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 This study examines hazardous substance storage risk assessment within the 

environmental, health, and safety (EHS) framework, focusing on Thailand’s 

regulatory context. Using a systematic review and comparative regulatory 

analysis, the research evaluates existing risk assessment methodologies and 

identifies structural and implementation gaps in current practices. The 

findings reveal deficiencies in the integration of toxicological data with legal 

requirements, fragmented regulatory enforcement, limited standardization, 

and insufficient practical tools for workplace application. A comparative 

assessment of international frameworks, including European Union 

Registration, Evaluation, Authorization, and Restriction of Chemicals (EU 

REACH), United States Occupational Safety and Health Administration (US 

OSHA), and Japan’s Chemical Substances Control Law (CSCL), highlights 

best practices in proactive risk management and transparency. Based on 

these insights, the study proposes an integrated EHS-based risk assessment 

framework that aligns Department of Industrial Works (DIW) regulations 

with international standards such as ISO 14001, ISO 45001, and globally 

harmonized system (GHS). The proposed model supports proactive risk 

identification, regulatory coherence, and improved stakeholder awareness, 

contributing to enhanced chemical safety governance and ASEAN 

harmonization. 
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1. INTRODUCTION 

The modern chemical industry faces significant safety challenges due to the inherent hazards of 

handling dangerous substances. Operations carry high risks of industrial accidents, such as fires, leaks, and 

explosions, that threaten workers and nearby communities. A notable example is the explosion and fire at 

Ming Dih Chemical Co., Ltd. in Samut Prakan Province [1]. The facility, which produces expandable 

polystyrene (EPS) using flammable chemicals such as styrene monomer and pentane, suffered an explosion 

due to improper storage, causing the vaporization and ignition of hazardous substances. This incident caused 

extensive damage and casualties, emphasizing the need for systematic chemical risk management [2]. It also 

revealed broader gaps in workplace exposure monitoring, as many industries, including the pulp and paper 

sector, still lack continuous hazard monitoring, increasing occupational and environmental risks. 

https://creativecommons.org/licenses/by-sa/4.0/
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Although Thailand has laws regulating chemical storage, the framework remains inadequate for 

proactive risk assessment. Public awareness and transparency regarding environmental, health, and safety 

(EHS)-based risk management at storage sites are limited. Overlapping regulations have created legal 

complexity, and communities near industrial zones often lack access to clear information on hazards or safety 

measures. Essential technical resources, including chemical labels, safety data sheets (SDS), globally 

harmonized system (GHS) standards, and hazard communication materials, are frequently incomplete or 

poorly understood [3]. 

Globally and in Thailand, hazardous material risk assessment remains fragmented, with inconsistent 

legal frameworks and non-standardized practices. EHS methodologies offer a systematic approach to 

identify, evaluate, and prioritize chemical exposure risks. EHS assessments assign numerical values to hazard 

severity, likelihood, and frequency, producing a risk index that informs facility design, preventive measures, 

and safety interventions [4]. 

Between 2020 and 2025, ASEAN states have increasingly harmonized chemical management and 

occupational safety regulations [5]. Key measures include GHS-aligned chemical classification and labeling [6], 

ISO 45001 for occupational health, and ISO 14001 for environmental management [7]. Yet challenges 

remain, including inconsistent enforcement, limited small and medium-sized enterprises (SME) participation, 

fragmented risk methodologies, and disparities in national implementation [8]. Emerging digital tools and AI, 

such as predictive analytics and real-time monitoring, are increasingly applied to improve compliance and 

reduce human error [9]. This article systematically analyzes hazardous substance storage, risk assessment 

methodologies, and EHS-based approaches within legal and international standards. It proposes an enhanced 

EHS-based framework for Thailand that integrates Department of Industrial Works (DIW) regulations with 

global EHS standards to improve exposure monitoring, regulatory compliance, and stakeholder 

understanding [10]. Sections 2 to 5 discuss current methods, EHS frameworks, potential research directions, 

and study conclusions. 

 

 

2. RISK ASSESSMENT METHODS, EHS-BASED RISK ASSESSMENT FOR STORING 

HAZARDOUS SUBSTANCES AND ASSOCIATED PRINCIPLES 

2.1.  Current risk assessment methods and other related approaches 

Risk assessment methodologies for hazardous substance storage have continuously evolved to 

address increasingly complex industrial and regulatory environments. Over time, various models and 

frameworks have been developed to systematically identify, evaluate, and mitigate potential risks associated 

with storage facilities. These methodologies are designed to accommodate the diverse requirements of 

multiple stakeholders, including industrial operators, regulatory authorities, and consumers. 

The first standard is ISO 14001 (environmental management system (EMS)), which provides a 

structured framework for environmental management within organizational settings. Its principal objective is 

to enable organizations to systematically and effectively identify, control, and mitigate the environmental 

impacts associated with their operational activities. Additionally, the standard emphasizes the promotion of 

efficient and sustainable resource utilization, including the reduction of energy consumption and 

minimization of pollutant emissions into the environment [11]. This international standard serves as a 

comprehensive foundation for organizations seeking to enhance environmental performance through 

structured and sustainable management practices [7]. Critically, the standard not only facilitates systematic 

environmental control but also encourages organizations to transition from reactive, compliance-based 

practices to integrated, sustainability-oriented governance, thereby ensuring measurable environmental 

performance improvement and continuous improvement over time [12]. From a strategic perspective,  

ISO 14001 extends beyond regulatory compliance by embedding environmental risk considerations into 

organizational governance and operational decision-making, thereby promoting preventive action, resource 

efficiency, and long-term sustainability performance aligned with international best practices [13]. 

The second standard is ISO 45001 (occupational health and safety management systems (OH&S)), 

which has been established to provide a comprehensive framework for the management of OH&S in the 

workplace. Its principal objective is to identify, assess, and control risks that may result in workplace 

accidents or hazards to employees. The standard emphasizes the development of a safe and supportive work 

environment with the aim of preventing incidents, safeguarding employee well-being, and enhancing overall 

organizational operational efficiency [11]. This standard provides organizations with a structured and 

systematic approach to integrating OH&S considerations into daily operations, thereby fostering a culture of 

risk awareness, legal compliance, and continuous improvement in workplace safety performance [7].  

In accordance with the high-level structure (HLS) adopted across ISO management system standards,  

ISO 45001 emphasizes a systematic approach beginning with the analysis of the organizational context, 

identification of interested parties, and determination of OH&S risks and opportunities. This structure 
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facilitates integration with other management systems, such as ISO 14001, thereby supporting a unified 

governance framework [5]. 

