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Abstract

In this paper, CiteSpace, a bibliometrics software, was adopted to collect re-
search papers published on the Web of Science, which are relevant to biolog-
ical model and effluent quality prediction in activated sludge process in the
wastewater treatment. By the way of trend map, keyword knowledge map,
and co-cited knowledge map, specific visualization analysis and identification
of the authors, institutions and regions were concluded. Furthermore, the
topics and hotspots of water quality prediction in activated sludge process
through the literature-co-citation-based cluster analysis and literature citation
burst analysis were also determined, which not only reflected the historical
evolution progress to a certain extent, but also provided the direction and in-
sight of the knowledge structure of water quality prediction and activated
sludge process for future research.

Keywords
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1. Introduction

The scientific knowledge graph is a bibliometric method first proposed by the
National Academy of Sciences in 2003, which focuses on scientific knowledge
as a quantitative research object. Through the drawing of the scientific know-
ledge graph, citation analysis is combined with data and information visualiza-
tion, and complex scientific knowledge fields are visualized through data min-
ing, information processing, knowledge measurement, and graphic drawing. The

scientific knowledge graph can visualize the development process and structural
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relationships of scientific knowledge, reveal the laws of scientific knowledge
and its activities and demonstrate the scientific relationship and evolution laws
of knowledge structure. The specific methods in scientific knowledge graph in-
clude citation analysis, co-citation analysis, co-word analysis, clustering analy-
sis, word frequency analysis, social network analysis, multidimensional scale anal-
ysis, and so on.

CiteSpace is currently an internationally recognized software for drawing scien-
tific knowledge graphs [1] [2] [3] [4] [5]. It is a scientific literature visualization
and analysis software developed in Java language, which can display information
such as authors, keywords, institutions in a certain field using scientific know-
ledge graphs. It is an important tool for drawing scientific knowledge graphs at
present.

Water quality prediction is an important application of automatic control
technology in the field of environmental protection, especially in the treatment
of wastewater. Wastewater treatment is a complex nonlinear process involving
physical, chemical, and biological processes. Although automatic water quality
detection instruments have been applied to a certain extent, they can only sum-
marize the situation that has already occurred and cannot predict future trends
or provide early warning for possible events. The existing ASM models in the
field of sewage treatment have complex modeling processes, and the assump-
tions and actual deviations are far from reality. The difficulty in solving mul-
ti-component nonlinear equation systems is an important factor limiting the
application of this series of ASM models. At the same time, sewage treatment
technologies are diverse and the principles are not the same. Therefore, the
complex physical, chemical, and biological processes, as well as the practical ap-
plication of existing models, are important challenges facing water quality pre-
diction at present.

The activated sludge process is a typical method of wastewater treatment, dis-
covered by Clark and Gage in the UK in 1912. The basic principle of activated
sludge process is the energy demand of suspended microbial communities dur-
ing growth and metabolism processes in wastewater, which requires mathemati-
cal models to understand deeply. On the other hand, computers, big data tech-
nology, mathematical simulation and artificial intelligence algorithms have more
and more application in the fields of water management and environmental
protection. Big data technology is an important method for abstracting regular
data from industrial processes, especially suitable for industrial processes with
relatively stable processes, especially the activated sludge process in popular se-
wage treatment. In big data technology, statistical analysis methods, neural net-
work-based methods, fuzzy mathematics methods, etc., have been applied. In
statistical analysis methods, based on the normalization analysis of continuous
online monitoring of water quality indicators, for sewage plants that are basically
stable in operation, it is possible to predict relatively close trend data and oper-
ating boundary conditions, and thus provide early warning for potential water

quality unqualified accidents.
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At the same time, the operation of sewage treatment plants requires a large
amount of data support through network and automation equipment (Wang
Shuaishuai, 2024). Although online monitoring equipment can present the cur-
rent situation and historical data, it cannot forecast the future change trend of
effluent. Therefore, water quality prediction becomes a very critical issue to cal-
culate and forecast the future trend of water quality using actual historical data
and mathematical models. It can forecast the future trend of water quality and
take some measures in advance to prevent water pollution.

