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Abstract: With the continuous acceleration of urbanization, air pollution has become an increasingly
serious threat to public health. Strengthening the detection and control of pollutants has become
a focal point in current society. In light of the increasing amount of literature in the field of air
pollution control with every passing year, numerous reviews have been compiled; however, only a
limited number employ bibliometric methods to comprehensively review and summarize research
trends in this field. Herein, this study utilizes two bibliometric analysis tools, namely, CiteSpace
(6.1.R6) and VOSviewer (1.6.20), to conduct a visual and comprehensive analysis of air pollution
literature spanning 2000 to 2023. By doing so, it establishes a knowledge framework for research on
air pollution control. Simultaneously, collaborative network analysis, reference co-citation network
analysis, keyword co-occurrence network analysis, and keyword prominence are employed to
undertake an exhaustive and profound visual examination within this domain. Results indicate
that, over time, the number of relevant papers has exponentially increased, while interdisciplinary
cooperation trends have gradually formed. Additionally, this study describes key areas of current
research, including air pollution control residue treatment, regional joint air pollution control, and air
pollution control mechanism analysis. Finally, challenges faced by researchers in this field and their
different perspectives are discussed. To better integrate research findings on air pollution control,
we explore the correlations among data and systematically present their developmental trends. This
confirms the interdisciplinary nature of air pollution control research, in the hope of its guiding air
pollution control in the future.

Keywords: bibliometrics; CiteSpace; VOSviewer; air pollution control

1. Introduction

With the continuous development of the economy, there is a constant improvement in
people’s living standards. Currently, humanity is experiencing an era of rapid development
where daily life increasingly relies on high-tech and intelligent systems. However, this
ongoing progress inevitably escalates the demand for energy and other resources, leading
to environmental pollution issues, such as nitrogen oxides (NOx) [1,2], volatile organic
compounds (VOCs) [3], sulfur dioxide (SO2) [4], and heavy metal contamination in both
air and water [5]. Research indicates that individuals residing in low socioeconomic areas
face higher concentrations of air pollutants [6]. According to a report released by the World
Health Organization, over 6000 cities across 117 countries are presently monitoring air
quality while accumulating substantial evidence regarding the detrimental impact of air
pollution on human health. It has been demonstrated that even minimal levels can cause
severe harm [7].

To address this critical challenge, each nation has implemented policies, enacted law,
and developed strategies aimed at controlling emissions from their sources of pollution as

Atmosphere 2024, 15, 630. https://doi.org/10.3390/atmos15060630 https://www.mdpi.com/journal/atmosphere

https://doi.org/10.3390/atmos15060630
https://doi.org/10.3390/atmos15060630
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/atmosphere
https://www.mdpi.com
https://orcid.org/0009-0007-2321-2195
https://orcid.org/0000-0002-8678-295X
https://doi.org/10.3390/atmos15060630
https://www.mdpi.com/journal/atmosphere
https://www.mdpi.com/article/10.3390/atmos15060630?type=check_update&version=1


Atmosphere 2024, 15, 630 2 of 22

fundamental advantages for preventing and mitigating air pollution. Enhancing air quality
becomes imperative to avoid adverse health consequences. The Clean Air Act in America
underwent significant amendments in 1990 to strengthen its authority; in 1997, atmospheric
PM2.5 standards were established; in 2000, China’s National People’s Congress passed
the Law of the People’s Republic of China on Prevention and Control of Air Pollution;
and finally, in 2013, the United States issued a Presidential Action Plan to tackle changing
weather conditions. Several international initiatives, such as the implementation of the
Clean Power Plan in 2015 and active participation in the signing of the Paris Agreement, aim
to provide guidance for countries to undertake corresponding measures. Specifically, these
measures are aimed at limiting global warming to below 2 ◦C and effectively mitigating
potential risks [8–10].

In China, the Action Plan for Air Pollution Prevention and Control was promulgated in
2013, followed by the release of the Three-year Action Plan for Winning the Battle for Blue
Skies in 2018. These comprehensive strategies encompass establishing air quality standards
and emission limits, promoting clean energy and production technologies, strengthening
control over industrial and transportation emissions, as well as enhancing monitoring and
supervision of atmospheric environmental quality. Through these measures mentioned
above, it is possible to significantly reduce air pollutant concentrations while minimizing
adverse impacts on public health and alleviating associated medical burdens. Furthermore,
these actions contribute towards safeguarding ecological systems [11].

The European Union (EU) has issued guidelines concerning air pollutant values,
along with agreements related to reducing specific air pollutants, under the Convention on
Long-Range Transboundary Air Pollution (CLRTAP) [12]. In the context of local preventive
measures against air pollution, the predominant approach often involves prohibiting the use
of solid fuels in residential areas and low emission zones (LEZs), as well as implementing
vehicle exhaust catalysts (VECs) [13].

Scientific publications within disciplines like atmospheric chemistry typically assume
a certain level of expertise from readers, while expert reviews in these fields primarily
concentrate on air pollution itself and provide comprehensive policy discussions from a
national standpoint [14]. Environmental governance and legal literature generally address
environmental regulation holistically, with limited separate discussions on air pollution
control policies [15]. Environmental economics studies predominantly offer descriptive
background information before delving into individual policy analyses [16]. Air pollution
modeling serves as a valuable technique for authorities to enhance planning, decision-
making, and strategy development aimed at reducing harmful emissions at local, regional,
or even global levels. This modeling primarily employs emissions and meteorological data
to estimate and predict pollutant concentrations in the atmosphere, thereby evaluating
the effectiveness of air pollution control strategies [17]. The US Environmental Protection
Agency (EPA) has developed model compliance testing software—Community Edition
(SMAT—CE) along with the Environmental Benefits Mapping and Analysis Program—
Community Edition (BenMAP—CE) to assess both health and economic impacts resulting
from improved air quality [18].

The number of annual articles and citations related to air pollution control research
is an important indicator for understanding the development trends in this field [19]. As
depicted in Figure 1, there has been a sharp increase in the number of articles on air pollution
control over the past twenty years. It is worth noting that, since 2018, there has been a
significant and rapid increase in the number of articles, indicating a continuous increase in
academic participation in air pollution control. Webster and Watson argue that reviewing
and analyzing previous research projects are considered valuable activities by the academic
community because the theoretical and experiential contributions from individual research
are crucial for the growth of knowledge and assumptions in the academic field. A literature
review is an unbiased summary of accumulated evidence on a specific topic, resulting
in strong and broad conclusions. It involves critical and comprehensive evaluation by
identifying relationships, contradictions, gaps, and inconsistencies in one or more articles
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and exploring their causes. Grace et al. conducted a systematic review of air pollution
monitoring systems and discussed their advantages and disadvantages [20].
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Gulia et al. conducted a systematic review starting from scientific and technological
literature on removing pollutants from the surrounding environment [21]. Bibliometrics is
a quantitative analysis method that uses mathematical and statistical methods to describe,
evaluate, and predict the current status and trends of a certain aspect of research, with the
main feature being the outputting of quantifiable information content. Bibliometric analysis
helps understand the development trends of air pollution control in the research field,
identifies research hotspots and frontiers, and guides selection of future research direction
and planning. By analyzing the number of literature citations, journal impact factors, and
other relevant indicators, different research qualities and impacts can be evaluated, helping
researchers understand the contributions of different research to the academic field [22].

A large number of reviews from multiple perspectives, from technical energy efficiency
and system design optimization to policymaking, provide important references for this
field [23–26]. Through searching for bibliometric articles, it is found that the discipline in
which bibliometric analysis is most applied is medicine, and bibliometrics and citation
analysis are popular forms of analyzing medical literature. Zhang Li et al. conducted
a visual analysis of artificial blood vessel research based on bibliometrics [27]. In terms
of environmental governance, Sharifi et al. used bibliometric analysis to analyze the
interaction between climate change and conflict and peace events over the past thirty
years [28]. Wu et al. analyzed publications on environmental impact assessment using social
network analysis [29]. Although the use of bibliometric analysis to analyze research on
environmental pollution control has been increasing year by year, the topic of environmental
pollution is vast and broad, and air pollution is one of its main aspects. However, there are
currently few reports using bibliometric methods to explore the current trends, topics, and
frontier issues in the field of air pollution control.

