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Abstract 

 

Access to safe drinking water remains a major global challenge, while reverse osmosis (RO) has become an 

important technology for desalination and advanced drinking-water treatment. However, the development of 

RO research has not been sufficiently characterized in terms of publication growth, research themes, membrane 

technologies, water-source applications, and geographic distribution. This study aims to map the research 

landscape of RO for drinking-water treatment and to position RO relative to other treatment technologies. 

Bibliometric data were retrieved from OpenAlex for English-language research articles published from 1995 to 

2025. After screening and inclusion criteria were applied, 192 RO-related articles were analyzed. Publication 

trends, citation patterns, geographic distribution, membrane types, and water-source applications were 

analyzed using Microsoft Excel, while keyword co-occurrence, overlay, and density analyses were conducted 

using VOSviewer. Comparative publication datasets were also compiled for ozonation, activated carbon 

adsorption, and UV disinfection. The results show a substantial increase in RO publications after 2017, reaching 

a peak of 20 publications in 2023. Research themes are centered on membrane technology, desalination, fouling, 

nanotechnology, and polyamide membranes, while groundwater, surface water, and microbial-related themes 

form additional clusters. Seawater is the most frequently reported water source, followed by brackish water and 

groundwater. Among the compared technologies, RO has the highest publication output. The findings provide a 

basis for identifying future research directions and supporting context-specific drinking-water treatment 

development, particularly in Indonesia. 
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INTRODUCTION 

 Access to safe drinking water remains a major global challenge, particularly in rural and 

low-income regions where inadequate infrastructure and socioeconomic constraints limit reliable 

water supply. Water quality is further affected by industrial, agricultural, and natural pollution, 

while climate variability and extreme weather events increase pressure on water resources and 

treatment systems (Bolatova et al., 2025; Fayomi & Onyari, 2024; Luh & Bartram, 2017; Tariq et al., 

2023).  

Drinking-water contamination includes microbial pollutants as well as chemical 

contaminants such as arsenic, fluoride, uranium, and other potentially toxic elements, creating both 

acute and long-term public-health risks (Daniel et al., 2022; Izah & Ogwu, 2025; Yadav et al., 2022). 

These challenges are closely related to Sustainable Development Goal 6 (SDG-6), which targets 

universal and equitable access to safe and affordable drinking water. Achieving this target requires 

effective treatment technologies, reliable infrastructure, and sustainable water-management 

strategies (Bhattacharya et al., 2024; Luh & Bartram, 2017). Conventional and advanced treatment 

technologies include ozonation, activated carbon adsorption, ultraviolet disinfection, and 
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membrane processes. Ozonation can provide oxidation and disinfection, activated carbon is 

effective for adsorption of organic compounds, and UV treatment provides microbial inactivation 

(Marron et al., 2019; Summers et al., 2020; Xu et al., 2017). However, these technologies generally 

address specific contaminant groups and may be integrated into multi-barrier treatment systems. 

Reverse osmosis (RO) provides broad separation of dissolved salts and a wide range of 

contaminants and is widely applied in seawater and brackish-water desalination as well as 

advanced potable-water treatment (Ahsan & Imteaz, 2019; Li et al., 2009). RO research has 

consequently expanded across membrane materials, fouling control, desalination, contaminant 

removal, and treatment-system development. The relevance of these technologies is particularly 

evident in Indonesia and Southeast Asia, where groundwater and surface water are widely used but 

may be affected by microbial, chemical, and physical contamination. Groundwater contamination, 

inadequate sanitation, and variability in drinking-water quality remain important challenges in 

Indonesian communities (Cronin et al., 2017; Kazama & Takizawa, 2021; Kurniawan et al., 2024). 

Household treatment and decentralized systems are therefore increasingly relevant where 

centralized infrastructure is difficult to establish (Daniel et al., 2023; Lawrencia et al., 2023). 

Despite the extensive development of RO technologies, the research landscape of RO for 

drinking-water treatment has not been sufficiently characterized in terms of publication growth, 

research themes, membrane technologies, water-source applications, and geographic distribution 

across countries with different technological and water-management contexts. Existing studies 

have largely focused on individual membrane materials, fouling mechanisms, desalination 

performance, or specific applications, providing detailed technical knowledge but limited 

understanding of how these research directions have evolved collectively. A bibliometric approach 

can therefore provide a systematic overview of the development, thematic structure, and 

application context of RO research and identify areas that remain comparatively underexplored. 