In summary, the study aims to Modeling and analyzing the growth and me-
tabolism of microorganisms in the activated sludge process, as well as predicting
the effluent quality, play important roles to improve the treatment process and
ensure the stable operation of sewage plants. The international research progress
should be paid attention and learned deeply.

In this paper, CiteSpace software was adopted to quantitatively analyze the
knowledge graph of international research papers on water quality prediction
and activated sludge process. We can then accurately grasp the key ideas of for-
eign literature on the same time dimension, and point out new research hotspots
and future trend in the field of water quality prediction. It can conclude the
depth and breadth of research and provide effective insights for the future de-

velopment.

2. Methods

2.1. CiteSpace Introduction and Version

The scientific knowledge graph displays the development process and structural
relationships of complex scientific knowledge through data mining, information
processing, knowledge measurement, and graphic drawing, revealing scientific
knowledge and its activity patterns, and displaying the structural relationships
and evolution laws of knowledge.

The focus of the scientific knowledge graph is on the application of visualiza-
tion techniques that combine citation visualization, information visualization,
and computer technology in literature analysis. The research methods mainly
include citation analysis, co-citation analysis, co-word analysis, cluster analysis,
word frequency analysis, social network analysis, and multidimensional scale
analysis.

The version of CiteSpace in this paper is 6.2.R2. CiteSpace’s analysis mainly
involves the following aspects [6] [7] [8].

(1) Co-occurrence analysis

In a certain case, nodes and cooperative links between nodes can form a
co-occurrence graph. Keyword co-occurrence analysis is a process based on
co-occurrence graph. The number and size of nodes and the number of coopera-
tive links between nodes can be drawn as intuitive evidence for co-occurrence
analysis.

Generally, a circular node represents a keyword. The different color of the
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nodes’ annual ring structure represents the time when a keyword appears. The
size of a node depends on the occurrence frequency and the larger the node is,
the higher the frequency of keyword occurrence is. The thicker the cooperative
links between nodes are, the closer the connection between keywords are, and
the higher the frequency of keywords occurrence are.

(2) Cluster analysis

Keyword clustering is a clustering process which closely related keywords into
one category, and it can clearly indicate the research hotspots in a certain aca-
demic field or technology. Generally, module value Q and average contour value
S are the main indicators in cluster analysis.

(3) Timeline analysis

The main function of timeline analysis is to analyze the trend of keywords in
each clustering module over time. It can reveal the evolution law of a certain
technology and the relationship between clusters in a certain field. The more

nodes in a cluster are, the more important the clustering fields are.

2.2. Terms Definition and Data Extraction

We choose the publications of the Web of Science-Science Citation Index Ex-
panded (SCIE) and Social Science Citation Index (SSCI) (WoS) as the data
source. WoS is the premier, global, highly recognized, and reliable academic
publication database with multiple scientific fields. Specifically, we choose SCI
and SSCI because they are the core collections of WoS; publications in SCI and
SSCI enjoy higher quality and reputation compared with other databases or col-
lections, such as Engineering Index (EI) and Emerging Science Citation Index
(ESCI). Furthermore, they cover all the research topics among global scholars,
making research results more convincing and universal. Therefore, the results of
this study are authoritative, appropriate, and representative.

We collect the data until Feb 15, 2024, using the following search formula.

(1) Select Web of Science Core Collection—SCIE and SSCI.

(2) Topic = (“quality prediction”) AND Topic = (“activated sludge process™).

(3) Language = “English”, and the period = “2007 - 2024” (index date from
2007-01-01 to 2024-02-15).

(4) Document type = “Article” or “Review”.

The SCIE and SSCI we adopt cover representative research globally on quality
prediction and activated sludge process. Besides, we restrict the document lan-
guage to English for unified and practical analysis. Finally, 103 publications (da-
ta) for analysis.

There are several steps in this study as below:

(1) Statistical analysis: including the temporal distributions of publications on
quality prediction and activated sludge process and the category classification of
the publications. The statistical characteristics can display the knowledge foun-
dation of quality prediction and activated sludge process research.

