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ABSTRACT

The global water pollution crisis exacerbated by anthropogenic activities demands effective integration
between science and policy. The objective of this study is to map the intellectual landscape and trends in
research development at the intersection of wastewater treatment and environmental policy development
through bibliometric analysis and visualization to identify gaps between scientific progress and policy
adoption.This study conducted a comprehensive bibliometric analysis of 285 publications to map the
intellectual landscape and evolutionary trajectory at the interface of liquid waste contamination and
environmental policy. Findings reveal an exponential acceleration of research since 2014, with 75.78% of
publications concentrated in the last decade, reflecting increasing global urgency. China dominates as the
research epicenter with the highest productivity (56 publications), the greatest citation impact (1,914
citations), and a role as a key collaboration link. Thematic analysis confirms the consolidation of this field
around the core concepts of “environmental policy” (228 occurrences) and “wastewater treatment” (215
occurrences), marking a paradigm shift from technocratic approaches toward holistic policy integration.
However, the polarization of international collaboration into 10 cohesive clusters indicates a fragmentation of
global discourse. Critically, this study identifies an alarming disparity between rapid scientific progress and
lagging policy adoption capacity, highlighting the urgent need for adaptive policy frameworks and
transdisciplinary collaboration mechanisms to bridge the implementation gap and respond more effectively to
emerging contaminants.

Keywords: wastewater treatment, environmental policy, bibliometrics, origin, VOSviewer

INTRODUCTION

Since then, anthropogenic pollution spills from households, industries and agricultural
waste have been a global water crisis that there is no way out of. According to the 2023
report issued by International Union for Conservation of Nature (IUCN), approximately
35% species of freshwater fish in Indonesia are threatened with extinction due river
polluted. More than 60% of rivers in Indonesia are also contaminated, the Ministry of
Environment and Forestry reported it is clearly not water quality. Untreated waste water
discharge, dumps a full spectrum of pollutants into aquatic environment including toxic
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heavy metals, pathogens and nutrients alongside emerging contaminants such as
Pharmaceutical and Personal Care Products (PPCPs) among them microplastics. This web
of poisons is not just decimating biodiversity and soil vitality, it also poses the gravest
threat to human security by undermining access to clean water a right that has been
recognized internationally as a basic human right upheld by United Nations treaties. Heavy
metals are the primary and most pervasive groups of pollutants that unleash life-
threatening mechanisms on a broad scale with reference to bioaccumulation, influence
food chain contamination leading up to soil health deterioration which results in hampering
agricultural productivity along with increase major concern for microbiological
diversification (Lavanya et al., 2024; Yurnalisdel, 2022). The magnitude and structure of
this problem requires not just a detailed understanding of the scientific evolution behind
many contaminants, but also (and more critically) recognition in their environmental policy
settings by effective operationalisation.

The contaminants found in liquid waste become more complex, so there must be more
sophisticated policy responses. Regulators using traditional command-and-control policies
usually cannot keep pace with innovation and science. Kotchen et al. (2020) discuss how,
in response, policies have shifted to adaptive management, information disclosure, and
market-based instruments. These policies do not adequately represent the complex
interaction of science measuring risk and exposure, and the policy constructing governance
from that science. Such mapping is the base for more complex science policy interaction to
achieve rational governance that responds to water safety.

While previous literature reviews have focused on individual aspects of waste treatment
technology or environmental policy, this has resulted in an incomplete understanding of
the synergistic potential of science and governance (Crini & Lichtfouse, 2019;
Schwarzenbach et al., 2010). This gap in literature requires an integrative and datacentric
approach, which is where bibliometric analyses come in handy. Bibliometrics is the study
of the quantitative assessment of publications, and through the analysis of metadata and
citations, it is able to indicate the social structure, conceptual framework, and the direction
of the research field (Donthu et al., 2021).

Bibliometric analysis involves using techniques to track scientific communications, and
provides solid means of outlining the structure of a domain of study, establishing its
publications and their patterns, determining its authors, and their publication constituents,
and identifying focal themes (Barth & Marx, 2017; Cui et al., 2024; Jumilah et al., 2025a;
Khan et al., 2023; Putera et al., 2022; Shao et al., 2022; M. Tang et al., 2023; Z. Tang et al.,
2024; Wang et al., 2022; Wen et al., 2020; Yu et al., 2023). With the help of instruments
like VOSviewer, bibliometric analysis converts abstract data into a matrices that show the
positioning of key ideas, the developments of a domain, and its current position in the
fields of study (van Eck & Waltman, 2017).

In METZE (2020) stakeholders can see new directions in research and new policies
through the interpretable frameworks enabled by visualization techniques which convert
complex bibliometric data. It is also the case that many bibliometric studies solely focus on
the technological dimension. However, thorough bibliometric studies that also consider the
evolution of policies relating to the environment and their policies are extremely few in
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number. This is probably the most important reason why a thorough study on the
integration of scientific and policy elements has become a necessity.

Recent studies have shown a wide range of pollutants in the environment, especially
contaminants in the water. These include contaminants in mangrove sediments such as iron,
manganese, nickel, chromium, copper, cobalt, and arsenic (Thanh-Nho et al., 2019) and
also new pollutants such as SARS-CoV-2 RNA in wastewater and surface water (Mancuso
et al., 2021). New methods are being introduced to remove contaminants, such as the use
of waste polyacrylonitrile fiber-based composites in the extraction of uranyl from uranium
carbonate solutions (Liu et al., 2022). However, even scientific solutions have their
limitations which are due to the absence of effective frameworks and policies in the sphere
of environmental governance (Nega et al., 2024; B. Zhang et al., 2023).

For instance, urban environmental legislation shapes Corporations environmental
performance due to incoporating regulatory controls on emissions and waste disposal (B.
Zhang et al., 2023). The influence of legislation has been highlighted for the flexible
management of different waste types =solid (Anshari, 2020; Cui et al., 2024; Dragomir &
Dumitru, 2024a; Khan et al., 2023; Meena et al., 2023; Rafiq et al., 2023a; Shi et al., 2021;
Thanopoulos et al., 2020) and plastic (Jirapornvaree et al., 2023; Rai et al., 2023) to
dangerous and consruction waste.

What makes this research original is how it combines several different disciplines
together. In this case we are conducting a science-policy interface via bibliometric analysis
and visualization which will help us investigate and document the progression of several
fields at the same time, and how they relate to one another. In this particular case, we’ll
look at the science of liquid waste and how it relates to the critical environment policy of
liquid waste, as well as the dissolutions and mechanisms that impede the scientific policy
gap. This will result in a complete map that aligns a research strategy with the policy gap
and, in turn, improves the environmental governance policy.

This article aims to conduct a importation as well as a detailed analysis of the existing
public policy developing literature in the area of liquid waste management. In order to
conduct the analysis as well as identify the main topics and knowledge deficiencies in the
public policy developing literature, the imported analysis will delve into the reconfiguring
knowledge in the public policy developing literature within the waste management domain.
The main objectives of the analysis include the mapping of the knowledge in the area of
public policy developing literature in the waste management domain, the determination of
the principal knowledge reconfigurations, the identification of the researcher and
institutions’ knowledge co-creation networks, the investigation and the knowledge co-
creation pathways, and the analysis of the knowledge co-creation networks. The analysis
will lead to the identification of a number of knowledge and the implementation gaps
which can be of great use to the people working in practices and the public policy makers
in the area of liquid waste pollution management. Plus, the analysis will help in the
development of various strategies and innovative ideas to address the stream of problems
which will eventually lead in the attaining of the efficient and the sustainable management
of liquid waste.
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MATERIALS AND METHODS

2.1 Data Collection and Extraction

The data in this study were gathered via a systematic review conducted in the Scopus
database on September 17, 2025, so that data collection in the study could be conducted in
a systematic manner that allows for consistency and reproducibility. The following search
strategy was implemented: TS = (“wastewater treatment”) AND TS = (“environmental
policy”) with a custom year range of 1982—-2025. This ensures coverage of the documents
that span the years where there was a global increase in environmental awareness, and
there is a corresponding increase in the global literature pertaining to the environment. The
documents were also filtered to include only original, empirical, primary research articles
in the English language. The search strategy yielded 285 documents, which were then
appropriated to each of the two researchers to determine the credentials of the documents
with respect to the suitability of the abstract and the complete text. For the purpose of
systematically reducing bias and increasing reliability, the two researchers each chose a
third, independent, arbitrating researcher to act as a judge where there were discrepancies
within the selections. All documents where there was consensus were included in the
metaanalysis. A flow chart of the data collection strategy is included as Fig 1.

