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Abstract

:

This paper presents a bibliometric overview of the publications in the principal international journal Process Safety and Environmental Protection (PSEP) from 1990 to 2020 retrieved in the Web of Science (WoS) database to explore the evolution in safety and environmental engineering design and practice, as well as experimental or theoretical innovative research. Therefore, based on the WoS database and the visualization of similarities (VOS) viewer software, the bibliometric analysis and scientometric mapping of the literature have been performed from the perspectives of document types, publication and citation distribution over time, leading authors, countries (regions), institutions, the corresponding collaboration networks, most cited publications and references, focused research fields and topics, research trend evolution over time, etc. The paper provides a comprehensive and quantitative overview and significant picture representation for the journal’s leading and evolutionary trends by employing specific aforementioned bibliometric analysis factors. In addition, by reviewing the evolutionary trends of the journal and the proposed investigated factors, such as the influential works, main research topics, and the research frontiers, this paper reveals the scientific literature production’s main research objectives and directions that could be addressed and explored in future studies.
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1. Introduction


Bibliometrics originated from library and information science [1]. A bibliographic analysis is mainly applied to characterize the structure and research trends of a specific field or journal by utilizing a quantitative methodology [2,3,4]. Additionally, it is a comprehensive visual analysis method augmented with network topology that could detect the influential authors, institutions, and countries in a specific research domain [5] and demonstrate a journal’s influence and productivity [1].



Moreover, scientific literature mapping by utilizing bibliometric methods is an effective complement to the traditional structured literature review, as it is able to provide a broader spectrum of research analysis [6,7]. Compared with a structured review, a bibliographic analysis provides a more wide angle on the analysis coverage breadth and the literature review depth [2]. In addition, bibliographic analysis has already been widely conducted in previous studies for analyzing various journals in different research subjects to explore and understand the specific research domain and research trends in the last few years. The typical bibliometrics analysis researches objects and topics, including journals, countries, authors, institutions, keywords, etc. Furthermore, the quantitative analysis is the fundament of bibliometric analysis, and the quantitative and qualitative are always combined during the practical analysis process. For instance, quantitative analysis is utilized with respect to the number of publications, while a qualitative analysis needs to be conducted when analyzing and summarizing a specific cluster’s theme. The quantitative analysis for the total number of citations of a particular publication could also reflect the quality and impact of the publication.



Many scholars who conducted the related research used bibliometric mapping methods. For instance, Li et al. [8] provided a bibliometric mapping review of the hotspots of lifecycle assessment for bioenergy. Zhi and Ji [9] explored the bibliometric mapping approach to give a review of quantitatively evaluated global scientific constructed wetlands research. Mao et al. [10] employed the bibliometric mapping to quantitatively analyze industrial wastewater treatment literature publications. Li et al. [11] did a preliminary overview of bibliometric mapping for the safety science community. Merigó, Miranda, Modak, Boustras, and de la Sotta [1] used bibliometric mapping to analyze forty years of safety science in terms of publications trends, leading producers (author, institutions, countries/regions), and highly cited papers and references also analyzed in the research. Additionally, as the knowledge carrier, scientific journals have published almost any research for a particular knowledge domain. The analysis of a specific journal helps understand the research of the area in some aspects. Several papers have conducted the research for journal analysis, e.g., Journal of Infection and Public Health [12], Group Decision and Negotiation [13], Mechanism and Machine Theory [14], European Journal of Operational Research [15], Resources, Conservation and Recycling [16], Transportation Research Part A: Policy and Practice [17], Computers & Industrial Engineering [18], Knowledge-Based Systems [19], International Journal of Fuzzy Systems [20], Industrial Management & Data Systems [21], etc.



Process Safety and Environmental Protection (PSEP) is the principal international journal covering the branches of engineering related to the research fields of safety of industrial processes and the protection of the environment. To explore the evolution in safety or environmental engineering design and practice, as well as experimental or theoretical innovative research, we strive to review the journal’s publication records and most significant trends through a general bibliometric analysis. Therefore, in the present study, the overview of the journal’s basic information and extraordinary contributions are recognized and analyzed in detail by the combination of qualitative and quantitative analysis, the related analyses involving the publication distribution and citation structure; leading authors, institutions, and countries (regions); influential publications; and focused research fields, as well as the research trend evolutionary process. Additionally, based on the information retrieved in the Web of Science Core (WoS) Collection database, the tool of the visualization of similarities (VOS) viewer, i.e., VOSviewer, which was developed by van Eck and Waltman [22], has been employed to perform a bibliometric analysis and scientometric mapping of publications from a visualization view.



The purpose of the present study is to (1) help related journal editors develop suitable strategies by examining more influential research types to achieve their development goals, (2) provide inspiration for academia and help them understand the most popular research fields and trends with the most publication potential, thus identifying and choosing the targeted research themes, and (3) concerning the benefits to readers, they can more intuitively and easily obtain more specific and accurate information that they are interested in from a large number of bibliometric data.



The remainder of this paper is organized as follows: first, Section 2 presents the materials and bibliometric analysis methods utilized in the paper. Second, the statistical analysis and graphical analysis results are detailed, including the publication trends and citation distribution; leading authors, institutions, and countries/regions; influential works in PSEP; and identified research fields and research evolutionary trends in the perspective of keyword co-occurrence. Additionally, the accompanying discussions are conducted in Section 3. Finally, Section 4 concludes the main findings of the paper and delivers the recommendations for the readers.




2. Materials and Methods


2.1. Bibliographic Data


In this paper, a typical journal PSEP with a high reputation in the research fields of safety of industrial processes and protection of the environment and with a relatively rapid increase of impact factor, quick review speed, and online article publication time, etc., was selected as the candidate journal to be analyzed.



The data were retrieved on 9 January 2021 from the WoS Core Collection, which is owned by Clarivate Analytics. The advanced search module was employed, and the strategy for obtaining data was, “Publication Name: SO = (Process Safety and Environmental Protection), Indexes = SCI-EXPANDED, Timespan = 1990–2020”. In total, 3152 publications were obtained from the Web of Science, and the PSEP publications had 13 different types (some of the papers were classified into more than one category). The proportion of each document type is shown in Figure 1. Note that articles and reviews are more essential document types in scientific outputs, and these two types have nearly 90.09% (2965 articles and reviews) in PSEP. The total number of citations was 44,879, and the average number of citations per publication was 14.24.




2.2. Bibliometric Methods and Analysis Tool


In the present paper, bibliometric methods were applied, and the bibliometric mapping tool VOSviewer was used to analyze the journal papers in a visual, user-friendly way. The bibliometric analysis originated from information and library science, which was first proposed by Otlet [23]. In the data science age, bibliometric methods were combined with network analysis and data visualization techniques, and then a new area named bibliometric mapping was produced. The bibliometric mapping was about quantitative methods (mathematics and statistics) for visually representing scientific literature based on bibliographic data.



Additionally, in bibliometrics, a threshold is used to select the minimum frequency of occurrence of the knowledge unit included in the network node. In the analysis of different knowledge units, the set of the specific threshold will have individual differences. Its primary purpose is to extract the core knowledge network formed by the analyzed knowledge units. It should be noted that the related results would be different by employing different thresholds in bibliometric analysis for different research topics and analytical problems, and there is generally no clear standard. In general, scholars set the threshold and conduct the related analysis directly under the premise that the problem explained is clear and the network constructed is easy to analyze and reasonable. The threshold usually is set to 3, 5, 10, 15, 20, 30, etc. [20,24,25,26], and the smaller the threshold setting, the larger and more complex the extracted knowledge network is.



Recently, bibliometric mapping analysis became popular not only inside the scientific communities of information and library science, but also in other scientific communities. More than 30 free tools have already been developed for bibliometric mapping, and VOSviewer is a famous tool among these tools [27,28]. VOSviewer is short for Visualization of Similarity, developed by van Eck and Waltman from Leiden University, the Netherlands, in 2010. The tool has several functions for bibliometric mapping, including collaboration analysis (e.g., authors, institutions, and countries/regions), topics analysis (e.g., keyword or terms), and citation-based analysis (e.g., bibliographic coupling and co-citations). Several papers have already applied VOSviewer to do bibliometric mapping analysis in environmental protection and safety-related topics, such as climate change [29], heavy metal removal [30], carbon emissions [31], contamination of water bodies [32], carbon capture and storage [33], soil remediation [34], safety culture [25], construction safety [35,36], process safety [37], domino effect [38], laboratory safety in universities [39], road safety research [40], etc.





3. Results and Discussion


3.1. Publication Trend and Citation Distribution


The publication trend (including the number of papers) is the mirror and indicator for reflecting and measuring the scientific activities and attention to a specific domain. Figure 2 and Table 1 show the annual increase trend of PSEP publications. The increase of the annual outputs shows the increased attention to the topic scope of the PSEP from scientific communities. PSEP, as one of the leading journals in industrial process safety and environmental protection, has released a total of 16 publications in 1990, according to its earliest record in WoS. Moreover, the number of publications has increased slowly before 2013, and the average value for the number of publications per year before 2013 was around 48. After 2013, the publication trend increased rapidly, and the outputs reached more than 100 papers per year, with the number of papers in 2019 being 432 (exceeding 400 the first time). Additionally, the cumulative percentage of the number of publications showed that nearly 50% of cumulative publications from PSEP were published after 2016, which means that the most recent five years (2016–2020) have contributed roughly half of all of the papers that have been published in PSEP from 1990 to 2020.




