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EXECUTIVE SUMMARY
TECHNICAL MEETING ON “STRATEGIES FOR THE PRESERVATION AND
CONSOLIDATION OF CULTURAL HERITAGE ARTIFACTS THROUGH
RADIATION PROCESSING
1. INTRODUCTION
The preservation of World Cultural Heritage (WCH) has emerged as a key issue for maintaining
national identity, and understanding the influences or exchanges among civilizations throughout
history. Cultural heritage artefacts are made up of materials varying from simple mono-components
to complex structures integrating inorganic and organic materials.
Many of artefacts such as easel and panel paintings, wooden sculptures, library materials, prints,
textiles are based on natural organic materials which are prone to biological attack under improper
conservation conditions. Degradation by insects and microorganisms such as fungi and bacteria
constitute a major threat against the long-term preservation of WCH.
The success and consolidation of the application of ionizing radiation for inactivation of microbes
presents a powerful technique for the disinfection of paper, textiles and wood based cultural heritage
artefacts. In recent years, collaboration of radiation processing facilities with cultural heritage
institutions such as museums and libraries has opened new vistas for the use of this technology for
treating large quantities of deteriorated products that required emergency intervention or had a
complex structure that limited the use of conventional techniques. The wider use of this technique
necessities a multidisciplinary approach for effectively demonstrating that irradiation does not lead
to unacceptable changes in the functional or decorative properties of the artefact as well does not
compromise with the authenticity of the artefact. This Technical Meeting (TM) will aim at
discussing the recent progress of work towards this goal.

2. OVERALL OBJECTIVES
The purpose of the meeting is to share the recent experiences and advances in radiation technology
for cultural heritage preservation and consolidation with the stakeholders like conservators,
restorers and radiation technologists to expand the application of radiation technology in this area.

3. EXPECTED OUTCOMES
The Meeting will aim to document recent development and implementation of radiation technology
for conservation, preservation and consolidation of Cultural Heritage artefacts in various Member
States and formulate the way forward to develop harmonized guidance to be adopted based on the
shared experience of Member States to ensure safe CH irradiation practices on a larger scale.