Bibliometrics is a branch of informatics that involves the quantitative analysis of
scientific literature patterns with the aim of understanding new trends and the knowledge
base of specific research areas. The use of bibliometric tools allows us to explore the
expansion of this field, key contributors, and the interrelationships among various subtopics
in an intuitive and analytical manner. Moreover, it emphasizes the evolution of research
topics over time, providing deep insights into the development and diversification of the
field. In this study, we comprehensively reviewed articles related to air pollution control
published on the Web of Science (WOS) from 2000 to 2023 using the scientific metrics
methods based on CiteSpace (6.1.R6) and VOSviewer (1.6.20).
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The use of CiteSpace and VOSviewer for visual analysis has become an important step
in the summary of research hotspots and research frontier analysis, and there are currently
3856 articles using CiteSpace for visual analysis and 3622 articles using VOSviewer for
visual analysis through WOS query. It can be seen from the number of published papers
that the use of visualization software for bibliometric analysis of different disciplines is
very reliable and convenient.

In 2022, an article titled “The Hot Topics, Frontiers and Trends about Research on the
Relationship between Air Pollution and Public Health Visual Analysis Based on Knowledge
Map” was published in ATMOSPHERE, in which CiteSpace software was used to visually
analyze the hot topics, frontiers, and trends of research on the relationship between air
pollution and public health. Visual data support is provided for the study of the relationship
between air pollution and public health.

Before the bibliometric analysis of air pollution control research, the research question
and research objectives were clarified. In order to ensure that the data used were up-to-date
and complete, the Web of Science Core Collection was selected as the database for the
study, and the data were cleaned to remove duplicates and select the optimal data. Ac-
cording to the research objectives, the method using CiteSpace + VOSviewer was selected
for visual analysis. CiteSpace excels at temporal analysis and exploring the evolution of
subject areas, while VOSviewer is better suited for constructing co-citation and co-word
networks. During the analysis with visualization software, parameters such as time slices,
thresholds, etc., were set appropriately to reduce noise and focus on the most important
trends and topics. Keyword filtering, author filtering, institutional filtering, etc., were
applied appropriately to narrow down the scope of the study. Data from different perspec-
tives (country, publications, etc.) were examined to gain a more complete understanding,
and multiple bibliometric metrics (co-citation frequency, centrality, etc.) were considered to
increase the depth and breadth of the analysis.

The main research content is divided into four main aspects: (1) categorizing existing
literature on air pollution control to determine the research directions and content of the
field; (2) understanding the interdisciplinary characteristics of air pollution control; (3) using
visual graphs to describe the key knowledge clusters in this field and their evolution over
the past twenty years; (4) identifying research hotspots in the field of air pollution control
and predicting its development trends. Through the use of bibliometrics to visually analyze
research on air pollution control, researchers can gain a concise and clear understanding of
the research hotspots and trends in this field.

(1) Visual analysis of the literature can show the contribution of universities and
institutions to the sum of human knowledge and help us understand which research
institutions’ research results are outstanding and widely cited and recognized. Thus,
sharing the research of the academic community on a global scale expands the boundaries
of human understanding of air pollution control technologies. (2) Bibliometric analysis
provides an average field-weighted citation impact (FWCI) score for each institution, which
indicates how the number of citations received by the institution’s research compares to
the average number of citations of all other similar studies, which is helpful in assessing
the quality and resonance of the study. (3) Bibliometric analysis can help us understand
which studies on air pollution control technologies have been accepted and established by
other scholars to guide subsequent research and policy formulation from the same city.

2. Materials and Methods
2.1. CiteSpace

Bibliometrics is a widely employed quantitative analysis method for scientific litera-
ture [30]. CiteSpace, an automated science-based software developed by Professor Chen
Chaomei, utilizes mathematical and statistical techniques to describe, evaluate, and predict
the current state and future trends of science and technology. It facilitates comprehen-
sive analysis of extensive literature collections [31]. The knowledge graph generated by
CiteSpace offers a more lucid and intuitive interpretation of the analysis results, thereby
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greatly assisting researchers in accomplishing diverse objectives [32]. In this study, we
utilized CiteSpace to import the collected literature data and conducted keyword cluster
analysis to identify prominent research topics while unveiling research focus through
keyword network co-occurrence maps. Timeline analysis was employed to track the evolu-
tion of research hotspots, whereas word burst analysis enabled tracking of cutting-edge
ongoing research.

2.2. VOSviewer

VOSviewer is a software tool designed for constructing and visualizing bibliometric
networks, with a primary focus on analyzing and displaying the relationships among
literature data, particularly knowledge units. It facilitates the mapping of scientific knowl-
edge by showcasing the interplay between network data, thereby revealing structural
correlations, evolutionary patterns, and collaborative efforts within the domain of knowl-
edge. Additionally, VOSviewer offers a comprehensive word filter that computes relevance
scores for each noun. This feature enables users to exclude generic terms lacking valuable
research significance and conduct co-occurrence analyses solely on words with specific
meanings [33].

2.3. Research Process

The research process is illustrated in Figure 2. In the first phase, the data required for
the study were collected and the retrieval strategy was determined. In this study, the data
from the bibliometric study were extracted from Web of Science Core Collection database.
Searches were conducted using the title “air pollution control” for the timeframe from
1 January 2000 to 31 December 2023. According to the requirements of the visualization
software CiteSpace and VOSviewer and to ensure the accuracy of the visualization results,
the search data were filtered to include only articles, not books, conference papers, or other
file types. After eliminating duplicate records in WOS and completing the filtering in the
recording process, a total of 3165 relevant documents were obtained. Finally, a bibliometric
analysis was performed. The full record of a WOS entry includes author, document type,
Web of Science category, keywords, year of publication, publisher, affiliation, country, and
index for each article.
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In the second phase, the 3165 articles obtained first underwent “Export Records to Plain
Text Files”, and all texts containing “Record Contents: Full Records and Cited References”
were downloaded in plain text format. Since the number of documents created at a time was
≤500, 7 different documents with the extension “.txt” were generated. Then, two different
pieces of software were used to generate, visualize, and analyze the bibliometric network.

2.4. Parameter Design and Key Indicator Description

The CiteSpace software and VOSviewer software were employed in this study to
visually analyze scientific publications, following the analysis guidelines provided by
CiteSpace. In terms of node type selection, we meticulously chose nodes that accurately
depicted the network’s actual state and aligned with our research objectives. Parameter
adjustment plays a crucial role in ensuring result reliability, and the user-friendly interface
of CiteSpace facilitates this process. To comprehend the evolution and trends of research
topics over time, we adopted the time slice method to chronologically segment the literature
into 24 slices spanning January 2000 to December 2023. Regarding node selection, “Top N
per slice” is a commonly utilized criterion, where “N” represents items with the highest
citations or occurrences selected for each slice to construct the network; only papers meeting
threshold requirements are included in the final network.

The network’s general structural characteristics can be analyzed through three key
indicators. Modularity Q is a community module algorithm that quantifies the extent
to which article authors or author organizations are assigned to multiple independent
modules and regrouped together [34,35]. Q values range from 0 to 1, with values above
0.3 indicating significant and cohesive network community structures. The contour index
is commonly used as an evaluation metric for cluster analysis quality [36], where a value
close to 1 indicates good clustering effectiveness, while values exceeding 0.5 suggest
reasonable clustering results. Segment centrality measures the importance of a node in
connecting other nodes through the shortest paths [32,37]. Nodes with higher centrality play
crucial roles in facilitating connections between other nodes within the network’s shortest
paths. Additionally, CiteSpace employs burst detection techniques to identify sudden
changes in subject matter, document citations, author citations, and journal citations. Burst
detection is often utilized to identify articles experiencing peak reference counts within
a short timeframe or to detect the presence/absence of important links. A rapid increase
in paper citations signifies its contribution towards solving major problems within the
academic field.

VOSviewer offers three visualization views, namely, network visualization, overlay
visualization, and density visualization. In the network visualization view, elements are
depicted as circles with labels, where their size is determined by factors such as node
strength, link strength, and citation count. The color of elements represents their cluster
affiliation; different colors indicate distinct clusters. This view facilitates the examination
of individual clusters, the identification of structural distributions of research hotspots
through topic co-occurrence analysis, the discovery of research subgroups through author
collaboration networks, and the exploration of similarities and differences among scholars’
perspectives on research topics via author coupling networks. On the other hand, overlay
visualization differs from network visualization in that users can color nodes in the map
file using score or color (red, green, blue) fields, depending on their research needs.