Therefore, this study aims to map the research landscape of reverse osmosis for drinking-water 

treatment by analyzing publication trends, citation patterns, geographic distribution, research 

themes, membrane technologies, and water-source applications. In addition, publication output for 

RO is descriptively compared with ozonation, activated carbon adsorption, and UV disinfection to 

contextualize the position of RO among major drinking-water treatment technologies. 

 

LITERATURE REVIEW 

Reverse osmosis (RO) is a pressure-driven membrane separation process widely 

developed for desalination and drinking-water treatment. Research has progressed from 

conventional polyamide thin-film composite membranes toward modified and nanocomposite 

membranes that seek higher permeability, selectivity, and fouling resistance (Hailemariam et al., 

2020; Ritt et al., 2021; Mohammed et al., 2023). Fouling remains a major operational challenge, with 

biofouling, scaling, and organic deposition affecting flux and treatment reliability; recent work 

therefore emphasizes fouling mechanisms, pretreatment, membrane modification, and control 

strategies (Hoek et al., 2022; Akhondi et al., 2014). 

RO is strongly associated with seawater and brackish-water desalination, but recent 

studies also demonstrate applications in groundwater and other freshwater matrices. Advanced 

membranes have been investigated for saline-water treatment and contaminant removal, while 

riverbank filtration and membrane integration have expanded the drinking-water application 

context (Liang et al., 2021; Zhai et al., 2022; Soriano et al., 2020). Water-quality conditions, 

including chemical and microbial contamination, also influence the selection and applicability of 

drinking-water treatment technologies (Yadav et al., 2022; Kurniawan et al., 2024). These studies 

show continuing technical development, but individual studies do not reveal how research themes, 

membrane technologies, water sources, and geographic contributions have evolved collectively. 
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Bibliometric analysis can address this gap by mapping publication trends, citation patterns, 

keyword relationships, and emerging research areas (Donthu et al., 2021). 

 

RESEARCH METHODOLOGY 

Data Source and Search Strategy 

Bibliometric data were retrieved from OpenAlex between November and December 2025. 

The search targeted open-access, English-language research articles published from 1995 to 2025. 

The search structure was: full text = (“drinking water” OR “drinking water treatment” OR “potable 

water”); title and abstract = (“reverse osmosis” AND “membrane”) NOT “review”. Country filters 

were Indonesia, Singapore, the United States, India, Japan, and Thailand. The RO dataset contained 

192 articles. Comparative datasets for ozonation, activated carbon, and UV disinfection used 

corresponding title-and-abstract terms and excluded review articles (Donthu et al., 2021; van Eck 

& Waltman, 2010). 

 

Screening and Inclusion Criteria 

Retrieved records were manually screened using title, abstract, and bibliographic 

information. Articles were included when RO was evaluated as a treatment process or when the 

study directly addressed RO membrane performance, fouling, membrane materials, water 

purification, desalination, or contaminant removal relevant to drinking-water production. Review 

articles, conference papers, duplicate records, non-English publications, and studies in which RO 

was only mentioned as background were excluded. Studies focused exclusively on other membrane 

processes, including forward osmosis, membrane distillation, and ion concentration polarization, 

were also excluded unless RO was explicitly evaluated. 

 

Data Extraction and Analysis 

Metadata included publication year, citation count, authorship, journal source, and country 

of origin. Additional variables were manually coded from titles, abstracts, and author keywords. 

These variables included membrane type, water-source category, and treatment technology. 

Microsoft Excel was used to analyze publication-year distributions, citation statistics, top-cited 

publications, membrane categories, and water-source categories. VOSviewer was used to construct 

keyword co-occurrence, overlay, and density visualizations. The comparative datasets for 

ozonation, activated carbon, and UV disinfection were analyzed descriptively through publication 

counts 

 

FINDINGS AND DISCUSSION 

Publication Trends and Citation Landscape 

The publication trend shown in Figure 1 indicates a clear expansion of reverse osmosis 

(RO) research for drinking-water treatment during the study period. Publication output was 

relatively limited before 2012, generally ranging from one to three articles annually. Growth 

became more apparent after 2012 and accelerated substantially from 2017, when 18 publications 

were recorded. The dataset reached its highest annual output of 20 publications in 2023, while 

publication activity remained relatively high in the surrounding years. This pattern indicates that 