4. HIGHLIGHTS OF THE PRESENTATIONS
Argentina
Radiation processing and nuclear techniques capabilities related to cultural heritage in
Argentina
The National Atomic Energy Commission of Argentina is consolidating a network of
experienced laboratories that are working in characterization, dating, preservation and
restoration of cultural heritage using nuclear techniques, to solve specific needs for the
maintenance and valorization of these items.
Regarding to the preservation of cultural heritage through the application of gamma irradiation
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treatment for insect eradication and disinfection, this is conducted as an interdisciplinary
approach, following a very well-established flow sheet, in order to assure the efficacy of the
treatment.
Brazil
From Historical Artefacts to Technology: Ionizing Radiation for Preservation
Degradation have been affecting Brazilian cultural heritage artifacts and archived materials of
organic origin. The Nuclear and Energy Research Institute–IPEN through the Multipurpose
Gamma Irradiation Facility started a strong collaboration program with conservation and
preservation institutions and the conservative community to disclose the irradiation technique
benefits. Several materials have been irradiated for disinfection purposes successfully such as
works of art, museum collections artifacts, books, manuscripts, drawings, archive documents,
musical instruments, ethnographic objects, archaeological findings, natural history collections
among others from various regions of Brazil.
Bulgaria
Some side-effects of gamma-irradiation disinfestation on highly contaminated leathers and
librarian materials
Side-effects of gamma-irradiation of leather and librarian materials with 20 and 25 kGy were
studied.
• Gamma-irradiation with 25 kGy at low and standard dose rates does influence the
morphology and IR-spectra of calf leather, calf suede and pigskin. Irradiation at low dose
rate caused higher radical concentration in calf leather. Release of Cr-ions as a result of
gamma-irradiation was found in the chromium-tanned calf suede and pigskin. Gammairradiation at standard dose rate caused higher effects on thermal properties of the leather
materials.
• The long-term side-effects on librarian books, gamma-irradiated with 20 kGy were found
to be highest in the oldest or in the most contaminated book.
Croatia
Ionizing radiation for protection of artworks and cultural heritage in Croatia-an overview.
Gamma irradiation at Ruđer Bošković Institute has been used for almost 40 years for treating
CH objects in Croatia. In the beginning, the staff’s knowledge on food irradiation was applied
on CH treatment. During and after the Croatian War of Independence the irradiation treatment
of CH significantly increased and after this increase an extent of knowledge on the influence of
irradiation on different materials and bioburden was needed since there was not enough data in
the literature and at that time. Recently the staff has worked on research on the effect of ionizing
irradiation on different textiles, paper, nacre and most common and specific microorganisms
found on CH artefacts
Review of the Cooperation between the Croatian Conservation Institute and the Ruder
Boskovic Institute
The Croatian Conservation Institute and the Ruđer Bošković Institute have been cooperating
intensely and since 2006. they have a formal contract which established the cooperation on
scientific research of cultural goods and materials from which they were made. A special
element of the cooperation is using gamma radiation for conservation and rescue of cultural
heritage affected by the damage caused during the war (1991-1995), which continued after the
war was over in cases of emergency.
Conservation of Cultural Heritage using Ionizing Radiation in the Context of Wartime
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Evacuations and Reparing Damages Caused During the War
The presentation layed out the general principles and procedure of using radiation for
conservation, and years of experience in the field of cultural heritage protection, with a special
place that belongs to the rescue of cultural goods threatened by war. A typical example of
rescuing cultural heritage from areas affected by war is the evacuation of furnishings from the
parish church of St. Ladislaus in Pokupsko, and all subsequent applied protection procedures
carried out at the workshops of the Croatian Conservation Institute, including irradiation at the
Ruđer Bošković Institute.
Art Residents – Pests and Art
The presentation is an overview of biological damage on works of art that conservators
encounter in their practice, particularly on wooden objects such as furniture, sculptures, altars
and paintings on wooden supports. Treatments such as radiation processing help prevent further
damage and enable the process of consolidation of material before further conservationrestoration interventions.
Gamma-irradiation for cultural heritage – could it prevent fungal growth on paper
materials?
• Fungicidal effect of gamma radiation on naturally occurring and artificially inoculated
fungi on paper material was dose (2, 7, 20 and 50 kGy) and dose rate (0.1 and 8.6 Gy/s)
dependent.
• Lowest dose of 2 kGy at higher dose rate (8.6 Gy/s) reduced majority of fungal growth
(except Cladosporium sphaerospermum) to the initial level (180 CFU/m3).
• Doses 7, 20, and 50 kGy were effective against fungi including Cladosporia, only when
applied at higher dose rate (8.6 Gy/s); recorded fungal growth (40-90 CFU/m3) were
below initial level.
• Species of Cladosporium, yeasts and white mycelia were the most resistant fungi to
gamma-irradiation particularly when doses were applied at 0.1 Gy/s.
Radiation effects on some of the materials constituting CH objects - recent research of the
RCDL scientists
While general guidelines for treatment ensure that there will be no unwanted side effects to the
materials of the objects occasionally we are confronted with combination of materials with
different response to gamma-irradiation what may particularly be a problem if higher absorbed
doses have to be applied for fungal contamination treatment. Other frequently asked questions
are how the treatment would affect an already damaged material and whether its post-irradiation
aging would be influenced. Since we strive to avoid any irreversible side effects to CH objects
that prompted us to initiate several studies. Significant differences in response of various nacre
types to radiation was detected. No side effects due to irradaition only were detected in study
of model contemporary silks where more stable beta-pleated sheet conformation was preserved.
Combination of experimental methods (in case of silk FTIR and SEM and in case of nacre
FORS and TL) was applied.
Egypt
Use of Radiation Technology for Preservation of Some Egyptian Cultural Heritage Artifacts
Chitosan Ag/SO2 nano-composites prepared by radiation, as an excellent, stable non-staining
adhering polymer can be safely used in consolidation of ancient Egyptian linen textiles.
Graphene nano sheets were used to improve the mechanical and radiation resistance properties
against degradation, of some natural materials as papyrus Linen textile and Cellulosic paper.
Highly retentive chemical hydrogels as aqueous media prepared by radiation can be used for
cleaning cultural heritage water-sensitive surfaces.
France
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Uses and Prospects in Gamma Biocide Treatments and Radiocurable Resin-Based
Consolidation Treatments for Cultural Heritage Artefacts
Biocide treatments and radiocurable styrene-polyester resin consolidations are the two gamma
irradiation based methods used in ARC-Nucleart since the 1970s.
But gamma biocide treatments were not used yet for archive material as cultural authority in
France were affraid about depolimerization effect. It was however asked in 2015 about the
faisability to trated 11 linear kilometer of the National Archive after a disaster. And it was done
in industrial facility for the major part of this collection, and in ARC-Nucleart for the nonstandard archive, including some studies on material like tracing paper and photographies. The
conclusion was that no strong effect was observed on this material, and it can be irradiated,
according to the conservation issue.
Concerning radiocurable resin consolidation, there is a need to substitute the styrene poleyester
styrene resin by free styrene resin. From our studies, the best candidate are paraloid in solution
in methacrylate monomers, giving good results in terms of impregnation, consolidation,
reversibility and security during the process.
Italy
Characterization of radiation processing effects in Cultural Heritage applications
The work is related to the activities on paper performed at the ENEA Calliope gamma
irradiation facility (Casaccia R.C., Rome, Italy) in the framework of the IAEA Coordinated
Research Project ‘F23032’- Research Agreement No. 18922/R0. In order to increase knowledge
on the advantages and limitations of nuclear technology for Cultural Heritage applications, it is
very important to define suitable irradiation conditions (in terms of irradiation dose, dose rate
and environmental atmosphere) and to evaluate some irreversible physical-chemical
modification induced by ionizing radiation on treated materials, namely “side-effects”.
Furthermore, several information about the prediction of paper behaviour and the synergic
radiation-temperature effect can be achieved by accelerated ageing process, performed at
various temperature, humidity and environmental conditions.
Republic of Korea
Application of irradiation technology for conservation of cultural heritage in Korea: Control
of fungi and insect in wood cultural heritages
Methyl bromide was previously used as a fumigation agent for controlling the biodegradation
of organic cultural heritages in Korea.
However, it was banned in 1997 based on the Montreal Protocol because of its toxicity to
humans and the environment.
It cannot use the Methyl bromide from 2018 in Korea.
The irradiation technology has been prepared for preservation of cultural heritages in Korea.
Korea government are preparing a regulation to preserve their heritage using irradiation
technology from 2017
Twenty-fifth species of wood decay fungi were inactivated by less than 5 kGy gamma
irradiation, timber pests were fully inactivated by less than 1 kGy gamma irradiation.
Poland
Electron Beam for Preservation of Biodeteriorated Cultural Heritage Paper-Based Objects
Electron beam irradiation was applied to the decontamination of three kinds of paper: Whatman
paper, office paper and newsprint paper. Irradiation was carried out in the wide range of dosesbeginning from 0.4 kGy up to 25 kGy. Papers were characterized using SEM, EDS, TGA and
EPR methods. Moreover, physicochemical and mechanical properties of the papers before and
after irradiation were determined. Obtained results were correlated with the effectiveness of the
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microbiological decontamination with different doses in order to optimize the process.
Additionally, effect of natural aging on irradiated paper and comparison with influence of EtO
fumigation were presented.
Portugal
Hybrid materials (gel/solid) by ionizing radiation for conservation of non-metallic inorganic
historical materials
Ormosils have been showing a singular tailorable association of properties with a wide range
of applications (e.g.: improving the robustness of limestone’s and enhancing water-repellent
properties; environment-resistant and crack-free thick antireflective coatings), which, together
with its chemical nature (silica-based materials) may clearly benefit the conservation of nonmetallic artefacts.
Ionizing radiation techniques have been proving to be an efficient technique for the preparation
and functionalization of this type of hybrid materials, which are now being tested for
conservation purposes taking roman mosaics as reference target.
Adjusting experimental conditions like reactants’ concentrations, irradiation method and
atmosphere, dose rate and samples’ absorbed dose, etc, allows tailoring the final material’s form
and properties, making them suitable for the different intended applications.
First batches of PDMS/TEOS/ZrPO hybrid materials prepared, are homogeneous, transparent,
monolithic and amorphous. Mw of PDMS and ZrPO content influence the flexibility of the
samples as so their structural organisation at nano scale. By controlling the MW of PDMS, the
absorbed dose and atmosphere of irradiation it is also possible to control and access the
gelification point of the new hybrids in a reliable way. Hybrids biocide activity showed to be
too a function of the ZrPO content. Hybrids prepared showed biostactic activity against mosaics
native microbiota, namely against Gram + bacteria, bacilli and fungi.
Gels for cleaning artworks
Biodeterioration caused by mold is a major problem that affects paper based collections in
museum.
Therefore, parallel to the development of efficient and safe decontamination methods, there is
an urgent need of a solution that is effective in removing the fungal stains without causing any
additional damage to the paper document or artwork.
Results for the development of gel materials using ionizing radiation technologies to be used in
cleaning of artworks are very promising.
A case study of consolidation in Conimbriga: The House of Trident and Sword
PDMS and TEOS based hybrid materials produced by gamma irradiation are being developed
for consolidation and biodeterioration prevention of roman mosaics. The adequacy and
compatibility of these new materials are directly and highly dependent on the characterization
of the substrates on which they are intended to be applied.”
Romania
Disinfestation of artefacts by gamma irradiation in Romania
In Romania, large scale gamma irradiation treatments for disinfestation of artefacts started in
2001 with furniture from Cotroceni National Museum. Since then, different types or artefacts
have been treated in IRASM gamma irradiation facility: furniture, wooden sculptures,
paintings, books, carpets, clothes, film reels. In the same time, IRASM was involved in national
and international R&D projects in which side-effects of gamma irradiation were evaluated for
painted wood, paper, leather and textiles. From the data collected so far, it can be concluded
that gamma irradiation at doses up to 10 kGy will not harm even sensitive materials, such as
cellulose.
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Serbia
The Use of Gamma Radiation for the Treatment of Cultural Heritage in Serbia
In order to analyze the effects of gamma radiation on the change in the color of the fabric, the
patterns of wool, linen, silk and cotton are irradiated in gamma facility with doses of 0.5, 1, 2,
3, 5, 7, 10, 15, 20 and 25 kGy. By spectrometric analysis, we examined the color change of
undyed samples, as well as samples dyed with natural colors, and unnatural aniline colors. The
higest color change was observed in fabric dyed with natural colors and in the linen samples.
For the conversation of the old wooden objects of the Serbian Orthodox Church, the method of
lyophilization and subsequent polymerization by ionizing radiation is used. Two different
monomers (styrene and butyl methacrylate) and three different dose rates: 100 Gy/h, 300 Gy/h
and 10.000 Gy/h were used. We concluded that the dose rate plays a significant role in the
polymer loading and that butyl methacrylate solutions show higher loading values than styrene
solutions.
Sri Lanka
Application of Radiation Surface Modification Techniques for the Preservation of Achieved
Materials in Sri Lanka
Under above contract agreement Sri Lanka mainly target on development of suitable
conservation/preservation technology to paper base artifact and ola leaf manuscript using
radiation technology with suitable chemical coating formula. Here we concern on improvement
of physical properties (tensile strength, flexibility, water repellence property), chemical
reversibility and microbial resistivity etc. In addition to that we concern about coating applying
techniques such as immersion and spraying are selection of suitable dose to covering the both
sterilization and radiation polymerization/grafting/cross-linking process together using single
irradiation.
Syria
Current status of radiation processing in Syria (cellulose materials)
•
Wooden objects could be consolidated using radiation processing of monomers/
polymers.
•

