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Abstract 

China’s petrochemical port cities are confronted with the dual challenges of fostering industrial 

development and enhancing environmental quality. In this context; this paper establishes a semantic 

ontology-based data model from a comprehensive environmental factor classification perspective to 

thoroughly review the environmental quality over the past three years in seven major petrochemical 

port cities in China. The process consists of three main phases: First; information sources were 

identified; with the research team conducting extensive statistics and screening of 1,858 relevant 

papers from Web of Science and the China National Knowledge Infrastructure based on the review’s 

thematic focus. Next; information preprocessing was carried out; in which the selected literature was 

categorized and filtered according to different cities and environmental elements. Finally; visual 

analysis was performed using the preprocessed data to construct semantic ontology-based models 

for the atmospheric; water; soil; biological; and acoustic environments. These models facilitated the 

identification of research hotspots regarding pollutants and pollution sources across different cities 

and environmental domains; as well as the extraction of predominant pollution mitigation measures 

proposed in existing studies. The outcomes provide theoretical support for achieving coordinated 

development between industry and the environment in petrochemical port cities in China. 

Keywords: semantic ontology data model; petrochemical-industrial port city; environmental quality 

 

1. Introduction 

Against the backdrop of advancing global economic integration, the petrochemical industry 

plays a vital role in both energy supply and the production of basic chemical raw materials, serving 

as a core driver of sustained development in modern industry. However, as shown in Figure 1, while 

creating substantial economic value for global development, this industry has also exerted significant 

impacts on the environmental quality of petrochemical port cities. 
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Figure 1. The Historical trajectory of the Petrochemical Industry’s Global Environmental Impact. 

In 2024, China’s petrochemical industry generated revenue of 16.28 trillion yuan, accounting for 

approximately 12% of the total revenue in the country’s scaled industrial sector [1]. Against this 

backdrop, petrochemical port cities in China are confronted with the dual tasks of urban 

development and environmental improvement. Therefore, conducting a retrospective analysis of 

environmental quality studies over the past three years in seven major petrochemical port cities from 

a comprehensive environmental factor classification perspective, with the aim of exploring pathways 

for coordinated development between industry and the environment, carries significant practical 

implications and far-reaching historical value. 

1.1. Definition and Classification of Environmental Quality 

Environmental quality is a measure of the state of an environment, characterized through both 

qualitative and quantitative descriptions of the conditions of specific environmental elements [2]. 

Furthermore, environmental quality represents a comprehensive measure of the state of the 

environment, encompassing multiple elements such as the atmosphere, water, soil, and biology, and 

cannot be defined by a single metric. Based on these distinct environmental elements, this paper 

categorizes the research areas of environmental quality into five primary domains: atmospheric 

environment, aquatic environment, soil environment, biological environment, and acoustic 

environment. 

1.2. The Seven Major Petrochemical Port Cities in China 

In 2014, to further phase out outdated production capacity, promote clustered development of 

the petrochemical industry, and optimize its spatial distribution, China’s National Development and 

Reform Commission and Ministry of Industry and Information Technology formulated the Guidance 

on the Planning and Layout of the Petrochemical Industry. This document proposed establishing 

seven major petrochemical industrial bases across the country, including Dalian Changxing Island 

(Liaoning), Caofeidian (Hebei), Lianyungang (Jiangsu), Caojing (Shanghai), Ningbo (Zhejiang), 

Huizhou (Guangdong), and Gulei (Fujian). Based on this plan, the present study identifies Dalian, 

Tangshan, Lianyungang, Shanghai, Ningbo, Huizhou, and Zhangzhou as the seven major 

petrochemical port cities in China [3]. As illustrated in Figure 2, these cities possess large-scale 

petrochemical production capacities and are all located along the coast, yet vary in administrative 

hierarchy: Tangshan, Lianyungang, Zhangzhou, and Huizhou are prefecture-level cities; Dalian and 

Ningbo hold sub-provincial city status; and Shanghai is a municipality directly under the central 

government. 
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FigureF2. Geographical and Petrochemical Industry Profiles of the Seven Major Petrochemical Port Cities in 

China. 

1.3. Research on Environmental Quality in Petrochemical Port Cities 

Currently, China’s petrochemical industry ranks as the world’s second largest by overall scale, 

firmly positioned among the global leaders in this sector [4]. However, when compared to 

internationally advanced standards, China’s petrochemical industry exhibits significantly higher 

emissions of wastewater, exhaust gases, and solid waste [5]. Under these circumstances, conducting 

an in-depth exploration of the current state of environmental quality research in China’s 

petrochemical port cities represents a crucial research objective. This paper employs a semantic 

ontology-based approach to systematically review studies on environmental quality across five key 

domains—atmospheric, aquatic, soil, biological, and acoustic environments—in seven major 

petrochemical port cities in China. The aim is to provide a theoretical foundation for achieving a 

balance between industrial development and environmental sustainability in these regions. 

2. Methods 

Semantic ontology-based data modeling integrates principles from semantics and ontology to 

structure core domain terminology into a logically organized analytical framework, enabling 

systematic visualization and interpretation of research concepts [6]. This study conducts a systematic 

review of environmental quality research over the past three years in seven major Chinese 

petrochemical port cities by constructing a semantic ontology-based data model. As illustrated in 

Figure 3, the analytical process is divided into three distinct phases: identification of information 

sources, data preprocessing, and visual analysis based on the semantic ontology model. 
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Figure 3. The Logical Framework of this Study’s Methodology. 

