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Figure 1 A framework for analyzing the causes of accidents from the perspective of engineering ethics
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Figure 2 Countermeasure system for chemical accident prevention from ethical perspectives
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Abstract: This study investigates the generation causes and governance pathways of chemical accidents from the perspective of
engineering ethics, using the "12:02" gas flash explosion accident in Ningxia, China, as a representative case. Against the
backdrop of the chemical industry's high-risk attributes and its significant role in China's national economy, the research
addresses the persistent challenge of safety incidents despite ongoing technological and managerial improvements. The study
highlights the importance of integrating ethical principles into chemical safety management, aiming to transcend the limitations
of traditional accident analyses that focus primarily on technical and managerial failures. The scope of the research encompasses
individual, organizational, and industry-level ethical deviations.

Methodologically, the research adopts a case study approach, systematically applying four major theories of engineering ethics—
consequentialism, deontology, virtue ethics, and rights theory—to dissect the ethical failures that contributed to the accident. The
analysis is structured around the identification of ethical lapses at multiple levels: individual operators' risk-taking behaviors,
organizational decision-making processes, and regulatory oversight. The study draws on the official accident investigation report
to reconstruct the sequence of events and the underlying ethical dynamics. The principles and conditions of each ethical theory
are operationalized to evaluate the actions and omissions of key stakeholders, including frontline workers, technical managers,
company executives, and regulatory authorities.

From the perspective of the four major theories of engineering ethics, the root causes of the Ningxia "12-02" accident can be
systematically categorized as follows. Consequentialism reveals that key decision-makers and operators prioritized short-term
production efficiency over the comprehensive assessment of long-term safety risks, leading to actions that ultimately resulted in
greater harm—a clear misjudgment in weighing outcomes. Deontologically, the accident was precipitated by a widespread failure
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to fulfill professional duties and adhere to established safety protocols: unauthorized maintenance activities and the
circumvention of mandatory procedures reflected a breakdown in the observance of moral and institutional obligations. From the
standpoint of virtue ethics, the incident exposed a pervasive lack of essential professional virtues such as prudence, honesty, and
responsibility, undermining the ethical self-discipline required for safe engineering practice. Finally, rights theory highlights the
systematic neglect of workers' fundamental rights, including the right to safety and the right to be informed about operational
risks, both within the company and in the regulatory environment. Together, these ethical deficiencies at the individual,
organizational, and regulatory levels created the conditions for the accident, demonstrating that the underlying causes extend
beyond technical and managerial shortcomings.

Based on these insights, the research proposes a multidimensional strategy for improving chemical safety management through
the lens of engineering ethics. From a consequentialist standpoint, it advocates for the institutionalization of comprehensive
consequence assessment systems that prioritize long-term safety and social welfare over short-term economic gains.
Deontological recommendations include the rigidification of safety rules, clarification of responsibilities, and enhancement of
regulatory authority to ensure the absolute execution of safety obligations. Virtue ethics informs the need for systematic
cultivation of professional virtues through targeted education, organizational culture reform, and moral incentive mechanisms.
Rights theory underpins the establishment of robust mechanisms to guarantee workers' safety rights and access to risk
information, including independent safety representatives and real-time risk communication platforms. The study emphasizes that
only by embedding ethical principles throughout technical decision-making, institutional execution, and cultural development can
the chemical industry achieve a paradigm shift from compliance to ethical self-awareness.

This research demonstrates innovation by establishing a systematic analytical framework centered on engineering ethics that
systematically addresses the causes of chemical accidents at the individual, organizational, and industry levels. By integrating
consequentialism, deontology, virtue ethics, and rights theory into accident analysis, the study effectively bridges, to some extent,
the traditional gap between technical/managerial and ethical dimensions of safety management. The findings provide important
policy implications, suggesting that regulatory bodies and enterprises should embed ethical principles deeply into technical
decision-making, institutional execution, and safety culture development, thereby promoting a shift from passive compliance to
ethical self-awareness in chemical safety governance. Academically, the study enriches the discourse on engineering ethics by
offering a comprehensive empirical application of ethical theories to a representative industrial accident, and by proposing a
referential governance framework for the chemical industry. The research also highlights the necessity of integrating ethical
considerations with emerging safety management technologies to address new challenges related to risk and rights protection.
While the study is based on a single case and primarily employs qualitative analysis, its conclusions offer a valuable reference
for broader application and future research. In conclusion, the study underscores that engineering ethics is not only the value
foundation of chemical safety management but also a key driver for the sustainable and human-centered development of the
chemical industry.

Keywords: engineering ethics; chemical accident; safety management; ethical governance; occupational safety