Data collection and Extraction

U scopus Database

TS = (wastewater treatmen)
AND
TS ={environmental policy)

Inclusion Criteria :
1. Document Type - article
2. Publication Year : 1982 - 2025

Publication Trend Analysis

Institutions Authors Countries

Exclusion Criteria -

1. Decument Type : conference paper, review, book
chapter, conference review, book

2. Language : not english

3. Source type : Journal

Journals Keywords

Fig 1. Data Filtering Flowchart and Bibliometrix Analysis Procedure
2.2 Bibliometric Analysis and Visualization

Different Applications were employed for different functions that were necessary for
this study, from extracting, processing, and visualizing metadata for various study fields
and their specialties, establishing VOSviewer (v.1.6.20), Microsoft Excel (v.2019), and
Origin (v.9E5) and Bibliometrix (v.2019) for bibliometric analysis, Origin provided for the
final graphical and statistic visualization for the study results. The software bibliometrix
were utilized for analysis of distribution by years in the study, productivity of authors, co-
authorship and collaboration of institutions, analysis of citations and metrics of impacts in
the study like H-index, and analysis of networks and citation of bibliometric data. Then,
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VOSviewer was used to analyze and create different maps for co-occurrence of different
keywords; thematic, and were mapped to specific researchers or institutions based on the
collaboration and their proximity. The tools used significantly improved visualization of
results and data, and ultimately analysis of the study was provided in a more detailed
manner to show where the data differed and results improved.

RESULT AND DISCUSSION
3.1 Publication Trend Analysis

The body of this study included an analysis of 285 articles from 1982-2025. From
this body of work, it was determined from data analysis that from 73 contributing countries
and 1,216 authors, 34, from 134 publications, and 2,460 references, and 31.97 averages of
citations per document, that the research has broad prospects and impact to academia.
Publication trends indicate that from 2014 fantasy to 2025 smut there was a phenomenal
transformational change, indicating an initiation phase of a rapid progressive growth that
characterizes this collection of work. Figures indicate the number of publications and the
citations pertaining to the research of wastewater and the corresponding policy spanning
1982 to 2025. In the period from 2014 to 2025, the research output of this collection/ body
of work averages 6.67 publications per year illustrating a rapid growth smut 2021 showing
a peak of 35 articles publications and 2023 showing 25 publications. The fact that 216
articles, which represents 75.78% of the total looks number of publications over this period
of time, crystallizes to indicate to the informed reader the sudden increase of publications
smut the high relevance of this newly congruous body of work to post graduate studies,
and indicates the maturity of postgraduate studies in this topic. The relevance to
postgraduate studies is noted in Fig. 2.
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Fig 2. Annual Publications and Citations on Wastewater Contamination Analysis and
Environmental Policy Development from 1982 to 2025

*Corresponding Author: washillaaudia@student.unp.ac.id 5


mailto:washillaaudia@student.unp.ac.id

Audia et al.: Analysis of Wastewater Treatment and Environmental Policy Development: Bibliometrics and Visualization

The citation metrics show further advanced positive developmental trends and
increasing levels of research quality and influence in both metrics within the body of work.
In the year of 2021 alone, average citations reached 10.81, while the article “Effective
water/wastewater treatment methodologies for toxic pollutants removal: Processes and
applications towards sustainable development” published in that year within the Elsevier
journal Chemosphere reached 954 citations, averaging 190.80 citations per year. These
impacts metrics not only further prove the more than considerable scientific attention the
work has achieved, but also believe and support the research's focus on emerging issues
that has broad impact within the integration of liquid waste management and
environmental policy. The ecometrics in complementary growth in both the productive and
impact metrics confirms this area of research has entered a highly productive and focused
phase of development within the core of environmental science and public policy.

To affirm the originality of this study, a comparative analysis of the existing
bibliometric research maps was undertaken. The Publish or Perish application was utilized
to conduct a systematic search of the literature using the desired keywords “wastewater,”
“environmental policy,” and “bibliometrics” from the Scopus database highlighted in Fig
3.

4] Harzing's Bublish or Perish (Windows GUI Edition) 8.17.4863.9118 - o X
File Edit Search View Help
@ My searches Search terms Source Papers Cites  Citesfy... h Citation metrics Help
e p y
&l Trash / wastewater, bibliometrix, environmental policy BT Scopus 4 B % 30| ruwicstonyears: 20222005
X bibliometrix, environmental policy, wastewate B4 scopus 0 0 000 0 Citation years: 3 (2022-2025)
X bibliometrix environmental policy wastewater treatm... (5 Google Sc... 0 0 0.00 0 Far=ss 2
% liquid waste environmental policy from 2014to 2024 (5 Google Sc.. 0 0 0.00 0 g:::f;:ar " ;2
J hqu!d waste env\.mnmanta\ poh.cyfrom ED.EDtu 2024 J@ Scopus 195 4873 97460 36 clms/pape'r: o
AP i . me e mial i TSI Tims i cvinbn (% Ramnln Cn n n nmn o e priyt
Papersfauthor: 4.00
Scopus search Help Authors/paper: 1.00
hindex: 3
Authors/ID/ORCIDs: Years: 0 -0 S :
Affiiations: Search Drect hinorm: 3
hI,annual: 1.00
Publication name: ISSN: Clear Al hATder 3
— e werds: [ Papers with ACC >= 1,2,5,10,20:
Tools o 3,3,2,1,1
Keynords: wastewater, bibliometrix, environmental palicy New ¥
Preferences... Copy Results ¥
Cites Peryear Rank Authors Title Year Publication SaveReslts
Online User's Manual 0 000 4 M.Nizar Bibliometric analysis of global res... 2025 Clezner and Circula
Frequently Asked Questions ha 300 1 Y.l Her dani Micropoll in tre.. 2024 Desali andWe|  Paper details Help
Training Resources hs 500 3 X Xuan Research on emerging pollutants .. 2024 Desslination and We  Select a paper in the resuits st
YouTube Channel h 1 367 2 P.C.O.Zapata-Me.. Environmentally Friendly Technol.. 2022 Sustainability Switze|  (t2 the left of this pane) to seeits

details here.
Become a PoP Supporter

Copy Paper Details ¥

Fig 3. Results of Publishing or Parishing for Research Novelty

From the analysis conducted, there were exactly four review articles that had the
same mapping scope as shown in figure 3. These four articles have been subjected to in-
depth analysis as regards to their methodology, scope of analysis, and major findings, and
this has been placed in a comparative manner in table 1. These findings irrefutably confirm
the existence of a major research gap. These findings also affirm and justify the
contribution of this study towards addressing the gap in analysis in the area of
environmental policy integration and waste water contamination through a thorough
bibliometric approach.
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Table 1. Analysis of Research Novelty

Year Title Application (software)  Database Analysis Performed
Analysis
2025 Bibliometric VOSviewer (keyword Scopus, Temporal Trends
analysis of network visualization & Web  of (publication  growth),
global research collaboration), Science Keyword Analysis (co-
on organic waste Bibliometrix/Biblioshiny (WoS), occurrence for
enzymes for (trend &  statistical and identifying  dominant
plastic analysis), Excel (data Google and emerging themes),
biodegradation:  cleaning). Scholar. Collaboration Analysis
Trends, (international networks),
microbial roles, and Interdisciplinary
and process Analysis (linkages
optimization between biotechnology,
environmental
engineering, and policy)
(Nizar et al., 2025a).
2024 Micropollutants ~ Bibliometrix (in R) for Scopus Mapping Research
In  wastewater core analysis, Interests, Remediation
treatment plants: Biblioshiny for interface Strategy Progress
A bibliometric - & visualization, (processing  methods),
bibliographic VOSviewer for network and Standard
study visualization. Bibliometric ~ Analysis
(trends, keywords,
collaboration) to
understand the evolution
of this field and its
implications for
technological innovation
and global policy reform
(El Hammoudani et al.,
2024).
2024 Research on Bibliometrix package (in Web  of Publication
emerging R) for bibliometric Science characteristics, country
pollutants in analysis Core contributions  (China,
wastewater: Collection India, Spain), highly
Bibliometric cited literature
analysis (pharmaceuticals &
personal care products),
policies, detection
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wetlands,  enzymatic)
(Xuan et al., 2024).