The next standard was issued by the European Chemicals Agency (ECHA), which is an institution 

of the European Union (EU) responsible for the collection, storage, and dissemination of information related 

to chemicals, particularly regarding their properties, toxicity, and potential impacts on human health and the 

environment. The ECHA database plays a pivotal role in facilitating the safe management of chemicals in 

accordance with the standards established under the Classification, Labelling, And Packaging (CLP) 

regulation. This regulation aligns with the GHS of classification and labelling of chemicals [13]. 

Furthermore, through the implementation of regulatory frameworks such as Registration, Evaluation, 

Authorization, and Restriction of Chemicals (REACH) and CLP, the agency strengthens harmonized 

chemical safety standards across member states, thereby reducing regulatory fragmentation within the 

internal market [14]. Moreover, the effectiveness of chemical risk management ultimately depends on the 

accuracy of industry-submitted data and the consistency of enforcement across member states, which may 

create variability in practical implementation [15]. 

The next method is the risk forecast and evaluation method (RFEM). This process involves 

determining the distance from the site of an incident, such as a chemical spill, to the designated area of 

interest, which may include terrestrial zones or water sources. The distance calculation is conducted in 

accordance with the methodology outlined in the digest of methodologies for forecasting possible accidents, 

catastrophes, and natural disasters, which serves as a comprehensive repository of approaches for predicting 

events with the potential to cause significant impacts [16]. The application of the RFEM method is critically 

important for evaluating the dispersion of toxic substances and the potential impacts extending from the point 

of origin to surrounding areas, including research sites located near chemical storage facilities. This 

methodology facilitates the systematic delineation of at-risk zones, thereby supporting planning, 

management, and mitigation strategies for unforeseen incidents. Its implementation is instrumental in guiding 

preparedness measures, establishing safety protocols, and informing the development of environmental and 

public health policies within affected regions [17]. Moreover, by incorporating predictive modeling 

techniques, the method strengthens preventive risk management and supports evidence-based contingency 

planning in areas surrounding hazardous chemical storage and handling facilities [16]. On the other hand, the 

reliability of RFEM projections depends heavily on the accuracy of input parameters, including 

meteorological conditions, chemical properties, terrain characteristics, and spill magnitude, which may 

introduce uncertainties into risk estimations [18]. 

The next approach was issued by the National Institutes of Health (NIH) in the United States (US). 

This agency serves as the principal federal institution responsible for conducting, facilitating, and supporting 

public health and biomedical research under the US Department of Health and Human Services (HHS). The 

NIH provides a comprehensive database accessible through the PubChem platform [19], which is frequently 

employed as a data source when original information regarding the half-life or biodegradation of specific 

hazardous chemicals is unavailable. Additionally, risk assessments of chemicals potentially affecting human 

health have incorporated evaluation results generated using the BIOWIN3 program developed by the US 

Environmental Protection Agency (EPA) [20]. Reliance on authoritative federal institutions enhances 

methodological credibility and promotes standardized approaches for evaluating chemical hazards and 

potential human health impacts [21]. However, although publicly available databases provide extensive 

information, variations in data sources, experimental conditions, and reporting standards may introduce 

inconsistencies that require careful validation before application in regulatory or policy decisions [22]. 

The next framework is Seveso III, which refers to Annex I of Directive 2012/18/EU of the European 

Parliament and of the Council, adopted on 4 July 2012. The directive establishes a regulatory framework for 

managing risks associated with major accidents involving hazardous substances. It provides criteria for 

classifying establishments handling hazardous chemicals into two principal categories: lower-tier and  

upper-tier establishments [23]. This classification is determined by the type and quantity of chemicals 

present, which in turn informs the implementation of safety management measures and accident prevention 

strategies at the organizational level [24]. Furthermore, Directive 2012/18/EU (Seveso III) operates in close 

alignment with broader European chemical regulatory frameworks, particularly the REACH regulation and 

the CLP regulation. While REACH focuses on the registration, evaluation, and authorization of chemical 

substances to ensure their safe manufacture and use, and CLP establishes harmonized criteria for 

classification and hazard communication, Seveso III specifically addresses the prevention and control of 

major industrial accidents involving hazardous substances [3]. 

In addition, compliance with the DIW refers to adherence to the DIW notification on the guidelines 

for the storage of chemicals and hazardous substances, B.E. 2550 (2007) [25]. This regulation was 

established to govern and supervise the safe storage of chemicals and hazardous substances. It also 

encompasses the DIW regulations on hazard identification, risk assessment, and the formulation of risk 

management plans, B.E. 2543 (2000) [26]. This regulatory framework supports the systematic identification 
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of hazards, evaluation of potential risks, and development of structured risk management strategies to prevent 

and mitigate the impacts of chemicals and hazardous substances within industrial establishments [12]. In 

accordance with the risk assessment standards outlined in sub-sections 2.1, the overall procedure is 

summarized in Figure 1. The figure presents the main stages of the risk assessment process in a clear and 

structured sequence and illustrates the logical relationships among each stage to ensure a systematic and 

comprehensive evaluation. 
 

 

 
 

Figure 1. Standard flowchart for risk assessment [11]–[13], [17], [20], [24] 

 
 

Moreover, recent ASEAN and global chemical safety frameworks have increasingly emphasized 

integrated and proactive chemical management approaches. ASEAN has advanced chemical safety through 

initiatives such as the Hosprep Programme (2025) [27], which aims to strengthen hospital preparedness for 

chemical emergencies, as well as through multisector coordination workshops designed to enhance regional 

capabilities in the detection, response, and management of chemical incidents. These workshops, organized 

by the UK Health Security Agency, focus on improving intersectoral coordination and refining strategies for 

effective chemical incident management across ASEAN member states [28].  

In 2025, Japan’s Ministry of the Environment issued the global framework on chemicals (GFC) 

implementation plan in alignment with the international GFC adopted in Germany in 2023. The plan 

emphasizes comprehensive lifecycle management of chemicals, covering production, usage, and disposal, 

while promoting multisector collaboration to protect both environmental and human health [27]. In addition, 

the global initiative Responsible Care®, led by Cefic, highlights the continuous improvement of chemical 

safety management. The program aims to enhance environmental, health, safety, and security performance 

through voluntary commitments and proactive stewardship practices [3]. 
 

