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Abstract. This study systematically explores the formulation and management 

of Safety Operating Procedures (SOPs) for hazardous chemical enterprises, ad-

dressing critical risks in the chemical industry. By analyzing recent accident 

cases, it highlights that inadequate SOP development or enforcement remains a 

primary cause of incidents, underscoring the necessity of scientific SOP design 

and dynamic management to enhance inherent safety. SOP formulation should 

adhere to legal regulations, technical specifications, risk assessments, and his-

torical accident data, incorporating seven core elements such as scope of appli-

cation, operational safety requirements, hazard identification, and emergency 

response protocols. Management strategies emphasize establishing a "three-tier 

responsibility system," integrating rigorous training, performance-linked as-

sessments, and real-time monitoring technologies to detect violations. A dy-

namic update mechanism ensures SOPs evolve with regulatory changes, pro-

cess modifications, and post-incident reviews, supported by standardized ver-

sion control and traceability protocols. This research provides theoretical and 

practical guidance for establishing a closed-loop SOP management framework, 

aiming to mitigate accidents and promote sustainable development in hazardous 

chemical industries. 
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Management. 

1 Introduction 

In recent years, the rapid development of the chemical industry has increasingly high-
lighted the potential risks associated with hazardous chemicals during production, 
storage, and transportation[1]. According to the National Analysis Report on Chemical 
Accidents released by China's Ministry of Emergency Management in 2021, opera-
tional irregularities accounted for 63% of all accidents, with most incidents closely 
linked to deficiencies in Safety Operating Procedures (SOPs), including their absence, 
obsolescence, or inadequate implementation[2-3]. A notable example is the catastrophic 
"3·21" explosion in 2019 at Xiangshui, Jiangsu Province, where prolonged neglect of 
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SOP updates and employee training directly contributed to risk escalation and disas-
trous consequences. Such incidents not only endanger human lives but also impose 
profound impacts on social stability and ecological environments. Consequently, the 
scientific development and effective management of SOPs in hazardous chemical 
enterprises have emerged as critical imperatives for enhancing inherent safety levels 
and achieving sustainable development. 

As the "technical codex" for industrial safety production, SOPs constitute the pri-
mary defense mechanism for standardizing operational behaviors and preventing ac-
cidents[4-6]. China's Regulations on the Safety Management of Hazardous Chemicals 
(State Council Decree No. 591) explicitly mandates enterprises to "formulate and 
strictly implement operating procedures," while the International Labor Organiza-
tion's Prevention of Major Industrial Accidents Convention emphasizes "systematic 
operational procedures for risk control." Nevertheless, persistent challenges remain in 
practice: some enterprises maintain SOPs as mere formalities with content discon-
nected from actual processes, dynamic updating mechanisms are deficient in adapting 
to technological advancements and regulatory revisions; and insufficient employee 
training coupled with lax enforcement oversight renders procedures ineffective[7]. 
These issues expose critical gaps in the life cycle management of SOPs within haz-
ardous chemical enterprises, necessitating comprehensive theoretical and practical 
exploration. 

This study employs a multiple case analysis approach, selecting representative 
hazardous chemical enterprises within the industry. Through comparative analysis of 
current SOP texts and examination of safety incident types occurring in chemical 
enterprises in recent years, it ensures the conclusions withstand practical scrutiny. 

This study focuses on hazardous chemical enterprises, integrating risk management 
theory with domestic and international regulatory frameworks to systematically ana-
lyze SOP formulation principles, methodologies, and management strategies. Through 
comparative case studies and empirical research, it identifies prevalent deficiencies in 
current SOP management practices and proposes optimization strategies. The research 
aims to provide theoretical references and practical guidance for enhancing enterprise 
safety management efficacy and establishing sustainable accident prevention mecha-
nisms. 