(2) Collaboration analysis: including the author, institution, and region colla-

boration network analysis. Collaboration networks reveal the correlations of
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quality prediction and activated sludge process from multiple perspectives.

(3) Co-occurrence analysis: keywords co-occurred networks can reveal poten-
tial hotspots and trends for quality prediction and activated sludge process re-
search.

(4) Timeline analysis: analyzing the trend of keywords in each clustering mod-

ule over time.

3. Results and Discussions
3.1. Statistical Analysis

The annual distribution of publications aims to help us understand the research
outputs on quality prediction and activated sludge process. It explains the dy-
namics of quality prediction and activated sludge process research in the past
and helps scholars judge the future development status. Number of publications
and citations by years from 2007 to 2024 was shown in Figure 1. We can find
that the number of journal publications and citations were increasing with fluc-
tuations.

From the bar chart of publications number, it can be seen that the number of
publications steadily increased from 2007 to 2012, reaching the first peak in
2012. Between 2012 and 2017, there was a fluctuation, and it was not until 2017
that the second peak was reached in the number of publications. Since 2018, the
number of publications has remained relatively stable, reaching the third peak
only in 2022. The number of publications in other years has remained relatively
stable.

From the line chart of citation number, it can be seen that the trend of citation
number is basically similar to the publication number. Before 2022, it was in a
steady upward trend, and after 2022, citation number decreased significantly. In
conclusion, the rising trend proves that research about quality prediction and

activated sludge process is still prevalent.

— 400

a—0

Publications
[e ]
suonend

0
2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
Year

Figure 1. Number of publications and citations by years from 2007 to 2024.
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3.2. Collaboration Analysis

The collaboration networks are to understand the links between different au-
thors, institutions, and regions on quality prediction and activated sludge process.
Analyzing these collaboration links can help scholars understand the current re-
search correlations and seek potential cooperation partners. This study will es-
pecially investigate the core strength of the authors, institutions, and regions in
the effluent quality prediction and activated sludge process. Based on completing
the analysis of absolute values of publication number and citation number in
Section 2.1, this paper focused on three factors: authors, institutions, and regions

on quality prediction and activated sludge process.

3.2.1. Author Collaboration Network

The analysis process for the author was as follows: firstly, in CiteSpace software,
the search time span was set to 2007 to 2024, with a single time interval of 1 year.
All literature searched by the author was arranged, and authors who have pub-
lished more than or equal to 2 papers were listed in Table 1 in descending order.
Then a network relationship diagram between them was drawn as shown in

Figure 2.

Table 1. Author collaboration for more than one paper.

Rank Number of Papers  Centrality Year Authors
1 6 0.01 2009 Flores-alsina, Xavier
2 6 0.01 2008 Vanrolleghem, Peter A
3 4 0.00 2018 Barbusinski, Krzysztof
4 3 0.00 2020 Du, Xianjun
5 3 0.00 2009 Gernaey, Krist V
6 3 0.00 2022 Gernaey, Krist
7 3 0.00 2010 Benedetti, Lorenzo
8 3 0.00 2019 Dai, Hongliang
9 2 0.00 2022 Monje, Vicente
10 2 0.00 2018 Liu, Zheng
11 2 0.00 2014 Jeppsson, Ulf
12 2 0.00 2019 Chen, Wenliang
13 2 0.00 2022 Junicke, Helena
14 2 0.00 2022 Kjellberg, Kasper
15 2 0.00 2017 Al-omari, Ahmed
16 2 0.00 2010 Mannina, Giorgio
17 2 0.00 2018 Han, Hong-Gui
18 2 0.00 2019 He, Lei
19 2 0.00 2020 Szelag, Bartosz
20 2 0.00 2009 Rodriguez-roda, Ignasi
21 2 0.00 2010 Nopens, Ingmar
22 2 0.00 2016 Batstone, Damien ]
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Figure 2. Author collaboration network.