2.1. Information Source Identification 

This study utilized the China National Knowledge Infrastructure (CNKI) and Web of Science 

(Core Collection) as primary data sources. For Chinese literature, the search topics included: “环境质

量” (environmental quality), “环境污染” (environmental pollution), “环境评估” (environmental 

assessment), “环境治理” (environmental governance), “环境监测” (environmental monitoring), “大

气环境” (atmospheric environment), “土壤环境” (soil environment), “水环境” (water environment), 

“生物环境” (biological environment), and “声环境” (acoustic environment). The geographic scope 

was restricted to Shanghai, Dalian, Ningbo, Tangshan, Lianyungang, Zhangzhou, and Huizhou.For 

English literature, the search query was: TS=(“environmental quality” OR “environmental pollution” 

OR “environmental assessment” OR “environmental governance” OR “environmental monitoring” 

OR “atmospheric environment” OR “soil environment” OR “water environment” OR “biological 

environment” OR “acoustic environment”), with the geographical restriction: (“shanghai” OR 

“ningbo” OR “dalian” OR “tangshan” OR “lianyungang” OR “zhangzhou” OR “huizhou”). 

The literature search in both Chinese and English databases was conducted on April 16, 2025, 

covering publications from January 1, 2022 to April 15, 2025. Only academic journal articles were 

included. After excluding retracted publications, a total of 1,858 valid journal articles were identified, 

comprising 453 from CNKI and 1,405 from Web of Science. 

2.2. Data Preprocessing 

The overall information undergoes a two-step preprocessing procedure: classification of 

scholarly articles and subsequent manual curation. 

Paper Categorization: Two researchers classified 1,858 publications from existing sources into 

three distinct datasets based on city administrative level, with some papers covering multiple cities. 

The resulting corpora include: Municipalities Directly Under the Central Government (1,271 pubs.), 

Sub-provincial Cities (377 pubs.), and Prefecture-level Cities (210 pubs.). 
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Manual Screening: The process of manual screening requires predefined criteria in two aspects, 

namely the scope and objectives of screening. The scope encompasses titles, keywords, and abstracts 

within the literature dataset. The objective is to identify publications directly related to atmospheric, 

aquatic, soil, biological, and acoustic environments. Following initial classification, two researchers 

independently review the three literature collections based on the designated screening criteria to 

exclude irrelevant studies. In case of discrepancies between the two reviewers, a third researcher 

intervenes to reach a consensus. Finally, core terminologies are extracted from the shortlisted 

literature. Keywords serve as the primary reference for core terms, while titles and abstracts provide 

supplementary references(Figure 4 shows the PRISMA flow diagram for the search and selection 

process.). 

 

Figure 4. The PRISMA flow diagram of the search and selection process. 

2.3. Visual Analytics 

The visualization analysis comprises three components: the application of CiteSpace to mitigate 

bias from manual screening, the construction of a semantic ontology data model, and graph-based 

analytical mapping. 

To mitigate manual screening bias, the paper datasets were imported into CiteSpace for keyword 

co-occurrence analysis, from which lists of high-frequency keywords were derived. Based on these 

lists, current research hotspots on environmental quality in China’s seven major petrochemical port 

cities were identified and synthesized in advance, thereby reducing subjectivity associated with 

manual screening. 

Semantic ontology data modeling employs specialized software such as HOZO, Protégé, 

WebProtégé, and OntoStudio. Among these, HOZO—developed by Osaka University—is noted for 

its usability, interactivity, and cost efficiency, and is adopted as the primary tool for visual ontology 

analysis in this study. Using HOZO, a three-tier semantic ontology is constructed based on three 
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relational constructs: “is-a”, “part-of”, and “applied-to”. Specifically, “is-a” expresses that the child-

concept is a specific instantiation of the parent-concept; “part-of” indicates that the child-concept 

constitutes a component of the parent-concept; and “applied-to” describes a classification in which 

the child-concept is derived from the parent-concept [6]. 

Atlas analysis was conducted using semantic ontology data models developed with HOZO, 

resulting in the generation of 18 analytical atlas documents for environmental quality research. These 

included six for atmospheric environment, three for aquatic environment, three for soil environment, 

three for biological environment, and three for acoustic environment. During the final research phase, 

the visual atlases enabled the extraction and identification of research hotspots concerning pollutants, 

pollution sources, and existing mitigation measures across different cities and environmental 

domains. This approach facilitated a systematic review of environmental quality studies conducted 

over the past three years in seven major petrochemical port cities in China. 

3. Discussion and Analysis 

3.1. Research Focus Across Different City Tiers 

Prior to developing the HOZO semantic model, the research team utilized objective statistical 

evidence from CiteSpace to identify and synthesize recent three-year research hotspots in 

environmental quality across seven major Chinese petrochemical port cities. This approach mitigated 

subjective bias introduced by manual screening in the HOZO modeling process. 

Following classification and screening by the research team, six paper datasets were ultimately 

obtained. These include: a WOS dataset for municipalities directly under the central government 

containing 1,064 papers; a CNKI dataset for municipalities containing 207 papers; a WOS dataset for 

sub-provincial cities containing 243 papers; a CNKI dataset for sub-provincial cities containing 134 

papers; a WOS dataset for prefecture-level cities containing 98 papers; and a CNKI dataset for 

prefecture-level cities containing 112 papers.As shown in Table 1, these six Chinese and English 

publication sets were separately imported into CiteSpace for keyword co-occurrence analysis, 

resulting in three English and three Chinese keyword co-occurrence network maps. Concurrently, 

six lists of high-centrality keywords, ranked by “Centrality,” were exported (details are provided in 

Tables 2–7). It is important to note that these lists only include keywords with an intermediary 

centrality ≥ 0.01 that ranked within the top 30 of their respective dataset. 

Table 1. Co-occurrence network map of keywords in Chinese and English scholarly literature. 