2 Basis of Preparation 

Prior to formulating Safety Operating Procedures (SOPs), hazardous chemical enter-
prises must rigorously complete preliminary preparations[8], encompassing two criti-
cal dimensions: the establishment of a dedicated drafting team and the systematic 
compilation of foundational reference materials. The enterprise should formalize a 
cross-functional SOP development committee comprising subject matter experts and 
operational personnel, while concurrently aggregating authoritative documentation to 
ensure the technical validity and regulatory compliance of the finalized SOPs. The 
formulation of SOPs in hazardous chemical enterprises is typically predicated on 
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enterprise-specific operational realities, with principal reference to the following cat-
egories of documentation: 

a) Prevailing legal statutes, regulatory mandates, technical standards, and supple-
mentary normative guidelines; 

b) Process design documentation, equipment specifications, and production work-
flow schematics; 

c) Hazard and risk factor analyses, job-specific risk assessments, and occupational 
environmental condition records; 

d) Historically significant accident case studies and incident investigation reports. 
This structured preparatory framework ensures methodological rigor in SOP de-

velopment, aligning operational protocols with both regulatory imperatives and engi-
neering best practices to mitigate systemic risks. 

3 Development Process 

3.1 Development Principles 

Hazardous chemical enterprises shall establish a dedicated drafting committee, whose 
members must adhere to fundamental formulation principles when developing Safety 
Operating Procedures (SOPs). Regulatory instruments including the Guidelines for 
Developing Safety Operating Procedures in Hazardous Chemical Positions (DB 37/T 
2401-2022), Management Specifications for Operating Procedures in Chemical En-
terprises (T/CCSAS 026-2023), and Guidelines for Formulating Enterprise Safety 
Operating Procedures (DB32/3616-2019) collectively mandate that SOP development 
must comply with specified principles, including conciseness, comprehensiveness, 
and linguistic precision to eliminate ambiguity. SOPs must align with technical speci-
fications, operational requirements, and scientific rationality. Procedural descriptions 
must correspond precisely to the operational workflows of process facilities, ensuring 
excitability and user compliance. These principles facilitate the creation of operation-
ally coherent documentation that bridges regulatory mandates with practical imple-
mentation needs. 

3.2 Development Elements 

The content elements of Safety Operating Procedures (SOPs) constitute the most crit-
ical component of these protocols, serving as practical guidelines for position-specific 
personnel. The determination of these elements must ensure accuracy, comprehen-
siveness, operational feasibility, and strict alignment with existing national legisla-
tion, administrative regulations, departmental decrees, normative documents, and 
standard specifications. The data collection and analysis of this study during the for-
mulation and management of safety operation procedures for hazardous chemicals 
enterprises were based on the following references: ① Guideline for Chemical Process Safety Management (AQ/T 3034-2022)* ②Technical Specification for Safety Production Level Assessment - Part 2: Gen-
eral Requirements for Safety Production (DB11/T 1322.2-2017)* 



 

 

Basic Norm for Enterprise Work Safety Standardization (GB/T 33000-2016)* 

(T/CCSAS 026-2023)* 

g) Emergency Response Protocols 

469Development and Management of Safety Operating Procedures for …             ③④Management Specification for Operating Procedures in Chemical Enterprises ⑤Guidelines for Writing Chemical Safety Operating Procedures in Chemical and 
Chemical Laboratories (T/CCSAS 050-2024)* ⑥Guidelines for Preparation of Enterprise Safety Operating Procedures (DB32/T 
3616-2019)* ⑦Guidelines for Preparation of Safety Production Operating Procedures for Haz-
ardous Chemical Positions (DB37/T 2401—2022)* ⑧Specification for Preparation of Safety Production Operating Procedures in 
Chemical Enterprises (DB64/T 1770-2021)* ⑨Work Safety Law of the People's Republic of China ⑩Provisions of Beijing Municipality on the Primary Responsibility of Production 
and Business Units for Work Safety (Order No. 285 of the People's Government of 
Beijing Municipality) 