RO research has developed from a comparatively limited research area into an increasingly active 

field, consistent with growing attention to desalination, water scarcity, contamination control, and 

advanced membrane technologies. 
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Figure 1. Publication trends of reverse osmosis research from 1995 to 2025 (OpenAlex) 

 

The citation landscape provides additional insight into the development of the field. Table 

1 presents the 20 most-cited publications identified in the OpenAlex dataset. Highly cited studies 

cover several aspects of membrane research, including RO desalination, membrane materials, 

biofouling, pretreatment, and contaminant removal. Malek et al. (1996), for example, addressed the 

design and economics of RO seawater desalination, while Pang et al. (2005) examined bacterial 

biofilm formation associated with RO membranes. More recent highly cited studies have 

emphasized advanced membrane materials and performance enhancement, including 

nanocomposite membranes and fouling-control strategies. 

 

Table 1. Top 20 most-cited articles in reverse osmosis research (OpenAlex dataset) 

Rank Author Title Year Citations Reference 

1 Chao Feng, K.C. 

Khulbe, Takeshi 

Matsuura, R. 

Gopal, Sharon 

Kaur, Seeram 

Ramakrishna, M. Khayet 

Production of 

drinking water from 

saline water by air-

gap membrane 

distillation using 

polyvinylidene 

fluoride nanofiber 

membrane 

2007 289 (Feng et al., 

2007) 

2 Vijay Kher End-stage renal 

disease in 

developing 

countries 

2002 215 (Kher, 

2002) 

3 A. Malek, M.N.A. 

Hawlader, Johnny C. Ho 

Design and 

economics of RO 

seawater 

desalination 

1996 214 (Malek et 

al., 1996) 

4 Chee Meng Pang, Pei‐

Ying Hong, Huiling 

Guo, Wen‐Tso Liu 

Biofilm Formation 

Characteristics of 

Bacterial Isolates 

Retrieved from a 

Reverse Osmosis 

Membrane 

2005 203 (Pang et al., 

2005) 
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Noy, Meni Wanunu 
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et al., 2018) 
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Pronk, Anthony G. Fane 
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membrane filtration 
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morphology with 
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al., 2014) 
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2021 126 (Ritt et al., 

2021) 
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The citation pattern therefore indicates that the intellectual development of RO research is 

strongly associated with desalination, membrane performance, fouling control, and material 

innovation. This pattern is consistent with the literature, which has increasingly emphasized 

advanced membranes and fouling mitigation (Hoek et al., 2022; Mohammed et al., 2023). The 

present bibliometric analysis extends these studies by connecting these technical themes with their 

temporal, geographic, and water-source distributions, thereby showing how the field has 

developed collectively rather than through isolated technical studies. 

 

Geographic Distribution of Research 

The geographic distribution in Figure 2 demonstrates that RO research is concentrated 

among a limited number of countries. The United States contributes the largest number of 

publications, followed by India, Japan, Singapore, and Indonesia. The strong representation of the 

United States, Japan, and Singapore is consistent with their established research capacity in 

membrane science, desalination, and advanced water-treatment technologies. India also 

demonstrates substantial research activity, indicating strong scientific engagement despite 

continuing water-quality challenges. 

Rank Author Title Year Citations Reference 

17 Álvaro Soriano, Charles 

E. Schaefer, Ane Urtiaga 

Enhanced treatment 

of perfluoroalkyl 

acids in 

groundwater by 

membrane 

separation and 

electrochemical 

oxidation 

2020 69 (Soriano et 

al., 2020) 

18 Se-Keun Park, Jiang Hu Assessment of the 

extent of bacterial 

growth in reverse 

osmosis system for 

improving drinking 

water quality 

2010 67 (Park & Hu, 

2010) 

19 Montserrat Vera, Sandra 

M. Cruz, M. Rosa 

Boleda, José A. García 

Mesa, Jordi Martín‐

Alonso, Sandra 

Casas, Oriol Gibert, José 

Luis Cortina 

Fluorescence 

spectroscopy and 

parallel factor 

analysis as a 

dissolved organic 

monitoring tool to 

assess treatment 

performance in 

drinking water 

trains 

2017 66 (Vera et al., 

2017) 

