.1. Comparative Regional Analysis 

The results show a clear regional imbalance in scientific 

production on rural sanitation and sustainable development. 

Asia, mainly China and India, leads the field, especially in 

studies related to sanitation technologies, wastewater 

treatment, and performance evaluation. North America and 

Europe show moderate participation, while Latin America has 

lower visibility, represented mainly by Brazil, Chile, and 

Guatemala. This limited presence is relevant because the 

region still faces major rural sanitation challenges associated 

with territorial dispersion, financing constraints, community-

based management, and weak post-construction support. 

Therefore, the results suggest a mismatch between the 

practical importance of rural sanitation in Latin America and 

its visibility in indexed scientific production, reflecting 

broader patterns in which scientific knowledge production is 

concentrated in developed economies and leading countries in 

sustainability-related research fields, while emerging regions 

remain underrepresented [26, 27]. 

5.2. Thematic Evolution and Emerging Research Fronts 

The thematic evolution shows that the technological and 

performance-oriented approach is the most consolidated 

research line, with strong growth after 2020 and dominant 

topics such as wastewater treatment, effluents, septic tanks, 

decentralized wastewater, and pollutant removal. This trend is 

consistent with studies emphasizing the technical efficiency 

and contaminant removal performance of decentralized and 

nature-based wastewater treatment systems in rural 

communities [28]. In contrast, the SDG 6 and sustainability 

approach is more recent and less developed, while the equity 

and inclusion approach remains intermittent. These patterns 

indicate that the field has advanced mainly through technical 

and environmental performance, whereas governance, 

operation and maintenance, affordability, post-

implementation monitoring, gender, indigenous populations, 

disability, and service continuity remain emerging but 

underexplored research fronts, despite evidence highlighting 

persistent institutional, financial, and regulatory barriers 

affecting the long-term sustainability of decentralized 

wastewater systems [29]. 

 

5.3. Policy and Practice Implications 

The findings suggest that rural sanitation policies should 

not be evaluated only through coverage or infrastructure 

indicators. Although technological performance is important, 

sustainable rural sanitation also requires operation and 

maintenance, financial viability, institutional support, 

community participation, post-construction monitoring, and 

equity. This perspective is consistent with studies 

emphasizing the importance of monitoring systems, data-

driven decision-making, and integrated WASH management 

approaches for improving sustainable sanitation outcomes. 

This is especially important for Latin America, where many 

rural systems depend on community organizations with 

limited technical and financial support. Similar evidence from 

developing-country contexts shows that financial constraints, 

sociocultural factors, and weak monitoring processes continue 

to affect sanitation adoption and long-term sustainability [30]. 
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Therefore, bibliometric evidence can help policymakers 

identify whether scientific research is addressing the real 

barriers that affect SDG 6 progress in rural areas. 

5.4. Collaboration and Network Analysis 
The bibliometric analysis revealed that scientific 

production is led by a few countries: China, India, and the US. 

In contrast, countries of the Latin American region are less 

prominent; the cause of that is attributed to lower 

collaboration networks, language barriers, and a low rate of 

publication in indexed journals. Consequently, the documents 

are neither captured by Scopus nor Web of Science. Increasing 

collaboration between Latin American institutions and 

productive regions can improve the methodology and 

visibility; the incorporation of local community-management 

systems and territorial inequalities into a global perspective 

will be beneficial. The presented challenges are aligned with 

SDG 6, which refers to improving developing contexts that are 

affected by institutional limitations, financial constraints, and 

insufficient technical capacities [31]. 

 

5.5. Gaps and Future Research Agenda 

The identified research gaps include, in particular, the 

poor level of visibility of the topics related to governance, 

O&M, post-implementation monitoring, affordability, 

acceptance, equity, and service sustainability. Similar gaps 

were detected in the case of weak links between 

environmental governance and territorial planning approaches 

concerning rural sanitation [32]. For future investigations, the 

development of Latin American scientific production, 

carrying out comparative regional studies, integrating 

technology performance evaluation with institutional and 

sociological indices, and incorporating gender, indigenous, 

disabilities, and other disadvantaged groups into rural 

sanitation studies can be proposed. The rationale for this 

recommendation is provided by the existence of scientific 

evidence pointing to the importance of community 

participation, proper maintenance arrangements, financing, 

and institutional mechanisms in sustainable rural sanitation 

provision [3]. Finally, it is recommended and continuous 

update the bibliometric analysis. 