Cotton fibers were grafted with MMA/ acrylic acid binary mixtures using gamma
radiation. Also, viscose fibers were grafted with acrylonitrile by means of Gamma rays.

•

The grafting conditions were determined regarding their influence on the grafting yield
as: solvent composition, comonomer concentration and composition, addition of
inhibitor, and irradiation dose.

•

Resistance of viscose fibers against bio degradation was significantly enhanced.

•

Tensile strength was improved by grafting of all studied cellulose materials presented in
this work

Tunisia
Developing of Radiation Treatment Methodologies for Preservation of Tunisian Cultural
Heritage: Application in the preservation of women's ceremonial dress in noble textile
Tunisia has a large gamme of C-H product. In this project we illustrate the use of Gamma
radiation technology to assist in the conservation of Tunisian textile cultural heritage artefacts.
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In particular, the project describes the gamma irradiation dose effects on textile artefacts during
decontamination or desensitization process. Three textile samples were selected from familial
patrimonial objects and treated with different gamma irradiation doses (0.5-7 kGy). A
mechanical, Colorimetric and Microbiological characterization of the artefacts were done. The
results showed that all treated Samples are cleaned with 7 kGy dose and showed progressive
losses in tensile strength after ageing by the different doses. Results obtained by
colorimetric test showed a change discernible to the naked eye in the color properties of sample
I, II and III after irradiation at 7kGy.
Ukraine
Application of nuclear techniques for cultural heritage in Ukraine: Problems and
perspectives
Many of the cultural heritage objects in Ukraine require scientifically correct characterization
preservation and restoration, which demands the consolidation of efforts from various
institutions. Institute of Applied Physics of Ukraine (IAP NAS of Ukraine) takes an active part
in characterization of these objects with non-destructive methods, that is very crucial for the
valuable artifacts. Institute works closely with the archeologists of the Berlin University, the
Warsaw University, the German-Slavonic Expedition of the V. N. Karazin Kharkiv National
University and Institute of Archeology of Naitonal Academy of Sciences of Ukraine. There is
also an established collaboration with the National research restoration center of Ukraine. Some
institutions (for instance, Kharkiv Institute of Physics and Technology) of National Academy
of Science of Ukraine have an experimental base for the radiation processing which can be used
for cultural heritage. Unfortunately, a set of bureaucratic constraints and financial problems do
not allow performing modernization and development key units. In order to solve the problem,
it is advisable to develop a conception on implementation of modern nuclear and physical
techniques for attribution, dating, restoration and preservation of cultural heritage in Ukraine
and a schedule of measures to realize it. Together with experts from the Ministry of Culture of
Ukraine and the Ministry of Education and Science of Ukraine we have developed the concept
projects and the schedule of measures of the concept implementation.
Numerical Simulation of the Radiation Treatment of Cultural Heritage by Bremsstrahlung
X-Rays
With using of numerical simulation, it is shown that electron beam accelerators can be used for
cultural heritage treatment. For this purpose, electron to X-ray conversion is used. In spite that
efficiency of such conversion is low, such treatment can find wide application in countries that
have not gamma facilities.
4. CONCLUSIONS
Interactions with stakeholders were improved as evident from large number of the CH objects
treated by gamma irradiation.
Successful cases of decontamination of relevant historical objects by irradiation were presented.
The use of E-beam accelerators for treatment of CH paper-based artefacts has been
demonstrated. Computational simulations to perform uniform irradiation of CH irregular
objects have been presented. New consolidants and consolidation approaches are being
developed. Synthesis of new materials obtained by gamma irradiation for cleaning CH objects
has being developed.
More data are needed in order to elucidate the degradation mechanisms in tangible materials.
The main steps of the guidelines related to the irradiation treatment were established.
The interest in application of irradiation for CH objects treatments is increasing in member
states.
9

5. WAY FORWARD
An appropriate platform should be used for bilateral/multilateral cooperation among member
states.
Keeping in view that there was a need for various materials to be processed and the different
matters have been followed by the member states there is a need to develop standardized
operating procedures for radiation processing of CH. Meetings or panels on different subjects
related to effects of radiation treatment should be organized:
1. Promote the collaboration and enhance its importance between end users and providers
of CH treatment
2. Make recommendations on characterization methods and protocols of possible radiation
effects in CH materials
These topics need to be discussed in separate dedicated meetings.
A cooperation should be established between the technologists working on characterization and
preservation of CH objects with nuclear techniques.
A flyer should be made for the dissemination of radiation treatment on CH. The end users
should be also engaged in the dissemination.
The member states recommend to make an educational program on CH treatment by ionising
irradiation through e-learning platform which should be made by the IAEA.
A unified terminology should be used in the CH community (www.icom-cc.org).
Consider wider use of electron accelerators for CH treatment.
The member states suggest the extension and expansion of the CRP project on „Developing
Radiation Treatment Methodologies and New Resin Formulations for Consolidation and
Preservation of Archived Materials and Cultural Heritage Artefacts”.
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ANNEX 1
Working group on
SAFE CH COMPONENTS IRRADIATION
Preliminary remarks: CH irradiation can be implemented as a remedial conservation technic,
mostly for biocidal treatment against biodeterioration of CH artefacts. Such treatments must be
envisaged as a part of the complete conservation scheme, as defined for instance by the
International Council of Museums – Committee for Conservation (ICOM-CC) as represented
below:

(diagram
from
http://www.icom-cc.org/330/about-icom-cc/what-isconservation/conservation:-who,-what-amp;-why/#.Wx5eW-6FO71)
In this diagram, the responsible for the irradiation task is said conservation scientist, and they
interact directly with many other actors, between them conservator and collection responsible
(including owner, collections manager, and curator, depending on the status and the value of
the collection).
In the following recommendations, we aim to outline some of the main features in which this
conservation scientist, responsible of irradiation treatment, is involved in the process.
1. Need and feasibility.
A contact with the collection responsible or a conservator is usually the first step before a
treatment, aiming to determine the need of a treatment and its feasibility.
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If possible, a document including a maximum of information about the collection to be treated
should be available. For instance, the schedule usually exploited in museum by collection
managers include main information available as material description, structure, state of
preservation. The document shall refer to each item or for the whole collection, depending on
the type of collection it is.
Then the problem linked to biodeterioration must be defined. If possible, it should be discussed
on the basis of a recent status report by a conservator. “Are there preliminary evidence of
biological attack?” “Are the storage conditions questionable?” “Is there a risk of cross
contamination with other artefacts in the final destination?” are some of the questions that could
help to define the need of the treatment, the aim being to define with the collection responsible
or the conservator if the treatment is adequate to the problem. Help from entomologist and/or
microbiologist can be interesting at this stage.
Finally, according to the different elements above, the scientist in charge of irradiation must
refer to his knowledge to evaluate the feasibility of the treatment. And first of all, he or she
must assess the range dose.
Minimum dose to reach in any part of the volume is given by the wanted biocide effect. This is
the aim of the treatment. Minimum 0,5 to 2 kGy is typically required for insect eradication by
deterministic effect while 3 to 6 kGy are generally set as the minimum dose to reduce
statistically enough bioburden including fungi. Definition of more precise minimum doses can
eventually be done after identification of the pests and/or specific experimental biological
response to the irradiation.
On the base of this minimum dose, maximum dose will be function of the characteristics of the
facility and the characteristics of the item to be treated (geometry, density, etc…). It has by
principle to be reduced to as low as possible and, whatever it may be, to be limited to what can
be accepted by the constituents of the item. 10 kGy is often considered as a threshold maximum
dose, sure enough for a wild variety of materials (excluding transparent ones that are to be
avoided even at insect eradication doses).
If necessary, for instance if some doubt exists about the behaviour of some constituent of the
item after irradiation, or if the limit of 10 kGy could be overpassed for questions of dimension
or other, a risk analysis can be made in cooperation with collection responsible, conservator
and scientist, with respect to the conservation issue. Need and objective of the treatment on one
hand and preservation of meaning and value of the collection on the other are the main points.
2. Pre-conditioning and transportation
Once the treatment is decided, the collection has to be moved to the irradiation facility in safe
transportation condition. Handling, wrapping, cushioning, packaging, facing are some of the
pre-conditioning tasks usually part of the work of a conservator, but it is sometime not assumed
as such by the collection responsible, for instance because of economic reason and according
to the status and the value of the collection.
However, that may be, the responsible of the irradiation must advise who will do this task in
order to insure this pre-conditioning to be compatible with the irradiation task. Main feature for
this usually links to dimension, weight and more generally with handling. In the eventuality of
pre-conditioning not being assumed by a conservator nor mastered by the responsible of the
collection, the responsible of the irradiation task could advise him, if they have some knowledge
for it.
3. Reception
Reception in the facility is the responsibility of the facility. The basic recommendation is that
treated and not treated items mustn’t be stored together, as it normally is the case in any facilities
dealing with biocidal treatment.
Storage before treatment is said quarantine. The environmental condition in this quarantine
must be compatible with storage of the involved cultural heritage artefact. Special care must be
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taken to the climate, and more especially to the relative humidity. Recommendations can be
provided by conservator. Moderate humidity around 50% are usually suggested, depending on
the type of items.
In some case, quarantine can be used to monitor the presence of pest. If such, whether or not
treatment is needed can be reconsidered depending on the outcome of this control, but this step
meets the need and feasibility analysis above and is not the direct responsibility of the scientist
in charge of irradiation.
In other case, it is recommended that quarantine storage be as short as possible.
If not defined clearly at the pre-conditioning step between the responsible of collection and the
personal in charge of the irradiation, advising for handling has to be defined at this stage.
The other feature of the reception is the identification and the registration of the items of the
collection. A kind of quality insurance is recommended for tracing the following treatment.
4. Treatment
Irradiation by itself is the main step. It must be realized within the dose range that has been
defined during the feasibility analysis. The scientist in charge of the irradiation is the only
responsible for this step. The assessment of the dose is their first task. Simulation or
experimental mapping, dosimetry at lowest and highest exposure point, are tools that can be
used to certify that specifications have been respected. This must be confirmed by the delivery
of a record that at least certifies the minimum dose.
Beyond this, all the treatment must be documented, as any other intervention on cultural
heritage. Documentation shall include the maximum of available data: geometry, time,
configuration, dosimetry, incidents, etc.
In a general way, it has to be added that same care regarding environmental conditions are
recommended during the treatment as during the storage. It concerns of course climate
consideration. If humidity is too low or temperature too high and cannot be managed, it may be
mitigated by short duration or conditioning of the artefact.
5. Storage after the treatment (in the facility)
Suitable area for the storage after the treatment is a healthy local, free of any contamination,
and isolated from the other part of the process. It has to be noted that some insects involved in
biodeterioration of cultural heritage artefact are flying insects, so that it is highly recommended
that this storage area present a barrier to such insects. This same recommendation should be
followed in the quarantine area.
Same considerations about the climate have to be respected.
6. Restitution
Restitution to the conservator or the collection responsible is the last step. It has to be organized
by them. Conditioning of the collection must be as neat and efficient as the one in which it was
delivered. If necessary, a conservator can assume this task.
Certificate and documentation must be provided at this moment. It is highly recommended that
it follows the collection.
The further behaviour of the collection is no more of the responsibility of the scientist in charge
of irradiation, but however, this last one has to advise once again the responsible of the
collection that this treatment is only a curative one, and that it has no preventive effect at all.
So that it’s up to the responsible of the collection to assume a good prevention to avoid new
contamination.
Attached documents:
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•

•

Protocole: Decontamination of paper based heritage using gamma radiation – process
description, procedures and registration. As initialy prepared by J. Havermanns, P.
Vasquez, J.L. Boutaine, C. Ponta, Q.K. Tran
Slide from the TM presentation of Celina Horak