2.2.  EHS risk assessment principle 

In practice, discussions regarding the management of EHS risks often emphasize safety-related 

hazards [23]. Nevertheless, safety constitutes only one facet of a comprehensive EHS risk management 

framework. Effective EHS risk management necessitates the evaluation and mitigation of risks across 

multiple dimensions spanning the entire organization [29]. These dimensions include environmental risks, 

such as pollution, waste management, and the sustainable use of resources; occupational health risks, 

encompassing employee well-being and work-related illnesses; and safety risks, including accidents, injuries, 

and emergency situations [30]. This risk assessment adopts a quantitative approach by evaluating both the 

likelihood of occurrence and the potential severity of chemical incidents. The overall risk score is calculated 

using (1). Each factor is assigned a numerical value based on predefined criteria to ensure consistency, 

transparency, and objectivity throughout the assessment process [23]. 
 

𝑅𝑖𝑠𝑘 𝑠𝑐𝑜𝑟𝑒 = 𝐿𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑 × 𝑆𝑒𝑣𝑒𝑟𝑖𝑡𝑦 (1) 
 

In the process of hazard identification, approximately seven analytical tools or methodologies have 

been developed to support systematic risk assessment. Each tool serves a specific purpose and is designed for 

particular applications, thereby enabling comprehensive and effective identification of potential hazards [31]. 

Collectively, these tools improve the reliability and thoroughness of the hazard identification process. 

Commonly used tools include checklists, what-if analysis, hazard and operability study (HAZOP), fault tree 

analysis (FTA), event tree analysis (ETA), failure modes and effects analysis (FMEA), and the analytic 

hierarchy process (AHP). 

Checklist is an effective instrument for evaluating workplace safety, primarily focusing on 

identifying potential hazards that may arise during operational activities. Developed in accordance with 

established safety standards, engineering guidelines, and applicable legal requirements, the assessment 
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typically consists of a structured set of questions related to work processes, equipment design, and 

operational procedures [32]. The data obtained from inspections are systematically collected and analyzed to 

identify hazards, thereby providing a foundation for the development of appropriate hazard control and 

prevention measures [1]. 

What-if analysis is used to systematically identify and evaluate potential hazards in industrial 

processes through a structured “What if...” approach. It generates hypothetical scenarios to explore possible 

deviations from normal operations and assess their potential consequences. Based on this analysis, it supports 

the development of practical strategies to control, prevent, or mitigate risks during production and operational 

activities [1]. In contrast, HAZOP is used to systematically identify hazards and operational issues within 

industrial systems, including design deficiencies and unintended deviations. It applies to a structured, 

hypothesis-driven approach to examine possible deviations under varying operating conditions. Through this 

process, HAZOP helps anticipate and mitigate risks, thereby enhancing operational safety and efficiency [1]. 

FTA is an analytical tool used to identify and evaluate hazards, particularly those associated with 

past or potential major incidents. Its primary objective is to systematically examine underlying causes 

through a structured top-down approach that considers both historical accidents and potential disaster 

scenarios [33]. The analysis begins by identifying the primary event and then decomposing it into 

contributing sub-events, such as machinery malfunctions, equipment failures, or operational deviations. By 

examining the relationships among these events and influencing factors, FTA enables precise identification 

of root causes and supports preventive measures and effective risk management [1]. 

Similarly, ETA is an analytical tool used to identify potential hazards and evaluate the consequences 

arising from an initiating event. The method focuses on predicting and examining subsequent event 

sequences, systematically assessing impacts such as machinery damage, equipment failure, or operational 

errors that may lead to adverse outcomes. ETA enables structured evaluation of event progression, estimation 

of recurrence probability, and assessment of existing safety systems. Through this process, it helps identify 

deficiencies or vulnerabilities that may reduce the effectiveness of control and prevention measures [1]. 

FMEA is a systematic and effective tool for risk assessment and analysis, with particular emphasis on 

identifying potential failure modes within systems, processes, or machinery components. The primary 

objective of FMEA is to identify and evaluate potential risks, thereby supporting the planning and 

implementation of measures aimed at reducing the probability of failure and mitigating impacts on the 

overall system [34]. 

Finally, the AHP is a decision-making tool widely used to prioritize factors involved in the risk 

assessment process. Its fundamental principle is the decomposition of a problem into a hierarchical structure 

consisting of the main objective, major criteria, and sub-criteria. AHP facilitates pairwise comparison of the 

relative importance of each factor, converting expert knowledge, judgments, and qualitative perceptions into 

quantitative values. These values are subsequently applied as weighted inputs in a systematic analysis to 

establish the prioritization and ranking of risk factors [35]. 

 

2.3.  Principles of environmental risk assessment  

Environmental risk assessment is a systematic process for analyzing and evaluating the probability 

that chemicals or specific activities may exert adverse effects on the environment. This assessment typically 

employs tools based on ecotoxicological parameters, which facilitate the determination of the toxicity of 

substances on living organisms across various ecosystems. Examples of parameters commonly utilized in 

such assessments include: i) effective concentration 50% (EC50)-aquatic toxicity: the concentration of a 

substance at which 50% of aquatic organisms exhibit adverse effects, such as decreased mobility or 

reproductive impairment [36]; ii) log bioconcentration factor (BCF): this value indicates the tendency of 

chemicals to accumulate in aquatic organisms by comparing the concentration of the substance in the tissues 

of the organisms to that in the water [37]; and iii) log octanol/water partition coefficient (Kow): this value 

represents the substance’s solubility capacity in fats compared to water, which is related to its absorption into 

the body and accumulation in living organisms [38]. 

The analysis of such data enables environmental scientists and regulatory authorities to 

comprehensively evaluate ecosystem risks. By systematically examining exposure levels, environmental 

pathways, and potential ecological impacts, it provides a clear understanding of the severity and likelihood of 

adverse effects. This structured assessment supports informed and effective decision-making regarding 

chemical management and related regulatory actions [39]. 

 

2.4.  Principles of health risk assessment  

Health risk assessment is a systematic process used to evaluate the likelihood that individuals may 

experience adverse health effects due to exposure to chemicals or other environmental risk factors. It provides 

a structured framework for identifying hazards, estimating exposure levels, and characterizing potential health 

impacts. The assessment consists of multiple stages, with one of the key steps encompassing [40]. 
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2.4.1. Dose-response assessment, also known as toxicity assessment 

This assessment emphasizes the quantitative evaluation of the relationship between the level of 

chemical exposure and the resulting health effects, including injuries or diseases. Because most chemicals 

cause adverse effects only when exposure exceeds a certain threshold, effective chemical risk assessment 

requires systematic analysis of the exposure-response relationship [41]. Evaluation data are typically derived 

from animal toxicological studies or human epidemiological research, with priority given to information 

reflecting actual conditions of the target population. For non-carcinogenic chemicals, assessments generally 

assume that adverse effects occur only above a defined exposure threshold, and reference values are 

commonly used to support this determination as follows: i) lowest-observed-adverse-effect level (LOAEL): 

the lowest observed adverse effect level [42]; ii) no-observed-effect level (NOEL): the no observed adverse 

effect level [43]; and iii) no-observed-adverse-effect level (NOAEL): the maximum dose that does not cause 

harmful effects to the body [42]. 
 