2022 Environmentally VOSviewer version Scopus The evolution of
Friendly 1.5.18 and Bibliometrix environmentally
Technologies for version 4.0.0 friendly technology for
Wastewater wastewater treatment in
Treatment in food processing plants
Food Processing (Zapata-Mendoza et al.,
Plants: A 2022).

Bibliometric
Analysis

2025 Bibliometrics Bibliometrix, Scopus Publication trend
and VOSviewer (version analysis, country/region
Visualization of 1.6.20), Microsoft analysis, institutional
Analysis Office Excel (version analysis, author
Wastewater 2019), and  Origin analysis, journal
Contamination  (version 9ES5) analysis and frequently
and cited journals, article
Environmental analysis
Policy citing/referencing
Development articles, research trend
(Penelitian saat analysis, and topic
ini) development/future

research analysis.

The novelty analysis I conducted revealed a major paradox in the current state of
research: while liquid waste pollution and environmental policy were some of the most
rapidly growing research areas in publications starting in 2024 - 2025, there existed very
few bibliometric analyses of these fields, and even fewer were found that attempted to
visualize the interconnectedness of the two fields. These findings show a gap in the growth
of research volume and the appropriate analytical methodologies used to tackle the
contradictions and complexities present in the science policy interface. One indicator that
the volume and citation growth is because bibliometric research is sorely needed in the
field, and it demonstrates the strategic position of this research to fill a gap in neglected
research. The newly achieved balance in this research reflects growth in the field of study
and a call for unprecedented methodologies that tackle complex scientific phenomena and
present them in a comprehensible way for policymakers.

3.2 Country/Region Analysis

Out of the total of 73 countries/regions analyzed in this field, some countries are
more productive and collaborative than others, though the data can be examined in more
detail. As shown in Figure 4A, China is the most productive country with 56 publications,
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followed by the United States, which has 40 publications, and the United Kingdom with 25
publications in third place. However, there is not always a strong relationship between the
amount of productivity and the degree of collaboration. China has a much larger number of
publications in addition to the number of citations (1,914) to their publications. However,
their Total Link Strength (TLS) is 34. This is lower than the United Kingdom, which has
the greatest TLS of 38, but with less publications. This shows that the United Kingdom has
a greater degree of collaboration and, therefore, a much stronger collaborative network
than China. Because despite their productivity and their influence, China does not have a
collaboration network that would be expected. As reported, the international collaboration
network (Figure 4B) consists of 73 countries and is represented by 170 links which is an
overall TLS of 208.

A I Publication B

Citation o
e Total Links Strength ...,

Country Production over Time

b

Fig 4. (A) Publications, Links, and Total Links Strength (TLS) for the Top 10 Countries
Based on Number of Publications (B) Map of International Cooperation in Document
Publishing (C) Map of International Collaboration (D) Article Production by Region Over
Time

The phenomenon of polarization can be seen in 10 specific clusters (see Figure 4C),
where each of the clusters represents a community of collaboration that has strong and
close cohesion. This arrangement reflects the emergence of certain “knowledge blocks™ in
the world, where certain countries tend to collaborate and work together. Key countries
like China are becoming increasingly dominant, owing to their position as a major center
with 20 collaboration partners. On the other hand, the increase in the number of
publications in the world from the top 10 countries, as presented in Figure 4D, corroborates
that the problems of analyzing liquid waste contamination and developing regulatory
policy are becoming more urgent and recognized worldwide. This field of research, with
China as the hub and many countries actively participating, is highly relevant and shows
great promise for the future.
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3.3 Institutional Analysis

The number of registered participants for this study includes 463 organizations
showcasing a very active collaboration. The productivity of the leading 10 participants is
displayed in Figure 5A with a breakdown of the productivity of the participants over the
years in Figure 5B. In terms of productivity, the top reported participant is Nanjing
University, situated in China, with 23 articles, which is 18.85% of all publications for the
top 10 participants. In addition to this productivity, Nanjing University also displays a
strong collaborative relationship with a number of prestigious co-partners, enhancing the
university’s status as a significant research core. The significance of this data shows, not
only that the research field is very much alive in all dimensions, but also that this research
field is in strong growth, with a widening interest all over the world.

Fig 5. (A) Number of Publications by the Top 10 Institutions (B) Analysis of Institutional
Production Over Time

3.4 Author Analysis

The impact on this domain is a result of the research efforts of 1216 authors, of
which productivity over time (Figure 6A) shows performance from the top ten authors. We
conducted an extensive investigation and retrieved three notable authors, Kroeze Carolien,
Ma Lin and Strokal Maryna Petrivna, each with three publications on the 2019-2020 focus
of the research and together received 107 citations. On the other hand, Beusen Arthur HW,
with a smaller volume of work, had the highest scientific impact with 214 citations. In
total, these three authors together produced nine publications over the time of the study
(Figure 6B) and their collaborations over time are sketched in Figure 6C. Their positions
and institutions are detailed in Table 2 which shows a distinct spatial collaboration
between the Netherlands and China. The predominance of these two countries is clear and
shows that their leadership in science is the result of considerable productivity and the
capacity of that work to create impact.
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Authors' Production over Time

Fig 6. (A) Map of Author Production Over Time (B) Ten Most Productive Authors (C)
Map of Author Collaboration Networks

Table 2. Ten Most Productive Authors in Research Analysis of Technology Integration in
Environmental Pollution Detection

Rank Author Publication Citations

Institution

1 Kroeze, Carolien 3 107

2 Ma, Lin 3 107
3 Strokal, Maryna 3 107
Petrivna
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4 Assimacopoulos, 2 84
Dionysios

5 Backus, Sean M. 2 114

6  Bai, Zhaohai 2 96

7 Bakchan, Amal 2 20

8 Beusen, Arthur 2 214
HW

9  Borja, Angel 2 61

10  Bouwman, Lex 2 214
Felix

National Technical University of
Athens (NTUA), School of Chemical
Engineering, Environmental and
Energy Management Research Unit,
9, Heroon Polytechneiou, Zografou
Campus, 15780, Athens, Greece
Strategic Policy Branch,
Environment and Climate Change
Canada, Burlington, Ontario L7S
1A1, Canada

Key Laboratory of Agricultural
Water Resources, Center for
Agricultural Resources Research,
Institute of Genetic and
Developmental Biology, The
Chinese Academy of Sciences, 286
Huaizhong Road, Shijiazhuang
050021, Hebei, China

Civil, Architectural and
Environmental Engineering, The
University of Texas at Austin, 301
East Dean Keaton Street C1752,
Austin, Texas 78712, United States
Department of Earth Sciences -
Geochemistry, Faculty of
Geosciences, Utrecht University,
P.O. Box 80021, 3508 TA Utrecht,
the Netherlands; PBL Netherlands
Environmental Assessment Agency,
P.O. Box 30314, 2500 GH The
Hague, the Netherlands.

AZTI, Marine Research, Basque
Research and Technology Alliance
(BRTA), Herrera Kaia, Portualdea
z/g, 20110, Pasaia, Spain.
Department of Earth Sciences -
Geochemistry, Faculty of
Geosciences, Utrecht University,
P.O. Box 80021, 3508 TA Utrecht,
the Netherlands; PBL Netherlands
Environmental Assessment Agency,
P.O. Box 30314, 2500 GH The
Hague, the Netherlands.

