Abstract

Within the broader framework of CBRN threats, radiological and nuclear (R/N) hazards pose unique
challenges to healthcare systems, both through the routine use of ionizing radiation in diagnostic and
therapeutic procedures and in the event of accidental or deliberate releases of radioactive materials.
In these contexts, healthcare professionals and patients represent populations at risk of both
external radiation exposure and internal radioactive contamination. For healthcare workers,
occupational exposure may result from the handling and administration of radiopharmaceuticals, the
care of patients undergoing nuclear medicine procedures, the operation of radiological and
interventional imaging equipment, and the management of contaminated individuals during
radiological or nuclear emergencies. Although exposure levels are generally maintained within
regulatory limits, the increasing complexity of medical procedures and the growing volume of
radiological activities require continuous optimization of radiation protection practices. For patients,
the primary concern relates to exposure associated with diagnostic and therapeutic procedures
involving ionizing radiation. Such exposures should always adhere to the principles of justification
and optimization in accordance with the ALARA (As Low As Reasonably Achievable) principle,
ensuring that clinical benefits outweigh potential radiation-induced biological effects. Emerging
nanotechnologies may provide valuable support to conventional radiation protection strategies.
Nanostructured materials offer the potential for the development of lighter and more effective
shielding systems, while functionalized nanoparticles are currently being explored for contamination
detection, decontamination strategies, and the targeted delivery of radioprotective compounds. The
integration of these innovative approaches into established radiation protection frameworks has the
potential to improve the safety of healthcare workers and patients while enhancing healthcare
system preparedness and resilience against radiological and nuclear emergencies.



