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Abstract

Low-background gamma-ray spectrometry is a highly sensitive, non-destructive technique
for the radiological characterization of advanced materials and nanomaterials.
High-resolution HPGe detectors enable the identification and quantification of naturally
occurring and anthropogenic radionuclides at very low activity levels, providing valuable
information on material purity, origin, and potential contamination.

Low-level gamma-ray spectrometry complements conventional structural, morphological,
and elemental characterization techniques. Beyond radiological assessment, radionuclide
signatures can help investigate raw-material origin, identify contamination introduced
during synthesis or processing, compare different production routes, and evaluate the
radiopurity of materials intended for sensitive technological applications. The technique is
particularly relevant for advanced materials produced from industrial residues and
secondary raw materials, where naturally occurring radioactive materials (NORM) may
become concentrated during processing.

The presented approach demonstrates the potential of low-background HPGe gamma-ray
spectrometry as a sensitive and reliable tool for advanced material characterization. Its
integration with complementary analytical and materials-science techniques can support
the development of safer and more sustainable materials while providing valuable
traceability and quality-control information. This interdisciplinary approach strengthens
the connection between nuclear measurement science, nanotechnology, environmental
assessment, and the sustainable development of advanced functional materials.



