Accepted Manuscript

Title: Mitigation strategies for radiation damage in the analysis of ancient
materials

Author: Loic Bertrand, Sebastian Schoeder, Demetrios Anglos, Mark Breese,
Koen Janssens, Mehdi Moini, Aliz Simon

PII: S0165-9936(14)00249-0
DOl: http://dx.doi.org/doi: 10.1016/j.trac.2014.10.005
Reference: TRAC 14350

To appear in: Trends in Analytical Chemistry

Please cite this article as: Loic Bertrand, Sebastian Schoeder, Demetrios Anglos, Mark Breese,
Koen Janssens, Mehdi Moini, Aliz Simon, Mitigation strategies for radiation damage in the
analysis of ancient materials, Trends in Analytical Chemistry (2014), http://dx.doi.org/doi:
10.1016/j.trac.2014.10.005.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will
undergo copyediting, typesetting, and review of the resulting proof before it is published in its
final form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.



Mitigation strategies for radiation damage in the analysis of
ancient materials

Loic Bertrand®” *, Sebastian Schoeder”, Demetrios Anglos®’, Mark Breese®,
Koen Janssens', Mehdi Moini¢, Aliz Simon™

# IPANEMA CNRS, MCC, USR 3461, BP48 Saint-Aubin, F-91192 Gif-sur-Yvette, France

® Synchrotron SOLEIL, BP48 Saint-Aubin, F-91192 Gif-sur-Yvette, France

¢ Institute of Electronic Structure and Laser, Foundation for Research and Technology—Hellas, P.O. Box
1385, 711 10 Heraklion, Crete, Greece

¢ Department of Chemistry, University of Crete, P.O. Box 2208, 710 03 Heraklion, Crete, Greece

¢ Singapore Synchrotron Light Source, 5 Research Link, National University of Singapore, Singapore 117603
" University of Antwerp, Department of Chemistry, Groenenborgerlaan 171, B-2020 Antwerp, Belgium

9 Department of Forensic Sciences, George Washington University, 2100 Foxhall Road, N.W., Somer’s Hall,
Washington, D.C. 20007, USA

" International Atomic Energy Agency, Division of Physical and Chemical Sciences, Vienna International
Centre, P.O. Box 100, 1400 Vienna, Austria

" Institute of Nuclear Research of the Hungarian Academy of Sciences, H-4001 Debrecen, P.O. Box 51,
Hungary

HIGHLIGHTS

e Intense radiation sources are critical to the study of cultural heritage materials

e Radiation side effects may lead to visual alteration or biased analytical results.

o We present and discuss the impacts of irradiation on heritage materials

¢ We focus on improvements in analytical strategies to mitigate and to monitor damage
¢ \We make suggestions for further research to limit damage to ancient artifacts

ABSTRACT

The study of materials in cultural heritage artifacts and micro-samples benefits from
diagnostic techniques based on intense radiation sources, such as synchrotrons, ion-beam
accelerators and laser facilities. While most of the corresponding techniques are classified
as non-destructive, investigation with photons or charged particles may fundamental
processes that induce changes. These changes depend on irradiation parameters, properties
of materials and environmental factors. In some cases, radiation-induced damage may be
detected by visual inspection. When it is not, irradiation may still lead to atomic and
molecular changes resulting in immediate or delayed alteration and bias of future analyses.
We review the effects of radiation reported on a variety of cultural heritage materials and
describe the usual practice for assessing short-term and long-term effects. This review aims
to raise awareness and encourage subsequent research activities to limit radiation side
effects.
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