 

Municipality directly under the central 

government (WOS) 

 

Municipality directly under the central 

government (CNKI) 
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Sub-provincial level city (WOS) 

 

Sub-provincial level city (CNKI) 

 

Prefecture-level City (WOS) 

 

Prefecture-level City (CNKI) 

In CiteSpace, betweenness centrality is employed to identify pivotal nodes that serve as critical 

bridges within a network. The centrality value of a keyword directly reflects its research popularity 

and significance. Based on the six high-centrality keyword lists mentioned above, it can be concluded 

that research related to the atmospheric environment and aquatic environment constitutes a current 

hotspot in recent three-year environmental quality studies of the municipality (Shanghai), sub-

provincial cities (Dalian, Ningbo), and prefecture-level cities (Tangshan, Lianyungang, Zhangzhou, 

Huizhou). Therefore, this study will focus on constructing a semantic ontology data model centered 

on the atmospheric and aquatic environments. 

Table 2. High-Centrality Keywords from WOS (Municipality directly under the central government). 

Keywords Centrality Count Keywords Centrality Count 

Ecosystem services 0.42 13 Policy 0.16 33 

Generation 0.27 7 Influencing factors 0.16 15 

Economic growth 0.26 12 
Yangtze river economic 

belt 
0.16 10 

Financial constraints 0.24 4 Public attention 0.16 3 

Design 0.22 7 Sustainable development 0.15 31 

Particulate matter 

[Atmospheric 

Environment] 

0.20 22 Corporate governance 0.15 18 

Drivers 0.20 3 Areas 0.15 11 

Responsibility 0.19 20 Resolution 0.15 5 

Energy consumption 0.19 11 Haze 0.15 3 
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[Atmospheric 

Environment] 

PM2.5 concentrations 

[Atmospheric 

Environment] 

0.19 3 Deep learning 0.14 10 

Life cycle assessment 0.18 22 

Aerosol 

[Atmospheric 

Environment] 

0.14 6 

Trends 0.18 15 Social responsibility 0.13 17 

Chemistry 0.18 5 Deposition 0.13 6 

Municipal solid waste 0.17 6 Media attention 0.13 3 

Exposure 0.16 35 Challenges 0.13 2 

Table 3. High-Centrality Keywords from CNKI (Municipality directly under the central government). 

Keywords Centrality Count Keywords Centrality Count 

上海(Shanghai) 0.18 16 重金属(Heavy metals) 0.02 5 

水环境(Water 

environment) 

[Aquatic Environment] 

0.08 8 

水质评价(Water quality 

assessment) 

[Aquatic Environment] 

0.02 5 

土壤(Soil) 

[Soil Environment] 
0.07 6 上海市(Shanghai) 0.02 2 

地下水(Groundwater) 

[Aquatic Environment] 
0.04 5 

发展环境(Development 

environment) 
0.02 1 

养殖(Aquaculture) 0.04 1 
发布特征(Emission 

characteristics) 
0.01 2 

幼蟹(Juvenile crabs) 0.03 2 评估(Assessment) 0.01 2 

土壤污染(Soil pollution) 

[Soil Environment] 
0.03 1 工业地块(Industrial sites) 0.01 2 

空气质量(Air quality) 

[Atmospheric 

Environment] 

0.02 9 
绿色经济(Green 

economy) 
0.01 2 

水质(Water quality) 

[Aquatic Environment] 
0.02 7 

浮水植物(Floating 

aquatic plants) 
0.01 2 

Table 4. High-Centrality Keywords from WOS（Sub-provincial level city）. 

Keywords Centrality Count Keywords Centrality Count 

Satisfaction 0.42 4 Identification 0.17 8 

Energy consumption 0.37 4 Diversity 0.17 3 

Pollution 0.34 10 China 0.16 6 

Quality 0.33 8 Performance 0.15 16 

Catalyst 0.31 6 Evolution 0.14 7 

Removal 0.26 4 Fabrication 0.14 2 
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Particulate matter 

[Atmospheric 

Environment] 

0.22 7 Degradation 0.14 2 

Source apportionment 0.21 6 Hydrogenation 0.14 2 

Energy 0.20 15 
Water quality 

[Aquatic Environment] 
0.13 2 

Impact 0.20 11 Model 0.12 10 

Life cycle assessment 0.20 4 Carbon 0.12 2 

Environmental impacts 0.20 2 Catalysts 0.11 7 

Nanosheets 0.19 6 Air source heat pump 0.11 1 

Long term exposure 0.19 2 Emissions 0.09 4 

15System 0.17 9 30Environment 0.09 3 

Table 5. High-Centrality Keywords from CNKI（Sub-provincial level city） 

Keywords Centrality Count Keywords Centrality Count 

宁波(Ningbo) 0.02 7 
协同治理(Collaborative 

governance) 
0.01 2 

Table 6. High-Centrality Keywords from WOS（Prefecture-level City） 

Keywords Centrality Count Keywords Centrality Count 

Abundance 0.40 4 Haze 0.16 2 

Water 

[Aquatic Environment] 
0.33 4 Model 0.15 7 

Management 0.33 4 Construction waste 0.15 2 

Air pollution 

[Atmospheric 

Environment] 

0.33 3 Atmospheric mercury 0.15 1 

Allocation principles 0.29 1 Aerosols 0.14 2 

Exposure 0.26 4 

Air pollution accidents 

[Atmospheric 

Environment] 

0.13 1 

Sea 

[Aquatic Environment] 
0.26 4 Bayesian networks 0.13 1 

Beijing-Tianjin-Hebei 

region 
0.19 3 Assessments 0.13 1 

Emissions 0.19 2 Framework 0.13 2 

Heavy metals 0.19 2 

Air quality 

[Atmospheric 

Environment] 

0.12 2 

Pearl river delta 

[Aquatic Environment] 
0.18 4 

PM2.5 concentrations 

[Atmospheric 

Environment] 

0.11 2 
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China 0.17 15 Pollution 0.11 2 