2.4.2. Exposure assessment 

Exposure assessment is a systematic process employed to estimate the quantity or concentration of 

chemicals entering the human body. Exposure may occur via multiple pathways, including inhalation, 

ingestion, or dermal absorption. For instance, the following reference values are commonly utilized [44]:  

i) acute toxicity-oral LD50: it is the quantity of a substance that causes acute toxicity when ingested and 

results in the death of 50% of the test animal group [45]; ii) acute toxicity-dermal LD50: it refers to the 

quantity of a substance that induces acute toxicity via dermal exposure, resulting in the mortality of 50% of 

the test animals [46]; and iii) acute toxicity-inhalation LC50: it denotes the concentration of a substance in the 

air that produces acute toxicity via inhalation, resulting in the mortality of 50% of the test animals [47]. 
 

2.5.  Principles of risk assessment in safety evaluation  

The assessment of safety risks associated with chemical storage necessitates a comprehensive 

analysis and evaluation of activities that may precipitate accidents. This process is critical for the 

development and implementation of effective safety prevention and control measures. Such evaluations may 

be conducted with reference to various factors, including as follows [48]. 
 

2.5.1. Quantity of chemical storage 

The assessment must consider variations in the quantities of chemicals stored over time, particularly 

the storage of unusually large or small amounts, as these factors affect both the probability of accidents and 

the potential severity of their consequences [49]. Fluctuations in storage levels can significantly influence 

risk profiles by altering exposure potential and hazard intensity. Therefore, evaluating these variations is 

essential to ensure accurate risk estimation and effective safety management. 
 

2.5.2. Fire prevention and suppression system for hazardous chemicals 

The planning and installation of fire protection and suppression systems in chemical storage areas 

must consider the specific characteristics and classifications of the chemicals to ensure effective fire 

prevention and control [50]. Different chemical properties, such as flammability, reactivity, and toxicity, 

require appropriate system design and compatible extinguishing agents. Therefore, proper evaluation of 

chemical classifications is essential to enhance safety performance and minimize potential fire-related damage. 
 

2.5.3. Activities conducted in an open manner 

Activities involving the handling of chemicals in open systems, such as chemical filling or random 

sampling, must be subjected to risk assessment and the implementation of appropriate preventive measures, 

owing to the increased potential for chemical exposure and accident occurrence [51]. Open handling processes 

elevate the likelihood of leaks, spills, or direct contact with hazardous substances. Therefore, systematic risk 

evaluation and strict control measures are essential to reduce exposure and prevent operational incidents. 
 

2.5.4. Management of facilities and equipment in the warehouse 

The management of storage areas, including vehicles and equipment utilized in warehouse 

operations, must be subject to regular inspection and control to prevent accidents and mitigate potential 

damage [52]. Routine inspections help identify mechanical defects, operational hazards, and unsafe practices 

that may increase accident risks. Therefore, consistent monitoring and maintenance are essential to ensure 

safe warehouse operations and minimize potential losses. 
 

2.5.5. Safety measures and regulations 

Rigorous adherence to established measures, regulations, and procedures is essential for effectively 

mitigating risks and preventing accidents in chemical storage operations [53]. Compliance ensures that safety 
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standards are consistently implemented and that potential hazards are systematically controlled. Therefore, 

strict enforcement and continuous monitoring of these requirements are necessary to maintain operational 

safety and reduce the likelihood of incidents. 

 
2.5.6. Equipment maintenance plan 

The development and ongoing maintenance of equipment associated with chemical storage 

constitute critical factors in ensuring safe operating conditions and minimizing the risk of accidents [48].  

In accordance with the EHS risk assessment framework, risk assessments can be categorized into three 

primary types. Detailed descriptions are provided in sub-sections 2.3 to 2.5, while the fundamental concepts 

are summarized in Figure 2, which depicts the systematic principles and processes underlying  

EHS-based risk assessment. In accordance with the EHS risk assessment framework, each category of 

evaluation delineates the potential hazards and underlying contributing factors related to the storage of 

hazardous materials, as summarized in Figure 3. This structured categorization facilitates the systematic 

identification of risks associated with storage conditions, operational practices, and environmental influences. 

Consequently, it provides a comprehensive basis for analyzing vulnerabilities and implementing appropriate 

risk control measures. 

 

 

 
 

Figure 2. Summarizing the principles and tools for EHS assessment [39], [44], [48] 

 
 

 
 

Figure 3. Flowchart of risk events and factors contributing to chemical hazard risks [14], [16], [18], [54]–[63] 
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3. METHOD 

3.1.  Research conceptual framework 

This study adopts a conceptual framework to investigate and evaluate EHS risks through a 

multidimensional approach, integrating the core EHS domains. The research commences with a review of the 

DIW risk assessment guidelines, followed by a comparative analysis with international standards, including 

ISO 14001 (EMS) and ISO 45001 (OH&S). A gap analysis will be performed to identify deficiencies or 

weaknesses within the current Thai framework. Based on the findings, an integrated EHS risk assessment 

model will be developed, providing a more balanced, compliant, and internationally aligned methodology for 

industrial risk evaluation. This multidimensional framework enables a balanced evaluation across EHS 

domains. The risk assessment methodology is aligned with DIW guidelines in Thailand while also 

incorporating international standards for comparative analysis, thereby identifying gaps and informing the 

development of an integrated EHS risk assessment conceptual model. 

 

3.2.  Selection using PRISMA 

The researcher conducted a comprehensive systematic review of relevant literature using the 

PRISMA concept to inform the investigation. Initially, a total of 362 studies were identified. Following 

screening, 82 studies were found to contain duplicate content, 149 were deemed unrelated to the research 

objectives, and 57 were inaccessible in full text. Consequently, 74 studies were determined to be both 

accessible and pertinent to the investigation. The selection process is summarized in the flowchart presented 

in Figure 4. 

