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Abstract 

The increasing integration of nanomaterials (NMs) into industrial and research processes raises 
critical concerns regarding occupational exposure and potential health risks for workers. Although 
numerous studies have demonstrated cytotoxic, genotoxic, and oxidative effects of NMs in vitro 
and in vivo, human data remain limited due to the complexity of exposure assessment and the 
lack of standardized, sensitive biomarkers. Our study aims to develop and validate a panel of non-
invasive biomarkers to detect early biological effects in workers potentially exposed to NMs, using 
accessible biological matrices such as oral mucosa cells, blood, urine, and exhaled air condensate. 
Early genotoxic and oxidative effects will be evaluated through the Buccal Micronucleus Cytome 
(BMCyt) assay and the Fpg-comet assay on whole blood. Inflammatory markers will include serum 
cytokines (IL-6, IL-8, TNF-α) and fractional exhaled nitric oxide (FeNO). Additional endpoints will 
assess oxidative stress biomarkers in urine and exhaled air, and epigenetic modifications, including 
global DNA methylation and miRNA expression. The integration of exposure data and biological 
responses will contribute to a comprehensive risk assessment and the identification of sensitive 
and non-invasive biomarkers for health surveillance. This multidisciplinary approach aligns with 
the “prevention-through-design” paradigm and supports the development of effective strategies 
for the protection of workers in technologically advanced occupational settings. 

 