Contamination 0.17 3 Sustainable development 0.10 2 

Energy 0.16 2 Impact 0.09 5 

Deep learning 0.16 4 Environment 0.09 3 

Table 7. High-Centrality Keywords from WOS（Prefecture-level City） 

Keywords Centrality Count Keywords Centrality Count 

唐山市(Tangshan) 0.06 5 污染源(Pollution sources) 0.01 2 

空气质量(Air quality) 

[Atmospheric 

Environment] 

0.04 9 惠州市( Huizhou) 0.01 2 

水环境(Water 

environment) 

[Aquatic Environment] 

0.01 7 低碳(Low-carbon) 0.01 1 

水质(Water quality) 

[Aquatic Environment] 
0.01 5 

臭氧(Ozone) 

[Atmospheric 

Environment] 

0.01 1 

水质评价(Water quality 

assessment) 

[Aquatic Environment] 

0.01 3 污染物(Pollutants) 0.01 1 

治理(Governance) 0.01 2    

3.2. Analytical Framework for Semantic Ontology Data Modeling 

Based on the preprocessed information, the research team constructed a semantic ontology data 

model. During the modeling process, the researchers extended the framework from the research 

hotspots (atmospheric and aquatic environments) identified by CiteSpace, adopting a comprehensive 

classification perspective of environmental elements. This resulted in the development of five 

principal semantic ontology data models, encompassing the atmospheric, aquatic, soil, biological, 

and acoustic environments. 

The research team generated a total of 18 analytical maps from the five semantic ontology data 

models, comprising six for the atmospheric environment, three for the aquatic environment, and 

three each for the soil, biological, and acoustic environments. Using these visual analytical maps, the 

researchers identified research hotspots related to pollutants and pollution sources, as well as current 

pollution mitigation measures across different environmental domains and cities. This facilitated a 

systematic review of recent three-year environmental quality studies in seven major Chinese 

petrochemical port cities. 

3.2.1. Semantic Ontology Model for Atmospheric Environments 

The research team examined the atmospheric environment semantic ontology data model 

through two dimensions: aerosol and gaseous pollutant. 

First, the aerosol semantic ontology data model was examined (As illustrated in Figures 5–7), 

covering the following six aspects: 
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Figure 5. Semantic Ontology Mapping of Aerosols in Municipalities Directly Under the Central Government. 
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Figure 6. Semantic Ontology Mapping of Aerosols in Sub-Provincial Level Cities. 

. 

Figure 7. Semantic Ontology Mapping of Aerosols in Prefecture-Level Cities. 

A. As shown in Figures 5–7, the number of research papers on aerosol pollutants across the seven 

cities over the past three years was summarized using the semantic ontology data model: Shanghai 

(115 pubs.), Dalian (14 pubs.), Tangshan (10 pubs.), Ningbo (9 pubs.), Lianyungang (4 pubs.), 

Huizhou (4 pubs.), and Zhangzhou (1 pubs.). With its legacy as a traditional heavy industrial city in 

northern China, Tangshan produced slightly more papers than Ningbo. Overall, however, the 

distribution of publications reflects that scholarly attention to aerosol research is generally 

proportional to the administrative tier of each petrochemical port city. 

B. As presented in Table 8, the semantic ontology data model was used to analyze the 

proportional distribution of research papers across different types of aerosol pollutants in the seven 

cities over the past three years. PM₂.₅-related publications accounted for the largest share across all 

cities, indicating it is currently the most prominent aerosol pollutant in these research contexts. 

Table 8. Analysis of the Proportional Distribution of Research Papers on Different Aerosol Types Across Various 

Cities. 
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All Cities  Shanghai  Dalian  Ningbo 

       

 

 

 

 

 

 

 

Tangshan  Lianyungang  Zhangzhou  Huizhou 

       

C. Statistical analysis based on the semantic ontology data model was conducted on the number 

of papers addressing pollution sources of various aerosols. Five categories of pollution sources were 

identified: industrial (29 pubs.), transportation (31 pubs.), construction (1 pubs.), residential (14 

pubs.), and natural (3 pubs.). Industrial and transportation sources received the most research 

attention, underscoring the emphasis placed on the impact of industrial and traffic activities on 

aerosol pollution in these port cities. 

D. As depicted in Figure 8, the semantic ontology data model facilitated a cross-city and cross-

source analysis of aerosol-related papers. The results reveal distinct research emphases among 

pollution sources for specific aerosol types: PM₁ was most frequently linked to transportation sources 

(2 pubs.), PM₂.₅ to industrial sources (23 pubs.), and PM₁₀ to transportation sources (8 pubs.). 
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Figure 8. Statistics on the number of papers addressing correlations among aerosol pollution sources across 

different cities. 

E. Based on semantic ontological modeling, 3 papers were identified within industrial pollution 

source studies that specifically associate aerosol pollutants with the petrochemical industry, 

highlighting a direct research focus on its environmental impact. 

F. The semantic ontology data model further identified six categories of mitigation measures for 

aerosol pollutants: 

a) Urban ecological optimization: including improving urban ventilation conditions [7] and 

enhancing urban forest systems [8–10]. 

b) Energy structure improvement: involving the development of clean energy [11,12] and 

coordinated regional low-carbon development [13]. 

c) Transportation pollution control: encompassing upgrades in shipping technology [11,12,14], 

promotion of green transportation [15–17], and strict regulation of mobile source emissions [18]. 

d) Industrial pollution prevention upgrades: consisting of improved industrial waste gas 

treatment [13,14,18] and phasing out high-energy-consumption industries [19,20]. 

e) Enhanced smart supervision and technological innovation: including the establishment of 

intelligent pollution source monitoring platforms [20,21] and strengthening pollution oversight 

networks [14,19]. 

f) Policy and governance system refinement: covering the improvement of environmental 

policies and regulations and providing incentives for corporate green transformation [20,22,23]. 