PROTOCOL
Decontamination of paper based heritage using gamma radiation – process description,
procedures and registration.
Section 3. Delivery and treatment of contaminated paper based heritage
1
INTRODUCTION
Decontamination (disinfection) of large quantities of by mould infected paper based heritage
can be done using gamma radiation. Therefore, the contaminated materials will be exposed
shortly towards an irradiation source at a dedicated dose, that should be established in advance.
The irradiation source should be based on the isotope Cobalt60 which is characteristic for the
electromagnetic radiation (like radio magnetic waves do occur in a microwave) that are able to
go fully though the materials a do not leave any (radioactive) residue in the treated paper
materials.
Once treated, materials can be – after secure removal of the surface contamination (i.e. dust,
residual killed mould etc.) placed back safely into the contamination free repository.
2
SUBJECT AND APPLICATION AREA
This protocol describes the quality on how the deliver and on how to treat contaminated paper
heritage materials using gamma radiation. The process of decontamination will be applied on
materials put on pallets.
3
CONDITIONS
One of the main conditions of an effective decontamination, resulting in a as less as possible
deterioration of the materials due to the treatment, is the homogeneity of the mass of the
materials to be treated. This, because research in practice proved that the dose received differ
per type of object present on a pallet and that a serious effect was found of the density of the
bulk (mass per volume distribution). A wrong build pallet may result in a non-homogeneous
dose of the objects.
4
TERMINOLOGY AND DEFINITIONS
(this section contains a list with terminology and definitions, and can be expanded etc.)
Decontamination:
disinfection
Disinfection:
killing of micro-organisms
Cobalt60 source:
Cobalt is a metal that can be found in nature as being stable (nonradioactive) and man-made non-stable (radioactive). The most known
and used radioactive isotope is cobalt 60.
Gamma waves:
Invisible electromagnetic ionizing waves with a higher level of energy
than e.g. UV-light.
Radioactive waves:
Ionizing radiation send out by non-stable isotopes
Homogeneity:
Comparable, of equal composition
Volume by mass: mass of an object divided by its volume
Stretch foil:
polymeric foil, special developed for pallet packaging and offers
protection against dust and dirt
5

PRE-TREATMENT OF THE MATERIALS TO BE DECONTAMINATED
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5.1 Collection Isolation
The contaminated collections should be isolated from any non-contaminated collection. This
can be done by means of a dedicated quarantine area that is present in the same or other building.
For isolation of a collection we refer to protocol X.
5.2 Wrapping and Delivering
As the treatment costs of generally calculated per pallet, this pallet should be build up as
economically as possible. The pallet should be wrapped using polymeric stretch foil (eg stretch
film 17 mu) and the upper part should be wrapped using a top foil.
Materials to be decontaminated should be stapled and delivered on a so-called block-pallet (100
x 120 cm) or, preferable on a euro pallet (80 x 120 cm). The height of the filled pallet should
be more than 195 cm including the pallet. Thus, the maximal size of the materials to be
decontaminated should be 180 cm.
Care should be given to the homogeneity of the mass of the materials, present on the pallet. The
maximum of the mass volume should be (300 ± 30) kg/m3. The mass volume is measured at
the vendors location. The max weight (brute) of a pellet is 1000 kg.
example: Suppose a standard archival box is approx. 4.5 to 5 kg and a standard meter of books
is approx. 40-50 kg. Thus, a filled euro pallet may contain approx. 112 archival
boxes.
An example of a filled pallet and it wrapping is given in annex A.
(annex a should present different photographs of build-up pallets with materials)
5.2.1 In case pre wrapping is needed
Pre wrapping or re wrapping of the materials should be carried out by the responsible
deliverer, e.g. a restoration work shop. In case a direct re packaging is demanded, the
collection should be delivered in cardboard boxes preferable (archival box, transport
box etc). It has to be stated that also boxes made of polyethylene can be applied. Mass
and size of these boxes should be comparable in size and the content should be as
homogeneous as possible by mass.

5.2.2 The materials have been wrapped and packed already
In case the materials to be treated is already wrapped and packed carefully in boxes
(archival boxes, movers boxes) than repacking is not needed. The boxes should be
placed by the delivered or a conservation work shop on a pallet in such a way that the
distribution of mass is as homogeneity as possible. It is preferable that each should have
a max. mass deviation of approx. 20%.
recommendation:
It is important to have comparable objects/artefacts on one pallet.
Thus, only books, or loose archival materials, well packed. Half-filled or
empty boxes should be avoided.
recommendation:
in case pre-sorting is not possible, the most heavy boxes should
be equally distributed on the lowest part of the pallet. This is needed to
avoid damage of the materials due to weight.
5.2.3 exceptional size and mass
Materials with an exceptional size and or mass should be delivered to the vendor after
contact.
At a higher mass volume of (300 ± 30) kg/m3 a pallet may be changed. For example, to
empty the middle area (like a chimney)
5.3

Registration
Refer to registration of collections
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6

Transport of contaminated materials

6.1 To the vendor
Contaminated paper heritage materials should be transported using a dry, as clean as possible,
closed van. The materials should be stretch foil wrapped and should form a stable staple on a
pellet.
6.2 From the vendor
Treated paper heritage should be transported in a dry and as clean as possible closed van. The
materials should be stretch foil wrapped and should form a stable staple on a pellet and to assure
that no external contaminants may enter the treated materials.
7

DECONTAMINATIONS

7.1 Receipt and storage of the materials to be decontaminated
The contaminated materials should be registered at receipt by the treating company (vendor).
Each pallet should be weighted and measured individually. Based on these data the dose
(radiation time) shall be established.
remark: In case that there is a need to rewrap or repack the materials to be decontaminated, the
deliverer should be contacted and subsequently work should be executed.
The materials delivered at the vendor, should be stored safely in the repository of the vendor
till treatment. Usually this is the area for non-treated materials.
Registration of the materials should include at least
- name commissioner
- Transporter
- Date receipt
- number pallets
- damage found at receipt
In close contact with the commissioner, the storage till treatment should be up to 72 hours. In
case of exception the commissioner should be contacted immediately.
7.2

Radiation

7.2.1 pre treatment
The materials, delivered on pallets should be placed on so called toboxes (metallic treatment
cages). dosimeters should be put on different locations (spot check dosimetry). These are
polymeric plated, that discoloration is due to irradiation and the level of discoloration will
match the height of the dose.
By means of a transport system (eg monorail) the cages or toboxes will be led through the
radiation source. All pallets will receive the needed dose during one treatment.
8.2 recommended dose
In order to assure a good removal of the biological contaminants, the following dose is applied:
1) Removal of mould and spores: average (8 ± 2) kGy
2) Removal of pest: Average 2 kGy
3) Other dose is possible, and should be done in contact between the commissioner and
vendor.
8.3 radiation treatment check
The dose given to the materials to be decontaminated should be done with dosimeters. By means
of a spectrophotometer the absorption of the light of the dosimeters will be measured.
Additionally, the thickness of the dosimeters is measured. Interpretation should be done using
17