 

6. Conclusion 
Scientific output about rural sanitation associated with 

sustainable development has experienced recent growth. 

Nonetheless, the field demonstrates an uneven structure: 

although technological-environmental literature displays 

increased volume and consolidation, the explicit emphasis on 

sustainability and SDG 6, along with the aspects of equity and 

inclusion, remains less prominent and more sporadic, 

indicating a still incomplete integration of sustainability in its 

multifaceted context. 

 

Asia is consistently at the forefront of scientific 

production, with China and India as the primary contributors 

across the three examined methodologies. In contrast, Latin 

America has only a few nations that actively contribute, which 

evidences the literature gap in sustainable rural sanitation in 

the region. 

 

The general approach is based on the SDGs, economic 

viability, a technological focus, effluents, pollutant removal, 

and a social dimension linked to the implementation of WASH 

programs. Other important factors for sustainability—such as 

governance, maintenance, post-implementation monitoring, 

and clear equity-are not as prominent as the general approach, 

reflecting an imbalance. 

 

Latin America’s top priorities are improving indexed 

scientific production, linking technological performance to 

real-world use, and moving toward more integrated ways that 

balance technical efficiency and institutional sustainability. 
This practice can solve fundamental problems related to mere 

technology acquisition and ensuring continuous service 

through efficient governance, financial stability, and social 

fairness. 

 

The main novelty of this study is that it demonstrates, 

through a three-lens bibliometric approach, that rural 

sanitation sustainability has been unevenly represented in the 

scientific literature, with limited integration of governance, 

O&M, equity, and service continuity, especially in relation to 

Latin America. 

 

As the main novelty of the conducted review, a three-

perspective bibliometric approach was presented. It is 

concluded that sanitation sustainability in Latin America has 

been unevenly represented in the scientific literature, 

evidencing limited integration of governance and long-term 

operation and maintenance.  

 

Recommendations 
Based on the findings, it is important to improve Latin 

American scientific production on sustainable rural sanitation 

by getting more articles published in high-impact indexed 

journals and promoting the globalization of regional research. 

The low level of engagement makes it harder for the region to 

be seen in comparison to others and makes it harder for it to 

have an impact on the global debate over SDG 6. 

 

It is also a good idea to encourage networks of 

collaboration between nations in Asia that are leaders in 

scientific production and countries in Europe and North 

America that are already established. Strengthening strategic 

co-authorships and joint projects could enhance technical 

capabilities, improve access to funding, and solidify research 

trajectories with increased breadth and significance. 

 

In terms of themes, it is proposed to balance the 

technology approach with more focus on the service's 

institutional and social sustainability. Evidence indicates that 
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aspects such as governance, operation and maintenance, post-

implementation monitoring, and financial sustainability are 

still not very visible in the dominant clusters, even though they 

are very important for service continuity in rural areas. 

Bringing these variables together may contribute to a closer 

and more comprehensive understanding of sustainability. In 

the same way, it is seen to be important to make the equity 

aspect of rural sanitation research clearer. While research 

pertaining to gender, indigenous populations, and disability 

exists, these categories do not constitute predominant axes. 

Their explicit inclusion in titles, abstracts, and keywords 

would enhance their visibility and retrievability in 

forthcoming bibliometric evaluations, thereby reinforcing 

adherence to the principle of "leaving no one behind." 

 

Lastly, it is suggested to keep an eye on the field's 

bibliometrics on a regular basis and publish the results based 

on different analytical methods. This follow-up would allow 

the evolution of the field to be examined over time in terms of 

thematic and geographical shifts, emerging research lines to 

be identified, and the likelihood of the previously identified 

gaps being addressed in the near future to be assessed.

