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Abstract

To address the limitations of single data source, fragmented information and static analysis in tra-
ditional university laboratory accident research, this paper takes 85 valid laboratory safety acci-
dents published by authoritative channels from 2015 to 2025 as research samples, and constructs
a multi-source heterogeneous database by integrating official bulletins, news reports, academic
documents and safety inspection materials. Natural language processing technology is used to ex-
tract structured text information. With the introduction of dynamic Bayesian network and complex
system theory, a four-dimensional causal analysis framework of human-material-environment-
management is established to reveal the nonlinear evolution mechanism of laboratory accidents
from hidden danger initiation, risk accumulation to coupling trigger, and identify the critical risk
paths of different disciplines such as chemistry, biology and materials. The results show that illegal
operation accounts for 62.35%, which is the direct main cause of accidents; management defects
are the deep root cause; and chemical laboratories account for the highest proportion of accidents,
reaching 45.88%. This paper can provide real data support and scientific decision-making basis for
risk early warning, classified management and emergency disposal of university laboratories.
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