Next, the gaseous pollutant semantic ontology data model was examined (As illustrated in 

Figures 9–11), covering the following six aspects: 
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Figure 9. Semantic Ontology Mapping of Gaseous Pollutants in Municipalities Directly Under the Central 

Government. 
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Figure 10. Semantic Ontology Mapping of Gaseous Pollutants in Sub-Provincial Level Cities. 
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Figure 11. Semantic Ontology Mapping of Gaseous Pollutants in Prefecture-Level Cities. 

A. As shown in Figures 9–11, the number of research papers on gaseous pollutants across the 

seven cities over the past three years was summarized using the semantic ontology data model: 

Shanghai (98 pubs.), Dalian (15 pubs.), Tangshan (11 pubs.), Ningbo (9 pubs.), Huizhou (8 pubs.), 

Lianyungang (3 pubs.), and Zhangzhou (2 pubs.). As a traditional heavy industrial city in northern 

China, Tangshan produced slightly more papers than Ningbo. Overall, the distribution of 

publications indicates that scholarly attention to gaseous pollutants research is generally proportional 

to the administrative tier of each petrochemical port city. 
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B. As presented in Table 9, the semantic ontology data model was used to analyze the 

proportional distribution of research papers across different types of gaseous pollutants in the seven 

cities over the past three years. Nitrogen-containing compounds accounted for the highest proportion 

of papers, identifying them as the currently most prominent gaseous pollutants across these port 

cities. 

Table 9. Analysis of the Proportional Distribution of Research Papers on Gaseous Pollutants Categories Across 

Cities. 

       

 

 

 

 

 

 

 

All Cities  Shanghai  Dalian  Ningbo 

       

 

 

 

 

 

 

 

Tangshan  Lianyungang  Zhangzhou  Huizhou 

       

C. Statistical analysis based on the semantic ontology data model was conducted on the number 

of papers addressing pollution sources of various gaseous pollutants. Six categories of pollution 

sources were identified: industrial (49 pubs.), transportation (44 pubs.), agricultural (3 pubs.), 

construction (3 pubs.), residential (17 pubs.), and natural (6 pubs.). Industrial and transportation 

sources received the most research attention, reflecting scholars’ focus on industrial and traffic-

related emissions in these port cities. 

D. As depicted in Figure 12, the semantic ontology data model facilitated a cross-city and cross-

source analysis of gaseous pollutant-related papers. The results reveal distinct research emphases 

among pollution sources for each pollutant: sulfur compounds were predominantly linked to 

transportation sources (11 pubs.), nitrogen compounds to transportation (16 pubs.), carbon oxides to 

industrial sources (12 pubs.), ozone to industrial sources (8 pubs.), and VOCs to industrial sources 

(11 pubs.). 
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Figure 12. Statistics on the number of papers addressing correlations among gaseous pollutant sources across 

different cities. 

E. Based on semantic ontological modeling, 12 papers were identified within industrial pollution 

source studies that specifically associate gaseous pollutants with the petrochemical industry, 

highlighting a direct research focus on its environmental impact. 

F. The semantic ontology data model further identified six categories of mitigation measures for 

gaseous pollutants: 
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a) Urban ecological optimization: including construction waste recycling [24–26], waste source 

separation [27], promotion of green buildings [28], and improved urban forest systems [8]. 

b) Energy structure improvement: involving development of clean energy [28,29], optimization 

of energy mix [11], and promotion of clean cooking [30]. 

c) Transportation pollution control: encompassing expansion of electric vehicles [28,31,32], 

instrumental monitoring of vehicle emissions [33], control of tailpipe emissions [34], innovation in 

shipping emission technologies [11], and upgrades in maritime technologies [12]. 

d) Industrial pollution prevention upgrades: consisting of environmentally sound medical waste 

treatment [35], strict enforcement of industrial emission standards [28], improved waste gas 

treatment measures [36,37], and microalgae-based biotechnology for CO₂/NOx removal [38]. 

e) Enhanced smart supervision and technological innovation: including advancement of green 

technology innovation [39], strengthened pollution monitoring [40–43], and development of shared 

databases [20]. 

f) Policy and governance system refinement: covering regional coordinated governance [44,45], 

public awareness campaigns on pollution reduction [28], formulation and improvement of 

environmental policies and regulations [12,42,46], incentives for corporate green development [20,47], 

establishment of joint prevention mechanisms [39], and optimization of industrial structure [20]. 

3.2.2. Semantic Ontology Model for Aquatic Environments 

The research team examined the aquatic environment semantic ontology data model (As 

illustrated in Figures 13–15)through two dimensions: chemical pollution and physical pollution. 

 

Figure 13. Semantic Ontology Mapping of Water Environments in Municipalities Directly Under the Central 

Government. 
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Figure 14. Semantic Ontology Mapping of Water Environments in Sub-Provincial Level Cities. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 October 2025 doi:10.20944/preprints202510.0423.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.0423.v1
http://creativecommons.org/licenses/by/4.0/


 22 of 35 

 

 

Figure 15. Semantic Ontology Mapping of Water Environments in Prefecture-Level Cities. 

First, the chemical pollution semantic ontology data model was examined (As illustrated in 

Figures 13–15), covering the following six aspects: 

A. As shown in Figures 13–15, the number of research papers on aquatic chemical pollution 

across the seven cities over the past three years was summarized using the semantic ontology data 

model: Shanghai (37 pubs.), Dalian (18 pubs.), Lianyungang (9 pubs.), Ningbo (7 pubs.), Tangshan (5 

pubs.), Zhangzhou (5 pubs.), and Huizhou (3 pubs.). As a pivotal hub city in China’s “Belt and Road” 

initiative, Lianyungang produced slightly more papers than Ningbo. Overall, the distribution of 
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publications suggests that scholarly attention remains generally proportional to the administrative 

tier of each petrochemical port city. 