 

References  
[1] Latrines: Sanitary Facilities in Rural Areas, Trujillo Di? - Your Regional Citizen's Daily, 2010. [Online]. Available: 

http://trujillodiwebnoticias.blogspot.com/2010/11/letrinas-servicios-higienicos-en-zonas.html  

[2] Soumyajit Koley, “Sustainability Appraisal of Arsenic Mitigation Policy Innovations in West Bengal, India,” Infrastructure Asset 

Management, vol. 10, no. 1, pp. 17-37, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[3] Siyakubonga Buso, and Tom Were Okello, “Bridging the Gap: Assessing Sanitation Practices and Community Engagement for 

Sustainable Rural Development in the King Sabatha Dalindyebo Municipality, South Africa,” Sustainability, vol. 17, no. 23, pp. 1-15, 

2025. [CrossRef] [Google Scholar] [Publisher Link] 

[4] Vinod K. Mishra, and Brian J. Bell, “Verifying Open Defecation Free Status: Experiences and Insights Going to Scale in India,” 36th 

WEDC International Conference, Nakuru, Kenya, pp. 1-5, 2013. [Google Scholar] [Publisher Link] 

[5] K. Kumarasaravanan, Sridhar Ramasamy, and RC. Ilambirai, “Intelligent Interconnected Water Management System for Arid Zones using 

Solar Photovoltaic Power,” Journal of Applied Science and Engineering, vol. 30, pp. 1-15, 2026. [CrossRef] [Publisher Link] 

[6] Zhiwei Zhu et al., “Iron-Carbon Enhanced CW-MFC for Treating High COD/TN Rural Greywater: Performance and Microbial Synergy 

in Bioenergy Recovery,” Biochemical Engineering Journal, vol. 227, 2026. [CrossRef] [Google Scholar] [Publisher Link] 

[7] Ryan Cronk, and Jamie Bartram, “Identifying Opportunities to Improve Piped Water Continuity and Water System Monitoring in 

Honduras, Nicaragua, and Panama: Evidence from Bayesian Networks and Regression Analysis,” Journal of Cleaner Production, vol. 

196, pp. 1-10, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[8] Marcin K. Widomski, and Anna Musz-Pomorska, “Economic Sustainability of Selected Individual On-Site Systems of Rural Sanitation 

under Conditions in Poland,” Sustainability, vol. 17, no 22, pp. 1-27, 2025. [CrossRef] [Google Scholar] [Publisher Link] 

[9] Sidnei Aranha et al., “Lessons and Challenges of Sanitation Governance in Different Territories of Global South and North: A Systematic 

Review,” GeoJournal, vol. 90, pp. 1-28, 2025. [CrossRef] [Google Scholar] [Publisher Link] 

[10] Jennyfer Wolf et al., “Effectiveness of Interventions to Improve Drinking Water, Sanitation, and Handwashing with Soap on Risk of 

Diarrhoeal Disease in Children in Low-Income and Middle-Income Settings: A Systematic Review and Meta-Analysis,” The Lancet, vol. 

400, no. 10345, pp. 48-59, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[11] Anna V. M. Machado et al., “Critical Factors for the Success of Rural Water Supply Services in Brazil,” Water, vol. 11, no. 10, pp. 1-14, 

2019. [CrossRef] [Google Scholar] [Publisher Link] 

[12] Juan Avila et al., “Benefits-Risks Analysis of Drinking Water Systems in Small and Rural Indigenous (SRI) Communities in Canada,” 

Journal of Environmental Chemical Engineering, vol. 14, no. 1, pp. 1-19, 2026. [CrossRef] [Google Scholar] [Publisher Link] 

[13] M’bènibé Gmakouba et al., “Hydrostructural Mapping of Basement Aquifers in the Mô Basin, NW Togo,” Results in Engineering, vol. 