3.2. Leading Authors, Institutions, and Countries/Regions


3.2.1. Leading Authors and Collaborations


Authors are the knowledge producers of PSEP, and an author’s production and collaboration analysis can easily show the leading researchers and the author’s social connectedness in PSEP. The whole author’s collaboration network is illustrated in Figure 3, and the author who had a minimum number of publications of 10 was regarded as the leading author in PSEP. Table 2 lists the leading authors of PSEP, and indicates that there are 69.70% (23/33) of them within the giant connected component (GCC) of the authors’ collaboration network (cluster 1, the red group ( [image: Ijerph 18 05985 i001]) in Figure 3). Considering the sparsely connected network structure of other groups, only the GCC of the authors’ collaboration network was selected to analyze the author’s social connection in PSEP. Note that authors with only the publication type of editorial material are not included in Table 2. The node size is proportionate to the number of publications of an author; the node color represents the clusters of authors in the same group. Additionally, the links between authors present the collaboration relations between authors, and the wideness of the link shows the authors’ collaboration strength.



As shown in Table 2, Faisal Khan (Mem. Univ. Newfoundland, Canada) is the most productive author in PSEP with 62 publications. He is also the only author with more than 50 papers in PSEP, followed by Paul Amyotte (Dalhousie University, Canada), P.J. Thomas (University of Bristol, UK), C.F. Forster (University of Birmingham, UK), M. Sam Mannan (Texas A&M University, USA), and Chi-Min Shu (National Yunlin University of Science and Technology, Taiwan), with more than 20 papers published in PSEP, ranked in the top 2–6 positions, respectively. Furthermore, Kai Wang (China University of Mining & Technology, China) holds the largest average publication year (APY) of 2019.00, and Gordon Mckay (Hamad Bin Khalifa University, Qatar) is the author who has the most citations (2897) and the highest average number of citations (193.13). The productivity distribution of the (leading) authors was not balanced; there were just a few authors who have published a large number of papers, resulting in the uneven distribution of the total number of citations of leading authors. In addition, the highly productive editorial board members of PSEP are also highlighted in Table 2. Among the leading authors, 24.24% (8/33) are editorial board members, which indicates that the editorial board members play a relatively important role among the leading authors, as well as within the process safety and environmental protection research domain. Additionally, as shown in Table 2, 27.27% (9/33) of the leading authors originate from the United Kingdom.




3.2.2. Leading Countries/Regions and Collaboration


The countries/regions cooperation relation in the explored field was also visualized and analyzed by utilizing collaboration networks analysis to investigate affiliated countries and institutes through the VOSviewer software. As shown in Figure 4, the minimum number of publications was 10, and 44 countries/regions were included in the network. It should be noted that a node was apportioned to each co-author of a publication in the networks. The node’s color presents the average time for the publications of each country [41]. The node’s size denotes the related publication number, and the thickness of the links indicates the international collaboration degree [38,42], i.e., the larger the node is, the more critical the country/region is, and the thicker the line is, the closer the cooperation relationship between countries/regions.



Figure 4 indicates that China (with 678 publications and 9615 total citations) and the United Kingdom (with 476 publications and 7517 total citations) have been at the forefront and play the predominant roles in PSEP. Meanwhile, China mainly collaborates with the USA, Australia, Taiwan (region), United Kingdom, South Korea, Japan, Canada, Netherlands, etc. Similarly, the close collaboration countries/regions with the United Kingdom are Canada, China, Australia, Iran, Germany, India, Italy, Netherlands, France, etc. Additionally, among the close collaboration countries/regions, China and the USA have the most immediate cooperation and research relationship in PSEP. Moreover, as shown in Table 3, in terms of the publication time, Thailand (with the largest average publication year (APY) of 2018.14), Qatar (2017.62), and Tunisia (2017.43) are the top three relatively active research countries recently, and have the latest output in PSEP according to the investigated results from the core database of the WoS. Furthermore, the Philippines (with an average citation of 28.59), Finland (27.13), and Saudi Arabia (25.36) are the only three countries whose average citations exceeded 25. Generally, more international collaboration needs to be promoted and enhanced to share knowledge globally in the future.




3.2.3. Leading Institutions and Collaborations


Figure 5 illustrates the institution collaboration network for PSEP during the entire explored timespan. The node’s size presents the number of publications (the bigger the note is, the more publications the institution has), and the links between two nodes indicate the collaboration relationship between two institutions (the thicker the link is, the closer the cooperation they have). In addition, each institution in the network has a minimum of 10 publications in PSEP, and 77 institutions meet the threshold. As shown in Table 4, China University of Mining & Technology (China) has the highest number of publications at 73; Nanjing Tech University (China) has the largest APY at 2018.87. In Canada, the Memorial University of Newfoundland gets the highest number of total citations of 1854 among the leading institutions of PSEP, and Dalhousie University holds the highest average citations of 37.24 (the only institution whose average numbers of citations exceeded 30). With a total number of citations of 1229, Dalhousie University is also the institution whose total number of citations exceeded 1000, except Memorial University of Newfoundland. Additionally, 29.63% (8/27) of the leading institutions are from the United Kingdom.





3.3. Influential Works


3.3.1. Influential Works Published by PSEP


Publications with a large number of citations often indicate the influence of the publication in a specific research domain, i.e., the number of publications exceeding a certain citation threshold allows the identification of the number of publications that have a certain level of influence [43,44]. In this paper, the publications with more than 100 citations are identified as influential works in PSEP. Therefore, 25 publications are listed in Table 5. The paper by Ho and McKay [45] held the highest number of citations of 1530 and the biggest average number of citations per year of 66.52. Moreover, there were seven publications with a total number of citations of more than 200. Additionally, there were two papers among the first five most cited papers (2/5 = 40.00%), and 24.00% (6/25) of the top 25 most cited papers were review papers, while, as shown in Figure 1, only 2.89% of all publications were the review papers. The statistical fact that a relatively small number of publications accomplished with a relatively high total number of citations indicated that the document type of review paper was more likely to get more citations.



Furthermore, Figure 6 demonstrates the citation distribution of PSEP publications from 1990 to 2020. Overall, according to the increasing of the number of citations, the number of publications gradually decreased. In addition, there were 1924 publications, the highest number of publications among various intervals, that had no more than ten citations. Note that, among the publications cited no more than ten times, there were 447 publications with no citations. Considering that a paper’s publication requires a certain period, the citations cannot be counted in time. However, except for the 183 publications of 2020, 59.06% (264/447) of the publications had zero citations. Note that, since most of the influential works’ research topics were cross-fused with the research hotspots in Section 3.4, the related literature productions are not discussed and analyzed in detail in this section.



.




3.3.2. Influential Works Cited by PSEP


Highly cited works cited by PSEP papers in our local dataset can be considered the intellectual bases of PSEP. The co-citation network of highly cited references (the minimum number of citations of a paper was 15) was constructed. In total, 43 highly cited references were identified and obtained from the 89,287 references of PSEP. The co-citation network among these 43 papers is displayed in Figure 7. The node stands for a highly cited reference, and the size is proportional to the number of cites from the PSEP papers. The label here just shows the first author or first two authors and the publication year of a paper. In addition, links between each node present the co-citation relations of highly cited references. Link wideness indicates the co-citation strength between these references. The color shows the different groups of these references, which was clustered based on the co-citation strength of these references by using the bibliometric data analysis based on the clustering method included in the widely used VOSviewer software, as introduced in Section 2.2. Note that the investigated references can only be included in one cluster, and their position in the overall network and the connections to the references in other clusters show how closely related it is, both within its own cluster and with other clusters.



Furthermore, Table 6 lists the highly cited references of PSEP publications ranked by the number of citations. Most of the influential works cited by PSEP were journal articles, accounting for 81.40% (35/43). Additionally, the blue group ( [image: Ijerph 18 05985 i002]) was the biggest cluster with the most citations (277), and the red group ( [image: Ijerph 18 05985 i001]) was the biggest cluster with the most publications (12). As shown in Figure 7, there were six clusters (groups) for the highly cited references:



The blue group ( [image: Ijerph 18 05985 i002]) was primarily concentrated on environmental protection theories and techniques (especially adsorption theory and application). The most influential works in this group were the theory for adsorption in solution [46,47,48] and adsorption of gases [49], modeling for the sorption processes [50], and isotherms systems [51]. Moreover, the review on methodologies and techniques for removing heavy metal ions from wastewaters by Fu and Wang [52] and the fundamental theory for the constitution and properties of solids and liquids by Langmuir [53], etc., are also impactful works in this group.



The red group ( [image: Ijerph 18 05985 i001]) mainly focused on the methodologies and models for process safety and risk management in chemical and process industries. Dynamic safety analysis and risk assessment theory and models, e.g., Bayesian theory [54,55], bow-tie approach [56], etc., are developed and widely used, and the aforementioned research was recognized as the influential works. Additionally, the other impactful original research was the reviews of the available techniques and methodologies for risk analysis in chemical process industries by Khan and Abbasi [57] and the methods and models in process safety and risk management by Khan et al. [58], the research for fuzzy sets by Zadeh [59], the predictive accident model for system hazard identification, prediction, and prevention by Rathnayaka et al. [60], and the utilization of Bayesian network and fault tree approaches for the safety analysis in process facilities [61] and dependable systems [62], etc.