The results of Table 1 indicated that Flores alsina Xavier, Vanrolleghem Pe-
ter A, and Barbusinski Krzysztof have published more papers, ranking in the
top three in Table 1 with 6, 6, and 4 papers respectively. Only 22 authors have
published more than one paper, indicating that there are not many scholars
who have repeatedly studied “water quality prediction” and “activated sludge
process”.

The collaboration network map of the author in Figure 2 showed a total of 240
nodes, 392 cooperative links, and a network density of 0.0137. The module value
(Q value) was 0.9405 (>0.3), indicating that the research team structure was more
significant because the Q value was larger than 0.3. The average contour value (S
value) was 0.9977 (>0.7). Generally, if S > 0.5, it indicated that clustering was rea-
sonable. In this conclusion, because S > 0.7, it indicated that the clustering analysis
of the significant graph was very reliable. In the above analysis, the average con-
tour values of the graph were larger than 0.7, indicating that the clustering cluster
studied had high credibility. The module values of the data clustering indicated
that the divided author team structure was significant, the network module per-
formance was good, and the clustering analysis was reasonable.

According to the overview in Section 1.1, the larger the node were, the more
papers the author had published. The author group consisted of Flores alsina
Xavier, Vanrolleghem Peter A, Barbusinski Krzysztof, and others as core nodes,
forming a relatively clear network of interrelationships, with rich research con-
text and structure inside. However, the intersection between clusters was not
similar, indicating that most research teams or individuals were more focused on
individual research results, or only cooperate with the group of scholars within
the team. The cooperation between teams was insufficient, and in the long run,

cooperation between different teams should be more advocated.

3.2.2. Institution Collaboration Network
Similar to the author’s retrieval method, institutions with more than one paper

published were shown in Table 2. Among them, Technical University of Den-

DOI: 10.4236/jwarp.2024.166025

456 Journal of Water Resource and Protection


https://doi.org/10.4236/jwarp.2024.166025

K. M. Xue

mark has the highest number of publications, with 9 papers published. Secondly,
institutions such as Laval University, Kierce University of Technology, Harbin
Institute of Technology, and Ghent University also have a significant number of
publications, with 8, 6, 6, and 6 papers respectively. Institutions with a large
number of publications have conducted more research on “water quality predic-
tion” and “activated sludge method”, and their research depth and breadth are
relatively complete. Furthur more, we can find that most of the top 31 collabora-
tive institutions are located in Europe (18 institutions), and Asia (9 institutions),
indicating quality prediction and activated sludge process was a highly collabo-
rated topic in these continents. National environmental and energy policies in-
fluence institutions’ cooperation. For example, the national authorities of Den-
mark and Finland pay special attention to environmental protection; the nation-
al authority in China initiated abundant regulations to support new energy source

development, leading to more institutional cooperation in this field.

Table 2. Institution collaboration for more than one paper.

Number of

Rank Centrality Year Authors Continents
Papers

1 9 0.03 2008 Technical University of Denmark Europe
2 8 0.15 2008 Laval University America
3 6 0.00 2016 Kielce University of Technology Europe
4 6 0.00 2017 Harbin Institute of Technology Asia

5 6 0.04 2008 Ghent University Europe
6 5 0.00 2012 Beijing University of Technology Asia

7 5 0.02 2012 Lund University Europe
8 3 0.09 2019 Jiangsu University of Science and Technology Asia

9 3 0.00 2020 Lanzhou University of Technology Asia
10 3 0.00 2009 Universitat de Girona Europe
11 3 0.06 2012 Institut Catala de Recerca de I’Aigua (ICRA) Europe
12 3 0.00 2011 Kyung Hee University Asia
13 2 0.00 2009 Universite Paris Saclay Europe
14 2 0.00 2011 South China University of Technology Asia
15 2 0.00 2020 Lublin University of Technology Europe