29, pp. 1-16, 2026. [CrossRef] [Google Scholar] [Publisher Link] 

[14] Antonina Torrens et al., “Nature-based Solutions for Sustainable Wastewater Reuse: Treatment Wetlands for Irrigation at Ndiebene 

Gandiol School, Senegal,” Journal of Water, Sanitation and Hygiene for Development, vol. 15, no. 12, pp. 993-1006, 2025. [CrossRef] 

[Google Scholar] [Publisher Link] 

[15] Faisal Baig et al., “Synergies and Struggles: Water Security and Climate Action in South Asia’s Quest for SDG 6 and SDG 13,” Gondwana 

Research, vol. 148, pp. 393-414, 2025. [CrossRef] [Google Scholar] [Publisher Link] 

[16] Betty Nakibuule et al., “Categorization of Household Drinking Water and Sanitation Service Levels and Associated Determinants in 

Uganda,” Scientific Reports, vol. 16, pp. 1-19, 2026. [CrossRef] [Google Scholar] [Publisher Link] 

[17] Sukmawati et al., “Indigenous Bacterial Diversity and Identification in Domestic Wastewater in Small Tropical Island,” Global Journal 

of Environmental Science and Management, vol. 12, no. 1, pp. 269-28, 2026. [CrossRef] [Google Scholar] [Publisher Link] 

[18] Charlotte Lafont et al., “Manganese Removal in a Full-Scale Constructed Wetland for Passive Mine Water Treatment: Environmental 

Factors and Microbial Communities,” Water Research, vol. 295, pp. 1-11, 2026. [CrossRef] [Google Scholar] [Publisher Link] 

 