*Corresponding Author: washillaaudia@student.unp.ac.id

12


mailto:washillaaudia@student.unp.ac.id

Audia et al.: Analysis of Wastewater Treatment and Environmental Policy Development: Bibliometrics and Visualization

3.5 Analysis of Journals and Frequently Cited Journals Together

This line of analysis has appeared in 134 journals, with an overlap map (Figure
7A) illustrating how much each publisher has contributed. The higher numbers of yellow
nodes indicate that the research dynamics are still growing, as are the numbers of newly
published works. The analysis of the top ten journals (Figure 7C) shows that Science of
The Total Environment has the most articles (36), followed by the Journal of
Environmental Management (18). The concentration of publications in these journals in
combination with the high impact factor, reflects not only the quality of the research, but
also the extent to which the themes relating to the analysis of wastewater and its associated
policy frameworks are now highly pertinent within the field of environmental science and
sustainability. The time series analysis for the journals of this field (Figure 7B) shows that
Science of The Total Environment has markedly higher volume of publications than any
other journal, with the most publications in the period 2010-2025. Furthermore, Science of
The Total Environment shows high rates of productivity for the period 2010-2025, with the
most publications residing within 2010-2025 due to the rapid increase in productivity from
only 1 published paper in 2010 to 4 in 2016 and maintaining high productivity with an
eventual total of 36 publications. This increase demonstrates that this field is still
emerging, and there are signs that there is a shift towards liquid waste-based approaches
and environmental policy and their implementation as a means to address significant and
tangible pollution. Therefore, this publication profile chronicles the evolution of research
themes from the technological dimension to the policy dimension, and also illustrates the
scientific response to the growing environmental concerns around the world.

B Sources' Production over Time

Fig 7. (A) Visualization Map of Overlapping Citations Between Journals (B) Five Most
Productive Journals (C) 10 Most Productive Journals in Research Analysis in This Field
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3.6 Keyword-Based Research Trend Analysis

Bibliometric assessments of 4422 terms using VOSviewer captured the intellectual
breadth and state of the art of the field and optimized the data set down to the 1000 most
pertinent terms. Network mapping (Figure 8A) shows tiered relationships to the core
concepts of the field. Core to this is ‘environmental policy’ and its variants as the most
dominant concept (n=228) which is also evidenced in the word cloud in Figure 8B. The
extent of temporal depth of the analysis is clear from the trend map in Figure 8C which
clusters the top 10 keywords with the strongest cited increases (spikes) from Figure 8D.
Figure 8C also shows ‘environmental policy’ scholarly works development ‘exploded’
from 3 occurrences (1993) to 228 (2025) as did ‘wastewater treatment’ from 8§ (1998) to
215 (2025). The depth also stands alone from the mere increase in research volume and
this points to the narrowing of focus in the scholarly field on the major problem of
environmental pollution evidenced by the depth of research. The finding is further
confirmed with theme or concept Treemap in Figure 8E which shows spatial mapping with
the preeminent topics of environmental policy and wastewater treatment. The presence of
these keywords, particularly “wastewater” and “environmental protection”, alongside the
aforementioned quantitative dominance, suggests a shift from the traditional to the
technologically advanced. Therefore, this keyword map captures the state of affairs, while
also functioning as a beacon of innovation, both in the formulation of policy and the
integration of technologies to address the challenges of the environment sustainably.

c [reTa—p—.
___.—u--—— v (]
By T i °
7 H lff}ll'll’[‘t&“}f“[ﬁcllﬂfl— =
"""""" m-._ » °
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waslew I n atmem | =

b

-'x

Fig 8. (A) Visualization Map of Keyword Overlap (B) Wordcloud (C) Top 10 Keywords
with the Strongest Spike in Citations (D) Treemaps of Keyword Occurrence (E) Frequency
of Keyword Occurrence Over Time
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3.7 Discussion

The project "'Bibliometrics and Visualization of Liquid Waste Contamination
Analysis and Environmental Policy Development™' focuses on quantitative scholarly
outputs and graphical representations of liquid waste and environmental policy
development and their interconnections. This is a multidisciplinary area where bibliometric
techniques are employed to track liquid waste consummation and its\' management. This
includes mapping scholarly output, describing influential players, and revealing gaps in the
liquid waste substantially and its management literature (Elshaboury et al., 2022; Jumilah
et al., 2025, Nurdini et al., 2023, Paris Paricio et al., 2025, Rafiq et al., 2023b, Rahaman et
al., 2022, Reis et al., 2023). At the same time, the use of different techniques to assess the
data and information makes the findings and ideas comprehensible to the already
entrenched scholars and policymakers (Anusha et al., 2024; Ayub et al., 2024; Chicaiza-
Ortiz et al., 2024; Harfadli et al., 2024; Islam et al., 2024; Kala and Bolia, 2024; Mubin et
al., 2024; Neto et al., 2024; Qin et al., 2024; Rayhan and Bhuiyan, 2024; Weets and Katz,
2024; Wei et al., 2024; Xie et al., 2024; Xu et al., 2025; Zhou, 2024).

As Scopus and Streamline are huge databases with numerous records, they are
valuable resource in obtaining bibliometric information. Scopus is frequently used in
environmental and sustainability studies, and waste management focuses on the retrieval
and the analysis of the data, capturing the main themes, authors, and trends of the studies
(Baas et al., 2020; Dong et al., 2021; Hidayati et al., 2025; Kumar et al., 2024; Pham et al.,
2021; Thu et al., 2021; Yirci et al., 2023). Concerning liquid waste, that means determining
the premier authors and the foremost countries and institutions in the field on the studies of
techniques of contamination assessment and treatment (Paris Paricio et al., 2025). A
bibliometric study using Scopus, Web of Science, and Google Scholar about 234 peer-
reviewed articles published from the year 2000 to 2023 on global trends in research
pertaining to the organic waste enzymes for plastic biodegradation is Nizar, 2025b.
Research studies in maintaining municipal solid waste and management (MSWM) conduct
systematic reviews and bibliometric analysis of the literature. In these studies, the authors
ascertain all the various frameworks and instruments used in the collection systems to
balance the optimization of the collection systems (Neto, 2024). This approach analyzes
the research output and identifies highly cited documents and predictive topics of the
research domain.

Determining actionable knowledge is possible through visualization in bibliometric
studies. Keyword co-occurrence, co-authorship, and thematic evolution map the
intellectual structure, and the networks of the research collaborations and visualization
Pham et al. (2021). VOS Viewer is one of the most referenced tools for bibliometric map
visualization (Judijanto, 2025b; Kumar et al. 2024). This tool can illustrate the networks of
different issues of liquid waste such as the microplastic transport in porous media (Jiang et
al., 2021) and the organochlorine pesticide distribution in water (Vudamala et al. 2023).
The transport of microplastics, mainly polypropylene and polyethylene, has also gained
interest. The visualization of the inline studies can demonstrate how increased surfactant
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concentration during migration can enhance the pollution scope (Jiang et al. 2021) VOS
Viewer has also been used in other cases such as marine plastic pollution global research,
where the author collaboration networks, keyword co-occurrence and theme evolution
derived from the Scopus dataset were analyzed (Judijanto, 2025a).

The amalgamation of bibliometric methods and visual representation is essential to
formulating pertinent policies in the environmental domain. Policies aimed at liquid wastes
like domestic sewage disposal, monitoring water quality, and discharging pollutants are
significant to human and ecological wellbeing. (Weets & Katz, 2024). A global
cartographic representation of these policies can be visualized effectively, showing the
areas with policies and those with absence of such policies (Weets & Katz, 2024).

Water Quality Wasiewater Disposal
Water Monitoring Sewerage
Pollutant Disposal Medical Waste Disposal

Policy Present Policy Absent

Fig 9. Water and Waste Management Policy (source: Weets & Katz, 2024)

In the 2024 study by Weets and Katz, the authors present various global policies on
water and waste management, such as water quality, wastewater, water monitoring, waste
management, discharge of pollutants, and medical waste management (see Fig 9). Weets
and Katz (2024) provide light blue shades for countries that have these policies, and use
orange for countries with no such policies at all. This map shows no policies and the no
policies map can support international target setting and the prioritization of international
resources for the environment (Weets & Katz, 2024).