By default, average keyword year values are used for color mapping. VOSviewer
takes the score value according to the average year of the keyword and the meaning of color
mapping, which reflects the degree to which the data of the current month deviate from
the mean value of historical data. Specifically, the Z-Score is calculated as follows: relative
position = (xt − x)/sdx, where x is the mean of variable x over the last 60 months and
sdx is the standard deviation of x over the same period. This indicator is used to measure
the degree of deviation between the current month’s data and the historical mean so as to
display the average year score of different keywords in VOSviewer through color mapping.
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Density visualization relies on element density around a point to determine color fill;
higher densities appear closer to red, while lower densities tend towards blue. The density
is influenced by both the number and importance of surrounding elements. Through the
density view option, researchers can swiftly observe significant fields along with knowledge
intensity and research activity within specific domains [38,39].

3. Results
3.1. Classification of Literature in the Field of Air Pollution Control

For the classification of literature on air pollution control, we retrieved 3165 documents
from the WOS database on the selected keywords in Section 2.3. After categorization, as
depicted in Figure 3a, it was observed that the largest number of articles focused on the
disposal of air pollution control residues, totaling 1425 articles. This was followed by
articles related to regional joint air pollution control, with a total count of 862, while there
were also 476 articles analyzing the mechanism of air pollution control. These findings
indicate a significant research interest in addressing the disposal of air pollution control
residues. In terms of studying air pollution control (Figure 3b), keyword cluster analysis
revealed that most papers concentrated on issues associated with incineration of byproducts
such as municipal solid waste, bottom ash, heavy metals, and dioxins. These concerns
currently represent key areas within air pollution control research.
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The situation regarding regional joint air pollution control is illustrated in Figure 3c.
According to the visualization map, the keywords “regional transport” and “spatial Durbin
model” appear more often. From the summary of the relevant literature, it is found
that although the air pollution prevention and control policies and measures in a single
place are effectively implemented, the air pollution prevention and control effect is not
as expected. By inductive analysis of the literature, the traditional use of sample data
models to test the environmental Kuznets curve (ECK) hypothesis is to treat the samples as
independent individuals with no interaction, but traditional EKC studies have failed to
capture the spillover effects of air pollution, especially for provincial and municipal studies.
Later, some scholars began to incorporate spatial effects into EKC studies. The Spatial
Durbin model was used to analyze the spatial spillover effect of fine particulate matter
concentration in the spatial agglomeration area of air-pollution-intensive industries, and
the environmental Kuznets curve (EKC) was verified. Currently, non-cooperative emission
reduction models remain dominant but are ineffective and costly due to cross-boundary
transport caused by wind propagation effects. To address this issue, experts have proposed
a cooperative reduction model aimed at minimizing adverse health effects at minimum
cost through encouraging neighboring regions’ participation in controlling emissions.

An analysis focusing on the mechanism for recovering clean air is presented in
Figure 3d. The air pollution control mechanism refers to the formulation and implementa-
tion of a series of measures and policies in response to the problem of air pollution. The
keyword “source apportionment” is a technique used to determine the source of air pollu-
tants and the extent to which each source contaminates the quality of the environment. This
technology can help policymakers and government agencies develop effective air quality
management policies and measures. The keyword “bidirectional lstm” refers to the BiLSTM
model, which can be used for air quality prediction, trend analysis, and early warning. This
model can more accurately capture the complex relationships in time series data, helping
decision-makers better understand the changes in pollutant concentrations and formulate
more effective management and remediation strategies. The keyword “environmental
regulation” refers to the role of environmental regulation in air pollution control research,
which is crucial, through a variety of means, such as regulation formulation, monitoring
and evaluation, source control, risk assessment, policy formulation and social participation,
in helping manage air quality, maintain the ecological environment, and protect public
health. Regarding the keyword “evaluation”, assessment is an indispensable part of air
pollution control research, which, through the evaluation of data and research results,
can guide the formulation of effective air quality management policies and measures and
promote environmental protection and human health. The keyword “regional transport”
relates to the role of regional transport in air pollution control research, which includes
promoting cross-border pollution control, carrying out source analysis and contribution as-
sessment, supporting air quality simulation and prediction, and guiding policy formulation
and inter-regional coordination, which is of great significance for effectively responding
to regional air pollution. The comprehensive application of these methods and technolo-
gies enables the air pollution control mechanism to deal with air quality problems more
comprehensively and scientifically, protect public health and the ecological environment,
help improve the efficiency and effectiveness of air pollution, and promote continuous
improvement of air quality.

3.2. Network Analysis of Common Countries or Regions

According to the CiteSpace analysis, the network of collaborating countries or regions
in air pollution control research from 2000 to 2023 comprises 86 nodes and 101 links (refer
to Figure 4a). In the VOSviewer analysis, we examined each country individually and
set a keyword occurrence threshold of five. The findings revealed that among the total
of 90 countries minimum occurrences were observed in 59 (see Figure 4b). Based on the
CiteSpace and VOSviewer analyses of country and regional collaboration networks, it
can be inferred that China and the United States are leading contributors with significant
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cooperation between them. Consequently, Table 1 presents the top ten countries and regions
contributing most significantly to overall output. In terms of the number of publications,
the leading countries and regions are China, the United States, the United Kingdom, Taiwan,
India, Japan, Canada, Germany, South Korea, and Spain. China was the leading contributor,
with 1880 papers published, well ahead of the second-placed United States (586).
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Table 1. Top 10 countries and regions listed by frequency.

Country Frequency BC Country Frequency BC

China 1880 0.32 Japan 106 0.13
USA 586 0.30 Canada 105 0.24

England 157 0.19 Germany 93 0.15
Taiwan 124 0.08 South Korea 90 0.11
India 121 0.09 Spain 81 0.12

Between Centrality (BC) is employed to gauge the extent to which a country or region
functions as a pivotal bridge or connector within an intricate network of international
cooperation. By analyzing the citation relationship network between literatures, the inter-
mediary centrality index can be used to identify the literature or research fields that play
an important intermediary role in the academic field so as to help understand the patterns
and trends of academic communication and cooperation.

A higher BC value signifies a more prominent role in facilitating connections between
diverse countries or regions. As shown in Table 1, the analysis of BC shows that China (0.32),
the United States (0.30), the United Kingdom (0.19) and Canada (0.24) have significant
cooperation with other countries in air pollution control research and highlights their key
role. In addition, in terms of study years in each country, research in China, the United
States, the United Kingdom, and Taiwan developed rapidly around 2015.

3.3. Dual-Map Overlay of Disciplines and Journals in Air Pollution Control Research

The dual- map overlay is a bibliometric visualization technique employed to unveil
the interconnections among various scientific fields or disciplines [40]. As depicted in
Figure 5, the findings demonstrate the interdisciplinary nature of air pollution control
research. The left diagram illustrates the clustering of cited journals representing cutting-
edge knowledge, while the right diagram showcases clusters of journals associated with
fundamental research. Journal clusters from diverse disciplines are distinguished by dif-
ferent colors and clustered using CiteSpace’s LLR algorithm [41]. For instance, in the left
diagram, physics and materials chemistry form a cluster encompassing physics, materials,
and chemistry-related journals. The undulating line depicts the changing trend in the
degree of close correlation between air pollution control research topics across multiple
disciplines within the dual-map superposition. The thickness of the line indicates the prox-
imity of the connection. As depicted in Figure 5, eight primary reference lines, comprising
two pink lines, five yellow lines, and one blue line, visually illustrate the interdisciplinary
connections among various disciplines within air pollution control research. Evidently,
Subject 3 (ecology, Earth, ocean), Subject 5 (physics, materials, chemistry), and Subject
7 (veterinary, animal science) emerge as dominant areas in the cited journals. This is
attributed to the fact that literature pertaining to air pollution control is predominantly
published in journals focusing on ecology, earth sciences, chemistry, and general science.
The cited journals are primarily distributed across Discipline 2 (Environmental Sciences;
Toxicology and Nutrition), Discipline 4 (Chemistry; Materials; Physics), Discipline 7 (Psy-
chology; Education; Sociology), and Discipline 8 (Molecular Biology; Dynamics). This
signifies that publications within this field frequently cite physics-oriented literature along
with chemistry-related studies encompassing materials science aspects. Furthermore, the
inclusion of environmental science research articles highlights a comprehensive approach
towards air pollution control.
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3.4. Journals

According to the VOSviewer analysis, journal publication status is illustrated in
Figure 6. As depicted in Table 2, the top 10 journals accounted for 46.504% of the total
literature pertaining to air pollution control research. SCIENCE OF THE TOTAL ENVI-
RONMENT ranked first with 368 articles, representing 11.627%. This was followed by
JOURNAL OF CLEANER PRODUCTION and ATMOSPHERIC ENVIRONMENT with
236 and 221 publications, respectively, accounting for 7.456% and 6.982%. In fourth and
fifth positions were ENVIRONMENTAL SCIENCE AND POLLUTION RESEARCH and
ATMOSPHERIC CHEMISTRY AND PHYSICS, contributing 151 and 138 articles, respec-
tively, corresponding to proportions of 4.77% and 4.36%. Additionally, each journal ranked
between sixth and tenth published over sixty articles, including ENVIRONMENTAL
POLLUTION, INTERNATIONAL JOURNAL OF ENVIRONMENTAL RESEARCH AND
PUBLIC HEALTH, SUSTAINABILITY, ENVIRONMENTAL SCIENCE & TECHNOLOGY,
and ATMOSPHERE. According to the ranking results, the journals that publish more pa-
pers in the field of air pollution control are mainly concentrated in environmental science,
engineering, atmospheric science, and chemistry, which aligns well with the discipline
analysis findings.
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Table 2. Top ten journals with the most publications related to air pollution control.