 

 

 
 

Figure 4. Research selection process following the PRISMA concept 

 

 

3.3.  Data sources  

Primary data were collected via a literature review systematically on hazardous substance storage 

risk assessment. Sources from ScienceDirect, Google Scholar, and the DIW website were selected for 

reliability and relevance. The systematic review, focusing on publications from 2020 to 2025, incorporated 

peer-reviewed research, academic studies, and regulatory guidance to capture current strategies and practices. 

 

3.4.  Compliance valuation  

Compliance is assessed by comparing operational practices against regulatory requirements, 

identifying gaps, and recommending appropriate corrective actions. Thai legislation, notably the DIW 

announcement on the guidelines for the storage of chemicals and hazardous substances, B.E. 2550, serves as 
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a primary reference. The evaluation encompasses the following key aspects [64]. This includes evaluating 

chemical storage to ensure container integrity, appropriate segregation, and effective spill containment in 

accordance with DIW guidelines, with any instances of non-compliance duly documented. The availability 

and accuracy of SDS for all chemicals are verified in accordance with the Occupational Safety and Health 

Administration (OSHA) and GHS standards, with any missing or incomplete information identified. 

Employee training programs and the proper use of personal protective equipment (PPE) are evaluated in 

alignment with ISO 45001, and any deficiencies are systematically documented. Risk management and 

emergency preparedness are assessed through the evaluation of plans, procedures, and drills in accordance 

with Seveso III directives and applicable local regulations, with any gaps duly identified. Additionally, 

chemical inventories and reporting processes are reviewed to ensure accuracy and timely submission to 

regulatory authorities, as mandated by ECHA and DIW regulations. Furthermore, compliance evaluation 

encompasses the analysis of chemical risks to ensure alignment with international standards, including EU 

REACH for chemical registration and safety [15], US OSHA for OH&S, and Japan’s Chemical Substances 

Control Law (CSCL) for regulating chemical production and use to prevent environmental and health  

hazards [21]. Such compliance assessments enable organizations to ensure that the storage and management 

of hazardous substances are conducted safely, in full accordance with legal requirements, and in alignment 

with international EHS standards. 

 

 
4. RESULTS AND ANALYSIS 

4.1.  Key findings from literature and case analysis 

The chemical industry continues to face significant safety challenges arising from the handling of 

flammable, reactive, and toxic substances. The explosion at Ming Dih Chemical Co., Ltd. in Samut Prakan, 

Thailand, underscores the severe consequences of inadequate storage practices, insufficient risk controls, and 

lapses in regulatory compliance. Despite the existence of regulations issued by the DIW, enforcement 

remains weak, legal frameworks are fragmented, and critical safety information is often inaccessible. 

Moreover, inconsistent implementation of SDS, GHS labeling, and hazard communication further 

compromises safety in hazardous material storage environments. 

 
4.2.  Regulatory and technical gaps 

The analysis highlights critical gaps in the risk assessment of hazardous material storage, including 

insufficient monitoring based on outdated data, inconsistent risk assessment protocols lacking alignment with 

international standards, limited public awareness and transparency, and regulatory fragmentation resulting 

from overlapping laws that generate confusion and impede timely implementation. These weaknesses reduce 

the effectiveness of hazard identification and compromise the reliability of risk management practices. 

Consequently, addressing these deficiencies is essential to strengthen regulatory coherence, improve data 

accuracy, and enhance overall safety performance. 

 
4.3.  Comparative assessment of existing frameworks 

A comparative evaluation of multiple international and national frameworks was undertaken to 

identify best practices for EHS-based risk assessment. This comparison enabled a systematic analysis of their 

principles, criteria, and implementation approaches across different regulatory contexts. The related key 

frameworks are listed in Table 1. 

The frameworks outlined above exhibit varying degrees of comprehensiveness, applicability, and 

accessibility. A comparative analysis reveals differences in scope, methodological structure, and practical 

implementation across contexts. However, the evaluation indicates that most systems are designed to operate 

independently, lacking full integration across the EHS domains [65]. 

 
 

Table 1. A comparative analysis of international and national risk assessment frameworks 
Framework Key features 

ISO 14001 EMS focusing on sustainable operations and pollution control. 

ISO 45001 Occupational health and safety standard aimed at hazard identification and risk prevention. 

ECHA/GHS Global standards for chemical classification, labeling, and hazard communication. 
RFEM A predictive model for calculating chemical dispersion and defining risk zones. 

NIH/BIOWIN3 Scientific tools and databases for evaluating chemical toxicity and environmental persistence. 

Seveso III Directive EU directive classifying high- and low-risk facilities and guiding major accident prevention 
strategies. 

DIW regulations (Thailand) National laws governing chemical storage, hazard identification, and risk management planning. 
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4.4.  Comparative analysis of international regulatory systems 

To address the challenges faced in Thailand, a comparative analysis was undertaken of major 

international chemical regulatory frameworks, including EU REACH, US OSHA, and Japan CSCL. This 

comparison offers valuable insights into best practices and lessons learned, which can inform the 

development of an enhanced risk assessment model. Therefore, the comparison highlights several key lessons 

that can be applied to improve Thailand’s chemical risk assessment framework, as outlined follows: 

i) Proactive risk assessment (from REACH and CSCL): in contrast to Thailand’s predominantly reactive 

framework, both EU REACH and Japan CSCL prioritize pre-market evaluation, early hazard 

identification, and continuous chemical tracking [22]. 

ii) Public data access (from REACH): REACH’s chemical safety reports (CSR) provide transparency that 

fosters public trust and supports informed decision-making, representing a critical gap in Thailand’s 

chemical risk management [66]. 

iii) Integration with EHS (global best practice): international frameworks increasingly adopt integrated 

EHS management systems, whereas Thailand’s DIW guidelines remain fragmented and primarily 

operational in focus [67]. 

 

4.5.  Development of an integrated EHS-based risk assessment approach 

To address the identified gaps, this study proposes a comprehensive, multidimensional risk 

assessment model for the storage of hazardous substances, grounded in EHS principles and integrating DIW 

regulations with international standards, including ISO 14001, ISO 45001, and GHS. The model is 

operationalized through a structured questionnaire that evaluates severity, likelihood, exposure, and the 

effectiveness of control measures, thereby providing a streamlined yet robust framework for risk evaluation, 

regulatory compliance, and continuous improvement. This integrated approach offers several key advantages: 

it facilitates alignment between national and international regulatory frameworks, enhances accessibility to 

hazard-related information, promotes proactive risk mitigation, and strengthens communication among 

regulatory authorities, industry stakeholders, and local communities. 