The yellow group ( [image: Ijerph 18 05985 i003]) mainly focused on the inherent safety and hazard identification and assessment in chemical and process industries. The group contained the early influential works by Edwards and Lawrence [63] on the exploration for the relation between plant costs and the inherent safety of chemical process routes, and the multivariate system hazard identification and ranking methods for fire and explosion and toxic chemical release hazards by Khan and Abbasi [64]. In addition, Gupta and Edwards [65] proposed a graphical methodology for inherent safety measurement, Khan and Amyotte [66] detailed the cost and system design model for integrated inherent safety index, Koller et al. [67] presented a safety, health, and environmental impact assessment methodology for selecting the most reliable data from a variety of substance databases or estimation method, and Khan et al. [68] developed a safety-weighted hazard index for chemical process industry hazard identification and risk assessment. The research mentioned above was widely cited by the publications in PSEP and identified as influential works as well.



The green group ( [image: Ijerph 18 05985 i004]) concentrated on loss prevention in process industries. The influential works were primarily focused on major accident hazards, accident causes, and consequences analysis, and some specific original contributions on managing the risk of the domino effect of chemical accidents. The most cited works in this group were the book on loss prevention in the process industry by Lees [69], the book on chemical process safety by Crowl and Louvar [70], the book on the guidelines for chemical process quantitative risk analysis by CCPS [71], and the book on the identification, assessment, and prevention of hazards for dust explosion accidents, which presented the evaluation of prevalent activities, testing methods, and design measures for safe operation techniques by Eckhoff [72]. The significant and influential articles included the research for the domino effect for chemical accident features, sequences analysis, and accidental event escalation threshold assessment, as well as the research by Khan and Abbasi [73] on the common causes or errors and consequences of major accidents in chemical process industries, etc.



The purple group ( [image: Ijerph 18 05985 i005]) was primarily about waste treatment (especially wastewater treatment). The most significant original research contributions in this group concerned the work on the examination of water and wastewater standard methods by APHA [74,75,76], and the significant overview or review articles included the analyzing and summarizing of the recent developments for the technologies of photocatalytic water treatment [77] and landfill leachate treatment [78], etc.



The azure group ( [image: Ijerph 18 05985 i006]) mainly focused on coal mine safety; it primarily contained compendia works, for instance, Cheng et al. [79] designed an intelligent gel for fire prevention and extinguishing to control coal spontaneous combustion (CSC), Wang et al. [80] established a model of airflow dust migration for underground mine tunnels and achieved a better air curtain dust suppression effect, and Karacan et al. [81] delivered an overview for the capture and utilization of coal mine methane in the perspective of mining safety and greenhouse gas reduction, etc. The aforementioned works were highly influential in this group.





3.4. Research Fields Identification and Research Trends Evolution


Keywords are one of the essential elements supplied by the authors of the paper to show the paper’s core content. Author keywords are imperative, since they are used as the topics/concepts/methods that are presented to deliver and communicate to the scientific community by the authors. The author keyword co-occurrences network demonstrates another perspective of themes in PSEP, and it can be observed that it illustrates the main author keywords that frequently occur together in PSEP.



Considering the fact that many keywords only appeared a few times, they obviously have not had significant influences on the main themes of PSEP. Therefore, in the present study, to focus on the main themes, only the keywords occurring at least five times were selected to construct the co-occurrence analysis map and indicate the research topics. Thus, 407 keywords were extracted based on the threshold of the keyword’s frequencies. The keyword co-occurrence network for the clusters (groups) of PSEP is shown in Figure 8. Note that the larger the nodes and character fonts, the more often the keywords are used.



Obviously, the keyword “adsorption” is the most used author’s keyword with 122 occurrences, followed by “kinetics” (80), “response surface methodology” (74), “risk assessment” (73), “optimization” (67), “heavy metals” (56), “safety” (56), etc. There were six clusters of keywords, separated by different colors and representing the following themes:



The blue group ( [image: Ijerph 18 05985 i002]) was mainly concentrated on waste and pollutants remediation. This cluster included keywords such as “adsorption” (122), “kinetics” (80), “heavy metals” (56), “wastewater” (43), “activated carbon” (40), “isotherm” (34), “biosorption” (23), “composting” (22), “thermodynamic” (22), “volatile organic compound” (22), etc.



The red group ( [image: Ijerph 18 05985 i001]) mainly focused on environmental protection methodologies and technologies. This cluster contained keywords such as “response surface methodology” (74), “optimization” (67), “wastewater treatment” (44), “photocatalysis” (43), “biodiesel” (34), “advanced oxidation process” (32), “electrocoagulation” (31), “biodegradation” (30), “artificial neural network” (24), “water treatment” (24), etc.



The purple group ( [image: Ijerph 18 05985 i005]) was mainly about waste management and sustainable development. This cluster was represented by keywords such as “anaerobic digestion” (31), “pyrolysis” (28), “recycling” (27), “lifecycle assessment” (24), “biomass” (21), “environment” (20), “biogas” (19), “mathematical modeling” (18), “combustion” (17), “mass transfer” (15), “energy” (14), “sustainable development” (12), “emissions” (12), etc.



The green group ( [image: Ijerph 18 05985 i004]) mainly concentrated on accident prediction and hazard assessment methods and models (especially fire and explosion mitigation). This cluster was characterized by keywords such as “computational fluid dynamics” (49), “modeling” (46), “explosion” (43), “numerical simulation” (37), “dust explosion” (34), “consequence analysis” (23), “gas explosion” (19), “hydrogen” (19), etc.



The yellow group ( [image: Ijerph 18 05985 i003]) mainly focused on the process safety and risk assessment in chemical and process industries. This cluster was represented by keywords such as “risk assessment” (73), “process safety” (43), “Bayesian network” (34), “inherent safety” (34), “risk analysis” (23), “human factors” (22), “risk management” (18), “hazard identification” (17), “process design” (17), etc.



The azure group ( [image: Ijerph 18 05985 i006]) mainly focused on safety and risk management strategy and cost–benefit analysis. This cluster was composed of keywords such as “safety” (56), “risk” (40), “J-value” (19), “health” (14), “reliability” (13), “flash point” (11), “radiation” (11), “nuclear” (10), etc.



Additionally, to further understand and analyze the research topics, evolutionary process, and research frontiers for PSEP, the chronological evolution of research keywords based on the average publication date for the publications in which the keywords appeared in PSEP is demonstrated in Figure 9. Note that the VOSviewer software automatically settled the most suitable time interval and span for 407 keywords based on the publication time (i.e., average publication year) of each keyword. The main research topics in various periods could be recognized and summarized based on the occurrence frequency of the keywords in each period. Table 7 summarizes the top 20 keywords that appeared most frequently in each sub-period.



Overall, the PSEP was mainly focused on the topics related to the fields of safety of industrial processes and protection of the environment. In the present study, to explore and extract the evolutionary process and trends of the main research topics in PSEP, the special topics of publications in the separated four periods are summarized and analyzed.



Earlier publications (before 2008) were focused mainly on the topics concerned with waste incinerator design and combustion efficiency analysis [89,90,91,92], treatment and utilization of (municipal) solid waste [93,94,95], incineration residues and emissions management [96,97,98], economic and environmental impact assessments and sustainable development [99,100,101,102], reduction of flue gas emissions from fuel combustion [103], risk analysis for offshore platform-related problems [104,105], boiling liquid expanding vapor explosion (BLEVE) (especially related to liquefied petroleum gas (LPG)) [106,107], risk-based decision-making [108,109], human health risk analysis [110], thermal radiation safety assessment [111], runaway reaction inhibition system design and evaluation [112], loss prevention analysis in process industry [113], etc. The main analysis/process methods include incineration [114], biological phosphorus removal [115], catalytic combustion [116], lifecycle assessment (LCA) [117,118], hazard and operability (HAZOP) analysis [119,120], mathematical modeling [89], fuzzy logic theory [121,122], computer-aided fault tree analysis (FTA) [109], etc.



Between 2008 and 2012, publications were devoted to the research topics about the application and optimization of anaerobic digestion (especially the anaerobic digestion of organic solid wastes and wastewater sludges) [123,124], resource recycling and waste regeneration reuse [125,126], activated sludge utilization and treatment [127,128,129], biomass-derived liquid biofuels [130], optimal process design (especially based on inherent safety or under uncertainty) [131,132,133], explosion overpressures analysis and prediction (especially caused by a gas explosion) [134], explosion accident hazard assessments and prevention (especially coal combustion/gas explosion) [135], inherent safety and cost evaluation [136,137], human factors in safety management [138], J-value safety analysis [139,140], etc. Additionally, anaerobic digestion [124,141], biosorption [142], biomass gasification [143], vacuum thermal recycling [144], computational fluid dynamics (CFD) [145], principal component analysis (PCA) [132], analytic hierarchy process (AHP) [146], Monte Carlo simulation (MCS) [147], etc., became the widely used techniques/methods among scholars during this period.



Subsequently, during the period between 2013 and 2017, the research emphasis turned to topics such as pollution management framework [148], analysis of isotherms and kinetics of adsorption [149], heavy metals risk assessment and removal [150], wastewater treatment (especially based on the advanced oxidation process (AOP) and electrocoagulation (EC)) [151], biodiesel processing and production [152], process safety framework and model [153], risk-based design [154], hazardous materials transportation safety [155,156], investigation and risk analysis of fire and explosion accidents (especially dust explosion) [154,157], etc. In terms of analysis/process methods, AOP [158], EC [159], photocatalysis degradation [160], activated carbon adsorption [161], biodegradation [162], catalytic pyrolysis [163], response surface methodology (RSM) [164], quantitative risk assessment (QRA) [165,166], multi-objective optimization [167], fuzzy FTA [168], numerical simulation [169,170], and Bayesian network (BN) [154], etc., were widely applied by scholars.