Journals Publication Numbers Rate%

Science of the Total Environment 368 11.627%
Journal of Cleaner Production 236 7.456%

Atmospheric Environment 221 6.982%
Environmental Science and Pollution Research 151 4.770%

Atmospheric Chemistry and Physics 138 4.360%
Environmental Pollution 92 2.906%

International Journal of Environmental Research
and Public Health 71 2.243%

Sustainability 66 2.085%
Environmental Science & Technology 65 2.053%

Atmosphere 64 2.022%

3.5. Co-Citation Network Analysis of References

Reference co-citation involves the simultaneous citation of multiple studies in a single
paper to demonstrate the correlation and interconnectedness between these works [42].
In co-citation clustering analysis, CiteSpace uses the spectral clustering method to cluster
keywords, clustering closely related keywords together to form different clusters. Each
cluster represents a research topic or direction. By analyzing the number and size of clusters,
we can understand research hotspots and trends in subject areas.

This analytical approach aids in uncovering underlying knowledge structures and
emerging trends within the academic domain. CiteSpace utilizes threshold levels to filter
data and identify the most significant networks within each time slice. Figure 7 illustrates
the results of visual pruning using “Pathfinder” and “Pruning networks”, with “reference”
selected as the node type, a one-year time slice, and dg-index (k = 5). A noun phrase is
extracted from the article keyword list (k) as a clustering label based on log-likelihood
ratio (LLR) function. Table 3 presents cluster characteristics, while Figure 6 displays the
clustering view of the co-citation network. Notably, this figure exhibits a modularity value
of 0.8674, surpassing the set threshold of 0.3, indicating a strong fit. Furthermore, the
top 10 clusters identified in the study on air pollution control encompassed various as-
pects, such as clean air (#0), PM2.5 concentration (#1), diesel emissions (#2), an air quality
prediction model system (#3), mercury salt (#4), IMED model (#5), argon–oxygen decar-
bonization (#6), health benefits (#7), Global Land actual EvAPOtranspiration dataset (#8),
and meteorological conditions (#9). Specifically, Cluster 3 (air quality prediction model
system), Cluster 5 (IMED model), and Cluster 8 (Global Land EvAPOtranspiration dataset)
were found to be closely associated with the analysis of mechanisms for controlling air
pollution [43–45]. In terms of regional integrated air pollution control strategies, Cluster
0 (clean air), Cluster 1 (PM2.5 concentration), and Cluster 9 (meteorological conditions)
were considered [46–50]. For the treatment of residues from air pollution control measures,
involvement was observed in Cluster 2 (diesel emissions), Cluster 4 (mercury salts), and
Cluster 6 (argon–oxygen decarbonization) [51–55].

The keyword timeline depicted in Figure 8 is utilized to depict the primary research
content of a specific research topic over time, showcasing the research trend within a given
timeframe. In the timeline view, by showing keywords and clusters at different points in
time, you can reveal research trends in subject areas. By analyzing the timeline view, we
can observe the evolution of research topics as well as the emergence and disappearance of
emerging topics.
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Table 3. Cluster information for co-citation network analysis of literature related to air pollution control.

Cluster No. Size Silhouette Mean (Year) Cluster LLR

#0 38 0.964 2019 Ozone
#1 35 0.95 2013 PM2.5 concentrations
#2 32 0.973 2020 Diesel exhaust
#3 28 0.983 2017 Wrf–cmaq model
#4 25 0.956 2014 Mercury
#5 22 0.938 2015 Imed
#6 18 0.879 2017 Aod
#7 16 0.94 2015 Health benefits
#8 15 0.96 2018 Merra-2
#9 13 0.976 2017 Meteorological conditions

The timeline view exhibits a strong correlation with both the keyword cluster graph
and keyword emergence graph. The labels on the keyword timeline diagram represent the
main names of each keyword cluster, while the keywords corresponding to each period are
arranged chronologically to the left of their respective label names. CiteSpace software is
employed to generate annual time slices for constructing these keyword timeline graphs.
From a temporal perspective, during the initial stages of air pollution control, emphasis was
placed on PM2.5 research; however, as time progressed, scholars began shifting their focus
towards trans-regional joint air pollution control [56–58]. Furthermore, various system
models, such as air quality prediction model systems, IMED models, and Global Land
actual EvAPOtranspiration datasets have been extensively applied in economic, energy,
environmental, and climate policy analyses. These models provide scientific support
for relevant decision-making processes [59].As urbanization accelerates, municipal solid
waste continues to increase. Incineration represents one common method for disposing of
municipal solid waste; nevertheless, concerns arise regarding air pollution control residues
generated from incineration practices. Consequently, addressing these residues has become
an important issue that experts and scholars aim to explore further [60–62].
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3.6. Keyword Co-Occurrence Network Analysis
3.6.1. Analysis of Keyword Co-Occurrence Frequencies

The visualizations presented in Figure 9a,b, generated by CiteSpace and VOSviewer,
demonstrate the interdependence of keyword research. Through keyword co-occurrence
analysis, by counting the frequency of co-occurrence of keywords in the literature, the
degree of association between different keywords can be revealed. When two keywords
appear frequently in the same literature, it indicates that there is a strong correlation
between them, which may represent a research topic or direction. This analysis method can
help us quickly identify research hotspots in subject areas.

In CiteSpace, we selected “Keyword” as the node type and described nodes as key-
words with lines representing their symbiotic relationship. The size of the year ring node is
proportional to the frequency of keyword occurrence. The color gradient of nodes from
center to edge represents changes in study keywords over time, where each time slice
equals one year and g index (k) is set at five. Conversely, in VOSviewer, we chose “Co-
occurrence” analysis for “Author Keywords”. We set a minimum frequency threshold at
seven; out of 8322 keywords analyzed, only 190 met this criterion (see Table 4 for details
of the top ten high-frequency keywords). Among them, “air pollution”, which appears
a total of 860 times as the core theme of this study, was most frequent. Other prominent
terms include “emission”, “air pollution control”, “impact”, “particulate matter”, “PM2.5”,
“quality”, “source apportionment”, “pollution”, and “model”. Regarding centrality among
mapping structures, “air pollution control” has highest centrality (0.29), followed by PM2.5
(0.23), “air quality” (0.18), “particulate matter” (0.17), “ozone” (0.11), and “model” (0.11).
These keywords play significant roles within relevant nodes. Through timeline and key-
word analyses, it can be concluded that current research on air pollution control primarily
focuses on controlling pollutant emissions at their sources while using system models to
quantitatively analyze economic, energy, environmental, and climate policies to provide
scientific support for relevant decisions.
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Table 4. Top ten high-frequency keywords in air pollution control research.

NO Keywords Frequency Centrality

1 air pollution 860 0.13
2 emission 373 0.11
3 air pollution control 343 0.29
4 impact 330 0.11
5 particulate matter 325 0.17
6 PM2.5 270 0.23
7 air quality 239 0.18
8 ozone 236 0.11
9 source apportionment 211 0.13
10 model 185 0.11

3.6.2. Analysis of Burst Keywords

Utilization of CiteSpace to conduct a burst analysis of keywords in the field of air
pollution control research unveils emerging trends, prominent topics, and significant events
or research subjects within specific academic domains. The burst detection feature is used
to identify research topics that have received sudden attention in a short period of time.
Burst detection can help us catch unexpected events or important developments in a subject
area. The extent of the red portion represents the duration of the burst.