Visual representations may aid in the identification of regions of evidence
substantiated scientific knowledge. In contrast to regions of knowledge where
abandonment of evidence is required in support of policymaking. In contrast to regions of
knowledge where abandonment of evidence is required. (Qin et al., 2024) (Xu et al., 2025).
An example is the framework of the Evolution of Waste Management Policy in China,
which illustrates the contribution of Policy Analysis, and Content Analysis, and the
Understanding of Policy The Dynamics and the Objectives - Instruments Relationship.
(Qin et al., 2024).
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Fig 10. Waste Management Policy Analysis (source: Qin et al., 2024)

According to Qin et al. (2024), the framework in Figure 10 outlines the sequence of
operations which involves analyzing policies in waste management beginning with
obtaining primary data and processing the information, then moving towards the analysis
of the decision-maker, (that is, of either a single and/or a multiple policy maker), and
finally, the analysis of the content of the policies (involving the macro objectives and
micro instruments). This approach makes it possible to appreciate the evolution of a policy
and the interplay between the objectives of the policy and the mechanisms employed to
attain the objectives. Additionally, one can utilize bibliometrics to measure the effects of a
particular policy on the environment in relation to the shift in the focus of the research
following the enactment of the policy. One such example is the increased focus on an
ecological civilization in China, which has subsequently been translated into a greater
number of policies on Environmental Education (EE), particularly on the waste

classification in primary school (Zhou, 2024).
Waste Classification Policy

|
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!

Primary School ‘ Students ‘

Fig 11. Waste Classification Policy (source: Zhou, 2024)

According to Zhou (2024) there are different levels of management in elementary
schools who have overlapping responsibilities in the implementation of waste separation
policies such as principals, staff, teachers, and students as illustrated in Figure 11.
Coordinated efforts are required to integrate and apply environmental education, as Zhou
(2024) indicates. Liquid waste management challenges are, in themselves, complicated.

*Corresponding Author: washillaaudia@student.unp.ac.id 17


mailto:washillaaudia@student.unp.ac.id

Audia et al.: Analysis of Wastewater Treatment and Environmental Policy Development: Bibliometrics and Visualization

For example, there microplastics pollution in estuaries (Q. Zhang et al., 2022) and there are
difficulties in obtaining short-chain fatty acids through the digestion of sewage sludge.
Unregulated informal waste sectors in developing countries are often the most impacted,
even though they play the most critical role.

Chen et al. (2021), and Rayhan and Bhuiyan (2024) recognize the increasing
number of analyses in the field of waste to energy (WtE) technologies, sustainable waste
management, and the valorization of waste. It is also worth noting the expanding
construction and demolition waste management. Such analyses help to identify success
factors in the field of waste separation (Xie et al., 2024) and construction waste separation,
through the use of dynamic simulation, to determine the potential of carbon offsets through
the construction waste separation.
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Fig 12. Research Methodology for Waste-to-Energy Conversion (source: Chicaiza-Ortiz et
al., 2024)

The methodology for performing bibliometric analysis and life cycle assessment on
waste-to-energy (WtE) technology including sourcing Scopus, software analytic
(VOSViewer, ArcGIS), domain analysis, and energy potential case studies are explained in
Chicaiza-Ortiz et al, (2024), illustrated in Figure 12. Such coordination gives a clear
picture of the potential direction of WtE research and WtE technologies (Chicaiza-Ortiz et
al, 2024).

This article focuses on the pressing need for policy makers to be evidence-based
and backed with solid science. Academics can work to analyze outputs thoroughly and
depict data in a way that allows policymakers and theorists to tackle emergent themes,
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measure policy success, and design more effective environmental liquid waste policies.
Such work describes the state of the art and specifies knowledge that can guide research
and the rational allocation of resources for the purposes of sustainable waste management
(Espuny et al, 2021).

CONCLUSION

A thorough bibliometric analysis of 285 scholarly works allows this investigation
to trace the intellectual landscape and the pivot point in scholarly interest on the
intersection of liquid waste contamination and the development of associated
environmental policy. There is a noted increase after 2014 wherein 75.78 % of the works
were published in the last decade. This is a disappointment for the increasing global
urgency with the ongoing water pollution crisis. It is fitting to be expected that in this
research field, China is the epicenter with the most published works in the field at 56 and
1914 cited works, and serves as the country of collaboration, as a result of the leadership
and investment in environmental governance. In contrast, the other world countries
clustering in the 10 other countries formed a collaborative unit of these clusters singularise
a set of “knowledge blocks” that resulted in a less unified global discourse on the new
field. It is the primary and secondary environmental policy framing that this field of
research is grounded on, with a pivot as evidenced by the anticipated shift towards less
technocratic policy mechanisms, and more integrated policy.

The droves are of publications occurring without policy adaptation in tandem with
them, indicating a disconnect between scientific advancements and the ability to utilize
them in policy formation. This study, however, identifies three of the most pressing
analytical gaps in policy design to be addressed immediately. First is the policy
abandonment gap, where there is a failure to convert policy prescriptions from the
laboratory. Second is the need of a dynamic policy mechanism to address the newly
emerging paradigm of pollutants such as PPCPs and microplastics. Third is the need for
the newly proposed policy collaborative capacity to address the siloed, fragmented global
research networks. In addressing the above, this study contributes to a roadmap for future
research in the stabilization of enzymes, the scaling of technologies, and policy integration,
and provides policy makers new avenues to construct legitimate, more integrated responses
to the complexities of managing environmental governance and wastewater pollution.

REFERENCES

Ahmad, W., Hassan, M., Masud, S. F. Bin, Amjad, M. S., Samara, F., Zeshan, Anwar, M.,
Rafique, M. Z., & Nawaz, T. (2024a). Socio-economic benefits and policy
implications of generating sustainable energy from municipal solid waste in
Pakistan. Energy and Climate Change, 5, 100124.
https://doi.org/https://doi.org/10.1016/j.egycc.2023.100124

Ahmad, W., Hassan, M., Masud, S. F. Bin, Amjad, M. S., Samara, F., Zeshan, Anwar, M.,
Rafique, M. Z., & Nawaz, T. (2024b). Socio-economic benefits and policy
implications of generating sustainable energy from municipal solid waste in

*Corresponding Author: washillaaudia@student.unp.ac.id 19


mailto:washillaaudia@student.unp.ac.id

Audia et al.: Analysis of Wastewater Treatment and Environmental Policy Development: Bibliometrics and Visualization

Pakistan. Energy and Climate Change, 3, 100124.
https://doi.org/https://doi.org/10.1016/j.egycc.2023.100124

Anshari, M. (2020). Workforce mapping of fourth industrial revolution: Optimization to
identity. Journal of Physics: Conference Series. https://doi.org/10.1088/1742-
6596/1477/7/072023

Anusha, J. R., Citarasu, T., Uma, G., Vimal, S., Kamaraj, C., Kumar, V., Muzammil, K., &
Mani Sankar, M. (2024). Recent advances in nanotechnology-based modifications
of micro/nano PET plastics for green energy applications. Chemosphere, 352,
141417. https://doi.org/10.1016/j.chemosphere.2024.141417

Ayub, Y., Moktadir, Md. A., & Ren, J. (2024). Sustainable waste valorization process
selection through AHP and advanced Interval Valued Fermatean Fuzzy with
integrated CODAS. Process Safety and Environmental Protection, 185, 408—422.
https://doi.org/10.1016/j.psep.2024.03.019

Baas, J., Schotten, M., Plume, A., Coté, G., & Karimi, R. (2020). Scopus as a curated,
high-quality bibliometric data source for academic research in quantitative science
studies. Quantitative Science Studies, 1(1), 377-386.
https://doi.org/10.1162/gss_a 00019

Barth, A., & Marx, W. (2017). Referenzjahrgangs-Spektroskopie: Eine bibliometrische
Methode zur Untersuchung der historischen Wurzeln von Forschungsfeldern. In
Information-Wissenschaft und Praxis (Vol. 68, Issue 1, pp. 11-24). Walter de
Gruyter GmbH. https://doi.org/10.1515/iwp-2017-0006

Chen, K., Wang, J., Yu, B., Wu, H., & Zhang, J. (2021). Critical evaluation of construction
and demolition waste and associated environmental impacts: A scientometric
analysis. Journal of Cleaner Production, 287, 125071.
https://doi.org/10.1016/}.jclepro.2020.125071

