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Abstract 

The rapid development and industrial application of nanomaterials and advanced materials are 

reshaping occupational environments, creating new opportunities while introducing emerging 

challenges for workers' health and safety. Among these, the potential release of nano- and 

micro-sized particles during manufacturing and processing activities has raised increasing 

attention due to the still limited knowledge regarding exposure scenarios and health effects. In 

this context, occupational risk assessment requires innovative methodologies capable of 

integrating exposure characterization, hazard identification, and biological effect assessment, 

supporting both prevention strategies and the implementation of Safe and Sustainable by 

Design principles. The contribution presents an overview of current challenges and future 

perspectives in the assessment of occupational exposure to advanced materials, highlighting 

the need for multidisciplinary approaches that combine real-time monitoring techniques, 

physicochemical characterization, and biological models to generate robust evidence for risk 

management. 

Two application-oriented case studies will be presented. The first focuses on occupational 

exposure to titanium dioxide nano- and submicrometric particles in manufacturing facilities. 

Potential exposure was also investigated under controlled conditions using Drosophila 

melanogaster as an in vivo, ethically sustainable model. Titanium bioaccumulation, quantified 

by Single Particle ICP-MS, demonstrated the uptake of airborne nanoparticles following 

controlled inhalation exposure, supporting the feasibility of integrating exposure and biological 

response data into occupational risk assessment frameworks. The second case study addresses 

workers' exposure during the molding of glass fiber-reinforced polymer composites. Following 

the OECD tiered approach, real-time and off-line measurements revealed the release of 

ultrafine particles, possible nano-microplastics, and glass fibers, with airborne concentrations 

significantly exceeding background levels. The results highlight the importance of 

comprehensive exposure characterization and indicate the need for higher-tier investigations to 

fully define exposure scenarios and support the implementation of appropriate preventive 

measures. Together, these examples illustrate how integrated monitoring strategies can provide 

the scientific basis for more effective occupational risk assessment of advanced materials, 

ultimately contributing to safer and more sustainable workplaces. 