In the forefront of air pollution control research, we have identified 10 significant
keywords, as presented in Table 5. These encompass “emissions”, “chemistry”, “spatial
and temporal patterns”, “dielectric barrier discharge”, “fly ash”, “dibenzo-p-dioxins”, “non-
thermal plasma”, “gaseous ammonia”, “environmental regulation”, and “anthropogenic
emissions”. The terms “emissions” and “chemistry” exhibited substantial bursts between
2003 and 2015. Since Professor Tang Xiaoyan first introduced the concept of the “air
pollution complex” in 1997, atmospheric chemistry research in China has experienced
remarkable progress and thrived over the past 25 years [63–65].

Table 5. Top 10 keywords with the strongest citation bursts in air pollution control research.

Keywords Year Strength Begin End 2000–2023

Emission 2003 12.16 2003 2015
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emissions problems to using system models to quantitatively analyze economic, energy, 
environmental, and climate policies to support relevant decisions. Keyword 
co-occurrence network analysis visualizes the research focus of air pollution control, 
which mainly includes source control of emissions, reduction of harmful emissions, and 
use of system models to forecast air pollution in order to take effective control measures. 

According to the identified research hotspots and trends, (1) CiteSpace and 
VOSviewer provide a comprehensive analysis and visualization of academic literature, 
and researchers can quickly understand the latest research trends and research priorities 
through functions such as hotspot analysis and citation network. This helps researchers 
better position their research areas and find partners within the field, discover new re-
search questions, and increase their academic impact. (2) By analyzing the research 
hotspots and trends in the field of air pollution control, policymakers can better under-
stand the development direction and key issues in the field so as to formulate more sci-
entific and reasonable policies and measures to deal with air pollution. They can guide 
the formulation and implementation of policies based on the conclusions and recom-
mendations of academic research and promote environmental protection and improve-
ment. (3) For practitioners involved in air pollution control, the analysis results of 
CiteSpace and VOSviewer can help them understand the latest technologies and meth-
ods and grasp the cutting-edge knowledge and development trends of the industry. This 
helps them improve their professional skills, improve their working methods, better re-
spond to air pollution, and protect the environment and human health. 

Speciation 2014 7.94 2014 2019

Atmosphere 2024, 15, x FOR PEER REVIEW 19 of 24 
 

 

Table 5. Top 10 keywords with the strongest citation bursts in air pollution control research. 

Keywords Year Strength Begin End 2000–2023 

Emission 2003 12.16 2003 2015  
Chemistry 2003 9.31 2003 2015  
Speciation 2014 7.94 2014 2019  

Dielectric barrier discharge 2014 6.89 2014 2019  
Fly ash 2013 14.52 2013 2018  

Dibenzo-p-dioxin 2014 6.55 2014 2019  
Nonthermal plasma 2015 6.63 2015 2019  

NH3 2022 7.57 2022 2023  
Environmental regulation 2022 7.33 2022 2023  
Anthropogenic emission 2019 8.4 2022 2023  

4. Conclusions 
Based on CiteSpace and VOSviewer knowledge graph tools, we conducted a com-

prehensive analysis of air pollution control research and built a comprehensive 
knowledge framework for the field. This analysis draws several important conclusions: 
(1) Air pollution control research is mainly concentrated in China, the United States, 
Taiwan, Canada, and European countries. It is worth noting that China is at the forefront 
of global progress in this field, with its rich research output and excellent research insti-
tutions. (2) From the perspective of disciplinary distribution, air pollution control has 
become an interdisciplinary study, mainly involving six fields: chemistry, physics, envi-
ronmental science, materials science, toxicology, and sociology. Its interdisciplinary na-
ture enables it to achieve multiple uses and significant advances in multiple directions. 
(3) Cluster analysis of keywords used in literature references and publications shows 
that there are different stages in the field of air pollution control, from how to solve 
emissions problems to using system models to quantitatively analyze economic, energy, 
environmental, and climate policies to support relevant decisions. Keyword 
co-occurrence network analysis visualizes the research focus of air pollution control, 
which mainly includes source control of emissions, reduction of harmful emissions, and 
use of system models to forecast air pollution in order to take effective control measures. 

According to the identified research hotspots and trends, (1) CiteSpace and 
VOSviewer provide a comprehensive analysis and visualization of academic literature, 
and researchers can quickly understand the latest research trends and research priorities 
through functions such as hotspot analysis and citation network. This helps researchers 
better position their research areas and find partners within the field, discover new re-
search questions, and increase their academic impact. (2) By analyzing the research 
hotspots and trends in the field of air pollution control, policymakers can better under-
stand the development direction and key issues in the field so as to formulate more sci-
entific and reasonable policies and measures to deal with air pollution. They can guide 
the formulation and implementation of policies based on the conclusions and recom-
mendations of academic research and promote environmental protection and improve-
ment. (3) For practitioners involved in air pollution control, the analysis results of 
CiteSpace and VOSviewer can help them understand the latest technologies and meth-
ods and grasp the cutting-edge knowledge and development trends of the industry. This 
helps them improve their professional skills, improve their working methods, better re-
spond to air pollution, and protect the environment and human health. 

Dielectric barrier discharge 2014 6.89 2014 2019

Atmosphere 2024, 15, x FOR PEER REVIEW 19 of 24 
 

 

Table 5. Top 10 keywords with the strongest citation bursts in air pollution control research. 

Keywords Year Strength Begin End 2000–2023 

Emission 2003 12.16 2003 2015  
Chemistry 2003 9.31 2003 2015  
Speciation 2014 7.94 2014 2019  

Dielectric barrier discharge 2014 6.89 2014 2019  
Fly ash 2013 14.52 2013 2018  

Dibenzo-p-dioxin 2014 6.55 2014 2019  
Nonthermal plasma 2015 6.63 2015 2019  

NH3 2022 7.57 2022 2023  
Environmental regulation 2022 7.33 2022 2023  
Anthropogenic emission 2019 8.4 2022 2023  

4. Conclusions 
Based on CiteSpace and VOSviewer knowledge graph tools, we conducted a com-

prehensive analysis of air pollution control research and built a comprehensive 
knowledge framework for the field. This analysis draws several important conclusions: 
(1) Air pollution control research is mainly concentrated in China, the United States, 
Taiwan, Canada, and European countries. It is worth noting that China is at the forefront 
of global progress in this field, with its rich research output and excellent research insti-
tutions. (2) From the perspective of disciplinary distribution, air pollution control has 
become an interdisciplinary study, mainly involving six fields: chemistry, physics, envi-
ronmental science, materials science, toxicology, and sociology. Its interdisciplinary na-
ture enables it to achieve multiple uses and significant advances in multiple directions. 
(3) Cluster analysis of keywords used in literature references and publications shows 
that there are different stages in the field of air pollution control, from how to solve 
emissions problems to using system models to quantitatively analyze economic, energy, 
environmental, and climate policies to support relevant decisions. Keyword 
co-occurrence network analysis visualizes the research focus of air pollution control, 
which mainly includes source control of emissions, reduction of harmful emissions, and 
use of system models to forecast air pollution in order to take effective control measures. 

According to the identified research hotspots and trends, (1) CiteSpace and 
VOSviewer provide a comprehensive analysis and visualization of academic literature, 
and researchers can quickly understand the latest research trends and research priorities 
through functions such as hotspot analysis and citation network. This helps researchers 
better position their research areas and find partners within the field, discover new re-
search questions, and increase their academic impact. (2) By analyzing the research 
hotspots and trends in the field of air pollution control, policymakers can better under-
stand the development direction and key issues in the field so as to formulate more sci-
entific and reasonable policies and measures to deal with air pollution. They can guide 
the formulation and implementation of policies based on the conclusions and recom-
mendations of academic research and promote environmental protection and improve-
ment. (3) For practitioners involved in air pollution control, the analysis results of 
CiteSpace and VOSviewer can help them understand the latest technologies and meth-
ods and grasp the cutting-edge knowledge and development trends of the industry. This 
helps them improve their professional skills, improve their working methods, better re-
spond to air pollution, and protect the environment and human health. 

Fly ash 2013 14.52 2013 2018

Atmosphere 2024, 15, x FOR PEER REVIEW 19 of 24 
 

 

Table 5. Top 10 keywords with the strongest citation bursts in air pollution control research. 