To address Thailand’s current challenges, this study conducted a comparative analysis of key 

international chemical regulatory frameworks, namely EU REACH, US OSHA, and Japan CSCL, as shown 

in Table 2 [68]. The analysis examined their regulatory structures, risk management mechanisms, and 

enforcement approaches to identify transferable practices. The evaluation highlights best practices and 

essential policy recommendations to enhance the effectiveness of chemical risk assessment models  

in Thailand. 

 

4.6.  Development of practical tools 

Literature underscores an increasing adoption of digital and artificial intelligence (AI)-driven tools 

in EHS risk management, encompassing real-time sensors, predictive analytics, and automated reporting, 

which collectively enhance situational awareness and incident response [28]. Nevertheless, challenges, 

including data quality, implementation costs, and workforce competency, constrain the widespread adoption 

of these technologies in regions such as Southeast Asia [69]. Concurrently, practical instruments such as 

checklists, mobile applications, and structured questionnaires designed in accordance with EHS principles 

and DIW regulations can facilitate routine assessments by SMEs and local regulatory authorities. These tools 

help translate complex regulatory requirements into practical procedures and support consistent 

implementation. As a result, stakeholders are better equipped to manage compliance obligations and control 

associated risks effectively. 

 

4.7.  Implications for ASEAN harmonization, policy, industrial zones, SMEs, and cross-border 

chemical logistics 

This study aligns with ASEAN initiatives to harmonize chemical safety standards, emphasizing 

consistent regulatory enforcement, stakeholder training, and unified classification systems. The proposed 

EHS-based framework offers a standardized yet adaptable model consistent with GHS and ISO  

standards [3]. Within industrial zones, EHS assessments facilitate the identification of high-risk operations, 

guide inspections, and support environmental governance, accident prevention, and investor  

confidence [27]. For SMEs, simplified assessment tools and digital compliance systems enhance awareness, 

training, and regulatory adherence, mitigating resource constraints. In cross-border chemical logistics, 

harmonized risk management fosters safer trade and ensures alignment with international frameworks, 

including EU REACH, US OSHA, and Japan’s CSCL. The integration of AI-driven monitoring and 

predictive analytics enables real-time risk management, promoting regional safety, sustainable 

development, and ASEAN-wide standardization [3]. 
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Table 2. Comparative overview of major chemical safety frameworks  
Aspect EU REACH US OSHA 

(HazCom) 
Japan CSCL Thailand (DIW) 

Risk standard REACH OSHA-hazard 

communication 

standard 

CSCL DIW guidelines 

Scope All chemical 

substances 

manufactured or 
imported in the 

EU (≥1 ton per 

year) 

Workplace 

chemical safety, 

labeling, SDS, 
and training 

Regulates new and existing 

chemicals, environmental 

risks, and industrial 
chemicals 

Focus on industrial chemical 

storage and hazard 

identification, emphasizing 
safe storage practices, hazard 

recognition, and basic risk 

control measures within 
industrial facilities. 

Risk assessment 

approach 

Life-cycle-based, 

including human 
health and 

environmental 

risk assessment 

Workplace-

specific hazard 
communication 

with qualitative 

risk evaluation 

Classifies chemicals based 

on toxicity and persistence, 
with pre-market assessment. 

Storage-focused risk 

identification with an emphasis 
on qualitative risk ranking to 

prioritize hazards based on 

likelihood and potential 

consequences. 

Data requirements Extensive 

toxicology, 
exposure, and use-

pattern data are 
required, along 

with strict 

documentation. 

SDSs, GHS-

compliant 
labeling, and 

mandatory 
employee training 

Requires biodegradability, 

bioaccumulation, and 
toxicity testing prior to 

import or manufacture. 

Limited mandatory 

toxicological data 
requirements, relying primarily 

on basic chemical hazard 
identification rather than 

comprehensive exposure or 

lifecycle-based risk evaluation. 
Public 

transparency 

High, with CSRs 

published online 

Moderate, with 

SDS access and 

labeling visible to 
workers 

Limited, with some data 

available but primarily 

focused on manufacturer 
compliance. 

Low-No public database of 

hazardous substances at 

specific facilities 

GHS 

implementation 

Fully integrated 

and enforced 

Fully 

implemented 
through HazCom 

2012 

Partially implemented, 

aligned with GHS while 
incorporating country-

specific regulatory 

adaptations. 

Partially adopted; 

implementation inconsistent 
across sectors 

Enforcement 

mechanism 

Strong, with 

centralized EU 

ECHA oversight 
and strict 

penalties 

OSHA 

inspections and 

fines ensure 
employer 

accountability. 

Central government 

oversight via Ministry of 

Economy, Trade and 
Industry (METI), Ministry 

of Health, Labor and 

Welfare (MHLW), and 
Ministry of the 

Environment (MOE). 

Enforcement effectiveness 

varies by province, with 

limited inspection capacity 
constraining consistent 

regulatory oversight and timely 

compliance monitoring across 
industrial facilities. 

Strengths Comprehensive, 
science-based, 

and promotes 

innovation and 
data sharing 

Strong workplace 
protections, 

including the 

employee right-
to-know. 

Preemptive control 
measures are applied before 

market entry, with a strong 

emphasis on environmental 
protection and the 

prevention of long-term 

ecological and human 
health impacts. 

Practical for achieving basic 
regulatory compliance and well 

understood by local industries, 

making it relatively easy to 
apply within existing 

operational and administrative 

practices. 

Weaknesses/gaps Costly and 

complex for 
SMEs 

Does not cover 

all chemicals and 
is limited to the 

occupational 

setting. 

Lower levels of 

transparency, coupled with 
complex and time-

consuming bureaucratic 

approval processes. 

Fragmented, lacks real-time 

monitoring and integration 
with global standards 

 

 

4.8.  Research challenge and opportunities 

This article aims to synthesize and critically analyze findings from prior studies selected from 

reputable academic databases, including Google Scholar and Scopus. The study employs secondary data that 

were systematically analyzed and compared to identify suitable approaches for assessing EHS considerations. 