Helmbholtz Center for Evironmental Research
16 2 0.00 2012 Europe
(UFZ)
17 2 0.00 2016 University of Queenland Australia
Systems Research Institute of the polish Academy
18 2 0.00 2018 . Europe
of Science
19 2 0.06 2021 Huazhong University of Science and Technology Asia
20 2 0.09 2012 East China University of Science and Technology Asia
21 2 0.00 2018 Polish Academy of Sciences Europe
22 2 0.01 2009 CH2M Hill America
23 2 0.00 2009 INRAE Europe
24 2 0.00 2012 Helmbholtz Association Europe
Swiss Federal Institute of Aquatic Science and
25 2 0.00 2009 Europe
Technology
26 0.00 2018 Silesian University of Technology Europe
27 0.00 2010 University of Palermo Europe
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Continued
28 2 0.03 2021 Egyptian Knowledge Bank (EKB) Africa
29 2 0.00 2022 Nonozymes Europe
30 2 0.00 2012 Pusan National University Asia
31 2 0.01 2010 Cranfield University Europe
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Figure 3. Institution collaboration network.

The knowledge graph analyzed based on the number of institutional publica-
tions was shown in Figure 3. The graph showed a total of 132 nodes, 182 coop-
erative links, a network density of 0.0211, a module value (Q value) of 0.9405,
and an average contour value (S value) of 0.9977. The analysis results of Q and S
values also indicate that the clustering analysis has high credibility and is rea-
sonable.

The distribution of institutional communities with Technical University of
Denmark, Kierce University of Technology, Ghent University, and Lund Uni-
versity as the core was relatively concentrated, and the internal cooperative links
of institutional groups were close, indicating that research institutions had
formed a clear network of relationships when studying “water quality predic-
tion” and “activated sludge method”, promoting further communication and
exchange of the same research topic.

However, the centrality of these top collaborated institutions is generally
low; the centrality reveals the collaboration strength or frequency among the
nodes, and higher centrality implies more vital collaboration or associations
between the observed nodes and other nodes. This finding implies that in-
stitutional collaboration research still needs to be higher, and more institu-
tional cooperation should be encouraged. The low centrality is because na-
tional laws, regulations, and the social and natural environment affect re-
search and application; simultaneously, different regions have specialized
characteristics, leading to fewer research interest overlaps. That again con-
firms that different regions have different main focuses on, leading to dif-

ferent cooperation focus of institutions. Thus, scholars from different insti-

DOI: 10.4236/jwarp.2024.166025

458 Journal of Water Resource and Protection


https://doi.org/10.4236/jwarp.2024.166025

K. M. Xue

tutions should look for common research interests of other institutions and

initiate potential cooperation.

3.2.3. Region Collaboration Network

Like the author and institution search methods, the regions where the total
number of published papers with more than 1 were shown in Table 3. The re-
gion with the highest number of publications was China, with a total of 38 ar-
ticles. Secondly, regions such as USA, Canada, Denmark, and South Korea had a
relatively large number of articles, with 12, 10, 10, and 7 articles respectively.
There were numerous research papers in regions with a large number of publi-
cations, and the depth and breadth of research were relatively complete, making
a significant contribution to the core of this field.

The knowledge graph analyzed based on national publication volume was
shown in Figure 4. Among them, the graph showed a total of 40 nodes, 79 con-
necting lines, a network density of 0.1013, a module value (Q value) of 0.8141,
and an average contour value (S value) of 0.9797. The analysis results of Q and S
values also indicated that the clustering analysis had high credibility and was
reasonable.

Table 3. Region collaboration for more than one paper.

Rank Number of Papers  Centrality Year Authors
1 38 0.41 2011 China
2 12 0.24 2017 USA
3 10 0.21 2008 Canada
4 10 0.25 2008 Denmark
5 7 0.01 2011 South Korea
6 6 0.21 2008 Belgium
7 6 0.09 2007 France
8 6 0.08 2009 Spain
9 6 0.02 2010 Italy
10 6 0.08 2016 Poland
11 5 0.04 2012 Swenden
12 5 0.01 2013 Australia
13 5 0.00 2011 Iran
14 4 0.08 2010 Germany
15 4 0.06 2010 England
16 4 0.07 2011 Scotland
17 3 0.00 2009 Greece
18 3 0.00 2019 India
19 2 0.00 2009 Turkey
20 2 0.00 2015 Slovenia
21 2 0.14 2021 Egypt
22 2 0.00 2009 Switzerland
23 2 0.03 2011 Algeria
24 2 0.00 2012 Netherlands
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Figure 4. Region collaboration network.