In recent years (2018 and beyond), some of the focused research topics/methods were the continuation of the previously initiated research areas, e.g., BLEVE, HAZOP, AOP, EC, CFD, RSM, MCS, QRA, BN, PCA, etc. In addition, a few new research topics emerge in this period, such as catalytic degradation of organics (especially utilizing a microbial community) [171,172], application of ionic liquids [173], degradation and toxicity analysis [174,175], the application of microwave for waste treatment [176,177], safety of drinking water and its treatment [178], mineralization technology for pollutant emission control [179], Industry 4.0 [180,181,182], mine fires and CSC prevention [183,184], air leakage measurement and sealing techniques [185,186], risk analysis and prevention considering synergistic effects and domino effects [187,188], etc. It is obvious that scholars pay more attention to advanced techniques, as well as traditional methods, to conduct real-world industrial problems, for instance, catalytic ozonation [189], forward osmosis [190], photocatalytic [191], electro-oxidation [191], biochar adsorption [192], artificial neural networks [193], genetic algorithm [194], (global) sensitivity analyses [195,196], process optimization method (e.g., RSM, CCD) [197,198], bowtie analysis [199], fuzzy AHP [200,201], dynamic BN [187,202], etc., for environment protection and process safety and risk analysis.





4. Conclusions


This study presents a bibliometric journal analysis perspective to explore the evolution in safety or environmental engineering design and practice, as well as experimental or theoretical innovative research. Various bibliometric analyses, scientometric mapping, and statistical techniques are utilized to identify and unearth the evolution trends and detailed characteristics of the publications as indexed by the Web of Science. To validate the application of our purpose, the principal and influential international journal PSEP is taken as the case study journal to explore the influencing factors behind the rapid development of journals and reveal the main research trends of the safety of industrial processes and the protection of the environment.



The main findings for our case study journal could be summarized as follows: (a) until the statistical time of this paper, PSEP has published 3152 literature productions and drawn 44,879 citations, and the corresponding number keeps increasing over time. (b) Faisal Khan is the most productive author and the only author with more than 50 papers in PSEP, followed by Paul Amyotte and P. J. Thomas. Additionally, Gordon Mckay is the most influential author (with 2897 citations and the highest average number of citations of 193.13). Moreover, the editorial board members play a relatively important role among the leading authors and within the process safety and environmental protection research domain. (c) China is the leading country with the highest number of publications and citations, followed by the United Kingdom and India. Additionally, China and the USA have the closest cooperation and research relationship in PSEP. It is expected that more international collaboration could be promoted and enhanced to share knowledge globally in the future. (d) The leading institutions are China University of Mining & Technology (with the highest number of publications of 73), Nanjing University of Technology (with the largest average publication year of 2018.87), Memorial University of Newfoundland (with the highest number of total citations of 1854), and Dalhousie University (with the highest average citations of 37.24). Furthermore, 29.63% of the leading institutions are from the United Kingdom, and the most productive countries and institutions both regard China. (e) The most influential work published in PSEP held 1530 citations and the biggest average citations per year of 66.52. In addition, there are seven literature productions with the minimum citations of 200, and the document type of review paper is more likely to get more citations. However, 61.04% publications in PSEP have no more than ten citations, and there are still a certain number of publications that are not cited. Furthermore, there are 43 highly cited references (most of them are journal articles) that can be regarded as the core intellectual bases of PSEP. These works concern adsorption theory, process safety and risk management methods and models, inherent safety, loss prevention, domino effect, waste treatment, and coal mine safety. The related reviews for the highly cited references could deliver further detailed insights in the explored domain for scholars. (f) Several keywords/topics, such as “adsorption”, “kinetics”, “response surface methodology”, “risk assessment”, “optimization”, “heavy metals”, and “safety”, are the most popular hotspots of PSEP. Additionally, the popular keywords in various periods reveal the chronological evolutionary process and trends of the emerging or long-lasting research hotspots of PSEP during the last 30 years.



The topics of the selected publications from the case study journal mainly concentrate on the research fields of protection of the environment and safety of industrial processes. For specific research areas, the mainstream research areas of our case study journal, including the waste and pollutants remediation, environmental protection methodologies and technologies, waste management and sustainable development, accident prediction and hazard assessment methods and models, process safety and risk assessment, and safety and risk management strategy and cost–benefit analysis, etc., are recognized. In addition, some new emerging topics in the research community could be highlighted and recommended for scholars and stakeholders. In respect to environmental protection, some emerging topics are recognized, such as catalytic pyrolysis of waste, sustainability of the production of fuels, analysis of kinetics and adsorption mechanisms, activated carbon adsorption, supercritical water processes, climate change mitigation technology (especially catalytic conversions of greenhouse gas), catalytic degradation of organics (especially utilizing microbial community), application of microwave for waste treatment, safety of drinking water and its treatment, mineralization technology for pollutant emission control, etc. In view of industrial process safety, the mainly focused topics are failure of complex systems, mine fires and coal spontaneous combustion prevention, inherent safety and cost evaluation, risk analysis and prevention considering synergistic effects and domino effects, optimization for hazardous materials transportation, J-value analysis and assessment of accidents, safety culture and process safety education, human and organizational factors of safety, etc. As for Industry 4.0 (especially smart manufacturing and production, big data, Internet of Things), accompanied with artificial intelligence (e.g., the application of artificial intelligence for wastewater treatment and deep learning-based forecast modeling for safety/risk-related topics), are widely used as the hotspots for the research fields of PSEP. In terms of techniques/methods, heterogeneous catalysis, photocatalysis degradation, advanced oxidation process, biochar for adsorption, machine learning (especially deep learning), response surface methodology, numerical simulation, HAZOP, bowtie, dynamic Bayesian network, dynamic and computer-aided fault tree analysis, hybrid artificial neural network, genetic algorithm approach, etc., are widely used and applied advanced emerging techniques, as well as traditional methods, among global scholars for solving the environment protection, safety, and risk analysis problems. The aforementioned new future trends contribute to offering safer and cleaner living and production environments for human beings, which will further promote the harmonious coexistence of man and nature and achieve social and economic development sustainability.



This paper provides a comprehensive and quantitative overview and significant picture representation for the journal’s leading and evolutionary trends by employing specific bibliometric key impact factors, such as the document types, publication distribution and citation structure, most cited works, the trends of research topics, and prominent contributing authors, countries (regions), and institutions, etc. Additionally, by reviewing the evolution trends of the journal and the proposed investigated factors, such as the influential works, main research topics, and the research frontiers, this paper delivers various research objectives and directions that could be addressed and explored in future studies for related scholars worldwide, as well as for related journal editors, to position their journal to align with the focus topic of the safety of industrial processes and the protection of the environment. However, note that the results obtained from the present paper are dynamic, and may change over time along with the emergence of new research hotspots or mainstream subjects and some specific variables increasing/decreasing in the study.



In the follow-up research, some other data sources, e.g., Scopus, Google Scholar, and EconLit, etc., and some other document types, e.g., books, proceedings books, PhD theses, etc., could be contained as a supplement for scholars applying our proposed methodology for exploring the evolutionary trends for a particular knowledge domain. Additionally, some comparative analysis and inductive research for different journals in a specific research area could be conducted in further study. Nevertheless, some expert knowledge should be considered when selecting the most relevant journals and articles, especially for a very wide study field that may lead to a huge workload of a subsequent analysis and an overloading and time-consuming phenomena for the analysis tools.
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Figure 1. Document types of PSEP from 1990 to 2020. 
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Figure 2. The number of publications in each year of PSEP from 1990 to 2020 in Web of Science. 
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Figure 3. The whole authors’ collaboration network of PSEP from 1990 to 2020 (the minimum number of publications = 3). 
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Figure 4. Countries/regions collaboration network in PSEP publications. 
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Figure 5. Institution collaboration network of PSEP publications from 1990 to 2020. 
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Figure 6. Citation distribution of PSEP publications. 
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Figure 7. Co-citation network of highly cited reference groups based on co-citation strength. 
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Figure 8. Keyword co-occurrence cluster of PSEP papers. 
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Figure 9. The evolution of PSEP research keywords over time based on the average publication year. 
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Table 1. Annual publications and citations of PSEP.






Table 1. Annual publications and citations of PSEP.





	Years
	NP
	% of 3152
	CNP
	% of CNP
	TC
	CPP





	1990
	16
	0.51%
	16
	0.51%
	14
	0.88



	1991
	31
	0.98%
	47
	1.49%
	186
	6.00



	1992
	34
	1.08%
	81
	2.57%
	204
	6.00



	1993
	38
	1.21%
	119
	3.78%
	275
	7.24



	1994
	37
	1.17%
	156
	4.95%
	249
	6.73



	1995
	57
	1.81%
	213
	6.76%
	219
	3.84



	1996
	37
	1.17%
	250
	7.93%
	276
	7.46



	1997
	36
	1.14%
	286
	9.07%
	560
	15.56



	1998
	41
	1.30%
	327
	10.37%
	3266
	79.66



	1999
	49
	1.55%
	376
	11.93%
	519
	10.59



	2000
	57
	1.81%
	433
	13.74%
	1028
	18.04



	2001
	42
	1.33%
	475
	15.07%
	656
	15.62



	2002
	44
	1.40%
	519
	16.47%
	353
	8.02



	2003
	52
	1.65%
	571
	18.12%
	957
	18.40



	2004
	56
	1.78%
	627
	19.89%
	785
	14.02



	2005
	64
	2.03%
	691
	21.92%
	1033
	16.14



	2006
	58
	1.84%
	749
	23.76%
	1194
	20.59



	2007
	71
	2.25%
	820
	26.02%
	1660
	23.38



	2008
	49
	1.55%
	869
	27.57%
	1516
	30.94



	2009
	56
	1.78%
	925
	29.35%
	1026
	18.32



	2010
	53
	1.68%
	978
	31.03%
	1360
	25.66



	2011
	57
	1.81%
	1035
	32.84%
	1720
	30.18



	2012
	58
	1.84%
	1093
	34.68%
	1527
	26.33



	2013
	56
	1.78%
	1149
	36.45%
	1297
	23.16



	2014
	102
	3.24%
	1251
	39.69%
	2005
	19.66



	2015
	183
	5.81%
	1434
	45.49%
	3863
	21.11



	2016
	247
	7.84%
	1681
	53.33%
	4508
	18.25



	2017
	309
	9.80%
	1990
	63.13%
	5062
	16.38



	2018
	344
	10.91%
	2334
	74.05%
	4275
	12.43



	2019
	432
	13.71%
	2766
	87.75%
	2742
	6.35



	2020
	386
	12.25%
	3152
	100.00%
	544
	1.41







Note: NP = number of publications, CNP = cumulative number of publications, TC = total citations, CPP = citations per paper = TC/NP. The colors range from green to red in the related column indicate the smaller the number and the closer the color is to green in that column.
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Table 2. Leading authors in PSEP based on the number of publications (minimum number of publications = 10).