Keywords Year Strength Begin End 2000–2023 

Emission 2003 12.16 2003 2015  
Chemistry 2003 9.31 2003 2015  
Speciation 2014 7.94 2014 2019  

Dielectric barrier discharge 2014 6.89 2014 2019  
Fly ash 2013 14.52 2013 2018  

Dibenzo-p-dioxin 2014 6.55 2014 2019  
Nonthermal plasma 2015 6.63 2015 2019  

NH3 2022 7.57 2022 2023  
Environmental regulation 2022 7.33 2022 2023  
Anthropogenic emission 2019 8.4 2022 2023  

4. Conclusions 
Based on CiteSpace and VOSviewer knowledge graph tools, we conducted a com-

prehensive analysis of air pollution control research and built a comprehensive 
knowledge framework for the field. This analysis draws several important conclusions: 
(1) Air pollution control research is mainly concentrated in China, the United States, 
Taiwan, Canada, and European countries. It is worth noting that China is at the forefront 
of global progress in this field, with its rich research output and excellent research insti-
tutions. (2) From the perspective of disciplinary distribution, air pollution control has 
become an interdisciplinary study, mainly involving six fields: chemistry, physics, envi-
ronmental science, materials science, toxicology, and sociology. Its interdisciplinary na-
ture enables it to achieve multiple uses and significant advances in multiple directions. 
(3) Cluster analysis of keywords used in literature references and publications shows 
that there are different stages in the field of air pollution control, from how to solve 
emissions problems to using system models to quantitatively analyze economic, energy, 
environmental, and climate policies to support relevant decisions. Keyword 
co-occurrence network analysis visualizes the research focus of air pollution control, 
which mainly includes source control of emissions, reduction of harmful emissions, and 
use of system models to forecast air pollution in order to take effective control measures. 

According to the identified research hotspots and trends, (1) CiteSpace and 
VOSviewer provide a comprehensive analysis and visualization of academic literature, 
and researchers can quickly understand the latest research trends and research priorities 
through functions such as hotspot analysis and citation network. This helps researchers 
better position their research areas and find partners within the field, discover new re-
search questions, and increase their academic impact. (2) By analyzing the research 
hotspots and trends in the field of air pollution control, policymakers can better under-
stand the development direction and key issues in the field so as to formulate more sci-
entific and reasonable policies and measures to deal with air pollution. They can guide 
the formulation and implementation of policies based on the conclusions and recom-
mendations of academic research and promote environmental protection and improve-
ment. (3) For practitioners involved in air pollution control, the analysis results of 
CiteSpace and VOSviewer can help them understand the latest technologies and meth-
ods and grasp the cutting-edge knowledge and development trends of the industry. This 
helps them improve their professional skills, improve their working methods, better re-
spond to air pollution, and protect the environment and human health. 

Dibenzo-p-dioxin 2014 6.55 2014 2019

Atmosphere 2024, 15, x FOR PEER REVIEW 19 of 24 
 

 

Table 5. Top 10 keywords with the strongest citation bursts in air pollution control research. 

Keywords Year Strength Begin End 2000–2023 

Emission 2003 12.16 2003 2015  
Chemistry 2003 9.31 2003 2015  
Speciation 2014 7.94 2014 2019  

Dielectric barrier discharge 2014 6.89 2014 2019  
Fly ash 2013 14.52 2013 2018  

Dibenzo-p-dioxin 2014 6.55 2014 2019  
Nonthermal plasma 2015 6.63 2015 2019  

NH3 2022 7.57 2022 2023  
Environmental regulation 2022 7.33 2022 2023  
Anthropogenic emission 2019 8.4 2022 2023  

4. Conclusions 
Based on CiteSpace and VOSviewer knowledge graph tools, we conducted a com-

prehensive analysis of air pollution control research and built a comprehensive 
knowledge framework for the field. This analysis draws several important conclusions: 
(1) Air pollution control research is mainly concentrated in China, the United States, 
Taiwan, Canada, and European countries. It is worth noting that China is at the forefront 
of global progress in this field, with its rich research output and excellent research insti-
tutions. (2) From the perspective of disciplinary distribution, air pollution control has 
become an interdisciplinary study, mainly involving six fields: chemistry, physics, envi-
ronmental science, materials science, toxicology, and sociology. Its interdisciplinary na-
ture enables it to achieve multiple uses and significant advances in multiple directions. 
(3) Cluster analysis of keywords used in literature references and publications shows 
that there are different stages in the field of air pollution control, from how to solve 
emissions problems to using system models to quantitatively analyze economic, energy, 
environmental, and climate policies to support relevant decisions. Keyword 
co-occurrence network analysis visualizes the research focus of air pollution control, 
which mainly includes source control of emissions, reduction of harmful emissions, and 
use of system models to forecast air pollution in order to take effective control measures. 

According to the identified research hotspots and trends, (1) CiteSpace and 
VOSviewer provide a comprehensive analysis and visualization of academic literature, 
and researchers can quickly understand the latest research trends and research priorities 
through functions such as hotspot analysis and citation network. This helps researchers 
better position their research areas and find partners within the field, discover new re-
search questions, and increase their academic impact. (2) By analyzing the research 
hotspots and trends in the field of air pollution control, policymakers can better under-
stand the development direction and key issues in the field so as to formulate more sci-
entific and reasonable policies and measures to deal with air pollution. They can guide 
the formulation and implementation of policies based on the conclusions and recom-
mendations of academic research and promote environmental protection and improve-
ment. (3) For practitioners involved in air pollution control, the analysis results of 
CiteSpace and VOSviewer can help them understand the latest technologies and meth-
ods and grasp the cutting-edge knowledge and development trends of the industry. This 
helps them improve their professional skills, improve their working methods, better re-
spond to air pollution, and protect the environment and human health. 

Nonthermal plasma 2015 6.63 2015 2019

Atmosphere 2024, 15, x FOR PEER REVIEW 19 of 24 
 

 

Table 5. Top 10 keywords with the strongest citation bursts in air pollution control research. 

Keywords Year Strength Begin End 2000–2023 

Emission 2003 12.16 2003 2015  
Chemistry 2003 9.31 2003 2015  
Speciation 2014 7.94 2014 2019  

Dielectric barrier discharge 2014 6.89 2014 2019  
Fly ash 2013 14.52 2013 2018  

Dibenzo-p-dioxin 2014 6.55 2014 2019  
Nonthermal plasma 2015 6.63 2015 2019  

NH3 2022 7.57 2022 2023  
Environmental regulation 2022 7.33 2022 2023  
Anthropogenic emission 2019 8.4 2022 2023  

4. Conclusions 
Based on CiteSpace and VOSviewer knowledge graph tools, we conducted a com-

prehensive analysis of air pollution control research and built a comprehensive 
knowledge framework for the field. This analysis draws several important conclusions: 
(1) Air pollution control research is mainly concentrated in China, the United States, 
Taiwan, Canada, and European countries. It is worth noting that China is at the forefront 
of global progress in this field, with its rich research output and excellent research insti-
tutions. (2) From the perspective of disciplinary distribution, air pollution control has 
become an interdisciplinary study, mainly involving six fields: chemistry, physics, envi-
ronmental science, materials science, toxicology, and sociology. Its interdisciplinary na-
ture enables it to achieve multiple uses and significant advances in multiple directions. 
(3) Cluster analysis of keywords used in literature references and publications shows 
that there are different stages in the field of air pollution control, from how to solve 
emissions problems to using system models to quantitatively analyze economic, energy, 
environmental, and climate policies to support relevant decisions. Keyword 
co-occurrence network analysis visualizes the research focus of air pollution control, 
which mainly includes source control of emissions, reduction of harmful emissions, and 
use of system models to forecast air pollution in order to take effective control measures. 

According to the identified research hotspots and trends, (1) CiteSpace and 
VOSviewer provide a comprehensive analysis and visualization of academic literature, 
and researchers can quickly understand the latest research trends and research priorities 
through functions such as hotspot analysis and citation network. This helps researchers 
better position their research areas and find partners within the field, discover new re-
search questions, and increase their academic impact. (2) By analyzing the research 
hotspots and trends in the field of air pollution control, policymakers can better under-
stand the development direction and key issues in the field so as to formulate more sci-
entific and reasonable policies and measures to deal with air pollution. They can guide 
the formulation and implementation of policies based on the conclusions and recom-
mendations of academic research and promote environmental protection and improve-
ment. (3) For practitioners involved in air pollution control, the analysis results of 
CiteSpace and VOSviewer can help them understand the latest technologies and meth-
ods and grasp the cutting-edge knowledge and development trends of the industry. This 
helps them improve their professional skills, improve their working methods, better re-
spond to air pollution, and protect the environment and human health. 