20 Jincai Su, Sui 

Zhang, Ming Ming 

Ling, Tai‐Shung Chung 

Forward osmosis: an 

emerging 

technology for 

sustainable supply 

of clean water 

2012 61 (Su et al., 

2012) 
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https://openalex.org/works?page=2&filter=open_access.is_oa:true,publication_year:1995-2025,type:types/article,indexed_in:crossref,language:languages/en,authorships.countries:countries/id%7Ccountries/us%7Ccountries/jp%7Ccountries/th%7Ccountries/in%7Ccountries/sg,default.search:(%2522drinking+water%2522+OR+%2522drinking+water+treatment%2522+OR+%2522potable+water%2522),title_and_abstract.search:(%2522reverse+osmosis%2522+AND+%2522membrane%2522)+NOT+%2522review%2522,has_doi:true&sort=cited_by_count:desc&zoom=a5065997189
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Figure 2. Distribution of reverse osmosis publications by country 

 

Indonesia contributes a smaller proportion of the publications but remains relevant within 

the research landscape. This finding is particularly important because Indonesia faces diverse 

drinking-water challenges involving groundwater, surface water, microbial contamination, 

sanitation, and variable water quality (Cronin et al., 2017; Kazama & Takizawa, 2021; Kurniawan 

et al., 2024). The difference between research output and local water-quality needs suggests an 

opportunity to strengthen applied and translational RO research. Greater attention to decentralized 

systems, local feedwater characteristics, economic feasibility, and long-term operation could 

improve the applicability of RO research to Indonesian conditions. 

 

Thematic Structure and Research Clusters 

The keyword co-occurrence analysis in Figure 3 reveals a research landscape dominated 

by membrane technology, desalination, fouling, nanotechnology, and water treatment. Four broad 

thematic clusters can be identified. The first cluster represents the core RO research domain, linking 

membrane processes with desalination, seawater, fouling, nanotechnology, and polyamide 

membranes. This cluster reflects the strong relationship between membrane development and 

desalination applications. 

 
Figure 3. Network Visualization of keyword co-occurrence in reverse osmosis publications 

(OpenAlex, n = 192) 
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The second cluster is associated with groundwater, surface water, wastewater, 

contamination, and raw water, indicating that RO research is also being extended beyond 

conventional saline-water desalination. The third cluster contains microbiology, biofouling, and 

bacteria, demonstrating the continuing importance of biological fouling as an operational challenge. 

The fourth cluster involves adsorption, chromatography, polymer chemistry, and materials science, 

indicating interaction between RO research and broader separation and material-development 

fields. The temporal overlay in Figure 4 further indicates increasing attention to membrane 

modification, nanocomposites, and desalination in more recent publications. The density 

visualization in Figure 5 shows that membrane-related and chemistry-related terms form major 

research hotspots. Together, these maps indicate that current RO research remains strongly 

oriented toward improving membrane materials and separation performance, while comparatively 

less attention is directed toward low-cost, decentralized, and implementation-oriented treatment 

systems. 

 
 

Figure 4. Overlay Visualization of keyword co-occurrence based on publication year 
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Figure 5. Density Visualization of research hotspots in reverse osmosis studies 

 

Membrane Technologies and Water-Source Applications 

The membrane distribution presented in Table 2 shows that thin-film composite (TFC) 

polyamide membranes represent the largest explicitly identified membrane category, followed by 

nanocomposite/nanomaterial-enhanced membranes and cellulose acetate membranes. The 

predominance of polyamide-based TFC membranes reflects the maturity of this membrane family 

in RO applications, while the presence of nanocomposite systems demonstrates continuing efforts 

to improve permeability, selectivity, and fouling resistance (Hailemariam et al., 2020; Mohammed 

et al., 2023). This distribution is consistent with recent research emphasizing polyamide and 

nanocomposite membrane development, while the present mapping additionally shows how these 

membrane trends are distributed across the broader RO research landscape (Ritt et al., 2021). 

