Gamma Ray Based Processing for Cultural Heritage:
50 years’ experience of remedial conservation at ARC-Nucléart
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Introduction and background
Gamma ray based processing are interesting tools for remedial conservation of cultural heritage artefacts,
namely biocidal treatments and consolidation using radio-curable resin. Such applications involve high doses
of ionizing radiations on large volumes. They are implemented in simple and reliable way, thanks to high activity gamma emitting radioactive sources that deliver deeply penetrating radiation, homogeneous in space
and stable in time. Although a low probability of interaction, gamma photons can interact with the electronic
cloud of an atom, giving rise to a first ionization. The emitted “secondary electron” will generate electronic
excitations and new ionizations before its total energy loss in short scale. This deposited energy in matter,
per unit mass, is called the “absorbed dose”, expressed in Gray (Gy), equivalent to J/kg. It is the determining
quantity for all the phenomena used for irradiation treatments. To be noted, there is no reaction with the nucleus of encountered atoms, so that it cannot create any radioactivity.
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Cobalt 60 ( Co) sealed sources are unanimously employed, mainly in pool irradiator type. They are stored in
60
water and irradiation is carried out in a chamber with very thick concrete walls. Co emits 1 electron (beta
radiation), quickly stopped even in the source itself, and 2 gamma photons of respectively 1.17 MeV and
1.33 MeV for each beta decay, which are particularly well situated for their penetrating properties.
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Fig. 1. ARC-Nucléart Co pool irradiator. Sources are mounted on a mobile rack, stored in the pool when they are not
used. After operators leave the irradiation chamber, the source rack can be winched from the pool up to the inside of the
chamber, irradiating the artefacts placed in front and behind it. (© ARC-Nucléart)

ARC-Nucléart has been a pioneer for application to cultural heritage artefacts conservation, continuously using the Grenoble irradiator pool since the 70’s (Cortella et al, 2020).
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Biocidal treatments
Insect eradication is the most common treatment using gamma radiation for remedial conservation. 500 Gy
is the threshold required to reach deterministic death of any kind of insect, whatever its stage. Increasing the
dose up to 2 kGy, the survival time of the insect is typically reduced from 2 to 3 weeks to few days. For fungicide purposes, doses between 3 and 10 kGy reduce in a statistical way the worst contamination down to
an acceptable level, the one that can be encountered in "healthy" museum or storage room (total sterilization
is out of interest since fungus spore are always present in the air).
Apart from some rare contraindications, experience shows that the technique applies safely on a very large
range of materials (IAEA, 2017). While the minimum dose is set with respects to the expected biological
goal, the maximum dose, not to be exceeded, is set after analyses of the potential side effects that have always been considered with particular attention. Dosimetry can be easily managed in very reliable way by
calculations and measurements, moreover thanks to the spatial and temporal stability of radioactive sources
emission.

Fig. 2. Insect eradication of a Japanese wedding palanquin (lacquered wood, copper alloy ornaments, interior decorath
tions in wallpaper, silk, 19 c., Museum Saint-Rémi in Reims). Before the irradiation, a simple model calculated dose
rate. Anticipated final dose was computed by summation after reversal at mid-irradiation. (© ARC-Nucléart)

Treatments need typically few hours for insects eradication to tens of hours for fungicidal doses. Since the
seventies, many thousands of artefacts were treated, from the most humble to the most prestigious.

Consolidation with radio-curable resin
The so-called “nuclear” technique for consolidation implies the bulk densification of porous material with radio-curable consolidant after a classical vacuum / pressure impregnation. Styrene / unsaturated-polyester
resin is used, cross-linking being the way it hardens.
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Fig. 3. Principle of the radio-curing of polyester styrene: opening double bonds from unsaturated polyester and from styrene, gamma rays make possible to create new links between them, resulting on a stable and solid 3D network.

The achieved consolidation is particularly efficient and stable, but irreversible. This practice is deliberately
limited to fully justified cases for which the conservation issue cannot be met with less interventionist means.
It can be for instance the “last chance” treatment of much degraded worm-eaten wooden sculptures, or when
functional mechanical strength is required. Thanks to its high chemical stability, it is also used for treatment
of waterlogged archaeological wood, especially in presence of inseparable metallic parts that would be subject to corrosion with conventional method (Chaumat et al, 2011).
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