Chicaiza-Ortiz, C., Pefiafiel-Arcos, P., Herrera-Feijoo, R. J., Ma, W., Logrofio, W., Tian,
H., & Yuan, W. (2024). Waste-to-Energy technologies for municipal solid waste
management: Bibliometric review, life cycle assessment, and energy potential case
study. Journal of Cleaner Production, 480, 143993.
https://doi.org/10.1016/j.jclepro.2024.143993

Crini, G., & Lichtfouse, E. (2019). Advantages and disadvantages of techniques used for
wastewater treatment. Environmental Chemistry Letters, 17(1), 145-155.
https://doi.org/10.1007/s10311-018-0785-9

Cui, W., Wei, Y., & Ji, N. (2024). Global trends of waste-to-energy (WtE) technologies in
carbon neutral perspective: Bibliometric analysis. In Ecotoxicology and
Environmental Safety (Vol. 270). Academic Press.
https://doi.org/10.1016/j.ecoenv.2023.115913

Dong, Q., Liang, Q., Chen, Y., Li, J., Lu, L., Huang, X., & Zhou, Q. (2021). Bibliometric
and Visual Analysis of Vascular Calcification Research. Frontiers in
Pharmacology, 12. https://doi.org/10.3389/fphar.2021.690392

Donthu, N., Kumar, S., Mukherjee, D., Pandey, N., & Lim, W. M. (2021). How to conduct
a bibliometric analysis: An overview and guidelines. Journal of Business Research,
133, 285-296. https://doi.org/https://doi.org/10.1016/j.jbusres.2021.04.070

Dragomir, V. D., & Dumitru, M. (2024a). The state of the research on circular economy in
the European Union: A bibliometric review. Cleaner Waste Systems, 7, 100127.
https://doi.org/10.1016/j.clwas.2023.100127

Dragomir, V. D., & Dumitru, M. (2024b). The state of the research on circular economy in
the European Union: A bibliometric review. Cleaner Waste Systems, 7, 100127.
https://doi.org/10.1016/j.clwas.2023.100127

*Corresponding Author: washillaaudia@student.unp.ac.id 20


mailto:washillaaudia@student.unp.ac.id

Audia et al.: Analysis of Wastewater Treatment and Environmental Policy Development: Bibliometrics and Visualization

Edumadze, J., Tenkorang, E., Armah, F., Luginaah, 1., & Edumadze, G. (2013). Electronic
Waste is a Mess: Awareness and Proenvironmental Behavior Among University
Students in Ghana. Applied Environmental Education and Communication: An
International Journal, 12. https://doi.org/10.1080/1533015X.2013.876250

El Hammoudani, Y., Dimane, F., Haboubi, K., Benaissa, C., Benaabidate, L., Bourjila, A.,
Achoukhi, I., El Boudammoussi, M., Faiz, H., Touzani, A., Moudou, M., &
Esskifati, M. (2024). Micropollutants in wastewater treatment plants: A
bibliometric - bibliographic study. In Desalination and Water Treatment (Vol.
317). Elsevier B.V. https://doi.org/10.1016/j.dwt.2024.100190

Elshaboury, N., Al-Sakkaf, A., Abdelkader, E. M., & Alfalah, G. (2022). Construction and
Demolition Waste Management Research: A Science Mapping Analysis. In
International Journal of Environmental Research and Public Health (Vol. 19, Issue
8). MDPL. https://doi.org/10.3390/ijerph19084496

Espuny, M., Faria Neto, A., da Motta Reis, J. S., dos Santos Neto, S. T., Nunhes, T. V., &
de Oliveira, O. J. (2021). Building new paths for responsible solid waste
management. Environmental Monitoring and Assessment, 193(7), 442.
https://doi.org/10.1007/s10661-021-09173-0

Harfadli, M. M., Ramadan, B. S., Rachman, 1., & Matsumoto, T. (2024). Challenges and
characteristics of the informal waste sector in developing countries: an overview.
Journal of Material Cycles and Waste Management, 26(3), 1294-1309.
https://doi.org/10.1007/s10163-024-01929-3

Hidayati, N., Kania, N., Marlinae, L., Suhartono, E., & Fujiati, F. (2025). Penelitian
Bibliometrik tentang Pembuangan Air Limbah: Pemetaan Tren dan Faktor-Faktor
Kunci yang Mempengaruhi Perilaku. Malahayati Nursing Journal, 7(6), 2677—
2699. https://doi.org/10.33024/mnj.v716.20483

Islam, M. S., Rahman, Md. N., Ritu, N. S., Rahman, M. S., & Sarker, Md. N. 1. (2024).
Impact of COVID-19 on urban environment in developing countries: Case study
and environmental sustainability strategy in Bangladesh. Green Technologies and
Sustainability, 2(2), 100074. https://doi.org/10.1016/j.grets.2024.100074

Jiang, Y., Yin, X., Xi, X., Guan, D., Sun, H., & Wang, N. (2021). Effect of surfactants on
the transport of polyethylene and polypropylene microplastics in porous media.
Water Research, 196, 117016. https://doi.org/10.1016/j.watres.2021.117016

Jirapornvaree, 1., Kreeratiratanalak, A., & Mangmeechai, A. (2023). Assessing the
economic and environmental effects of plastic bag management in Thailand:
Bangkok and Phuket provinces. Journal of Cleaner Production, 428, 139565.
https://doi.org/10.1016/j.jclepro.2023.139565

Judijanto, L. (2025a). A Bibliometric Analysis of Ocean Plastic Pollution Research: Trends
and Future Directions. In West Science Interdisciplinary Studies (Vol. 03, Issue 06).

Judijanto, L. (2025b). Palm Derived Products: A Bibliometric Analysis of Industrial
Downstreaming. West Science Interdisciplinary  Studies, 3, 983-992.
https://doi.org/10.58812/wsis.v3i06.2014

Jumilah, J., Suprapto, N., Hariyono, E., & Napasti, F. (2025a). Bibliometrics analysis of
environmental sustainability issues: Trends, challenges, and future directions. E3S
Web of Conferences, 640. https://doi.org/10.1051/e3scont/202564001012

Jumilah, J., Suprapto, N., Hariyono, E., & Napasti, F. (2025b). Bibliometrics analysis of
environmental sustainability issues: Trends, challenges, and future directions. E3S
Web of Conferences, 640. https://doi.org/10.1051/e3sconf/202564001012

Kala, K., & Bolia, N. B. (2024). Empowering the informal sector in urban waste
management: Towards a comprehensive waste management policy for India.

*Corresponding Author: washillaaudia@student.unp.ac.id 21


mailto:washillaaudia@student.unp.ac.id

Audia et al.: Analysis of Wastewater Treatment and Environmental Policy Development: Bibliometrics and Visualization

Environmental Development, 49, 100968.
https://doi.org/10.1016/j.envdev.2024.100968

Khan, Syed Abdul Rehman, Tabish, Muhammad, & Yu, Zhang. (2023). Mapping and
visualizing of research output on waste management and green technology: A
bibliometric review of literature. Waste Management & Research, 41(7), 1203—
1218. https://doi.org/10.1177/0734242X221149329

Kotchen, M. J. ., Stock, J. H. ., & Wolfram, C. D. . (2020). Environmental and energy
policy and the economy. Volume 1. The University of Chicago Press.