NH3 2022 7.57 2022 2023

Atmosphere 2024, 15, x FOR PEER REVIEW 19 of 24 
 

 

Table 5. Top 10 keywords with the strongest citation bursts in air pollution control research. 

Keywords Year Strength Begin End 2000–2023 

Emission 2003 12.16 2003 2015  
Chemistry 2003 9.31 2003 2015  
Speciation 2014 7.94 2014 2019  

Dielectric barrier discharge 2014 6.89 2014 2019  
Fly ash 2013 14.52 2013 2018  

Dibenzo-p-dioxin 2014 6.55 2014 2019  
Nonthermal plasma 2015 6.63 2015 2019  

NH3 2022 7.57 2022 2023  
Environmental regulation 2022 7.33 2022 2023  
Anthropogenic emission 2019 8.4 2022 2023  

4. Conclusions 
Based on CiteSpace and VOSviewer knowledge graph tools, we conducted a com-

prehensive analysis of air pollution control research and built a comprehensive 
knowledge framework for the field. This analysis draws several important conclusions: 
(1) Air pollution control research is mainly concentrated in China, the United States, 
Taiwan, Canada, and European countries. It is worth noting that China is at the forefront 
of global progress in this field, with its rich research output and excellent research insti-
tutions. (2) From the perspective of disciplinary distribution, air pollution control has 
become an interdisciplinary study, mainly involving six fields: chemistry, physics, envi-
ronmental science, materials science, toxicology, and sociology. Its interdisciplinary na-
ture enables it to achieve multiple uses and significant advances in multiple directions. 
(3) Cluster analysis of keywords used in literature references and publications shows 
that there are different stages in the field of air pollution control, from how to solve 
emissions problems to using system models to quantitatively analyze economic, energy, 
environmental, and climate policies to support relevant decisions. Keyword 
co-occurrence network analysis visualizes the research focus of air pollution control, 
which mainly includes source control of emissions, reduction of harmful emissions, and 
use of system models to forecast air pollution in order to take effective control measures. 

According to the identified research hotspots and trends, (1) CiteSpace and 
VOSviewer provide a comprehensive analysis and visualization of academic literature, 
and researchers can quickly understand the latest research trends and research priorities 
through functions such as hotspot analysis and citation network. This helps researchers 
better position their research areas and find partners within the field, discover new re-
search questions, and increase their academic impact. (2) By analyzing the research 
hotspots and trends in the field of air pollution control, policymakers can better under-
stand the development direction and key issues in the field so as to formulate more sci-
entific and reasonable policies and measures to deal with air pollution. They can guide 
the formulation and implementation of policies based on the conclusions and recom-
mendations of academic research and promote environmental protection and improve-
ment. (3) For practitioners involved in air pollution control, the analysis results of 
CiteSpace and VOSviewer can help them understand the latest technologies and meth-
ods and grasp the cutting-edge knowledge and development trends of the industry. This 
helps them improve their professional skills, improve their working methods, better re-
spond to air pollution, and protect the environment and human health. 

Environmental regulation 2022 7.33 2022 2023

Atmosphere 2024, 15, x FOR PEER REVIEW 19 of 24 
 

 

Table 5. Top 10 keywords with the strongest citation bursts in air pollution control research. 

Keywords Year Strength Begin End 2000–2023 

Emission 2003 12.16 2003 2015  
Chemistry 2003 9.31 2003 2015  
Speciation 2014 7.94 2014 2019  

Dielectric barrier discharge 2014 6.89 2014 2019  
Fly ash 2013 14.52 2013 2018  

Dibenzo-p-dioxin 2014 6.55 2014 2019  
Nonthermal plasma 2015 6.63 2015 2019  

NH3 2022 7.57 2022 2023  
Environmental regulation 2022 7.33 2022 2023  
Anthropogenic emission 2019 8.4 2022 2023  

4. Conclusions 
Based on CiteSpace and VOSviewer knowledge graph tools, we conducted a com-

prehensive analysis of air pollution control research and built a comprehensive 
knowledge framework for the field. This analysis draws several important conclusions: 
(1) Air pollution control research is mainly concentrated in China, the United States, 
Taiwan, Canada, and European countries. It is worth noting that China is at the forefront 
of global progress in this field, with its rich research output and excellent research insti-
tutions. (2) From the perspective of disciplinary distribution, air pollution control has 
become an interdisciplinary study, mainly involving six fields: chemistry, physics, envi-
ronmental science, materials science, toxicology, and sociology. Its interdisciplinary na-
ture enables it to achieve multiple uses and significant advances in multiple directions. 
(3) Cluster analysis of keywords used in literature references and publications shows 
that there are different stages in the field of air pollution control, from how to solve 
emissions problems to using system models to quantitatively analyze economic, energy, 
environmental, and climate policies to support relevant decisions. Keyword 
co-occurrence network analysis visualizes the research focus of air pollution control, 
which mainly includes source control of emissions, reduction of harmful emissions, and 
use of system models to forecast air pollution in order to take effective control measures. 

According to the identified research hotspots and trends, (1) CiteSpace and 
VOSviewer provide a comprehensive analysis and visualization of academic literature, 
and researchers can quickly understand the latest research trends and research priorities 
through functions such as hotspot analysis and citation network. This helps researchers 
better position their research areas and find partners within the field, discover new re-
search questions, and increase their academic impact. (2) By analyzing the research 
hotspots and trends in the field of air pollution control, policymakers can better under-
stand the development direction and key issues in the field so as to formulate more sci-
entific and reasonable policies and measures to deal with air pollution. They can guide 
the formulation and implementation of policies based on the conclusions and recom-
mendations of academic research and promote environmental protection and improve-
ment. (3) For practitioners involved in air pollution control, the analysis results of 
CiteSpace and VOSviewer can help them understand the latest technologies and meth-
ods and grasp the cutting-edge knowledge and development trends of the industry. This 
helps them improve their professional skills, improve their working methods, better re-
spond to air pollution, and protect the environment and human health. 

Anthropogenic emission 2019 8.4 2022 2023

Atmosphere 2024, 15, x FOR PEER REVIEW 19 of 24 
 

 

Table 5. Top 10 keywords with the strongest citation bursts in air pollution control research. 

Keywords Year Strength Begin End 2000–2023 

Emission 2003 12.16 2003 2015  
Chemistry 2003 9.31 2003 2015  
Speciation 2014 7.94 2014 2019  

Dielectric barrier discharge 2014 6.89 2014 2019  
Fly ash 2013 14.52 2013 2018  

Dibenzo-p-dioxin 2014 6.55 2014 2019  
Nonthermal plasma 2015 6.63 2015 2019  

NH3 2022 7.57 2022 2023  
Environmental regulation 2022 7.33 2022 2023  
Anthropogenic emission 2019 8.4 2022 2023  

4. Conclusions 
Based on CiteSpace and VOSviewer knowledge graph tools, we conducted a com-

prehensive analysis of air pollution control research and built a comprehensive 
knowledge framework for the field. This analysis draws several important conclusions: 
(1) Air pollution control research is mainly concentrated in China, the United States, 
Taiwan, Canada, and European countries. It is worth noting that China is at the forefront 
of global progress in this field, with its rich research output and excellent research insti-
tutions. (2) From the perspective of disciplinary distribution, air pollution control has 
become an interdisciplinary study, mainly involving six fields: chemistry, physics, envi-
ronmental science, materials science, toxicology, and sociology. Its interdisciplinary na-
ture enables it to achieve multiple uses and significant advances in multiple directions. 
(3) Cluster analysis of keywords used in literature references and publications shows 
that there are different stages in the field of air pollution control, from how to solve 
emissions problems to using system models to quantitatively analyze economic, energy, 
environmental, and climate policies to support relevant decisions. Keyword 
co-occurrence network analysis visualizes the research focus of air pollution control, 
which mainly includes source control of emissions, reduction of harmful emissions, and 
use of system models to forecast air pollution in order to take effective control measures. 