SOP content elements should comprehensively encompass all operational require-
ments of a position, with the fundamental structure incorporating the following seven 
mandatory components, each tailored to position-specific realities: 

a) Scope of Application 
b) Safety Operation Requirements 
c) Identified Hazardous and Harmful Factors 
d) Work Environment Specifications 
e) Operational Protective Measures 
f) Prohibited Actions 

SOPs should be developed on a position-specific basis. When tasks are highly in-
terdependent and cannot be discretely assigned to individual positions, procedures 
may alternatively be structured according to process stages. In such cases, the docu-
mentation must explicitly delineate operational sequences and responsibilities for 
distinct personnel roles. This modular approach ensures procedural clarity while 
maintaining systemic coherence across complex workflows. 

4 Management of Safety Operating Procedures 

The formulation of Safety Operating Procedures (SOPs) represents merely the initial 
phase of safety management, with their core value realized only through scientific, 
dynamic, and systematic governance mechanisms. Given the unique operational risks 
inherent in hazardous chemical enterprises, SOP management must encompass criti-
cal dimensions such as responsibility institutionalization, training oversight, dynamic 
updating protocols, and technological empowerment, ultimately establishing a closed-
loop management system. This integrated approach ensures continuous alignment of 
SOPs with evolving operational realities, regulatory frameworks, and technological 
advancements, thereby transforming static documentation into actionable risk mitiga-
tion tools. 
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4.1 Construction of Management Mechanism 

Division of Responsibilities and Hierarchical Management.  
In accordance with the Work Safety Law, enterprises are required to establish a 

three-tier responsibility system comprising executive leadership, safety management 
departments, and front-line operators, each with distinct hierarchical obligations: 

Executive Leadership: Responsible for approving SOP documents, ensuring re-
source allocation, and incorporating SOP compliance into corporate safety perfor-
mance evaluations; 

Safety Management Departments: Tasked with leading SOP development, revi-
sions, and periodic reviews, while monitoring departmental compliance; 

Front-line Operators: Mandated to strictly adhere to SOP protocols and promptly 
report operational anomalies (e.g., equipment malfunctions, procedural loopholes) 
during implementation. 

This hierarchical framework institutionalizes accountability across organizational 
strata, ensuring SOPs transition from theoretical guidelines to enforceable operational 
norms, thereby fortifying systemic risk governance. 

Training and Assessment Mechanism.  
New employees must undergo comprehensive SOP qualification protocols, includ-

ing theoretical examinations and immersive practical simulations (e.g., VR-based 
emergency scenario drills), with certification required prior to assuming duties. Bian-
nual organization-wide SOP retraining shall be implemented, integrating case-based 
pedagogy (e.g., screening accident case studies) to reinforce risk awareness. A per-
formance-linked accountability mechanism shall be institutionalized, directly correlat-
ing SOP compliance with employee evaluations and career advancement, while en-
forcing a zero-tolerance disciplinary mechanism for procedural violations. This tripar-
tite strategy establishes a self-reinforcing cycle of competency development, behav-
ioral regulation, and cultural internalization within safety governance frameworks. 

Supervision and Inspection System.  
Supervisors shall conduct daily inspections of SOP compliance records, with prior-

itized verification of high-risk operations (e.g., confined space entry, hazardous mate-
rial loading/unloading). Annual third-party compliance audits shall be commissioned 
to independent safety agencies for objective SOP gap analyses, with corrective action 
reports mandatory issued. A technologically augmented monitoring system integrat-
ing IoT sensors (e.g., temperature/pressure monitoring) and AI-powered behavioral 
recognition shall be deployed for real-time anomaly detection and predictive violation 
alerts. This ti-modal oversight framework—combining human verification, independ-
ent evaluation, and smart surveillance—establishes a multi-layered defense mecha-
nism to ensure procedural fidelity across operational hierarchies. 