B. As presented in Table 10, the semantic ontology data model was used to analyze the 

proportional distribution of research papers across different types of chemical pollutants in the seven 

cities over the past three years. Papers addressing inorganic toxic pollutants accounted for the highest 

proportion across all seven cities, indicating these are currently the most studied chemical pollutants 

in the research pertaining to these port cities. 

Table 10. Analysis of the Proportional Distribution of Research Papers on Aquatic Pollutant Categories Across 

Cities. 

       

 

 

 

 

 

 

 

All Cities  Shanghai  Dalian  Ningbo 

       

 

 

 

 

 

 

 

Tangshan  Lianyungang  Zhangzhou  Huizhou 

       

C. Statistical analysis based on the semantic ontology data model was conducted on the number 

of papers addressing pollution sources of various chemical pollutants. Six categories of pollution 

sources were identified: industrial (18 pubs.), transportation (1 pubs.), agricultural (23 pubs.), 

construction (1 pubs.), residential (11 pubs.), and natural (2 pubs.). Agricultural pollution sources 

were most frequently studied, reflecting significant research focus on the impact of agricultural 

activities on chemical water pollution. 

D. As depicted in Figure 16, the semantic ontology data model facilitated a cross-city and cross-

source analysis of chemical pollutant -related papers. The results reveal distinct research emphases 

among pollution sources for each pollutant: organic toxic pollutants were most frequently linked to 

agricultural sources (9 pubs.), inorganic toxic pollutants to industrial sources (9 pubs.), and 

nitrogen/phosphorus pollution to agricultural sources (7 pubs.). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 October 2025 doi:10.20944/preprints202510.0423.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.0423.v1
http://creativecommons.org/licenses/by/4.0/


 24 of 35 

 

 

Figure 16. Statistics on the number of papers addressing correlations among aquatic pollutant sources across 

different cities. 

E. Based on semantic ontological modeling, 3 papers were identified within industrial pollution 

source studies that specifically associate chemical water pollution with the petrochemical industry, 

highlighting a direct research focus on its environmental impact. 

F. The semantic ontology data model further identified five categories of mitigation measures 

for chemical pollution in water bodies: 

a) Enhanced monitoring and early warning systems: including improved water quality 

monitoring [48–50], data sharing [49], and enhanced early warning mechanisms [49]. 

b) Strengthened pollution source control: encompassing stricter regulation of emission sources 

[50–52] and implementation of coal-to-gas conversion [53]. 

c) Optimized wastewater treatment measures: including upgrades in treatment technology [54], 

professionalized rural wastewater management [55], increased dosing of phosphorus-removing 

agents [56], and science-based effluent standard setting [55]. 
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d) Ecological restoration enhancements: involving improved self-purification capacity of water 

bodies [52] and phytoremediation of heavy metals [57,58]. 

e) Integrated planning and comprehensive management: covering improved planning of water 

source protection zones [51] and promotion of integrated watershed management [52]. 

Next, the physical pollution semantic ontology data model was examined (As illustrated in 

Figures 13–15), covering the following five aspects: 

A. As shown in Figures 13–15, the number of research papers on aquatic physical pollution 

across the seven cities over the past three years was summarized using the semantic ontology data 

model: Dalian (4 papers), Shanghai (3), Ningbo (2), Zhangzhou (2), Lianyungang (1), Tangshan (0), 

and Huizhou (0). The data indicate that, compared to chemical pollution, scholarly attention to 

physical pollution remains limited, with no clear correlation between research output and the 

administrative tier of each port city. 

B. Based on the semantic ontology model, physical pollution research over the past three years 

primarily addressed microplastics (9 pubs.), suspended solids (2 pubs.), and radioactive materials (1 

pubs.). These results identify microplastics as the most studied physical pollutant in these port cities. 

C. Statistical analysis based on the semantic ontology data model was conducted on the number 

of papers addressing pollution sources of various physical pollutants. Three categories of pollution 

sources were identified: industrial (1 pubs.), transportation (1 pubs.), and residential (1 pubs.). No 

dominant research focus on any specific pollution source was observed. 

D. None of the papers on industrial pollution sources established a link to the petrochemical 

industry, indicating no direct research emphasis on its role in physical pollutants. 

E. The semantic ontology data model identified two categories of mitigation measures for 

physical pollution in water bodies: reduction of external input sources [59] and appropriate selection 

of wastewater treatment facilities [60]. 

3.2.3. Semantic Ontology Model for Soil Environment 

The research team examined the soil environment semantic ontology data model(As illustrated 

in Figures 17–19) through two dimensions: organic pollutant and inorganic pollutant. 

 

Figure 17. Semantic Ontology Mapping of Soil Environments in Municipalities Directly Under the Central 

Government. 
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Figure 18. Semantic Ontology Mapping of Soil Environments in Sub-Provincial Level Cities. 

 

Figure 19. Semantic Ontology Mapping of Soil Environments in Prefecture-Level Cities. 

First, the organic pollutant semantic ontology data model was examined (As illustrated in 

Figures 17–19), covering the following five aspects: 

A. As shown in Figures 17–19, the number of research papers on soil organic pollutants across 

the seven cities over the past three years was summarized using the semantic ontology data model: 

Shanghai (13 pubs.), Lianyungang (2 pubs.), Huizhou (2 pubs.), Dalian (0 pubs.), Ningbo (0 pubs.), 

Tangshan (0 pubs.), and Zhangzhou (0 pubs.). The results indicate limited scholarly attention to 

organic soil pollution in these cities, with no clear correlation between research output and 

administrative tier. 

