Biomarkers of exposure and early biological responses to micro- and nanoplastics
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Microplastics (1 pum-5 mm) and nanoplastics (<1 um), collectively MNPs, are ubiquitous
contaminants generated during the production, use and degradation of plastic materials. Human
exposure occurs mainly through inhalation and ingestion and may be particularly relevant where
plastics are manufactured, processed or recycled. Although MNPs have been detected in human
tissues and biological fluids, their health implications remain uncertain (1). Risk assessment in
occupational and public health therefore requires integrated information on external exposure,
internal dose and early biological responses.

Potential biomarkers of exposure include the direct detection and physicochemical characterization
of plastic particles in blood, urine and respiratory matrices, such as exhaled breath condensate (EBC),
nasal lavage fluid and sputum (2). Raman and infrared microspectroscopy can identify polymer type,
particle number, size and morphology, while thermoanalytical techniques can quantify polymer mass.
Plastic-related chemicals, such as phthalates and bisphenols, can also be measured; however, because
they originate from many environmental and everyday sources, their presence in biological samples
cannot be specifically attributed to MNP exposure.

Candidate biomarkers of early effect include oxidative stress indicators, such as 8-hydroxy-2'-
deoxyguanosine, malondialdehyde, 8-isoprostane, total antioxidant capacity and superoxide
dismutase; inflammatory mediators, including TNF-a, IL-18, IL-6, IL-10, IL-17 and high-sensitivity
C-reactive protein; and markers of pulmonary epithelial injury or fibrosis, such as surfactant protein-
D and KL-6. Endothelial dysfunction, genotoxicity and molecular alterations may be explored
through VCAM-1, PAI-1, comet and micronucleus assays, circulating microRNAs, gene-expression
profiles and metabolomics (3).

However, biological monitoring is limited by sample contamination, low particle concentrations,
small sample volumes, matrix interference, insufficient sensitivity for nanoplastics, and the absence
of harmonized and validated protocols. Biomarkers of effect are generally non-specific and
influenced by lifestyle, health status and co-exposures. Prospective multicentre studies integrating
environmental monitoring and human biomonitoring are needed to validate sensitive, specific and
high-throughput biomarkers and support preventive actions in exposed populations.
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