In hazardous chemical enterprises' SOP execution, Artificial Intelligence (AI) en-
hances safety by predicting equipment failures, optimizing operational steps, and 
intelligently identifying procedural compliance. Internet of Things (IoT) sensors col-
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lect real-time process parameters, equipment status, and environmental data. Real-
time monitoring systems centralize data display, automatically compare values 
against SOP thresholds, and trigger alarms with interlock controls. However, this 
technology faces challenges including data quality and integration issues, AI model 
reliability/explainability concerns, cybersecurity risks, high costs, and employee 
adaptability. Key success indicators encompass reductions in safety incidents and 
unplanned downtime, increased operational compliance rates, and decreased mainte-
nance costs, reflecting significant improvements across safety, efficiency, and cost 
dimensions. 

4.2 Dynamic Update and Version Control 

Revised Trigger Conditions.  
Safety Operating Procedures (SOPs) must undergo timely updates under the fol-

lowing circumstances:  
a) When national work safety legislation, regulations, codes, or standards are re-

pealed, amended, or newly enacted; 
 b) Following the new construction, expansion, or renovation of production facili-

ties; 
 c) Upon modifications to production processes, technological pathways, or equip-

ment configurations; 
 d) When post-accident investigations of major or recurring incidents identify op-

erational deficiencies. 
This trigger-based revision mechanism ensures SOPs maintain dynamic alignment 

with evolving regulatory frameworks, technological advancements, and empirical 
safety data, thereby addressing latent risks arising from systemic changes. The 
framework mandates documented change management protocols to formalize up-
dates, ensuring traceability and accountability in procedural governance. 

Version Management Specification.  
The document numbering convention shall adopt the format "Enterprise Code-

Department-Year-Version" (e.g., HX-AQ-2025-V2.1) to ensure uniqueness. Within 
72 hours of new SOP issuance, all obsolete physical copies must be systematically 
retrieved and securely destroyed, with encrypted archival of digital versions imple-
mented. A version control protocol must retain full records of historical revisions, 
including amendment details, approving authorities, and effective dates, to facilitate 
traceability and accountability. This tripartite governance mechanism—encompassing 
standardized identification, secure life-cycle management, and audit-ready documen-
tation—ensures regulatory compliance while mitigating risks of version misapplica-
tion in high-risk operational environments. 

Implementation Barriers and Mitigation Strategies.  
Hazardous chemical enterprises often face dual obstacles in SOP implementation: 

personnel resistance and resource constraints. Approximately 40% of frontline work-
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ers (particularly mid-to-late career employees) exhibit reluctance due to habitual prac-
tices or knowledge gaps, while deployment costs exceeding ¥2 million per production 
line for smart monitoring systems create significant pressure for SMEs. Three-
pronged strategies address these challenges: immersive VR accident simulation train-
ing transforms employee resistance by linking certification rates to performance bo-
nuses; a cost-sharing model combining 30% government hardware subsidies with 
cloud-based SaaS platforms reduces operational expenses by 60%; and retaining 
manual confirmation steps at critical control points (e.g., reactor feeding) balances 
automation with operational autonomy. Field implementation demonstrates 35% im-
provement in SOP adoption rates. 

5 Conclusions 

Establishing and improving safety operating procedures is essential for enterprises to 
fulfill their primary responsibility in safety management. This task must be prioritized 
and continuously improved. Only by developing and consistently refining these pro-
cedures can enterprises standardize and guide employee operations, thereby reducing 
and controlling production safety incidents. It should be recognized that safety operat-
ing procedures evolve alongside enterprise development, requiring continuous up-
dates to keep pace with the times. More critically, these procedures can only achieve 
their intended purpose through strict employee adherence. Therefore, comprehensive 
safety education is imperative to enhance employees' compliance awareness and fos-
ter conscious procedure-following behavior, thus enabling safety operating proce-
dures to fulfill their essential role. 
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