The research primarily focuses on developing a more effective EHS assessment framework to mitigate risks 

associated with hazardous material storage and enhance safety throughout operational processes. Insights 

derived from this literature synthesis are intended to support the development of methodologies or tools for 

evaluating EHS performance in the context of sustainable hazardous substance management. A systematic 

review of previous studies on EHS risk assessment methods revealed that most investigations adopted case 

study approaches, focusing on risk management practices related to hazardous material storage in warehouses 

and industrial facilities handling large quantities of hazardous substances. 
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Regarding challenges in forecasting and regulatory compliance, a critical issue identified in the 

literature is the insufficient integration of governmental legal requirements with toxicological data in 

systematic risk assessments. Existing data have not been fully utilized for comprehensive analyses,  

resulting in limited stakeholder awareness of risks as defined by regulatory authorities. Consequently, a 

significant gap remains between statutory requirements and their practical implementation within 

organizational operations [57], [70]. 

In terms of data challenges in risk assessment, EHS evaluations frequently encounter limitations 

caused by insufficient data availability. The absence of standardized guidelines for managing areas involving 

hazardous chemical usage or storage also remains a significant challenge. Furthermore, a notable gap persists 

between theoretical risk assessment frameworks and their practical implementation, creating obstacles to the 

effective development and application of EHS risk management systems [71].  

With respect to data-related issues in integrating risk assessment processes, previous studies indicate 

that EHS risk assessments are conducted using diverse approaches and methodologies. Although efforts have 

been made to integrate these practices to improve EHS management decision-making, conventional risk 

assessment and life cycle assessment (LCA) mainly focus on impacts to human health and ecosystems,  

while safety issues related to hazardous material storage are often insufficiently addressed [72]. In addition, 

limited integration of technological solutions with methodologies aligned to international standards has 

resulted in fragmented assessments and incomplete data integration, which remain critical barriers to 

comprehensive risk management [73]. 

To address these limitations, a comprehensive EHS-based risk assessment framework for  

hazardous material storage was developed by integrating EHS dimensions. Environmental risks include 

leakage incidents and improper storage conditions, health risks involve impacts on employees and nearby 

communities, and safety risks relate to accidents, fires, and explosions. The framework incorporates both 

qualitative and quantitative approaches, while the AHP is applied to improve assessment accuracy and 

robustness. The framework also integrates domestic regulations issued by the DIW, together with  

relevant international standards to address existing challenges more effectively. In addition, a practical 

assessment tool, implemented as either a structured checklist or a software prototype, was developed and 

tested in an operational workplace to evaluate its applicability and effectiveness. The analysis demonstrates 

that each identified EHS risk assessment issue is supported by relevant scholarly literature, as summarized  

in Table 3 (see Appendix). 

 

 

5. DISCUSSION  

This study reveals persistent structural and operational weaknesses in Thailand’s hazardous 

chemical management system, particularly with respect to storage control, regulatory enforcement, and risk 

communication. The explosion at Ming Dih Chemical Co., Ltd. in Samut Prakan illustrates the severe 

consequences of fragmented oversight, inadequate storage practices, and limited public access to hazard 

information. Although regulatory mechanisms exist under the DIW, the findings indicate that enforcement 

capacity, inter-agency coordination, and data transparency remain insufficient to ensure effective 

implementation. Compared with more preventive and life-cycle-based regulatory systems in the EU, such as 

REACH regulation and Directive 2012/18/EU, Thailand’s framework remains predominantly reactive and 

operational in orientation. International systems emphasize pre-market evaluation, continuous chemical 

tracking, hazard transparency, and structured accident prevention planning, whereas Thai regulations focus 

largely on storage inspection and qualitative risk identification. This divergence indicates that regulatory 

effectiveness depends not merely on the existence of legal instruments but critically on their integration, 

enforcement rigor, and transparency mechanisms. 

The comparative analysis further demonstrates that most international frameworks including  

ISO standards issued by the international organization for standardization, chemical classification systems, 

predictive risk models, and national regulatory regimes tend to operate in parallel rather than within fully 

integrated EHS governance structures. This fragmentation limits holistic risk visibility, particularly in 

hazardous material storage contexts where environmental impacts, worker safety, and community health risks 

intersect. Moreover, weaknesses in SDS implementation, inconsistent GHS labeling, and limited accessibility 

of public databases reduce stakeholder awareness and undermine emergency preparedness. Data-related 

challenges also persist, as risk assessments frequently rely on incomplete toxicological information, outdated 

monitoring systems, and limited real-time technological integration. While predictive tools and digital 

innovations offer promising opportunities for improved risk forecasting and compliance monitoring, their 

effectiveness depends on data accuracy, institutional capacity, and workforce competency factors that remain 

uneven, particularly among SMEs. 
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In response to these gaps, the proposed integrated EHS-based risk assessment framework represents 

a strategic advancement by combining environmental, occupational health, and industrial safety 

considerations within a unified analytical structure. By incorporating both qualitative and quantitative 

approaches, including the AHP and aligning domestic regulations with international standards, the model 

enhances methodological rigor, regulatory coherence, and practical applicability. Beyond technical 

improvements, the study underscores the importance of policy reform, capacity building, digital 

infrastructure development, and strengthened inter-agency coordination to ensure sustainable 

implementation. Overall, the findings indicate that transitioning from a fragmented and reactive system to a 

proactive, transparent, and integrated EHS governance model is essential for improving chemical safety 

performance, preventing major industrial accidents, and supporting long-term sustainable development in 

Thailand and the broader ASEAN region. 

 

 

6. CONCLUSION  

This study reveals that current EHS risk assessment methods exhibit notable limitations that may 

contribute to industrial accidents, chemical spills, and adverse impacts on worker health and the environment. 

Key deficiencies include inadequate integration of toxicological data with legal requirements, the absence of 

unified standards, limited localization of international methodologies, and a lack of practical assessment tools 

for workplace implementation. Focusing on chemical storage within Thailand’s industrial sector, the research 

identifies systemic weaknesses such as improper chemical segregation, outdated storage practices, 

insufficient exposure monitoring, inadequate emergency preparedness, limited public transparency, and 

fragmented regulatory frameworks, as reflected in incidents such as the explosion at Ming Dih Chemical Co., 

Ltd.. Although existing approaches, including ISO 14001, ISO 45001, RFEM, and toxicological database 

tools, provide structured assessment frameworks, their effectiveness in Thailand remains constrained by 

procedural complexity, inconsistent enforcement, and limited digital integration under the oversight of the 

DIW. The findings demonstrate that an EHS-based risk assessment framework offers a more integrated and 

proactive model by aligning EHS dimensions with international standards; however, gaps in regulatory 

clarity, data transparency, and standardization persist. Therefore, the study proposes a standardized and 

practical EHS-based framework aligned with DIW guidelines and international best practices to enable 

proactive risk identification, strengthen stakeholder awareness, support ASEAN harmonization, and enhance 

sustainable hazardous substance management in Thailand. 
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APPENDIX 

 

Table 3. EHS risk assessment research trends during the past five years, 2020-2025 
Ref. EHS risk assessment Contributions/findings 

Environment Health Safety Research  

direction 

[1] ✓ ✓  ✓ The findings reveal chemical mismanagement, delayed emergency 
response, and severe risks to community health and the environment, 

resulting in significant adverse consequences. 

