Tracing Metal Contaminants in Environmental Plastics pellets and Mammalian Tissues Using XRF Mapping at PUMA
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Synchrotron-based micro–X-ray fluorescence (µXRF) microscopy offers exceptional elemental sensitivity and spatial resolution, enabling trace-level mapping of metals in complex materials. Using the PUMA beamline at SOLEIL Synchrotron (France), we applied this technique to two complementary targets, environmental plastic debris and mammalian tissues, to explore links between environmental contamination and biological exposure.
Within the Italian Pellets Watch (ItPW) survey, the first national survey of plastic pollution along the Italian coastline, µXRF mapping of resin pellets collected along the Sardinian, Abruzzese, and Tuscan coasts revealed the presence of Pb, Fe, Cr, Ni, Sr, Mn, Br, and other elements. Their localization on both polymer surfaces and internal matrices indicates that plastics can act as carriers for toxic metals. Given their buoyancy and high pollutant adsorption capacity, up to hundreds of times higher than seawater, these pellets represent a critical pathway for contaminant transfer in marine systems.
Parallel analyses of a golden jackal kidney and human placental tissues uncovered comparable metal distributions, with Pb, Cr, Ni, Sr, Mn, Br, and Fe frequently co-localizing. The detection of these metals in jackal tissues supports the potential of this species as a sentinel for environmental metal contamination in northeastern Italy. Similarly, the presence of comparable metals in human placental tissues underscores potential fetal exposure to environmental pollutants and identifies possible biomarkers for assessing multi-elemental contamination at the maternal–fetal interface.
By integrating environmental, animal, and human data, this study underscores the value of synchrotron µXRF as a versatile tool for tracing pollutant pathways and evaluating the health implications of chronic exposure to contaminated ecosystems.