Table 2. Leading authors in PSEP based on the number of publications (minimum number of publications = 10).





	Rank
	Author
	EBMs
	C/R
	Institution
	NP
	TC
	APY
	CPP





	1
	Khan, Faisal
	Y
	Canada
	Mem. Univ. Newfoundland
	62
	1938
	2014.50
	31.26



	2
	Amyotte, Paul
	N
	Canada
	Dalhousie Univ.
	28
	1101
	2011.96
	39.32



	3
	Thomas, P. J.
	Y
	UK
	Univ. Bristol
	27
	251
	2012.48
	9.30



	4
	Forster, CF
	N
	UK
	Univ. Birmingham
	24
	243
	1996.17
	10.13



	5
	Mannan, M. Sam
	N
	USA
	Texas A&M Univ.
	24
	346
	2012.13
	14.42



	6
	Shu, Chi-Min
	N
	Taiwan
	Natl. Yunlin Univ. Sci. & Technol.
	23
	172
	2015.26
	7.48



	7
	Tan, Raymond R.
	N
	Philippines
	De La Salle Univ.
	17
	417
	2014.12
	24.53



	8
	Reniers, Genserik
	N
	Belgium
	Univ. Antwerp/Delft Univ. Technol.
	16
	137
	2018.25
	8.56



	9
	Richardson, SM
	N
	UK
	Imperial Coll. London
	16
	97
	1996.00
	6.06



	10
	Hassim, Mimi H.
	Y
	Malaysia
	Univ. Teknol. Malaysia
	15
	197
	2015.00
	13.13



	11
	Mckay, Gordon
	N
	Qatar
	Hamad Bin Khalifa Univ.
	15
	2897
	2003.00
	193.13



	12
	Streat, M
	N
	UK
	Univ. Loughborough
	15
	443
	2001.47
	29.53



	13
	Yang, Ming
	N
	Netherlands
	Delft Univ. Technol.
	15
	250
	2016.07
	16.67



	14
	Edwards, DW
	Y
	UK
	Univ. Loughborough
	14
	307
	2000.71
	21.93



	15
	Jiang, Juncheng
	N
	China
	Changzhou Univ.
	14
	51
	2018.79
	3.64



	16
	Wang, Deming
	N
	China
	China Univ. Min. & Technol.
	14
	240
	2017.93
	17.14



	17
	Abbassi, Rouzbeh
	Y
	Australia
	Macquarie Univ.
	13
	106
	2017.69
	8.15



	18
	Jones, JC
	N
	UK
	Univ. Aberdeen
	13
	19
	2005.85
	1.46



	19
	Pasman, Hans J.
	N
	USA
	Texas A&M Univ.
	13
	249
	2012.15
	19.15



	20
	Stephenson, T
	N
	UK
	Cranfield Univ.
	13
	189
	1999.77
	14.54



	21
	Swithenbank, J
	N
	UK
	Univ. Sheffield
	13
	163
	2001.62
	12.54



	22
	Wang, Kai
	N
	China
	China Univ. Min. & Technol.
	13
	76
	2019.00
	5.85



	23
	Cozzani, Valerio
	N
	Italy
	Univ. Bologna
	12
	139
	2016.42
	11.58



	24
	Khakzad, Nima
	N
	Canada
	Ryerson Univ.
	12
	376
	2017.58
	31.33



	25
	Chen, Guoming
	N
	China
	China Univ. Petr.
	11
	152
	2017.82
	13.82



	26
	Jones, R. D.
	N
	UK
	City Univ. London
	11
	106
	2009.73
	9.64



	27
	Shu, Li
	N
	Australia
	RMIT Univ.
	11
	111
	2017.18
	10.09



	28
	Fabiano, Bruno
	Y
	Italy
	Univ. Genoa
	10
	271
	2013.80
	27.10



	29
	Foo, Dominic C. Y.
	Y
	Malaysia
	Univ. Nottingham
	10
	136
	2015.10
	13.60



	30
	Halder, Gopinath
	N
	India
	Natl. Inst. Technol. Durgapur
	10
	76
	2018.50
	7.60



	31
	Shon, Ho Kyong
	Y
	Australia
	Univ. Technol. Sydney
	10
	60
	2017.80
	6.00



	32
	Yang, Shengqiang
	N
	China
	China Univ. Min. & Technol.
	10
	67
	2018.90
	6.70



	33
	Zhang, Laibin
	N
	China
	China Univ. Petr.
	10
	128
	2016.60
	12.80
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Table 3. Leading countries/regions in PSEP based on the number of publications (minimum number of publications = 20).






Table 3. Leading countries/regions in PSEP based on the number of publications (minimum number of publications = 20).





	Rank
	C/R
	Continent
	NP
	TC
	APY
	CPP





	1
	China
	Asia
	678
	9615
	2017.27
	14.18



	2
	UK
	Europe
	476
	7517
	2006.32
	15.79



	3
	India
	Asia
	240
	4251
	2015.92
	17.71



	4
	Iran
	Asia
	228
	3514
	2017.00
	15.41



	5
	USA
	North America
	160
	2357
	2013.86
	14.73



	6
	Australia
	Oceania
	152
	1739
	2013.55
	11.44



	7
	Canada
	North America
	147
	2957
	2013.82
	20.12



	8
	Malaysia
	Asia
	136
	3181
	2016.00
	23.39



	9
	Italy
	Europe
	113
	1431
	2014.58
	12.66



	10
	Spain
	Europe
	102
	1227
	2015.61
	12.03



	11
	France
	Europe
	91
	1285
	2012.60
	14.12



	12
	Brazil
	South America
	82
	784
	2016.99
	9.56



	13
	Taiwan
	Asia
	82
	865
	2015.09
	10.55



	14
	South Korea
	Asia
	77
	658
	2017.18
	8.55



	15
	Turkey
	Asia and Europe
	62
	1189
	2013.89
	19.18



	16
	Netherlands
	Europe
	59
	705
	2013.00
	11.95



	17
	Japan
	Asia
	48
	548
	2014.17
	11.42



	18
	Germany
	Europe
	47
	710
	2011.11
	15.11



	19
	Saudi Arabia
	Asia
	45
	1141
	2016.96
	25.36



	20
	Romania
	Europe
	35
	527
	2016.71
	15.06



	21
	Egypt
	Africa and Asia
	33
	457
	2015.97
	13.85



	22
	Belgium
	Europe
	31
	339
	2016.42
	10.94



	23
	Pakistan
	Asia
	26
	299
	2017.38
	11.50



	24
	Tunisia
	Africa
	26
	343
	2017.58
	13.19



	25
	Norway
	Europe
	25
	292
	2015.80
	11.68



	26
	Greece
	Europe
	24
	302
	2012.17
	12.58



	27
	Finland
	Europe
	23
	624
	2013.43
	27.13



	28
	Poland
	Europe
	23
	392
	2015.57
	17.04



	29
	Philippines
	Asia
	22
	629
	2014.95
	28.59



	30
	Thailand
	Asia
	22
	173
	2018.14
	7.86



	31
	Mexico
	North America
	21
	241
	2017.43
	11.48



	32
	Qatar
	Asia
	21
	252
	2017.62
	12.00



	33
	South Africa
	Africa
	20
	239
	2017.10
	11.95







Note: C/R = country/region, NP = number of publications, TC = total citations, APY = average publication year, CPP = citations per paper (average citations) = TC/NP.
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Table 4. Leading institutions in PSEP based on the number of publications (minimum number of publications = 20).






Table 4. Leading institutions in PSEP based on the number of publications (minimum number of publications = 20).