[3]   ✓ ✓ Effective hazard assessment methods and clear communication significantly 
improve safety awareness and understanding among non-expert personnel. 

[4]   ✓  The findings reveal that systematic chemical risk assessments enhance 

safety culture, reduce the likelihood of accidents, and improve overall 
environmental performance. 

[6] ✓ ✓ ✓ ✓ Analysis indicates that uneven global adoption of the GHS hinders 

consistent EHS hazard communication and constrains progress toward 
improved international chemical safety. 

[10]   ✓ ✓ The study finds that factory inspection programs improve risk assessment 

accuracy, strengthen regulatory compliance, and enhance overall industrial 
safety performance. 

[13] ✓   ✓ This study proposes a methodological framework for assessing environmental 

risks arising from industrial accidents at chemical storage sites. 
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Table 3. EHS risk assessment research trends during the past five years, 2020-2025 (continued) 
Ref. EHS risk assessment Contributions/findings 

Environment Health Safety Research  
direction 

[15]  ✓   The paper outlines the U.S. Environmental Protection Agency (EPA) 

strategy to integrate advanced exposure science and data systems to 
strengthen risk assessment capabilities and enhance public health protection. 

[16]  ✓   The study develops quantitative methods to assess skin sensitization risks 

associated with pesticides by integrating clinical evidence with toxicological 
data. 

[23]   ✓ ✓ The findings demonstrate the application of Bayesian networks to assess 

risks associated with hazardous material road accidents across pre-incident, 
incident, and post-incident phases. 

[24] ✓ ✓ ✓  The study evaluates EHS risks associated with post-combustion CO₂ capture 

using phase-change solvent technologies. 
[3] ✓ ✓ ✓ ✓ The case study demonstrates that integrating health, safety, and EMSs 

enhances organizational performance while strengthening regulatory 

compliance. 
[25]  ✓ ✓ ✓ The report emphasizes that effective occupational safety and health training 

enhances worker knowledge, reduces accident rates, and significantly 

improves overall workplace safety. 
[27] ✓ ✓ ✓ ✓ The paper reviews and analyzes recent improvements in EHS fault tree 

analysis, highlighting key methodological developments and emerging 

trends in risk assessment practice. 
[29]   ✓  The study analyzes accidents involving hazardous goods on waterways by 

applying text-based knowledge extraction methods to map accident 

evolution networks. 
[34]  ✓  ✓ The study reveals new methodologies in European health risk assessment, 

identifying key barriers and drivers influencing regulatory adoption. 

[35]  ✓  ✓ The study evaluates quantitative approaches for interpreting genetic toxicity 
dose-response data to support risk assessment processes and inform 

regulatory decision-making. 

[38] ✓ ✓  ✓ The chapter outlines methods for assessing human and ecological exposure, 
providing practical guidance to support risk evaluation and informed risk 

management decisions. 

[43] ✓ ✓ ✓  The study develops a dynamic risk assessment framework for chemical 

industrial parks by integrating Bayesian networks with fuzzy fault tree 

analysis to enhance the evaluation of complex and evolving risk scenarios. 

[44]   ✓ ✓ The study proposes a model for estimating fire protection and emergency 
response resource requirements to ensure the safe management of hazardous 

chemical storage facilities. 

[45]   ✓ ✓ The review evaluates risk assessment methods applied in the chemical 
industry, with a particular focus on improving safety, security, and system 

resilience. 

[46]   ✓  The study reveals a decision-making trial and evaluation laboratory 
(DEMATEL)-based approach for optimizing chemical warehouse safety 

through a comprehensive and systematic risk assessment process. 

[49] ✓ ✓  ✓ The study reveals the environmental and human health impacts of chemical 
pesticides, highlighting key risks, exposure pathways, and potential 

mitigation strategies to reduce adverse effects. 
[50]   ✓ ✓ The review examines approaches to chemical safety and security risk 

management, highlighting key strategies, regulatory frameworks, and best 

practices for effective hazard identification, mitigation, and prevention. 
[53]   ✓ ✓ The paper introduces the risk analysis screening tool, presenting an 

overview of its application for preliminary hazard identification and initial 

process safety evaluation. 
[55] ✓ ✓ ✓  The study explores the challenges associated with implementing internet of 

things (IoT) applications in high-risk health and safety industries, 

employing decision-making approaches to evaluate technological, 
organizational, and operational constraints. 

[59]   ✓  The study optimizes shelter locations and evacuation routes to enhance 

safety and emergency response effectiveness during gas leakage accidents 
in chemical industrial parks. 

[60]   ✓ ✓ The study conducts an aggregate risk assessment of multi-route exposure to 

hazardous chemicals, with a specific focus on toluene exposure resulting 
from chemical accidents. 

[64] ✓ ✓  ✓ The study reveals the importance of commercial analytical reference 

standards for effective chemical risk control, illustrated through case studies 
involving per- and polyfluoroalkyl substances (PFAS). 

[65] ✓ 
  

✓ The paper reviews environmental risk assessment approaches for chemical 

mixtures under the EU REACH regulation, highlighting key regulatory 
methodologies, implementation challenges, and gaps in managing combined 

chemical exposures. 
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Table 3. EHS risk assessment research trends during the past five years, 2020-2025 (continued) 
Ref. EHS risk assessment Contributions/findings 

 Environment Health Safety Research  
direction 

[66]  ✓   The study assesses occupational chemical exposure and associated health 

risks among power plant workers in Rayong Province, Thailand. 

[70]   ✓ ✓ The study develops a mathematical modeling approach to predict chemical 
process behavior, supporting more accurate and proactive industrial safety 

risk assessment. 

[72] ✓   ✓ The study proposes a methodological approach for assessing environmental 
risks arising from man-made emergencies at chemically hazardous sites. 

[73] ✓  ✓  The study evaluates environmental and safety risks associated with 

sustainable circular plastic production, highlighting key mitigation strategies 
to reduce adverse impacts and improve process safety. 
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