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Preserving delicate cultural heritage (CH) artifacts, especially those composed of organic materials, is a significant
challenge for both the scientific community and professionals in the CH field. This class of materials is highly
susceptible to chemical degradation and biodeterioration, making their long-term preservation especially complex.
Among conservation techniques, gamma irradiation offers a promising solution, providing deep penetration for
homogeneous, large-scale disinfection without heat or chemical residues [1]. Despite these benefits, the
exploitation of this technology in CH conservation remains limited in countries such as Italy, largely due to
concerns regarding potential aesthetic, structural or physico-chemical alterations of delicate substrates.

In this context, the present contribution is devoted to disclose the potential of gamma irradiation, under controlled
conditions following IAEA guidelines, as an effective, non-invasive treatment for eradicating biological
contaminants while preserving the structural and chemical integrity of CH objects. In particular, two case studies
are presented: (i) original archival documents from the Abbey of Montecassino, comprising cellulose-based papers,
parchment, and various classes of inks; and (ii) a reproduction of Ramses II's “mummy,” produced via 3D printing
with Polylactic acid (PLA) and finished with textile layers and a kombucha-based biopolymer coating [2].
Irradiation experiments were conducted at the Calliope facility (ENEA, Italy) [3].

A multi-analytical non-destructive approach, including spectroscopic (Raman, FTIR/ATR, UV-Vis), colorimetric,
and microbiological analyses, was employed to evaluate possible alterations in the writing supports, inks, and
polymeric components, as well as to investigate the treatment's biocidal effectiveness. Results demonstrate that
gamma irradiation at absorbed doses between 8 and 12 kGy is effective for near-total microbial decontamination
while preserving the molecular integrity and chromatic properties of cellulose, collagen, linen, nanocellulose
biofilms, and both organic and inorganic inks.

These findings establish gamma irradiation as a promising tool for the preventive conservation and
decontamination of organic CH artifacts, providing a safe, scalable, and efficient solution for heritage institutions
managing biologically compromised collections.
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