	Rank
	Institutions
	C/R
	NP
	TC
	APY
	CPP





	1
	China Univ. Min. & Technol.
	China
	73
	772
	2018.53
	10.58



	2
	Mem. Univ. Newfoundland
	Canada
	63
	1854
	2014.63
	29.43



	3
	Texas A&M Univ.
	USA
	44
	625
	2013.52
	14.20



	4
	Univ. Loughborough
	UK
	44
	958
	2002.89
	21.77



	5
	Delft Univ. Technol.
	Netherlands
	41
	397
	2015.17
	9.68



	6
	Chinese Acad. Sci.
	China
	35
	295
	2017.97
	8.43



	7
	Dalhousie Univ.
	Canada
	33
	1229
	2012.30
	37.24



	8
	China Univ. Petr.
	China
	30
	271
	2017.27
	9.03



	9
	Hlth & Safety Lab.
	UK
	30
	399
	2009.00
	13.30



	10
	Univ. Leeds
	UK
	30
	533
	2004.87
	17.77



	11
	Univ. Teknol. Malaysia
	Malaysia
	30
	446
	2015.07
	14.87



	12
	Shandong Univ. Sci. & Technol.
	China
	29
	730
	2018.69
	25.17



	13
	Cranfield Univ.
	UK
	28
	512
	2005.57
	18.29



	14
	Natl. Yunlin Univ. Sci. & Technol.
	Taiwan
	27
	249
	2015.67
	9.22



	15
	Islamic Azad Uni.v
	Iran
	26
	544
	2017.00
	20.92



	16
	Indian Inst. Technol.
	India
	25
	374
	2013.36
	14.96



	17
	Nanjing Tech. Univ.
	China
	23
	74
	2018.87
	3.22



	18
	Univ. Tehran
	Iran
	23
	509
	2016.87
	22.13



	19
	Tsinghua Univ.
	China
	22
	327
	2016.23
	14.86



	20
	China Univ. Petr. East China
	China
	21
	194
	2017.86
	9.24



	21
	Curtin Univ.
	Australia
	21
	302
	2016.48
	14.38



	22
	Univ. Birmingham
	UK
	21
	238
	1997.81
	11.33



	23
	Univ. Malaya
	Malaysia
	21
	599
	2016.38
	28.52



	24
	Univ. Nottingham
	UK
	21
	616
	2014.00
	29.33



	25
	Univ. Sci. & Technol. China
	China
	21
	127
	2017.71
	6.05



	26
	Hlth & Safety Execut.
	UK
	20
	111
	2008.50
	5.55



	27
	Univ. Sheffield
	UK
	20
	257
	2005.05
	12.85







Note: C/R = country/Region, NP = number of publications, TC = total citations, APY = average publication year, CPP = citations per paper (average citations) = TC/NP.
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Table 5. Top 25 most cited papers published in PSEP during 1990–2020 (papers were ranked with the total number of citations).






Table 5. Top 25 most cited papers published in PSEP during 1990–2020 (papers were ranked with the total number of citations).





	Rank
	Title
	Authors
	Type
	PY
	TC
	ACPY





	1
	A comparison of chemisorption kinetic models applied to pollutant removal on various sorbents
	Ho, Y.S; McKay, G.
	Article
	1998
	1530
	66.52



	2
	Kinetic models for the sorption of dye from aqueous solution by wood
	Ho, Y.S; McKay, G.
	Article
	1998
	1026
	44.61



	3
	A review on application of flocculants in wastewater treatment
	Lee, C.S.; Robinson, J.; Chong, M.F.
	Review
	2014
	362
	51.71



	4
	A review of hazards associated with primary lithium and lithium-ion batteries
	Lisbona, D.; Snee, T.
	Article
	2011
	264
	26.40



	5
	Treatment technologies for petroleum refinery effluents: a review
	Diya’uddeen, B.H.; Daud, W.M.A.W.; Aziz, A.R.A.
	Review
	2011
	241
	24.10



	6
	Indicators of sustainable development for industry: a general framework
	Azapagic, A.; Perdan, S.
	Article
	2000
	240
	11.43



	7
	Dynamic safety analysis of process systems by mapping bowtie into Bayesian network
	Khakzad, N.; Khan, F.; Amyotte, P.
	Article
	2013
	225
	28.13



	8
	Anaerobic co-digestion of fat, oil, and grease (FOG): a review of gas production and process limitations
	Long, J.H.; Aziz, T.N.; de los Reyes, F.L.; Ducoste, J.J.
	Article
	2012
	178
	19.78



	9
	Adsorptive removal of basic dyes from aqueous solutions by surfactant modified bentonite clay (organoclay): kinetic and competitive adsorption isotherm
	Anirudhan, T.S.; Ramachandran, M.
	Article
	2015
	168
	28.00



	10
	Electrochemical oxidation remediation of real wastewater effluents—a review
	Garcia-Segura, S.; Ocon, J.D.; Chong, M.N.
	Review
	2018
	167
	55.67



	11
	Catalytic pyrolysis of plastic waste: a review
	Miandad, R.; Barakat, M.A.; Aburiazaiza, A.S.; Rehan, M.; Nizami, A.S.
	Review
	2016
	162
	32.40



	12
	Effect of pH, temperature, and air flow rate on the continuous ammonia stripping of the anaerobic digestion effluent
	Gustin, S.; Marinsek-Logar, R.
	Article
	2011
	152
	15.20



	13
	Assessing the inherent safety of chemical process routes—is there a relation between plant costs and inherent safety
	Edwards, D.W.; Lawrence, D.
	Article
	1993
	148
	5.29



	14
	Efficient removal of coomassie brilliant blue R-250 dye using starch/poly (alginic acid-cl-acrylamide) nanohydrogel
	Sharma, G.; Naushad, M.; Kumar, A.; Rana, S.; Sharma, S.; Bhatnagar, A.; Stadler, F.J.; Ghfar, A.A.; Khan, M.R.
	Article
	2017
	145
	36.25



	15
	Biodiesel production from waste oil feedstocks by solid acid catalysis
	Peng, B.X.; Shu, Q.; Wang, J.F.; Wang, G.R.; Wang, D.Z.; Han, M.H.
	Article
	2008
	141
	10.85



	16
	Systems approach to corporate sustainability—a general management framework
	Azapagic, A.
	Article
	2003
	134
	7.44



	17
	Sustainable Industry 4.0 framework: a systematic literature review identifying the current trends and future perspectives
	Kamble, S.S.; Gunasekaran, A.; Gawankar, S.A.
	Review
	2018
	128
	42.67



	18
	Use of membrane technology for oil field and refinery produced water treatment—a review
	Munirasu, S.; Abu Haija, M.; Banat, F.
	Review
	2016
	128
	25.60



	19
	The diffusion behavior law of respirable dust at fully mechanized caving face in coal mine: CFD numerical simulation and engineering application
	Zhou, G.; Zhang, Q.; Bai, R.N.; Fan, T.; Wang, G.;
	Article
	2017
	121
	30.25



	20
	Methods and models in process safety and risk management: past, present, and future
	Khan, F.; Rathnayaka, S.; Ahmed, S.
	Article
	2015
	120
	20.00



	21
	Characterization of products from the pyrolysis of municipal solid waste
	Buah, W.K.; Cunliffe, A.M.; Williams, P.T.
	Article
	2007
	117
	8.36



	22
	Design of water-using systems involving regeneration
	Kuo, W.C.J.; Smith, R.
	Article
	1998
	114
	4.96



	23
	An experimental study for characterization the process of coal oxidation and spontaneous combustion by electromagnetic radiation technique
	Kong, B.; Li, Z.H.; Wang, E.Y.; Lu, W.; Chen, L.; Qi, G.S.
	Article
	2018
	109
	36.33



	24
	Bi-level fuzzy optimization approach for water exchange in eco-industrial parks
	Aviso, K.B.; Tan, R.R.; Culaba, A.B.; Cruz, J.B.
	Article
	2010
	106
	9.64



	25
	Harnessing methane emissions from coal mining
	Warmuzinski, K.
	Article
	2008
	106
	8.15







Note: PY = publication year, TC = total citations, ACPY = average citations per year,   ACPY =    T o t a l     c i t a t i o n s     C u r r e n t     y e a r  −  P u b l i c a t i o n     y e a r  + 1    
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Table 6. Highly cited references of PSEP publications ranked by the number of citations.






Table 6. Highly cited references of PSEP publications ranked by the number of citations.





	Rank
	References
	Source
	Title
	DT
	Cluster
	Citations





	1
	[46]
	The Journal of Physical Chemistry
	Over the adsorption in solution
	JA
	3
	52



	2
	[74]
	——
	Standard methods for the examination of water and wastewater
	Book
	5
	48



	3
	[47]
	Royal Swedish Academy of Sciences
	About the theory of so-called adsorption of soluble substances
	JA
	3
	48



	4
	[49]
	Journal of the American Chemical society
	The adsorption of gases on plane surfaces of glass, mica, and platinum
	JA
	3
	45



	5
	[69]
	——
	Loss prevention in the process industry
	Book
	2
	45



	6
	[50]
	Process biochemistry
	Pseudo-second order model for sorption processes
	JA
	3
	41



	7
	[48]
	Journal of the sanitary engineering division
	Kinetics of adsorption on carbon from solution
	JA
	3
	32



	8
	[55]
	Process Safety and Environmental Protection
	Dynamic safety analysis of process systems by mapping bowtie into Bayesian network
	JA
	1
	27



	9
	[53]
	Journal of the American chemical society
	The constitution and fundamental properties of solids and liquids. Part I. Solids
	JA
	3
	26



	10
	[71]
	——
	Guidelines for chemical process quantitative risk analysis
	Book
	2
	25



	11
	[59]
	Information and Control
	Fuzzy sets
	JA
	1
	25



	12
	[79]
	Fuel
	An intelligent gel designed to control the spontaneous combustion of coal: fire prevention and extinguishing properties
	JA
	6
	24



	13
	[58]
	Process safety and environmental protection
	Methods and models in process safety and risk management: past, present, and future
	JA
	1
	24



	14
	[75]
	——
	Standard methods for the examination of water and wastewater
	Book
	5
	23