The distribution of region cluster centered around China was very concentrated,
and the internal cooperative links of institutional groups are very close, indicating
that the regions studied in “water quality prediction” and “activated sludge me-
thod” have formed a relatively clear network of relationships, promoting further
communication and exchange of the same research topic. This field has a more
unified research direction in centralized learning, a closer thematic exploration
area, and deep cooperative links between regions, which is conducive to more

comprehensive and complete academic exploration in the future.

3.2.4. Keywords Co-Occurrence

Table 4 showed the core keywords whose number of papers was greater than or
equal to 4. Several keywords with large number of publications were activated
sludge, removal, performance, model, activated sludge process, waste water,
prediction, which were 28, 21, 15, 15, 15, 15, 14, and 14 papers respectively. To
some extent, it showed that the core research of knowledge map was carried out
around these main keywords, reflecting that the core vocabulary of water quality
prediction and activated sludge process had good inheritance.

Keyword expressed the research theme of the paper, which was the essence
and core of the research. CiteSpace was used to draw the network relationship
map of high-frequency keywords, and the knowledge graph was analyzed by the
closeness between keywords. CiteSpace analyzed the topics of water quality pre-
diction and activated sludge process with a time span of 2007 - 2024. A single
time zone was divided into 1 year. The 25 keywords with the highest citation
frequency in each time zone of 1 year were extracted, and each keyword gene-
rates over 4 papers. Among them, the knowledge map had 248 keyword nodes,
1074 cooperative links. The network density was 0.0351.

Figure 5 was the knowledge map of keywords. Seven keyword populations
were formed according to the classification of different keywords. The first eight
keywords were neural network, asm2d-guided reward, decision tree, sludge

process, wastewater treatment modelling, smart systems functioning, transfor-
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mation product, uncertainty analysis, full-scale industrial waste treatment plant.
Many nodes were formed in the interleaved map, and the difference of node siz-
es also represented the different degrees of keyword occurrence frequency. The
larger the nodes were, the more times the keywords appeared. Those 248 key-
words in the whole figure were connected by nodes of different colors in a com-
plex interleaving pattern. In addition, the thicker the lines, the greater the corre-
lation between keywords. The smaller the clustering values were, the more
high-frequency keywords were studied, and the closer the surrounding lines
were. On the contrary, the fewer the number of keyword studied, the more they
were distributed in the edge region of the graph, and the surrounding lines were
not dense, and there were not so many nodes. The internal connection of the key
words group was very close, indicating that the related research topics of water
quality prediction and activated sludge process were rich and interrelated, which
reflect the large number and rich types of related research were extremely im-

portant.

Table 4. Keywords results for more than four papers.

Rank Number of Papers  Centrality Year Keywords
1 38 0.75 2007 activated sludge
2 21 0.20 2010 removal
3 15 0.20 2007 performance
4 15 0.16 2008 model
activated sludge
5 15 0.14 2008
process
6 14 0.12 2010 waste water
7 14 0.16 2008 prediction
8 8 0.11 2010 waste water treatment
9 8 0.03 2019 machine learning
10 7 0.07 2014 simulation
11 6 0.09 2009 design
12 6 0.02 2019 system
13 6 0.09 2009 calibration
14 6 0.07 2007 activated sludge models
15 5 0.10 2013 degradation
16 5 0.02 2020 wastewater treatment
plant
17 5 0.03 2012 control strategy
18 5 0.03 5008 artificial neural
network
19 4 0.02 2019 sludge
20 4 0.01 2007 membrane bioreactor
artificial neural
21 4 0.00 2011
networks
22 4 0.04 2013 activated sludge model
23 4 0.00 2008 optimization
24 4 0.02 2022 recovery
25 4 0.02 2018 treatment plant
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Figure 5. The keywords co-occurrence network.