a calibration curve, including the uncertainty. This will result in data of the dose applied to the
stack (minimum, maximum and average dose).
8.4 After irradiation
After irradiation the pallets are placed in the repository ‘treated materials’. If needed the pallets
will be labelled before transport.
9
RAPPORT
The report of the decontaminated materials should include at least:
• Name of the company responsible for the decontamination
• Name of the company that carried out the decontamination
• Name of the transport company
• Date of wrapping and repacking
• Description on how the pallet was build up
• Mass volume of the pallet treated
• Sizes of the pallet
• Content of the pallet
.
11 DOCUMENTATION
On request a certificate of treatment can be included. This certificate should include at least:
- The requested dose
- Reference number of the treatment
- Date of irradiation
- The average dose during treatment
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ANNEX 2
Working group on
ANALYTICAL TOOLS FOR SAFE IRRADIATION OF CH
1. Make a list of analytical tools for analyzing the irradiation effects on materials.
An effort to make such list(s) is done in form of the tables below. The tables are organized
according to the type of material (structural or ornamental) and radiation intevention
(conservation of consolidation). There is a significant number of materials that respond
differently to irradiation and have to be studied using various techniques. Generally two or more
techniques must be applied to obtain reliable results. The techniques are groupped into families
of techniques that are listed in column titles. The material types are groupped in row titles.
Since ionizing radiation produces non-specific chemical and structural changes almost any
method that is used for material characterization is suitable. Because of that the list can be very
long. On the other hand, the list is reduced by the fact that non-destructive methods or their
non-destructive versions (for example ATR-FTIR vs transmision FTIR) are preferred for CH
objects. Another factor is availability of the technique (price of the equipment). Taking into
account mentioned limitations preferred techniques are bolded.
2. For various CH materials note which analysis will indicate radiation induced
destruction (or damage)
In the tables below some of possible indications are mentioned but it must be stressed that it
almost impossible to unambigously designate a certain observation as "destruction". Because
of number of material types and tecnique to be used such list too can be very long.
3. For various CH materials note what is typical destruction on the molecule level
(the marker) of degradation
There is a lot of effort as well as uncertainty in proposing "markers of degradation" for a
particular material. In many cases "markers of degradation" are explained differently by
different authors and the research is ongoing. Because of that a panel of experts with experience
on various techniques should be formed to make such proposements and to review them
periodically so to include new or improved techniques. We propoee that IAEA should assemble
such panel.
4. Distinguish non-destructive and destructive techniques
In the tables below non-destructive techniques are bolded. The terms destructive and nondestructive have been referred not to the analytical technique but to the condition that the
original artifact has to be altered to a minimum degree to get a specimen for the analysis.
The neccessary analytical steps:
At the beginning of the work, the condition of the artifact has to be evaluated according to the
following points:
1. Visual inspection and microbiological evaluation.
2. Non-destructive methods are preferred: colorimetry and/or reflectance
spectroscopy, ATR-FTIR/Raman - organic groups appearance, pH, Single-sided
NMR (NMR-probe)1. Such methods are indicated by bold.
3. Destructive methods: FTIR, EPR prior to SEM, Thermal and mechanical methods,
Viscosity, X-ray diffraction.
A single technique is not sufficient to evaluate the condition before and after treatment,
therefore they should be selected according to the material of the artifact.
The measurements have to be repeated after the irradiation or other treatments and normalized
to the value obtained before irradiation that has to be considered as a reference.
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Conservation
preservation

/

Materials

Spectroscopic methods
(FTIR/Raman
EPR,
Colorimetry/reflectance sp.
Single-sided NMR)

Thermal
and Microscopy Others
mechanical
(OM, SEM, X-ray
methods
TEM)
methods
(DSC, TGA, TL)

wood

- Colorimetry/reflectance
- FTIR/Raman

paper

- Colorimetry/reflectance
- FTIR/Raman
- EPR
- Single-sided NMR

Fibers/textiles

- Colorimetry/reflectance
- FTIR/Raman

Leather
Parchment

- Colorimetry/reflectance
- FTIR/Raman

-Thermal analysis
SEM / EDS
-Mechanical
properties
– tensile strength
Viscosity
–
depolymerization
Thermal analysis
Mechanical
properties
- Thermal analysis
-Mechanical
properties
– tensile strength
-Thermal analysis
-Mechanical
properties

1

more on NMR-probe
https://www.bruker.com/products/mr/td-nmr/minispec-profiler/single-sidednmr/overview.html
V. Di Tullio et al. Microchemical Journal 125 (2016) 208–218.
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X-ray
diffraction

-pH,
-Copper
number
-X-ray
diffraction
-X-ray
diffraction

Conservation
–
ornamental materials
Materials

Method

Thermal and mechanical methods
(DSC, TGA, TL)

glasses

- Colorimetry/reflectance

-TL

clay

- Colorimetry/reflectance

-TL

ivory

- Colorimetry/reflectance
- FTIR/Raman

-TL

nacre

- Colorimetry/reflectance
- FTIR/Raman

-TL

Gems
Transparent
semitransparent
amber

- Colorimetry/reflectance

-TL

- Colorimetry/reflectance
- FTIR/Raman
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Consolidation /
protection
Materials

Spectroscopic methods
(FTIR/Raman,
Colorimetry/reflectance
sp. Single-sided NMR)

wood

- Colorimetry/reflectance Thermal analysis
- FTIR/Raman
Mechanical
properties
– tensile strength
-Colorimetry/reflectance Thermal analysis
- FTIR/Raman
Mechanical
properties
– tensile strength
- Flexibility

OM, SEM / X-ray
EDS, AFM tomography

Fibers/textiles

-Colorimetry/reflectance
- FTIR/Raman

OM, SEM /
EDS, AFM

Leather
Parchment

-Colorimetry/reflectance
- FTIR/Raman

Nonmetallic
inorganic
materials
Metals

-Colorimetry/reflectance
- FTIR/Raman

OM, SEM / Ultrasound
EDS, AFM velocity

-Colorimetry/reflectance
- FTIR/Raman

OM, SEM / X-ray
EDS, AFM tomography
Electrochemical
Impedance
spectroscopy
(EIS),
XPS, XRF
dc-techniques

paper

Thermal
and
mechanical
methods
(DSC, TGA, TL)
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Thermal analysis
Mechanical
properties
– tensile strength
Thermal analysis
Mechanical
properties
– tensile strength

Microscopy Others
(OM, SEM, X-ray methods
TEM,
AFM)

OM, SEM /
EDS, AFM

OM, SEM /
EDS, AFM
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Students and inter-institutional dissemination
Bulgaria
Cooperation:
• National Museum of History
• Bulgarian Academy of Sciences
Croatia
Collaborating institutions:
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Croatian Conservation Institute
Department of Restoration, Academy of Fine Arts, University of Zagreb
Central Laboratory for Conservation and Restoration of Archives, Croatian State
Archives
Conservation and Restoration Department, Museum of Contemporary Art (MSU)
Etnographic Museum, Zagreb
Technical Museum, Zagreb
Museum of the Serbian Orthodox Church in Croatia, Zagreb
National and University Library, Zagreb
Museum of Arts and Crafts, Zagreb
Musem of Contemporary Art, Zagreb
Croatian History Museum, Zagreb
Mimara Museum, Zagreb
Museum of Cetinska Krajina, Sinj, ect.
Many other museums, churches and private collectors
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Students:
•

5 undergraduate students from the University of Zagreb, Faculty of Pharmacy and
Biochemistry

•

1 undergraduate student from the University of Zagreb, Faculty of Chemical
Engineering and Technology

•

1 undergraduate student from the University of Zagreb, Academy of Fine Arts

Poland
•

Collaboration with Warsaw University and Technology (Faculty of Chemical and
Process Engineering)

Portugal
•
2 MSc students (1 Erasmus student from Lithuan, Univ. of Vilnius and another from Univ.
Nova de Lisboa)
•

1 PhD student (doing his PhD under my supervision);

•
Invitations for collaboration in the area of application of radiation techniques in the
processing of new materials and treatment of CH artifacts:
• Dept. of Conservation and Restoration, Facudade de Ciências e Tecnologia, Univ. Nova
de Lisboa
• Dept. of Conservation and Restoration, Polytechnic Institute of Tomar
•
Invitation to one workshop in the field of Cultural Heritage, (application of radiation
techniques in the processing of new materials and treatment of CH artifacts) from Department
of Conservation and Restoration, Facudade de Ciências e Tecnologia, Univ. Nova de Lisboa
Sri Lanka
Collaborating institutions:
• Sri Lanka Atomic Energy Board (Main Research Institute that conducts R&D activities
in Radiation Processing)
•

University of Kelaniya.