	15
	[72]
	——
	Dust explosions in the process industries
	Book
	2
	23



	16
	[63]
	Process Safety and Environmental Protection
	Assessing the inherent safety of chemical process routes: is there a relation between plant costs and inherent safety?
	JA
	4
	22



	17
	[82]
	——
	Human error
	Book
	1
	21



	18
	[76]
	——
	Standard methods for the examination of water and wastewater
	Book
	5
	20



	19
	[61]
	Reliability Engineering & System Safety
	Safety analysis in process facilities: comparison of fault tree and Bayesian network approaches
	JA
	1
	20



	20
	[67]
	Industrial & Engineering Chemistry Research
	Assessing safety, health, and environmental impact early during process development
	JA
	4
	18



	21
	[52]
	Journal of environmental management
	Removal of heavy metal ions from wastewaters: a review
	JA
	3
	18



	22
	[70]
	——
	Chemical process safety: fundamentals with applications
	Book
	2
	17



	23
	[64]
	Process Safety Progress
	Multivariate hazard identification and ranking system
	JA
	4
	17



	24
	[68]
	Process Safety and Environmental Protection
	Safety weighted hazard index (SWeHI): a new, user-friendly tool for swift yet comprehensive hazard identification and safety evaluation in chemical process industries
	JA
	4
	17



	25
	[83]
	Safety science
	Risk management in a dynamic society: a modelling problem
	JA
	1
	17



	26
	[60]
	Process safety and environmental protection
	SHIPP methodology: Predictive accident modeling approach. Part I: Methodology and model description
	JA
	1
	17



	27
	[78]
	Journal of hazardous materials
	Landfill leachate treatment: review and opportunity
	JA
	5
	17



	28
	[84]
	Chemical Engineering Science
	Wastewater minimization
	JA
	1
	17



	29
	[62]
	Reliability Engineering & System Safety
	Improving the analysis of dependable systems by mapping fault trees into Bayesian networks
	JA
	1
	16



	30
	[77]
	Water research
	Recent developments in photocatalytic water treatment technology: a review
	JA
	5
	16



	31
	[85]
	Analytical chemistry
	Colorimetric method for determination of sugars and related substances
	JA
	5
	16



	32
	[80]
	Advanced Powder Technology
	Effects of air volume ratio parameters on air curtain dust suppression in a rock tunnel’s fully mechanized working face
	JA
	6
	16



	33
	[86]
	Journal of hazardous materials
	Escalation thresholds in the assessment of domino accidental events
	JA
	2
	15



	34
	[87]
	Journal of hazardous materials
	Domino effect in chemical accidents: main features and accident sequences
	JA
	2
	15



	35
	[51]
	Chemical engineering journal
	Insights into the modeling of adsorption isotherm systems
	JA
	3
	15



	36
	[65]
	Journal of Hazardous Materials
	A simple graphical method for measuring inherent safety
	JA
	4
	15



	37
	[81]
	International journal of coal geology
	Coal mine methane: a review of capture and utilization practices with benefits to mining safety and to greenhouse gas reduction
	JA
	6
	15



	38
	[56]
	Reliability Engineering & System Safety
	Dynamic risk analysis using bowtie approach
	JA
	1
	15



	39
	[57]
	Journal of loss Prevention in the Process Industries
	Techniques and methodologies for risk analysis in chemical process industries
	JA
	1
	15



	40
	[73]
	Journal of Loss Prevention in the process Industries
	Major accidents in process industries and an analysis of causes and consequences
	JA
	2
	15



	41
	[66]
	Journal of Loss Prevention in the Process Industries
	I2SI: a comprehensive quantitative tool for inherent safety and cost evaluation
	JA
	4
	15



	42
	[54]
	Chemical engineering science
	Plant-specific dynamic failure assessment using Bayesian theory
	JA
	1
	15



	43
	[88]
	Industrial & Engineering Chemistry Fundamentals
	A new two-constant equation of state
	JA
	2
	15







Note: Cluster matches the color for each cluster group in Figure 7, DT = document type, JA = journal articles.
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Table 7. Top 10 keywords for PSEP in terms of various periods.
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R

	
Before 2008

	
2008–2012

	
2013–2017

	
2018–2020




	
Keyword

	
F

	
Keyword

	
F

	
Keyword

	
F

	
Keyword

	
F






	
1

	
Risk

	
40

	
Risk assessment

	
73

	
Adsorption

	
122

	
Microbial community

	
14




	
2

	
LCA

	
24

	
Safety

	
56

	
Kinetics

	
80

	
CCD

	
13




	
3

	
Combustion

	
17

	
Modeling

	
46

	
RSM

	
74

	
CSC

	
12




	
4

	
HAZOP

	
15

	
Explosion

	
43

	
Optimization

	
67

	
Ionic liquid

	
12




	
5

	
Runaway reaction

	
15

	
Inherent safety

	
34

	
Heavy metals

	
56

	
Toxicity

	
11




	
6

	
Health

	
14

	
Anaerobic digestion

	
31

	
CFD

	
49

	
Forward osmosis

	
11




	
7

	
Sustainable development

	
12

	
Recycling

	
27

	
Wastewater treatment

	
44

	
Sensitivity analysis

	
9




	
8

	
Radiation

	
11

	
Biosorption

	
23

	
Photocatalysis

	
43

	
Industry 4.0

	
8




	
9

	
Incineration

	
11

	
Consequence analysis

	
23

	
Wastewater

	
43

	
Air leakage

	
7




	
10

	
Pollution

	
9

	
Human factors

	
22

	
Process safety

	
43

	
Microwave

	
7




	
11

	
Environmental impact

	
9

	
Regeneration

	
21

	
Activated carbon

	
40

	
Spontaneous coal combustion

	
7




	
12

	
Offshore

	
8

	
Biomass

	
21

	
Numerical simulation

	
37

	
Process optimization

	
7




	
13

	
Effluent

	
7

	
Sustainability

	
21

	
Bayesian network

	
34

	
Coal mine

	
7




	
14

	
Transportation

	
7

	
Activated sludge

	
20

	
Biodiesel

	
34

	
Catalytic ozonation

	
7




	
15

	
Atrazine

	
7

	
Environment

	
20

	
Isotherm

	
34

	
Coal and gas outburst

	
6




	
16

	
LPG

	
7

	
Gas explosion

	
19

	
Dust explosion

	
34

	
Synergistic effect

	
6




	
17

	
Phosphorus removal

	
7

	
J-value

	
19

	
AOP

	
32

	
Drinking water

	
6




	
18

	
Major hazards

	
7

	
Mathematical modeling

	
18

	
Electrocoagulation

	
31

	
Moisture content

	
6




	
19

	
Decision making

	
7

	
Process design

	
17

	
Biodegradation

	
30

	
Mineralization

	
6




	
20

	
Waste incineration

	
7

	
Accident

	
17

	
Pyrolysis

	
28

	
Electro-oxidation

	
5








Note: R = rank; F = frequency of each keyword; LCA = lifecycle assessment; HAZOP = hazard and operability studies; LPG = liquefied petroleum gas; RSM = response surface methodology; CFD = computational fluid dynamics; AOP = advanced oxidation process; CCD = central composite design; CSC = coal spontaneous combustion.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg





media/file4.png





media/file18.png
2200

2000 1924

1800

—
(=)
(=1
o

1400

1200

1000

o]
o
(=1

Number of publications

D
S
<

B
(=
(=]

261

200 134 P
- i 49 31 15 16 13 25
0 -——

[0, 10] (10,20] (20,30] (30,40] (40,50] (50,60] (60,70] (70,80] (80,90] (90,100] =100
Bins of citations






media/file21.jpg





media/file22.png
fo@am
& ermp @t polmer. go "
COPeriggd  ph hydrogep sulfide ®

ingwater s Jacte SpEneraion: - ppal spontane.s com%

talsagﬁgoﬁlgestlon' . v ‘;sion

ion |‘]u|r cfd fT'iefrng.

: A : @i ncmﬁtlon
adsorggigiiyis : ‘ ? ~e@®. @& 9""@"9 mamr.bxhqr

. pytalysis & ao'rr.ut.ati d‘ /namies-

. .dr)ﬁ"@unicipabolid wa'-n g n‘pns'uahon. _ e'. pe Ieabfge
Er . @ .eﬂewat# energy po jr_‘!./ .
runaw‘eacuorb \ I eﬂasht
sequ analysisffshor
5 O.Kftles microplgae '™ fewg — - an .Cl > y sho .

& neyral networks

@ ca.rst % - ——r
3 . Qaze.euse fife cyel essment ‘Quantlta‘twe. assessmenty
pere 1T e o R
o esten&tlon i SJ( -
lipid enxnrorﬂnentamanagement e ’. p{'|

_. ‘Odvgy sust‘bm@ Cu§oal

qne

i z, Ehem_,- ng m&ement
" le “:m‘:
. ﬂenetac torlthm
per.at‘) O.tlon. [ p ® Qr E%
decolafization actya‘l&lgelearo -@uic pinch apalysis 9 L
fomﬁr‘.‘ir%sm bmr‘laaon ’ OB i s
-

&y hazard k‘tiﬁcation

cost- ben.t analysis
90* <
cherpobyl

A VOSviewer






media/file19.jpg
(cdnap200 © (ubos agal. 1956)

o202
wangandgnin 1550 o o, 200
S (aphg, 2005) ©
e ) \ (chong egal. 2010)
(eeifisoe) o Gohao9e)
S (Langmuir, 1918)
o, 2003 q,is& 1898)
tancn o 1) Sre o
rence, 1993) \ »

Avosvener






media/file7.jpg
LETTER, 27,082% NOTE,
REVIEW. 08 250%
b

043%
CORRECTION, 13,040%

EDITORIAL MATERIAL,

107,354 . (0GRAPHICAL ITEM,
PROCEEDINGS PAPER, o
alon
reTRACTED

s FURLICATION 0004
*REmACTID PUBLICATION
*oiscussion

- RermT

RETRACTION,2,006%

BIBLIOGRAPHY, 1
oo

 DISCUSSION, 1,003%

REPRINT, 1,003%





media/file10.png
Cumulative number of publications

3600 -
([E=3) Number of publications (NP)

—&— Cumulative NP
3200 -

--------- Trendline for cumulative NP

o
oo
)
<o
1

y= 3E-106e0-1243x ’
R2=0.8836 .
N

- 400

Rl

- 300

- 250

- 200

- 150

- 100

- 50

-0

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Publication years

Number of publications





media/file5.png





media/file14.png
pormugal—/

® bzl e

—

& VOSviewer

southsafrica






media/file11.jpg
-

avssemsm
ousa ot

sngecs s s

seama g
g oz M’“ o b

© cvesie .