B. Based on the semantic ontology model, organic pollution research over the past three years 

primarily addressed microplastics (6 pubs.), petroleum hydrocarbons (6 pubs.), pesticides (3 pubs.), 

and VOCs (2 pubs.). Microplastics and petroleum hydrocarbons are currently the most studied 

organic soil pollutants in these port cities. 

C. Statistical analysis based on the semantic ontology data model was conducted on the number 

of papers addressing pollution sources of various soil organic pollutants. Three categories of 

pollution sources were identified: industrial (3 pubs.), transportation (2 pubs.), and agricultural (5 

pubs.). Agricultural sources received the most research attention, reflecting emphasis on the impact 

of farming practices on organic soil contamination. 
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D. Based on semantic ontological modeling, 1 papers were identified within industrial pollution 

source studies that specifically associate soil organic pollutants with the petrochemical industry, 

highlighting a direct research focus on its environmental impact. 

E. Two mitigation measures were derived from the model: development of MPs analysis 

technology and establishment of a fundamental soil pollution database platform [61,62]. 

Next, the inorganic pollutant semantic ontology data model was examined (As illustrated in 

Figures 17–19), covering the following five aspects: 

A. As shown in Figures 17–19, the number of research papers on soil inorganic pollutants across 

the seven cities over the past three years was summarized using the semantic ontology data model: 

Shanghai (10 pubs.), Dalian (3 pubs.), Ningbo (3 pubs.), Zhangzhou (2 pubs.), Tangshan (1 pubs.), 

Lianyungang (0 pubs.), and Huizhou (0 pubs.). Research attention shows a positive correlation with 

city administrative tier, though overall publication numbers remain low. 

B. Heavy metals (18 pubs.) were identified as the most studied inorganic pollutants. 

C. Statistical analysis based on the semantic ontology data model was conducted on the number 

of papers addressing pollution sources of various soil inorganic pollutants. Four categories of 

pollution sources were identified: industrial (10 pubs.), transportation (2 pubs.), agricultural (2 pubs.), 

and natural (3 pubs.).Industrial sources dominated research interest, highlighting scholarly concern 

over industrial impacts on inorganic soil pollution. 

D. None of the papers on industrial pollution sources established a link to the petrochemical 

industry, indicating no direct research emphasis on its role in soil inorganic pollutants. 

E. Three mitigation measures were identified: enhanced soil quality monitoring [63], 

remediation using EDTA and compost amendments [64], and implementation of coal-to-gas 

conversion [53]. 

3.2.4. Semantic Ontology Model for Biological Environments 

The research team analyzed the biological environment semantic ontology data model (As 

illustrated in Figures 20–22), with specific findings summarized in five aspects: 

 

Figure 20. Semantic Ontology Mapping of Biological Environments in Municipalities Directly Under the Central 

Government. 

 

Figure 21. Semantic Ontology Mapping of Biological Environments in Sub-Provincial Level Cities. 
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Figure 22. Semantic Ontology Mapping of Biological Environments in Prefecture-Level Cities. 

A. As shown in Figures 20–22, the number of research papers on biological environmental 

pollution across the seven cities over the past three years was summarized using the semantic 

ontology data model: Shanghai (13 pubs.), Dalian (8 pubs.), Ningbo (3 pubs.), Lianyungang (3 pubs.), 

Zhangzhou (1 pubs.), Huizhou (1 pubs.), and Tangshan (0 pubs.). The results indicate limited 

research attention overall, though a positive correlation is observed between publication output and 

the administrative tier of each city. 

B. Based on the semantic ontology model, biological environmental pollution research over the 

past three years primarily addressed atmospheric organisms (1 pubs.), aquatic organisms (8 pubs.), 

and biodiversity issues (12 pubs.). Biodiversity emerged as the most studied biological environmental 

concern in these port cities. 

C. Statistical analysis based on the semantic ontology data model was conducted on the number 

of papers addressing pollution sources of various biological environmental pollution. Three 

categories of pollution sources were identified: industrial (1 pubs.), agricultural (1 pubs.), and 

residential (1 pubs.). No dominant research focus on any specific pollution source was observed. 

D. None of the papers on industrial pollution sources established a link to the petrochemical 

industry, indicating no direct research emphasis on its role in biological environmental pollution. 

E. Two categories of mitigation measures were derived from the model: 

a) Technological innovation: including purification of air using slightly acidic electrolyzed water 

and monitoring of aquatic organisms via environmental DNA technology [63,64]. 

b) Enhanced monitoring: encompassing stricter supervision of external pollutant inputs [65]. 

3.2.5. Semantic Ontology Model for Acoustic Environment 

The research team analyzed the acoustic environment semantic ontology data model(As 

illustrated in Figures 23–25), with specific findings summarized in four aspects: 

 

Figure 23. Semantic Ontology Mapping of Acoustic Environments in Municipalities Directly Under the Central 

Government. 
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Figure 24. Semantic Ontology Mapping of Acoustic Environments in Sub-Provincial Level Cities. 

 

Figure 25. Semantic Ontology Mapping of Acoustic Environments in Prefecture-Level Cities. 

A. As shown in Figures 23–25, the number of research papers on noise pollution across the seven 

cities over the past three years was summarized using the semantic ontology data model:Shanghai (8 

pubs.), Dalian (7 pubs.), Ningbo (1 pubs.), Tangshan (1 pubs.), Lianyungang (0 pubs.), Zhangzhou (0 

pubs.), and Huizhou (0 pubs.). The results indicate limited research attention overall, though a 

positive correlation exists between publication output and the administrative tier of each city. 

B. Based on the semantic ontology model, noise pollution research over the past three years 

primarily addressed transportation noise (6 pubs.), industrial production noise (1 pubs.), and 

community noise (3 pubs.).Transportation noise emerged as the most studied acoustic environmental 

issue in these port cities. 