•

University of Sri Jayewardanepura

•

Department of Archaeology Sri Lanka
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ANNEX 4
AGENDA

Monday, 04th June 2018 - Hall 3
9:00 – 9:30
9:30 – 9:40

9:40 – 9:55

9:55 – 10:10

10:10 – 10:25
10:25 – 10:30
10:30 – 11:00

Registration
Opening Session
Branka Mihaljević, Head of Radiation Chemistry and Dosimetry Laboratory and
Organizer of the Meeting
Welcoming address
David Matthew Smith, RBI Director General: Overview of the Ruđer Bošković
Institute Activities and Achievements
Boris Ilijaš, Assistant Director General, State Office for Nuclear Safety: Welcome
address
Sunil Sabharwal International Atomic Agency (IAEA)
Introduction to the IAEA projects related to study and protection of CH objects,
future
Objectives, outcomes of the TM
Radiation Chemistry and Dosimetry Laboratory(RCDL) presentation
Election of the Chairperson(s), Adoption of the agenda
Coffee break

SESSION 1: RADIATION SCIENCE AND ART IN HARMONY
11:00 – 11:20
Katarina Marušić - CROATIA

11:20 - 11:40

11:40 – 12:00

12:00-12:20
12:20 – 13:30

Ionizing radiation for protection of artworks and cultural heritage in Croatia-an
overview
Iskra Karniš Vidovič - CROATIA
Review of the Cooperation between the Croatian Conservation Institute and the
Ruder Boskovic Institute
Anđelko Pedišić - CROATIA
Conservation of Cultural Heritage using Ionizing Radiation in the Context of
Wartime Evacuations and Reparing Damages Caused During the War
Tijana-Annar Trputec Strčić - CROATIA
Art Residents – Pests and Art
Lunch

SESSION 2A: IRRADIATON EFFECTS ON COMPONENTS OF CH OBJECTS
13:30 – 14:10
Introduction lecture 1: Pablo Antonio Vasquez Salvador – BRAZIL

16:10 – 18:00

From Historical Artifacts to Technology: Ionizing Radiation for Preservation
Zaki Ajji - SYRIAN ARAB REPUBLIC
Current status of radiation processing in Syria (cellulose materials)
Slobodan Mašić and Ivica Vujčić - SERBIA
The Use of Gamma Radiation for the Treatment of Cultural Heritage in Serbia
Coffee
Ines Krajcar Bronić – CROATIA
Brief introduction of C14 method for the cultural heritage dating
Visit to the RBI laboratories

~ 18:00

Welcome Reception (sponsored by RCDL)

14:10 - 14:30
14:30 – 14:50
14:50-15:50
15:50-16:10
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Tuesday, 05th June – Hall 1
SESSION 2B: IRRADIATON EFFECTS ON COMPONENTS OF THE CH OBJECTS
9:00 – 9:40

Introduction lecture 2: Maja Šegvić Klarić – CROATIA
Gamma-irradiation for cultural heritage – could it prevent fungal growth on paper
materials?

9:40 – 10:00

Irina Pucić–CROATIA
Radiation effects on some of the materials constituting CH objects - recent research
of the RCDL scientists

10:00 – 10:20

Oleksandr Buhay – UKRAINE
Application of nuclear techniques for cultural heritage in Ukraine: Problems and
perspectives

10:20 – 11:00

POSTERS+Coffee break

SESSION 3: SIDE- AND POST-IRRADIATION EFFECTS STUDIES
11:00 – 11:40

Introduction lecture 3:
Stefania Baccaro - ITALY
Characterization of radiation processing effects in Cultural Heritage applications

11:40 – 12:00

Petya Kovacheva - BULGARIA
Some side-effects of gamma-irradiation disinfestation on highly contaminated leathers
and librarian materials

12:00 – 12:20

Kumarawadu Ruwan Chandima De Silva - SRI LANKA
Application of Radiation Surface Modification Techniques for the Preservation of
Achieved Materials in Sri Lanka

12:20 – 13:30

Lunch
Introduction on the working group discussions and
formation of the working groups

13:30 – 15:00

Working
group
Recommendations for
components irradiation

on
safe

15:00 – 15:30

Coffee break

17:00 – 18:30

Guided tour of the city center
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the
Working group on the
CH
Analytical tools for safe irradiation of CH

Wednesday, 06th June – Hall 1
SESSION 4A: CURRENT PRACTICES IN RADIATION CONSERVATION OF CH
OBJECTS
9:30 – 10:10

Introduction lecture 4: Celina Horak - ARGENTINA
Radiation processing and nuclear techniques capabilities related to cultural
heritage in Argentina

10:10 – 10:30

Hassan Abd El-Rehim - EGYPT
Use of Radiation Technology for Preservation of Some Egyptian Cultural
Heritage Artifacts

10:30 – 10:50

Hae-Jun Park – KOREA
Application of irradiation technology for conservation of cultural heritage in
Korea: Control of fungi and insect in wood cultural heritages

10:50 – 11:20

Coffee break

SESSION 4B: CURRENT PRACTICES IN RADIATION CONSERVATION OF CH
OBJECTS
11:20 – 11:40

Dagmara Chmielewska-Śmietanko - POLAND
Electron Beam for Preservation of Biodeteriorated Cultural Heritage PaperBased Objects

11:40 – 12:00

Arbi Mejri - TUNISIA
Developing of Radiation Treatment Methodologies for Preservation of Tunisian
Cultural Heritage: Application in the preservation of women's ceremonial dress
in noble textile

12:00 – 13:00

Lunch

13:00

Visit to chapels in the Sisak region

Conference reception (sponsored by IAEA)
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Thursday, 07th June
SESSION 5: PROCEDURES FOR IRRADIATION OF CH OBJECTS (incl. dose mapping, dose
limit ratio, simulation techniques)
9:00 – 9:40

Introduction lecture 5: Constantin Daniel Negut - ROMANIA
Disinfestation of artefacts by gamma irradiation in Romania

9:40 – 10:00

Volodymyr Morgunov – UKRAINE
Numerical Simulation of the Radiation Treatment of Cultural Heritage by
Bremsstrahlung X-Rays

10:00 – 10:20

Coffee break

SESSION 6: CONSOLIDATION: New radiation curable resins
10:20 – 11:00
Introduction lecture 6: Laurent Cortella - FRANCE
Uses and Prospects in Gamma Biocide Treatments and Radiocurable Resin-Based
Consolidation Treatments for Cultural Heritage Artefacts
11:00 – 11:20