¢ vowm
g g

Pungerbuehlr oad

L

s

-

wdPy

anctfifho

Saeng g,
s

e

Do

haldergopinatn

[
jE—

-
b

P oo
E T p——

hasi il Yoo
v,
o il
Sl
o
" thomasigeraint o,

i, e ugges s
7 g GBog o
e } Ao
o " K .l
e, o SRR GO, T
sggts @ "’ © 1 cion
r;«mws e ° I, carse i 60N, b b
e sheghpepars, Yo w@i B e ioweny
g™
s S e
Whuosheng *
T WL T
i
. ;

o






media/file6.png





media/file15.jpg
pre—
Nong urfsci & technob
Ly - gm,,.wm

P

. >
china univigal) & téehnol q

e prions O gy ol china
Ky © univ loughborough
ith &yl
R [E—

s @
R

Ganiimg
King fahd unndpetat: mindeals & b

s et e
iabann iy ekcgmaaysa ™

SN

e
e rortheenuy
o nBOE amicia kS
o igand | poatarying
m.::’m i mem uniy chciand
e [ Tm—

Avosviener a—






nav.xhtml


  ijerph-18-05985


  
    		
      ijerph-18-05985
    


  




  





media/file1.png





media/file16.png
dalian univ technol

shan.dong ur.ci & technob.
% univ birgingham -iian jiagiBong univ

'. univ @berta  xian univ §gi & technol
N TR \ W Hidhed
d . minispeduc
china uni & t&ehnol e
by o ang! univ sci & @shnol china ¢
TR univ Iou..omugh
univ sci & taghnol beijing -
o @ china univ pel’ hith & .;t.ty lab
curt.va 4 egian umv sci & technol hith & sa.y execut
cranf. uniygy
- b univﬂverp
king fahd univipeta& mindrals " a4\ W univ mchester
gheorghe asa@hi tech univ iasi : ; \ W : f‘f e &
texas .‘I univ ' \B univ sheffieldcity ivlondor
univ putr@gmalaysia ) A ku"f_”
univ keban’an’h‘lalaﬁsiauniv tek'nalaysia 4 univigenoa delftu chnol
cor univ @ielaya ! -
nah uni — @ univigghran
northeﬁern univ
univ nailingha rif Ut
. 3\8' |slam|c@d urﬁ

indian |.technol pondicherry uni

\4
chine’:ad sci mem univ. dland

univ chinage acad sci .
univ tekn@hpetronas

univ saing malaysia

& VOSviewer






media/file2.png





media/file20.png
(dubois et al., 1956)

(eckhaffy 2003) @

(wang and@mith, 1994) (cozzani épal., 2006) Rl ( 005)
aphg-.-g «
(CCP’OOOJ (chong etal., 2010)
Seaag 2012;\ (Iee 9) ® (apha1 998)
Sl N (Langmuir, 1918)
=T 7R \ RPEEAards: 2003) .Iager 1898)
N }. (karacan et al., 2011) N Mandu@rg, 2011)
Kher/4hd 1998 N ’ Ay TR
(ﬁan E‘{am b) (ed ‘dé-iuc""rence,1993) , / /S
(bobbio afial, 2001) & ) ; v 057 A |
reasros0) | | (cheng @l 2017 freundlich, 1906)

- (zaEle‘.l%S) y(kc’“ere" amaad (weber ancﬁs 1

(ho and

\ 4

&VOSviewer






media/file23.jpg





media/file24.png
I fie@m
R pomer % s
Coﬁengu ‘ hydrog. sulfide @

ndwater b.s waste @neration g spontane.s comg

t Sa O’ StICII'l ._- detMRaalg risk, ot p] ‘Sion
-‘Qj;élii Eiii . Igr"on C drﬁ.ﬁgﬁng.

®
: ']ltlllr’lerlwulatbn

ti —
l' ,""':'.".tl;n @m.tlg

bi flammability dis
. | Pace oo @enerey o o/~
< Y cemegiaton o . pyrolysis €™\ Snueati d dynamis
@ at : de . \ drinmumapa.ohd wa'n g o%p.es'nzauon. [.e - . Iealage
@1 i \ET, . . ~_reénewable e energy pool fire

w runaw*actlo
s N'nd ¥e t
&m es micraalga o g Qransp.'tatlor.

%ate&use life Cﬁl’essment impe
7 e .enw‘nent : >
a

@ esterification
i & i 1at '. g I’Iﬂ(
n‘lro enl&managemenl

cmsegu‘ analysmffs.oref'aﬂ‘w

neyral networks

co?

ri

‘QUantltatwe. assessmenty ¥
mingJeffait

cherfiobyl

®© o
degrada

ccupat ...ll
nse ‘od@gy susta.bmtwj orLe
- m e a{ ’.‘h“”'f rg.km‘ement
advaqped 0 ion p‘)ceésa.w . P
e h lesson "
Per.at‘jqo.mn. - ‘J. Iop. .eneuctom mlﬁr @ty "‘ o
decolorization actya |&jgelfer_[ro-.m‘w n .pinch analysis 9 > ®
fomsr.sr%sns - blorwlaeon " synergislic effect process intensification

g hazard kati"
A VOSviewer

2008 2010 2012 2014 2016 2018






media/file12.png
crawley, fk

al-salem, s. m.

li, yuxing
moussavi, gholamreza zeng, guangming jan, muhammad rasul
angelucci, domenica mosca halder, gopinath lu, chunmei b g
rennan,
bergamasco, rosangela : bagh&najid )

st

hait, subrata ' ochando-pulido, j. m.

nekouei, farzin kyu

b tweeddale, hm gao,jinsheng",f sharratt, pn koshiba, yusuke
8 . rown, m
wu, pingxiao lindst@t, r. 1 muanhongmoham dul wahab
RS s - Uta‘o W 'ai elsheikh, ammar h.
hungerbuehler, konrad  sun, ghwi
i we ng zhang, zujing

tan
jahanian, hamid

arnalﬁg josep

4
, survong pazos, marta
- ay_ay_‘di, ines

mombelli, d.

: r‘ thomas, geraint o.
abia uno :
bla Z, £

Xu, Xinhua —_—
yan iang ‘ K haghighi, mohammad
sang, illiams, paul t.
cleaver rp _ a Miyake, atsumi

evans, aa haugen, stein

sivapirakasam, s. p. liu, chgj'tgjun
janes, agnes duh, ys
benintendi, renato mcquaid, | skeiggh, b d

i i ohm, tae-in -
valeh-e-sheyda, peyvand clayton, r Jones, Jc chen, chiu-wen
esrafili, ali slater, mj "godinhqﬁmarcelo

teodosiu, carmen griffiths, r bahramifar, nader
: azadeh, a.

ma, hong-hao hug;beng
gutterres, mariliz
hankinson, g. chen, xd ) ,

mitu, maria el

das, papita
TS naushad, mu kobya m.
fuente, e.

lin, carol sze ki

barakat, m. a. ol 5
——— rimington, jd
saien, javad

A VOSviewer joshi, jb frontistis, zacharias






media/file3.png





media/file9.jpg
Cumulative number of publications

3600

—e— Cumulative NP

00 - Trendiine for cumulative NP

2800

2400

2000

1600

1200

800

400

¥ =3E-106c0130x |

500

450

400

350

300

250

200

150

100

50

0

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

‘Publication years.

Number of publications





media/file0.png





media/file8.png
REVIEW, 95, 2.89%
EDITORIAL MATERIAL,
117, 3.56%

PROCEEDINGS PAPER,
137, 4.16%

8 ARTICLE

8 PROCEEDINGS PAPER
® EDITORIAL MATERIAL
s REVIEW

8 LETTER

s NOTE

8 CORRECTION

8 BIOGRAPHICAL ITEM
8 RETRACTED PUBLICATION
s RETRACTION

8 BIBLIOGRAPHY

8 DISCUSSION

s REPRINT

LETTER, 27, 0.82%

NOTE, 14, 0.43%

CORRECTION, 13, 0.40%

BIOGRAPHICAL ITEM,
11,0.33%

RETRACTED
PUBLICATION, 2, 0.06%

RETRACTION, 2, 0.06%

BIBLIOGRAPHY, 1,
0.03%

DISCUSSION, 1, 0.03%

REPRINT, 1, 0.03%





media/file17.jpg
585 EEEEEEE

Number of publications

o5
201
15
- R L R A O R
e | | | P | T
10.10] (10.20] (0.30] G0.40] (40,50] (50,60] (60,70] (70,50 (80,90] (90,100] 100
Bins of ctations.