C. Statistical analysis based on the semantic ontology data model was conducted on the number 

of papers addressing pollution sources of various noise pollution. Three categories of pollution 

sources were identified: industrial (1 pubs.), transportation (6 pubs.), and residential (3 pubs.). 

Transportation-related sources received the most research attention, reflecting scholarly focus on the 

impact of traffic development on acoustic environmental quality. 

D. None of the papers on industrial noise sources established a connection to the petrochemical 

industry, indicating no direct research emphasis on its role on noise pollution. 

E. Three categories of noise mitigation measures were derived from the model: 

a) Transportation noise control: including optimization of road networks and traffic volume [66], 

expansion of restricted zones for trucks, horns, motorcycles, and hazardous vehicles [66],improved 

road infrastructure [66],,use of noise-reducing pavement on major routes [66], enhanced building 

sound insulation [67], implementation of subjective noise intervention technologies [67], increased 

share of public transportation [67], and improved noise governance policies [67]. 

b) 67. integration of behavioral guidelines with community self-regulation [67], improved 

handling of noise complaints [67], and dynamic environmental noise management systems [67]. 

c) 68. 

4. Conclusions 

4.1. Summary of Existing Research 

4.1.1. Research Summary on Air Quality in Seven Major Chinese Petrochemical Port Cities (Past 

Three Years) 
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A. Atmospheric environment research represents a current hotspot. Scholarly attention to 

aerosol and gaseous pollutants is positively correlated with the administrative level of these cities. 

B. PM₂.₅ is the most studied aerosol pollutant, while nitrogen-containing compounds are the 

most investigated gaseous pollutants. 

C. Significant research emphasis is placed on industrial and transportation-related pollution 

sources. 

D. Source-specific research hotspots were identified as follows: 

a) Aerosols: PM₁ (transportation), PM₂.₅ (industrial), PM₁₀ (transportation) 

b) Gaseous pollutants: sulfur compounds (transportation), nitrogen compounds (transportation), 

carbon oxides (industrial), ozone (industrial), VOCs (industrial) 

E. The semantic ontology data model confirms direct research influence from the petrochemical 

industry. 

F. Six mitigation domains were identified: urban ecological optimization, energy structure 

improvement, transportation pollution control, industrial pollution prevention upgrades, smart 

supervision, and policy/regulatory refinement. 

4.1.2. Research Summary on Aquatic Environment Quality in Seven Major Chinese Petrochemical 

Port Cities (Past Three Years) 

A. Aquatic environment research represents a current hotspot. Chemical pollution research 

attention correlates positively with administrative tier; physical pollution studies remain limited 

without clear tier relationship. 

B. Inorganic toxic pollutants and microplastics represent the primary research focuses in 

chemical and physical pollution, respectively. 

C. Agricultural sources dominate chemical pollution research; no predominant pollution source 

is identified for physical pollution. 

D. Petrochemical industry activities directly influence chemical but not physical pollution 

research. 

E. Chemical pollution mitigation emphasizes monitoring enhancement, pollution source control, 

wastewater treatment optimization, ecological restoration, and comprehensive planning. Physical 

pollution strategies focus on reducing external inputs and selecting appropriate treatment facilities. 

4.1.3. Research Summary on Soil Environment Quality in Seven Major Chinese Petrochemical Port 

Cities (Past Three Years) 

A. Organic pollutant research shows no clear tier correlation; inorganic pollutant attention is 

tier-proportional. 

B. Microplastics and petroleum hydrocarbons are key organic pollutants; heavy metals 

dominate inorganic pollutant research. 

C. Agricultural impacts are emphasized for organic pollutants; industrial influences are 

prioritized for inorganic contaminants. 

D. Petrochemical industry demonstrates direct influence on organic but not inorganic pollution 

research. 

E. Organic pollution mitigation includes MPs analysis technology and soil pollution database 

development; inorganic strategies involve soil quality monitoring, EDTA-compost remediation, and 

coal-to-gas conversion. 

4.1.4. Research Summary on Biological Environment Quality in Seven Major Chinese Petrochemical 

Port Cities (Past Three Years) 

A. Research attention correlates positively with administrative tier. 

B. Biodiversity issues constitute the primary research focus. 

C. No predominant pollution source is identified. 
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D. No direct petrochemical industry research influence is observed. 

E. Mitigation strategies emphasize technological innovation and enhanced monitoring. 

4.1.5. Research Summary on Acoustic Environment Quality in Seven Major Chinese Petrochemical 

Port Cities (Past Three Years) 

A. Research attention is tier-proportional. 

B. Transportation noise represents the most studied acoustic environmental issue. 

c) Traffic development receives primary research emphasis regarding pollution sources. 

d) No direct petrochemical industry research impact is identified. 

e) Noise control strategies encompass transportation, community, and industrial noise 

mitigation. 

4.2. Limitations and Future Research Directions 

4.2.1. Limitations of the Study 

This review has two limitations due to the large volume of literature screened: 

First, to improve screening efficiency, the analysis primarily focused on titles, keywords, and 

abstracts in the selected corpus, rather than full-text content. This approach may introduce manual 

screening biases, potentially leading to localized inaccuracies in the semantic ontology data model. 

Second, the review only included research articles published in the past three years from Chinese 

and English databases, which may not fully capture the historical evolution of environmental quality 

research in China’s seven major petrochemical port cities. 

4.2.2. Future Research Directions 

Given the limitations of this study, future research will further refine the focus on environmental 

quality issues in China’s petrochemical port cities based on the semantic ontology data model. The 

weighting of machine-assisted screening will also be increased to enhance data accuracy, thereby 

providing stronger theoretical support for environmental quality management in these areas. 
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