 

Table 2. Membrane types and number of associated reverse osmosis publications 

Membrane Type Number of Articles 

Thin-film composite (TFC) – Polyamide 23 

Cellulose acetate (CA) 12 

Polysulfone (PSf) 2 

Polyethersulfone (PES) 3 

Polyvinylidene fluoride (PVDF) 2 

Polytetrafluoroethylene (PTFE) 1 

Ceramic / Inorganic membranes 6 

Nanocomposite / Nanomaterial-enhanced membranes 16 

Polymeric blends / Composite polymer membranes 1 

Biopolymer / Natural polymer membranes 2 

Silicone / Siloxane-based 1 

Polycarbonate (PC) 1 

Polyvinyl alcohol (PVA) 1 

Other 121 
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A substantial proportion of the publications is classified as “Other”. This category indicates 

that many studies either did not provide sufficient membrane-material information or used 

membrane configurations that could not be consistently assigned to the defined material 

categories. Therefore, the explicitly identified membrane categories should be interpreted as the 

visible material trends within the dataset rather than as a complete representation of all membrane 

materials used in RO research. The water-source distribution in Table 3 demonstrates that 

seawater is the dominant application context, followed by brackish water and groundwater. River 

water and surface water also constitute substantial categories, whereas municipal and industrial 

wastewater occur less frequently. 

 

Table 3. Water source categories and number of reverse osmosis publications 

Water Source Category Number of Articles 

Seawater 59 

Brackish water 30 

Groundwater 23 

Surface water 13 

River water 17 

Municipal wastewater 2 

Industrial wastewater 3 

Textile/tannery wastewater 1 

Oil & gas produced water 9 

Other 35 

 

The dominance of seawater and brackish water confirms the strong relationship between 

RO and desalination. At the same time, the presence of groundwater, river water, and other 

freshwater matrices demonstrates that RO is increasingly considered for applications involving 

dissolved chemical contaminants and complex water-quality conditions. This diversity is relevant 

to Indonesia, where groundwater and surface water are important water sources and may be 

affected by microbial and chemical contamination (Kurniawan et al., 2024; Syahrir et al., 2024). 

 

Comparative Position of RO Among Drinking-Water Treatment Technologies 

The comparative publication counts in Table 4 show that RO has the highest number of 

publications among the four technologies evaluated, followed by ozonation, granular activated 

carbon, and UV disinfection. 

 

Table 4. Comparison of Reverse Osmosis, Ozonation, Granular Activated Carbon, and UV 

Disinfection Based on Publication Count (1995–2025) 

Technology Number of Publications 

(1995–2025) 

Main Function in Drinking 

Water Treatment 

Reverse Osmosis 192 Desalination 

Ozonation 122 Disinfection 

Granulated Activated Carbon  89 Adsorption 

UV Disinfection 34 Microbial Inactivation 

 

The difference in publication output provides an indication of research prominence rather 

than a measure of technological effectiveness. RO research is strongly represented because of its 

broad application in desalination and dissolved-contaminant removal, whereas ozonation, 
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activated carbon, and UV address more specific treatment functions. Ozonation is associated with 

oxidation and disinfection, activated carbon with adsorption of organic compounds, and UV with 

microbial inactivation. These functions can nevertheless complement RO within multi-barrier 

treatment systems, particularly where feedwater contains multiple contaminant classes (Marron et 

al., 2019; Summers et al., 2020). Overall, the findings demonstrate that the RO research landscape 

is characterized by sustained publication growth, strong concentration around membrane and 

desalination research, substantial attention to fouling and advanced materials, and dominant 

application in seawater and brackish-water treatment. The comparatively lower representation of 

decentralized systems, economic assessment, monitoring, and locally adapted treatment 

configurations indicates opportunities for future research. 

 

CONCLUSION AND FURTHER RESEARCH 

This study mapped the research landscape of reverse osmosis for drinking water treatment 

using 192 publications from 1995 to 2025. Publication output increased substantially after 2017 

and peaked at 20 publications in 2023. Research focused mainly on membrane technology, 

desalination, fouling, nanotechnology, and polyamide membranes, while seawater was the 

dominant water source. RO also had the highest publication output among the compared 

technologies. The main contribution of this study is the integrated mapping of publication trends, 

research themes, membrane technologies, water sources, and geographic distribution, providing a 

broader view of RO research development than single-topic technical studies. For Indonesia, the 

findings indicate opportunities for locally adapted RO research involving feedwater characteristics, 

pretreatment, economic feasibility, and decentralized implementation. UPNVY can contribute by 

strengthening applied RO research and developing locally relevant treatment approaches, 

particularly through pretreatment, hybrid systems, monitoring, and optimization, supporting 

context specific solutions and SDG 6. The analysis was limited by the use of OpenAlex and 

predefined search, language, publication year, open-access, and country criteria. Manual 

classification may also limit detail, while technology comparisons reflected publication output 

rather than effectiveness, cost, or sustainability. Future studies should use multiple databases, 

broader geographic coverage, and more detailed classification.  
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