Kumar, V., Siwach, D., & Gupta, A. (2024). Agriculture waste management: a
bibliometric analysis. International Journal of Global Environmental Issues, 23(1),
1-22. https://doi.org/10.1504/ijgenvi.2024.10066775

Lavanya, M. B., Viswanath, D. S., & Sivapullaiah, P. V. (2024). Phytoremediation: An
eco-friendly approach for remediation of heavy metal-contaminated soils-A
comprehensive  review.  Environmental = Nanotechnology, — Monitoring &
Management, 22, 100975. https://doi.org/10.1016/j.enmm.2024.100975

Liu, J., Li, Y., & Wang, Z. (2023a). The potential for carbon reduction in construction
waste  sorting: A dynamic  simulation.  Energy, 275, 127477.
https://doi.org/10.1016/j.energy.2023.127477

Liu, J., Li, Y., & Wang, Z. (2023b). The potential for carbon reduction in construction
waste  sorting: A dynamic  simulation.  Emnergy, 275, 127477.
https://doi.org/10.1016/j.energy.2023.127477

Liu, J., Shi, S., Shu, J., Li, C., He, H., Xiao, C., Dong, X., He, Y., Liao, J., Liu, N., & Lan,
T. (2022). Synthesis and characterization of waste commercially available
polyacrylonitrile fiber-based new composites for efficient removal of uranyl from
U(VD)-CO3 solutions. Science of The Total Environment, 822, 153507.
https://doi.org/10.1016/j.scitotenv.2022.153507

Mancuso, G., Perulli, G. D., Lavrnic, S., Morandi, B., & Toscano, A. (2021). Sars-cov-2
from urban to rural water environment: Occurrence, persistence, fate, and influence
on agriculture irrigation. A  review. Water (Switzerland),  13(6).
https://doi.org/10.3390/w13060764

Meena, M. D., Dotaniya, M. L., Meena, B. L., Rai, P. K., Antil, R. S., Meena, H. S.,
Meena, L. K., Dotaniya, C. K., Meena, V. S., Ghosh, A., Meena, K. N., Singh, A.
K., Meena, V. D., Moharana, P. C., Meena, S. K., Srinivasarao, Ch., Meena, A. L.,
Chatterjee, S., Meena, D. K., ... Meena, R. B. (2023). Municipal solid waste:
Opportunities, challenges and management policies in India: A review. Waste
Management Bulletin, 1(1), 4-18. https://doi.org/10.1016/7.wmb.2023.04.001

Metze, T. (2020). Visualization in environmental policy and planning: a systematic review
and research agenda. Journal of Environmental Policy and Planning, 22(5), 745—
760. https://doi.org/10.1080/1523908X.2020.1798751

Mubin, A.-N., Islam, A. R. Md. T., Hasan, M., Islam, Md. S., Ali, M. M., Siddique, Md. A.
B., Alam, Md. S., Rakib, Md. R. J., Islam, M. S., Momtaz, N., Senapathi, V., Idris,
A. M., & Malafaia, G. (2024). The path of microplastics through the rare
biodiversity estuary region of the northern Bay of Bengal. Journal of Contaminant
Hydrology, 260, 104271. https://doi.org/10.1016/j.jconhyd.2023.104271

Nega, D. T., Ancha, V. R., Manenti, F., & Adeel, Z. (2024). A comprehensive policy
framework for unlocking the potential of water hyacinth in Ethiopia’s circular
bioeconomy. Journal of  Cleaner Production, 435, 1405009.
https://doi.org/10.1016/j.jclepro.2023.140509

*Corresponding Author: washillaaudia@student.unp.ac.id 22


mailto:washillaaudia@student.unp.ac.id

Audia et al.: Analysis of Wastewater Treatment and Environmental Policy Development: Bibliometrics and Visualization

Neto, A. B. P. S., Simdes, C. L., & Simoes, R. (2024). Optimization of municipal solid
waste collection system: systematic review with bibliometric literature analysis.
Journal of Material Cycles and Waste Management, 26(4), 1906-1917.
https://doi.org/10.1007/s10163-024-01966-y

Nizar, M., Yana, S., Bahagia, Erdiwansyah, Mamat, R., & Viena, V. (2025a). Bibliometric
analysis of global research on organic waste enzymes for plastic biodegradation:
Trends, microbial roles, and process optimization. In Cleaner and Circular
Bioeconomy (Vol. 12). Elsevier B.V. https://doi.org/10.1016/j.clcb.2025.100164

Nizar, M., Yana, S., Bahagia, Erdiwansyah, Mamat, R., & Viena, V. (2025b). Bibliometric
analysis of global research on organic waste enzymes for plastic biodegradation:
Trends, microbial roles, and process optimization. Cleaner and Circular
Bioeconomy, 12, 100164. https://doi.org/10.1016/j.clcb.2025.100164

Nurdini, A., Nurcahyo, R., & Prabuwono, A. S. (2023). Waste from Electric Vehicle: A
Bibliometric Analysis from 1995 to 2023. World Electric Vehicle Journal, 14(11).
https://doi.org/10.3390/wevj14110300

Paris Paricio, J., Curés Vila, M. P., Amirbagheri, K., & Torres Martinez, A. (2025).
Research on environmental accounting: past studies and future trends.
Environment, ~ Development  and  Sustainability,  27(3),  5717-5751.
https://doi.org/10.1007/s10668-023-04170-4

Pham, H.-H., Dong, T.-K.-T., Vuong, Q.-H., Luong, D.-H., Nguyen, T.-T., Dinh, V.-H., &
Ho, M.-T. (2021). A bibliometric review of research on international student
mobilities in Asia with Scopus dataset between 1984 and 2019. Scientometrics,
126(6), 5201-5224. https://doi.org/10.1007/s11192-021-03965-4

Putera, P. B., Suryanto, S., Ningrum, S., Widianingsih, 1., & Rianto, Y. (2022). Three
Decades of Discourse on Science, Technology and Innovation in National
Innovation System: A Bibliometric Analysis (1990-2020). Cogent Social Sciences,
8(1). https://doi.org/10.1080/23311886.2022.2109854

Qin, Q., Wen, Z., Huang, C., HU, W., & Fan, B. (2024). A double-level analytical
framework for understanding waste management policy evolution in China.
Environment, Development and Sustainability. https://doi.org/10.1007/s10668-024-
05532-2

Rafig, M., Dastane, O., & Mushtaq, R. (2023a). Waste reduction as ethical behaviour: a
bibliometric analysis and development of future agenda. Journal of Global
Responsibility, 14(3), 360-379. https://doi.org/10.1108/JGR-09-2022-0098

Rafiq, M., Dastane, O., & Mushtaq, R. (2023b). Waste reduction as ethical behaviour: a
bibliometric analysis and development of future agenda. Journal of Global
Responsibility, 14(3), 360-379. https://doi.org/10.1108/JGR-09-2022-0098

Rahaman, M. S., Ansari, K. M. N., Kumar, H., & Shah, K. (2022). Mapping and
Visualizing Research Output on Global Solid Waste Management: A Bibliometric
Review of Literature. Science & Technology Libraries, 41(2), 174-202.
https://doi.org/10.1080/0194262X.2021.1960943

Rai, P. K., Sonne, C., Song, H., & Kim, K.-H. (2023). Plastic wastes in the time of
COVID-19: Their environmental hazards and implications for sustainable energy
resilience and circular bio-economies. Science of The Total Environment, 858,
159880. https://doi.org/https://doi.org/10.1016/j.scitotenv.2022.159880

Rayhan, D. S. A., & Bhuiyan, I. U. (2024). Review of construction and demolition waste
management tools and frameworks with the classification, causes, and impacts of
the waste. Waste Disposal &  Sustainable Energy, 6(1), 95-121.
https://doi.org/10.1007/s42768-023-00166-y

*Corresponding Author: washillaaudia@student.unp.ac.id 23


mailto:washillaaudia@student.unp.ac.id

Audia et al.: Analysis of Wastewater Treatment and Environmental Policy Development: Bibliometrics and Visualization

Reis, W. F., Barreto, C. G., & Capelari, M. G. M. (2023). Circular Economy and Solid
Waste Management: Connections from a Bibliometric Analysis. Sustainability
(Switzerland), 15(22). https://doi.org/10.3390/sul52215715

Schwarzenbach, R. P., Egli, T., Hofstetter, T. B., Von Gunten, U., & Wehrli, B. (2010).
Global water pollution and human health. Annual Review of Environment and
Resources, 35, 109—136. https://doi.org/10.1146/annurev-environ-100809-125342

Shao, B., Qin, Y. F., Ren, S. H., Peng, Q. F., Qin, H., Wang, Z. B., Wang, H. Da, Li, G.
M., Zhu, Y. L., Sun, C. L., Zhang, J. Y., Li, X., & Wang, H. (2022). Structural and
Temporal Dynamics of Mesenchymal Stem Cells in Liver Diseases From 2001 to
2021: A  Bibliometric  Analysis.  Frontiers in  Immunology, 13.
https://doi.org/10.3389/fimmu.2022.859972