http://trujillodiwebnoticias.blogspot.com/2010/11/letrinas-servicios-higienicos-en-zonas.html
https://doi.org/10.1680/jinam.21.00021
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sustainability+appraisal+of+arsenic+mitigation+policy+innovations+in+West+Bengal%2C+India&btnG=
https://www.emerald.com/jinam/article-abstract/10/1/17/404894/Sustainability-appraisal-of-arsenic-mitigation?redirectedFrom=fulltext
https://doi.org/10.3390/su172310565
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bridging+the+Gap%3A+Assessing+Sanitation+Practices+and+Community+Engagement+for+Sustainable+Rural+Development+in+the+King+Sabatha+Dalindyebo+Municipality%2C+South+Africa&btnG=
https://www.mdpi.com/2071-1050/17/23/10565
https://scholar.google.com/scholar?q=Verifying+open+defecation+free+status:+experiences+and+insights+going+to+scale+in+India&hl=en&as_sdt=0,5
https://repository.lboro.ac.uk/articles/conference_contribution/Verifying_open_defecation_free_status_experiences_and_insights_going_to_scale_in_India/9587603
http://dx.doi.org/10.6180/jase.202607_30.018
https://jase.tku.edu.tw/jase/?tkuisotope=intelligent-interconnected-water-management-system-for-arid-zones-using-solar-photovoltaic-power
https://doi.org/10.1016/j.bej.2025.110054
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Iron-carbon+enhanced+CW-MFC+for+treating+high+COD%2FTN+rural+greywater%3A+Performance+and+microbial+synergy+in+bioenergy+recovery&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1369703X25004280
https://doi.org/10.1016/j.jclepro.2018.06.017
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Identifying+opportunities+to+improve+piped+water+continuity+and+water+system+monitoring+in+Honduras%2C+Nicaragua%2C+and+Panama%3A+Evidence+from+Bayesian+networks+and+regression+analysis&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0959652618316664
https://doi.org/10.3390/su172210241
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Economic+Sustainability+of+Selected+Individual+On-Site+Systems+of+Rural+Sanitation+Under+Conditions+in+Poland&btnG=
https://www.mdpi.com/2071-1050/17/22/10241
https://doi.org/10.1007/s10708-025-11417-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lessons+and+challenges+of+sanitation+governance+in+different+territories+of+global+South+and+North%3A+a+systematic+review&btnG=
https://link.springer.com/article/10.1007/s10708-025-11417-2
https://doi.org/10.1016/S0140-6736(22)00937-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effectiveness+of+interventions+to+improve+drinking+water%2C+sanitation%2C+and+handwashing+with+soap+on+risk+of+diarrhoeal+disease+in+children+in+low-income+and+middle-income+settings%3A+a+systematic+review+and+meta-analysis&btnG=
https://www.thelancet.com/article/S0140-6736%2822%2900937-0/fulltext?utm
https://doi.org/10.3390/w11102180
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Critical+Factors+for+the+Success+of+Rural+Water+Supply+Services+in+Brazil&btnG=
https://www.mdpi.com/2073-4441/11/10/2180
https://doi.org/10.1016/j.jece.2025.120773
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Benefits-risks+analysis+of+drinking+water+systems+in+Small+and+Rural+Indigenous+%28SRI%29+communities+in+Canada&btnG=
https://www.sciencedirect.com/science/article/pii/S2213343725054703
https://doi.org/10.1016/j.rineng.2026.109198
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hydrostructural+mapping+of+basement+aquifers+in+the+M%C3%B4+basin%2C+NW+Togo&btnG=
https://www.sciencedirect.com/science/article/pii/S2590123026002410
https://doi.org/10.2166/washdev.2025.323
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nature-based+solutions+for+sustainable+wastewater+reuse%3A+treatment+wetlands+for+irrigation+at+Ndiebene+Gandiol+School%2C+Senegal&btnG=
https://iwaponline.com/washdev/article/15/12/993/110205/Nature-based-solutions-for-sustainable-wastewater
https://doi.org/10.1016/j.gr.2025.07.022
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synergies+and+struggles%3A+Water+security+and+climate+action+in+South+Asia%E2%80%99s+quest+for+SDG+6+and+SDG+13&btnG=
https://www.sciencedirect.com/science/article/pii/S1342937X25002515
https://doi.org/10.1038/s41598-026-37203-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Categorization+of+household+drinking+water+and+sanitation+service+levels+and+associated+determinants+in+Uganda&btnG=
https://www.nature.com/articles/s41598-026-37203-9
https://doi.org/10.22034/gjesm.2026.01.15
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Indigenous+bacterial+diversity+and+identification+in+domestic+wastewater+in+small+tropical+island&btnG=
https://www.gjesm.net/article_730034.html
https://doi.org/10.1016/j.watres.2026.125539
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Manganese+removal+in+a+full-scale+constructed+wetland+for+passive+mine+water+treatment%3A+Environmental+factors+and+microbial+communities&btnG=
https://www.sciencedirect.com/science/article/pii/S0043135426002216


Albert Jorddy Valenzuela Inga et al. / IJCE, 13(6), 241-256, 2026 

 

 

256 

[19] Jennifer Teerlink et al., “Removal of Trace Organic Chemicals in Onsite Wastewater Soil Treatment Units: A Laboratory Experiment,” 

Water Research, vol. 46, no. 16, pp. 5174-5184, 2012. [CrossRef] [Google Scholar] [Publisher Link] 

[20] Adzania Fernandes Leopoldino et al., “Innovative Vermifiltration with Brachiaria: Enhancing Wastewater Treatment in Rural Areas,” 

Journal of Environmental Engineering, vol. 151, no. 2, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[21] Rania Nayif Daibes, and Ghassan Durra Alhaddad, “Analysis of Dissolved Oxygen Distribution Effects on Nitrogen Removal Efficiency 

in Oxidation Ditch Systems,” Scientific Reports, vol. 16, pp. 1-10, 2025. [CrossRef] [Google Scholar] [Publisher Link] 

[22] Harishvar Jothinathan, and Ajit Pratap Singh, “Decentralized Faecal Sludge Management in Rural India by Integrating Drying Beds for 

Dewatering and Coagulation for Leachate Treatment: A Sustainable, Cost-Effective, Nature-Based Solution,” Journal of Water Process 

Engineering, vol. 79, 2025. [CrossRef] [Google Scholar] [Publisher Link] 

