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Fig. 1 Technical workflow and application closed-loop of Al-driven chemical safety assessment
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Al-Driven Chemical Safety Assessment: Technical Paradigms,
Application Progress and Future Prospects

YANG Chen', ZHANG Miao?, TANG Yun'
(1. Shanghai Key Laboratory of New Drug Design, School of Pharmacy, East China University of Science and
Technology, Shanghai 200237, China; 2. Zibo Customs Comprehensive Technical Service Center,
Zibo 255035, Shandong, China)

Abstract: The rapid development of artificial intelligence (Al) is profoundly reshaping the traditional paradigm of
chemical safety assessment. This paper systematically reviews the research progress and application status of Al,
particularly machine learning and deep learning methods, in the field of computational toxicology. From three core
dimensions—data foundation, algorithm system and model interpretability, the evolutionary path of the Al-driven
safety assessment technical paradigm is summarized. Combined with typical application scenarios such as drug
research and development, cosmetic safety evaluation, and the control of emerging environmental pollutants, the role
transformation of related technologies from "alternative experimental methods" to "safety-enabled design tools" is
discussed. On this basis, the paper further analyzes the acceptance and standardization progress of computational
toxicology methods in international regulatory frameworks, and explores the key challenges faced by Al models in
terms of interpretability, complex system assessment, system integration, ethics, and standardization. In summary, this
paper sorts out the context of technological evolution and proposes a conceptual framework for intelligent toxicology
systems, aiming to provide a systematic reference and forward-looking perspective for the scientific research and
regulatory application of Al-driven chemical safety assessment technologies.

Key words: computational toxicology; safety assessment; new approach methodologies (NAMs); adverse

outcome pathway (AOP); regulatory science
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