According to the identified research hotspots and trends, (1) CiteSpace and 
VOSviewer provide a comprehensive analysis and visualization of academic literature, 
and researchers can quickly understand the latest research trends and research priorities 
through functions such as hotspot analysis and citation network. This helps researchers 
better position their research areas and find partners within the field, discover new re-
search questions, and increase their academic impact. (2) By analyzing the research 
hotspots and trends in the field of air pollution control, policymakers can better under-
stand the development direction and key issues in the field so as to formulate more sci-
entific and reasonable policies and measures to deal with air pollution. They can guide 
the formulation and implementation of policies based on the conclusions and recom-
mendations of academic research and promote environmental protection and improve-
ment. (3) For practitioners involved in air pollution control, the analysis results of 
CiteSpace and VOSviewer can help them understand the latest technologies and meth-
ods and grasp the cutting-edge knowledge and development trends of the industry. This 
helps them improve their professional skills, improve their working methods, better re-
spond to air pollution, and protect the environment and human health. 

The keywords “fly ash”, “dibenzo-p-dioxins”, and “non-thermal plasma” have ex-
hibited significant exponential growth between 2014 and 2020. Emissions resulting from
the incomplete combustion of fossil fuels have severely contaminated the environment.
As an industrial waste, fly ash can give rise to various environmental issues if released
into the atmosphere. However, extensive research conducted by experts and scholars has
revealed that due to its unique characteristics, such as high porosity and large specific
surface area [50,66], fly ash can serve as a cost-effective and efficient adsorbent for treating
environmental pollutants. Moreover, some scholars have utilized nanofiber technology to
fabricate multifunctional composite materials incorporating fly ash in order to mitigate
air and water pollution, demonstrating promising future prospects [67]. The presence of
volatile organic compounds (VOCs), specifically polychlorinated dibenzo-p-dioxins, in
solid waste incineration facilities poses hazards to both human health and the environ-
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ment. To eliminate these organic compounds, non-thermal plasma (NTP) has emerged as
a successful technology choice capable of effectively converting VOCs even at low con-
centrations. Experimental results indicate that combining NTP with a catalytic system for
VOC conversion represents a truly sustainable approach with considerable potential for
the future [68].

Between 2014 and 2019, studies on air pollution control have highlighted the signifi-
cance of understanding the spatiotemporal patterns of outbreaks for comprehending their
transmission mechanisms and formulating effective environmental policies. By quantifying
spatial patterns and movements of air pollution at annual, daily, and hourly scales, it
becomes possible to gain a better insight into potential driving factors [69–71].

The phenomenon of dielectric barrier discharge emerged between 2014 and 2019, while
the combustion process accounts for approximately 80% of the energy utilized in our daily
lives and industrial production. However, conventional combustion technologies suffer
from low-efficiency issues, resulting in energy wastage and severe environmental pollution.
To address this challenge and enhance combustion efficiency, experts and scholars have
proposed a non-equilibrium plasma-assisted combustion method based on dielectric barrier
discharge [24,72].

The significance of gaseous ammonia production, along with PM2.5 and its combi-
nation with acidic gases to form ammonium salts, in contributing to regional and global
air pollution has only been acknowledged since 2020. Several studies have demonstrated
that controlling gaseous ammonia emissions can effectively enhance urban air quality.
However, due to variations in techniques and detection methods, uncertainties exist in the
observation results. Therefore, accurately and comprehensively evaluating the temporal
and spatial characteristics of gaseous ammonia has become a highly prioritized topic within
the field of ecological environment [73–75].

Air pollution is a critical bottleneck that hampers economic and social development,
with man-made emissions persisting since 2022. Addressing this pollution issue through
effective environmental regulations has become a pivotal research topic of interest to both
academia and government circles [76–78].

4. Conclusions

Based on CiteSpace and VOSviewer knowledge graph tools, we conducted a compre-
hensive analysis of air pollution control research and built a comprehensive knowledge
framework for the field. This analysis draws several important conclusions: (1) Air pollu-
tion control research is mainly concentrated in China, the United States, Taiwan, Canada,
and European countries. It is worth noting that China is at the forefront of global progress in
this field, with its rich research output and excellent research institutions. (2) From the per-
spective of disciplinary distribution, air pollution control has become an interdisciplinary
study, mainly involving six fields: chemistry, physics, environmental science, materials
science, toxicology, and sociology. Its interdisciplinary nature enables it to achieve multiple
uses and significant advances in multiple directions. (3) Cluster analysis of keywords used
in literature references and publications shows that there are different stages in the field
of air pollution control, from how to solve emissions problems to using system models to
quantitatively analyze economic, energy, environmental, and climate policies to support
relevant decisions. Keyword co-occurrence network analysis visualizes the research focus
of air pollution control, which mainly includes source control of emissions, reduction of
harmful emissions, and use of system models to forecast air pollution in order to take
effective control measures.

According to the identified research hotspots and trends, (1) CiteSpace and VOSviewer
provide a comprehensive analysis and visualization of academic literature, and researchers
can quickly understand the latest research trends and research priorities through functions
such as hotspot analysis and citation network. This helps researchers better position their
research areas and find partners within the field, discover new research questions, and
increase their academic impact. (2) By analyzing the research hotspots and trends in the



Atmosphere 2024, 15, 630 18 of 22

field of air pollution control, policymakers can better understand the development direction
and key issues in the field so as to formulate more scientific and reasonable policies and
measures to deal with air pollution. They can guide the formulation and implementation
of policies based on the conclusions and recommendations of academic research and
promote environmental protection and improvement. (3) For practitioners involved in
air pollution control, the analysis results of CiteSpace and VOSviewer can help them
understand the latest technologies and methods and grasp the cutting-edge knowledge
and development trends of the industry. This helps them improve their professional
skills, improve their working methods, better respond to air pollution, and protect the
environment and human health.

5. Perspectives

In recent years, there has been an exponential increase in research on air pollution
control globally, reflecting a growing concern for addressing air quality issues. This trend
is not only a response to the increasingly severe environmental conditions but also the
result of continued efforts by governments and organizations worldwide to formulate and
implement air quality management measures. With rapid urbanization and industrializa-
tion, the impact of air pollution on human health and the environment has become more
severe, making monitoring and controlling air quality increasingly important. This trend
not only reflects the urgent need for clean air among the public but also promotes global
research cooperation and exchange on air pollution control, laying a foundation for future
environmental protection and sustainable development. Although aspects of air pollution
control are current research hotspots, there are still some challenges to overcome.

Firstly, the need to strengthen interdisciplinary cooperation: research on air pollution
control is increasingly involving multiple disciplines such as chemistry, environmental
science, and engineering. This interdisciplinary collaboration promotes innovation and the
development of diverse solutions. Collaboration among experts and researchers from dif-
ferent disciplines has driven continuous advancements in air pollution control technology.
The interdisciplinary collaboration in fields such as chemistry, environmental science, and
engineering provides diverse perspectives and methods for research, helping to address
complex air pollution problems. This collaboration not only promotes the development
of the research field but also provides new ideas and directions for future environmental
protection and sustainable development.

Secondly, development of research methods: through bibliometric analysis, several
research hotspots in the field of air pollution control have been identified, including
new pollution control technologies, air quality monitoring and evaluation methods, and
others. These research hotspots provide important references for future research directions.
Research and application of new pollution control technologies can improve air quality and
reduce environmental pollution. The continuous improvement of air quality monitoring
and evaluation methods can provide a more accurate understanding of the sources and
distribution of air pollution, providing a scientific basis for the formulation of effective
air quality management policies. The development of these research hotspots will drive
progress in the field of air pollution control and provide new ideas and methods for solving
air quality problems.

Thirdly, enhancing the research mechanism on atmospheric oxidation and aerosol
formation for pollution control: it is imperative to enhance research on the mechanisms un-
derlying atmospheric strong oxidation, the formation and growth of secondary aerosols, as
well as the interaction between cross-regional pollutant transport and weather/climate phe-
nomena. Emphasis should be placed on collaborative measures for PM2.5 and NH3 control,
breakthroughs in quantitatively characterizing atmospheric oxidation processes driving
air pollution formation, and the establishment of a high-resolution emission inventory
database capable of accommodating global, regional, and urban multi-scale coupling.

Despite significant progress, air pollution control still faces many challenges, such
as technological costs, policy formulation, and implementation. Future research needs to
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focus on these challenges and propose innovative solutions. Technological costs are an
important challenge for air pollution control, so it is necessary to continuously improve the
efficiency of technology and reduce costs, and promote clean energy and environmental
protection technologies. In summary, the field of global research on air pollution control is
currently witnessing exponential growth, which reflects the increasing concerns regarding
air quality management. This emerging trend is fostering interdisciplinary collaboration,
driving the development of diverse solutions, and highlighting crucial areas for future
exploration in research.
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