[23] Betsie le Roux et al., Enhancing Socio-Ecological Interactions to Achieve Sustainable Decentralised Sanitation Systems: Why People are 

not using Technical Solutions, Circular and Transformative Economy, 1st ed., CRC Press, pp. 1-19, 2024. [Google Scholar] [Publisher 

Link] 

[24] V. Venkatramanan, Shachi Shah, and Ram Prasad, Exploring Synergies and Trade-offs between Climate Change and the Sustainable 

Development Goals, 1st ed., Springer, pp. 1-402, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[25] LI Jia-qi et al., “Analysis of Factors Affecting the Compatibility of Construction and Operation of Rural Wastewater Treatment Facilities,” 

China Rural Water and Hydropower, no. 12, pp. 101-107, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[26] Dayron Reyes Domínguez, Marta Beatriz Infante Abreu, and Aurica Luminita Parv, “Industry 4.0/5.0 Maturity Models: Empirical 

Validation, Sectoral Scope, and Applicability to Emerging Economies,” Systems, vol. 14, no. 2, pp. 1-48, 2026. [CrossRef] [Google 

Scholar] [Publisher Link] 

[27] Linna Geng et al., “How do Digital Technologies Reduce Carbon Emissions in the Construction Industry? A Systematic Review,” Energy 

and Buildings, vol. 350, pp. 1-13, 2026. [CrossRef] [Google Scholar] [Publisher Link] 

[28] Dagoberto Ruiz et al., “Design of an Efficient Constructed Wetland Prototype for Sustainable Wastewater Treatment in Developing 

Countries: A Community Case Study in Mexico,” Journal of Water Process Engineering, vol. 69, pp. 1-6, 2025. [CrossRef] [Google 

Scholar] [Publisher Link] 

[29] Mohammad A. Tabieh et al., “Designing Sustainable Business Models for Decentralized Wastewater Treatment Systems (DEWATS),” 

Water Conservation & Management (WCM), vol. 9, no. 2, pp. 1-12, 2025. [CrossRef] [Google Scholar] [Publisher Link] 

[30] Gusmiati Gusmiati et al., “Analysis of Individual Aspects in Riverbank Slums on Sustainable Sanitation Development (Case Study: Bima 

City, NTB, Indonesia,” Journal of Engineering and Technological Sciences, vol. 56, no. 2, pp. 304-316, 2024. [CrossRef] [Google 

Scholar] [Publisher Link] 

[31] Mubarak A. Al-Noaimi, “SDG Goal 6 Monitoring in the Kingdom of Bahrain,” Desalination and Water Treatment, vol. 176, pp. 406-

427, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[32] Wagner José de Aguiar et al., “Integration between Municipal Master Plans and River Basin Plans in the Northeastern Semi-arid Region: 

Perspectives for Governance,” Brazilian Journal of Physical Geography, vol. 15, no. 1, pp. 487-502, 2022. [CrossRef] [Google Scholar] 

[Publisher Link] 

 

 