3.2.5. Timeline Graph Analysis
(1) Timeline graph of authors, institutions and regions

Timeline of Author, institution, and region were classified in Figure 6 ac-
cording to keywords from 2007 to 2024. Figure 6 showed the temporal changes
of author, institution, and region with 742 nodes and 3497 links.

The timeline analysis of the author showed that Gernaey Krist began re-
searching model simulation before 2010 and continued to study it until 2020.
Scholars have been studying this keyword for the past decade, and the coopera-
tive links between nodes indicated that the research of multiple scholars were
related, leading to an increasing size of the first node. Reuse was studied in 2007
as Flores alsina Xavier, and the number of studies gradually decreased until
2015, during which many authors were interrelated to study reuse. After 2015,
the number of scholars studying the reuse keyword gradually decreased, and the
number of nodes on the timeline gradually decreased.

The timeline analysis of institutions showed that Laval University had been
conducting research on modeling since 2007, Ghent University had been con-
ducting research on modeling, and Technical University of Denmark had been
conducting research on bacteria. Research on various keywords has been ongo-
ing until 2024. The remaining keywords began to be studied gradually after
2010, and all keyword themes have been studied for a long time in various insti-
tutions, reflecting the depth of attention paid to “water quality prediction” and
“activated sludge method” by the aforementioned schools.

Timeline analysis of regions shows that since 2007, Canada, Denmark, Spain
have been conducting research on Activated sludge, France, USA, Belgium and
other regions have been conducting research on BAF, and China has started a
significant amount of publications and research on model predictive. The num-
ber of national research articles on other keywords is relatively small, and the
frequency of national research has gradually decreased over time, indicating that
the research focus of each region on “water quality prediction” and “activated

sludge method” is basically based on the top four keywords before 2015.
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Figure 7. Timeline graph analysis of keyword knowledge.

(2) Timeline graph of key words

Keywords have been extracted and classified according to time period from
2007 to 2024, as shown in Figure 7. Since 2007, activated sludge, ciliated
protozoa community, waste water treatment and other keywords have been
studied, and each keyword will be continuously studied until 2020 and
beyond.

The most recent cluster is #1, “machine learning” in quality prediction and ac-
tivated sludge process research, demonstrating its continuous popularity among
scholars. These representative scholars evaluate data on artificial intelligence in
quality prediction and activated sludge process to improve automation. Besides,
it is worth noting that “machine learning”, is one of the latest clusters, demon-
strating that it is an emerging research topic in recent years. Machine learning

has been used to evaluate to predict operational status and ensure their stability
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and reliability.

Although the number of published papers has decreased with the evolution
of time, each study is related to the former, forming a dense curve connection
model, which can make the research in this field persist into the future and
promote the further development of water quality prediction and activated
sludge method. There are also close cooperative links between keywords, in-
dicating that there are interrelated research subjects in topics and topics, and
the cooperation between individuals and teams provides stable solutions and
practice plans for the future strategic development of environmental gover-

nance.

4. Conclusions

In this paper, CiteSpace was adopted to analyze the data on “water quality pre-
diction” and “activated sludge peocess” research in the core journal library in-
cluded in the WOS database. The author, institution, region collaboration net-
work and Keywords Co-occurrence of the 17-year research are drawn. Through
graphic analysis, the following conclusions can be drawn:

(1) From 2007 to 2024, a total of 103 articles were retrieved. As for the author,
there were only 22 authors who published more than one article, indicating that
there were not many scholars who repeatedly studied “water quality prediction”
and “activated sludge method”. As for institution, the ones with a higher volume
of publications are Technical University of Denmark, Laval University, Kielce
University of Technology, Harbin Institute of Technology, and Ghent Universi-
ty. As for region, China, USA, Canada, and Denmark are the ones with more
published papers.

(2) Timeline Graph Analysis based on author, institution, and region based on
keywords from 2007 to 2024, showed that all institutions and authors continued
to conduct research work. Since 2007, keywords such as activated sludge, ciliated
protozoa community, and waste water treatment have been under research, and
each keyword has been continuously studied until 2020. Although the number of
publications has decreased recently, each study was sustainable which persists
into the future and promotes further development of “water quality prediction”

and “activated sludge method”.
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