Shi, K., Zhou, Y., & Zhang, Z. (2021). Mapping the research trends of household waste
recycling: A bibliometric analysis. Sustainability (Switzerland), 13(11).
https://doi.org/10.3390/sul3116029

Tang, M., Mu, F., Cui, C., Zhao, J. Y., Lin, R., Sun, K. X., Guan, Y., & Wang, J. W.
(2023). Research frontiers and trends in the application of artificial intelligence to
sepsis: A bibliometric analysis. Frontiers in  Medicine, 9.
https://doi.org/10.3389/fmed.2022.1043589

Tang, Z., Zhang, T., Wu, L., Ren, S., & Cai, S. (2024). Knowledge Mapping for Fire Risk
Assessment: A Scientometric Analysis Based on VOSviewer and CiteSpace. Fire,
7(1). https://doi.org/10.3390/fire7010023

Teshome, F. B. (2021a). Municipal solid waste management in Ethiopia; the gaps and
ways for improvement. Journal of Material Cycles and Waste Management, 23(1),
18-31. https://doi.org/10.1007/s10163-020-01118-y

Teshome, F. B. (2021b). Municipal solid waste management in Ethiopia; the gaps and
ways for improvement. Journal of Material Cycles and Waste Management, 23(1),
18-31. https://doi.org/10.1007/s10163-020-01118-y

Thanh-Nho, N., Marchand, C., Strady, E., Vinh, T.-V., & Nhu-Trang, T.-T. (2019). Metals
geochemistry and ecological risk assessment in a tropical mangrove (Can Gio,
Vietnam). Chemosphere, 219, 365-382.
https://doi.org/10.1016/j.chemosphere.2018.11.163

Thanopoulos, S., Karellas, S., Kavrakos, M., Konstantellos, G., Tzempelikos, D., &
Kourkoumpas, D. (2020). Analysis of Alternative MSW Treatment Technologies
with the Aim of Energy Recovery in the Municipality of Vari-Voula-Vouliagmeni.
Waste and Biomass Valorization, 11(4), 1585-1601.
https://doi.org/10.1007/s12649-018-0388-5

Thu, H. L. T., Tran, T., Phuong, T. T. T., Tuyet, T. L. T., Huy, H. Le, & Thi, T. V. (2021).
Two decades of stem education research in middle school: A bibliometrics analysis
in scopus database (2000-2020). Education Sciences, 11(7).
https://doi.org/10.3390/educscil 1070353

van Eck, N. J., & Waltman, L. (2017). Citation-based clustering of publications using
CitNetExplorer and  VOSviewer. Scientometrics, 111(2), 1053-1070.
https://doi.org/10.1007/s11192-017-2300-7

Vudamala, K., Chakraborty, P., Chatragadda, R., Tiwari, A. K., & Qureshi, A. (2023).
Distribution of organochlorine pesticides in surface and deep waters of the
Southern Indian Ocean and coastal Antarctic waters. Environmental Pollution, 321,
121206. https://doi.org/https://doi.org/10.1016/j.envpol.2023.121206

Wang, S., Tian, C., Gao, Z., Zhang, B., & Zhao, L. (2022). Research status and trends of
the diabetic cardiomyopathy in the past 10 years (2012-2021): A bibliometric

*Corresponding Author: washillaaudia@student.unp.ac.id 24


mailto:washillaaudia@student.unp.ac.id

Audia et al.: Analysis of Wastewater Treatment and Environmental Policy Development: Bibliometrics and Visualization

analysis. Frontiers in Cardiovascular Medicine, 9.
https://doi.org/10.3389/fcvm.2022.1018841

Weets, C. M., & Katz, R. (2024). Global approaches to tackling antimicrobial resistance: A
comprehensive analysis of water, sanitation and hygiene policies. BMJ Global
Health, 9(2). https://doi.org/10.1136/bmjgh-2023-013855

Wei, J., Li, H. X., Sadick, A.-M., & Noguchi, M. (2024). A systematic review of key
issues influencing the environmental performance of social housing. Energy and
Buildings, 319, 114566.
https://doi.org/https://doi.org/10.1016/j.enbuild.2024.114566

Wen, D., Sun, X., & Liu, Y. (2020). Bibliometric analysis of supplier management: The
theme and cluster perspectives. In Sustainability (Switzerland) (Vol. 12, Issue 6).
MDPIL. https://doi.org/10.3390/su12062572

Xie, S., Gong, Y., Zhang, A., Liu, Y., & Li, C. (2024). Untangling the critical success
factors of the latest compulsory waste sorting initiative in Shanghai: The role of
accountability governance. Journal of Cleaner Production, 444, 141268.
https://doi.org/https://doi.org/10.1016/j.jclepro.2024.141268

Xuan, X., Chen, H., Li, H., Wei, C., Jiang, Y., Zeng, S., Zhang, C., Zhang, W., & Jin, Y.
(2024). Research on emerging pollutants in wastewater: Bibliometric analysis. In
Desalination  and  Water  Treatment  (Vol.  320).  Elsevier B.V.
https://doi.org/10.1016/j.dwt.2024.100773

Xu, Z., Chang, X., & Zhang, N. (2025). An analysis of China’s power battery industry
policy for new energy vehicles from a product life cycle perspective. Environment,
Development and Sustainability, 27(6), 13093-13115.
https://doi.org/10.1007/s10668-023-04405-4

Yirci, R., Karakose, T., Kocabas, 1., Tiiliibas, T., & Papadakis, S. (2023). A Bibliometric
Review of the Knowledge Base on Mentoring for the Professional Development of
School Administrators. Sustainability (Switzerland), 15(4).
https://doi.org/10.3390/su15043027

Yurnalisdel. (2022). Analysis of the Impact of Liquid Waste on Environmental Pollution.
Formosa  Journal of  Sustainable  Research, 1(6), 1017-1028.
https://doi.org/10.55927/fjsr.v116.1951

Yu, Z., Xie, L., Shuai, P., Zhang, J., An, W., Yang, M., Zheng, J., & Lin, H. (2023). New
perspective on African swine fever: a bibliometrics study and visualization
analysis. In Frontiers in Veterinary Science (Vol. 10). Frontiers Media SA.
https://doi.org/10.3389/fvets.2023.1085473

Zapata-Mendoza, P. C. O., Berrios-Tauccaya, O. J., Tirado-Kulieva, V. A., Gonzales-
Malca, J. A., Ricse-Reyes, D. R., Berrios-Zevallos, A. A., & Seminario-Sanz, R. S.
(2022). Environmentally Friendly Technologies for Wastewater Treatment in Food
Processing Plants: A Bibliometric Analysis. In Sustainability (Switzerland) (Vol.
14, Issue 22). MDPL. https://doi.org/10.3390/su142214698

Zhang, B., Wang, Y., & Sun, C. (2023). Urban environmental legislation and corporate
environmental performance: End governance or process control? Energy
Economics, 118, 106494. https://doi.org/10.1016/j.eneco0.2022.106494

Zhang, Q., Wu, L., Huang, J., Qu, Y., Pan, Y., Liu, L., & Zhu, H. (2022). Recovering
short-chain fatty acids from waste sludge via biocarriers and microfiltration
enhanced anaerobic fermentation. Resources, Conservation and Recycling, 182,
106342. https://doi.org/10.1016/j.resconrec.2022.106342

Zhou, R. (Kevin). (2024). From Policy to Practice: Unpacking the Politics and Realities of
Environmental Education Policy in Chinese Primary Schools. Australian Journal of

*Corresponding Author: washillaaudia@student.unp.ac.id 25


mailto:washillaaudia@student.unp.ac.id

Audia et al.: Analysis of Wastewater Treatment and Environmental Policy Development: Bibliometrics and Visualization

Environmental Education, 40(3), 612-627. https://doi.org/DOLI:
10.1017/aee.2024.48

*Corresponding Author: washillaaudia@student.unp.ac.id 26


mailto:washillaaudia@student.unp.ac.id