https://doi.org/10.1016/j.watres.2012.06.024
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Removal+of+trace+organic+chemicals+in+onsite+wastewater+soil+treatment+units%3A+A+laboratory+experiment&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0043135412004332
https://doi.org/10.1061/JOEEDU.EEENG-7734
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Innovative+Vermifiltration+with+Brachiaria%3A+Enhancing+Wastewater+Treatment+in+Rural+Areas&btnG=
https://ascelibrary.org/doi/abs/10.1061/JOEEDU.EEENG-7734
https://doi.org/10.1038/s41598-025-31648-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Analysis+of+dissolved+oxygen+distribution+effects+on+nitrogen+removal+efficiency+in+oxidation+ditch+systems&btnG=
https://www.nature.com/articles/s41598-025-31648-0
https://doi.org/10.1016/j.jwpe.2025.108951
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Decentralized+faecal+sludge+management+in+rural+India+by+integrating+drying+beds+for+dewatering+and+coagulation+for+leachate+treatment%3A+A+sustainable%2C+cost-effective%2C+nature-based+solution&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2214714425020240
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Enhancing+socio-ecological+interactions+to+achieve+sustainable+decentralised+sanitation+systems%3A+Why+people+are+not+using+technical+solutions&btnG=
https://www.taylorfrancis.com/chapters/oa-edit/10.1201/9781003327615-10/enhancing-socio-ecological-interactions-achieve-sustainable-decentralised-sanitation-systems-betsie-le-roux-attie-van-niekerk-erna-kruger-betty-maimela
https://www.taylorfrancis.com/chapters/oa-edit/10.1201/9781003327615-10/enhancing-socio-ecological-interactions-achieve-sustainable-decentralised-sanitation-systems-betsie-le-roux-attie-van-niekerk-erna-kruger-betty-maimela
https://doi.org/10.1007/978-981-15-7301-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exploring+Synergies+and+Trade-offs+between+Climate+Change+and+the+Sustainable+Development+Goals&btnG=
https://link.springer.com/book/10.1007/978-981-15-7301-9
https://doi.org/10.12396/znsd.240548
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Analysis+of+Factors+Affecting+the+Compatibility+of+Construction+and+Operation+of+Rural+Wastewater+Treatment+Facilities&btnG=
https://irrigate.whu.edu.cn/EN/10.12396/znsd.240548
https://doi.org/10.3390/systems14020134
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Industry+4.0%2F5.0+Maturity+Models%3A+Empirical+Validation%2C+Sectoral+Scope%2C+and+Applicability+to+Emerging+Economies&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Industry+4.0%2F5.0+Maturity+Models%3A+Empirical+Validation%2C+Sectoral+Scope%2C+and+Applicability+to+Emerging+Economies&btnG=
https://www.mdpi.com/2079-8954/14/2/134
https://doi.org/10.1016/j.enbuild.2025.116605
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=How+do+digital+technologies+reduce+carbon+emissions+in+the+construction+industry%3F+a+systematic+review&btnG=
https://www.sciencedirect.com/science/article/pii/S0378778825013350
https://doi.org/10.1016/j.jwpe.2024.106822
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Design+of+an+efficient+constructed+wetland+prototype+for+sustainable+wastewater+treatment+in+developing+countries%3A+A+community+case+study+in+Mexico&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Design+of+an+efficient+constructed+wetland+prototype+for+sustainable+wastewater+treatment+in+developing+countries%3A+A+community+case+study+in+Mexico&btnG=
https://www.sciencedirect.com/science/article/pii/S2214714424020543
http://doi.org/10.26480/wcm.02.2025.316.327
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=DESIGNING+SUSTAINABLE+BUSINESS+MODELS+FOR+DECENTRALIZED+WASTEWATER+TREATMENT+SYSTEMS+%28DEWATS0&btnG=
https://www.watconman.org/archives/#1750215052928-7953a860-d61b
https://doi.org/10.5614/j.eng.technol.sci.2024.56.2.10
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Analysis+of+Individual+Aspects+in+Riverbank+Slums+on+Sustainable+Sanitation+Development+%28Case+Study%3A+Bima+City%2C+NTB%2C+Indonesia&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Analysis+of+Individual+Aspects+in+Riverbank+Slums+on+Sustainable+Sanitation+Development+%28Case+Study%3A+Bima+City%2C+NTB%2C+Indonesia&btnG=
https://jets.itb.ac.id/jets/article/view/154
https://doi.org/10.5004/dwt.2020.25552
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=SDG+goal+6+monitoring+in+the+Kingdom+of+Bahrain&btnG=
https://www.deswater.com/vol.php?vol=176&oth=176|0|February%20|2020
https://doi.org/10.26848/rbgf.v15.1.p487-502
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Integra%C3%A7%C3%A3o+entre+planos+diretores+municipais+e+planos+de+bacias+hidrogr%C3%A1ficas+no+Semi%C3%A1rido+Nordestino%3A+perspectivas+para+a+governan%C3%A7a&btnG=
https://periodicos.ufpe.br/revistas/index.php/rbgfe/article/view/251132