Luis M. Ferreira - PORTUGAL
Hybrid materials (gel/solid) by ionizing radiation for conservation of non-metallic
inorganic historical materials

11:20 – 11:40

Maria Helena Casimiro - PORTUGAL
Gels for cleaning artworks

11:40 – 12:00

Alexandra Rodrigues - PORTUGAL
A case study of consolidation in Conimbriga: The House of Trident and Sword

12:00 – 12:45

Lunch

12:45 – 13:45

Working group discussions
Working
group
on
Recommendations for safe
components irradiation

the
CH Working group on the
Analytical tools for safe irradiation of CH

13:45 – 13:45

Presentations of the discussions and outcomes of the Working groups

14:45 – 17:00

Guided tour of the Cathedral and Treasury

~ 18:00

Joint Dinner (Optional at the participants’ expense)
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Friday, 08th June
9:00 – 10:30
Drafting the meeting report
10:30 – 11:00
Coffee break
11:00 – 12:00
Formulation of Action Plan and Recommendations
Finalization and approval of the meeting report

12:00 – 12:30

Conclusions and closing remarks

Visit to the RBI Laboratories:
1. Radiocarbon Laboratory (C14 dating)
2. Laboratory for Ion Beam Interactions (LIBI, Accelerator)
3. Radiation Chemistry and Dosimetry Laboratory (RCDL)
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ANNEX 5
LIST OF PARTICIPANTS
Table 1. List of non-local Participants
Country
Name and surname
1

Argentina

Ms Celina HORAK
Radiation Technology and Application Management
National Atomic Energy Commission
Argentina
e-mail: celina.horak@gmail.com

2

Brazil

Mr Pablo Antonio VASQUEZ SALVADOR
Instituto de Pesquisas Energeticas e Nucleares (IPEN)
Comissão Nacional de Energia Nuclear (CNEN)
Av. Prof. Lineu Prestes, 2242; Cidade Universitaria
05508-000 São Paulo, Brazil
e-mail: pavsalva@ipen.br

3

Bulgaria

Ms Petya KOVACHEVA
Radiochemical Laboratory; Faculty of Chemistry;
University St. Kliment Ohridski
1 James Bourchier Boulevard, 1164 Sofia, Bulgaria
e-mail.: kovacheva.petya@gmail.com

Sofia

4

Egypt

Mr Hassan Ahmed Abd EL-REHIM
National Centre for Radiation Research and Technology
(NCRRT), Egyptian Atomic Energy Authority (EAEA)
P.O. Box 29, Nasr City, 3
Ahmed El-Zomor, Nasr City, CAIRO, El Zohoor, Egypt
e-mail: ha_rehim@hotmail.com

5

France

Mr Laurent CORTELLA
Atelier Régional de Conservation ARC-Nucléart
CEA-Grenoble 17, Rue des martyrs
38 054 Grenoble Cedex, France
e-mail: laurent.cortella@cea.fr

6

Italy

Ms Stefania BACCARO
Ente per le Nuove Tecnologie L'Energia e L'Ambiente (ENEA)
301, Via Anguillarese; 00123 Rome, Italy
e-mail: stefania.baccaro@enea.it

7

Korea

Mr Hae Jun PARK
Advanced Radiation Technology Institute, Korea Atomic Energy
Research Institute, Jeongeup 580-185, Republic of Korea
e-mail: hjpark@kaeri.re.kr

8

Romania

Mr Constantin Daniel NEGUT
HORIA HULUBEI National Institute for R&D in Physics and
Nuclear Engeneering (IFIN-HH)
IRASM Radiation Processing Department
30 Reactorului St., MAGURELE – Ilfov, RO 077125, Romania
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e-mail: dnegut@nipne.ro
9

Poland

Ms Dagmara CHMIELEWSKA SMIETANKO
Institute of Nuclear Chemistry and Technology
ul. Dorodna 16, 03-195 Warsaw, Poland
e-mail: d.chmielewska@ichtj.waw.pl

10 Portugal

Ms Maria Helena CASIMIRO
C2TN, Instituto Superior Técnico, Univ. de Lisboa, 2695-066
Bobadela LRS, Portugal
e-mail: casimiro@ctn.tecnico.ulisboa.pt

11 Portugal

Mr Luis Miguel MOTA FERREIRA
Centro de Ciências e Tecnologias Nucleares
Instituto Superior Técnico
Estrada Nacional 10, Km 139,7
2695-066 Bobadela, Portugal
e-mail: ferreira@ctn.tecnico.ulisboa.pt

12 Portugal

Ms Paula Alexandra PINTO RODRIGUES
C2TN, Instituto Superior Técnico, Univ. de Lisboa, 2695-066
Bobadela, Portugal
2 Dep. Conservação e Restauro, FCT, Univ. NOVA de Lisboa,
2829-516 Caparica, Portugal
e-mail: alexandra.rodrigues@ctn.ist.utl.pt

13 Serbia

Mr Slobodan MAŠIĆ
Vinča Institute of Nuclear Sciences
PO Box 522, 11001 Belgrade, Serbia
e-mail: Slobodan.Masic@gmail.com

14 Serbia

Mr Ivica VUJČIĆ
Vinča Institute of Nuclear Sciences
PO Box 522, 11001 Belgrade, Serbia
e-mail: ivica@vin.bg.ac.rs

15 Sri Lanka

Mr Kumarawadu Ruwan Chandima De SILVA
Sri Lanka Atomic Energy Board
e-mail: ruwan@aeb.gov.lk

16 Syrian
Republic

Arab Mr Zaki AJJI
Department of Chemistry, Atomic Energy Commission, P. O. Box
6091, Damascus, Syria
e-mail: zajji@aec.org.sy

17 Tunisia

Mr Arbi MEJRI
High dose dosimetry Laboratory . National Center for Nuclear
Sciences and Technologies. Sidi Thabet, 2020 Ariana, Tunisia.
e-mail: arbi.mejri@cnstn.rnrt.tn

18 Ukraine

Mr Volodymyr Victorovich MORGUNOV
Ukrainian Engineering Pedagogical Academy
Universitetskaya str. 16, 61003 Kharkiv, Ukraine
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e-mail: volodymyr.morgunov@gmail.com
19 Ukraine

Mr Oleksandr BUHAY
Institute of Applied Physics NAS of Ukraine,
Sumy, Ukraine
e-mail: alex.buhay@gmail.com

20 IAEA

Mr Sunil SABHARWAL
International Atomic Energy Agency
Department of Nuclear Sciences and Applications
Division of Physical and Chemical Sciences
Physics Section
P.O. Box 100, Vienna International Centre
Wagramer Straße 5, 1400 Vienna, Austria
Tel.: +43 1 2600 21744
Fax: +43 1 26007
e-mail: S.Sabharwal@iaea.org

Table 2. List of local Participants
1

2

Country

Name and surname

Croatia

Mr
Joško
BOGDANOVIĆ,
mag.art./assistant
lecturer
University
of
Dubrovnik
Department for Art and Restoration/ Restoration of Wood
Branitelja
Dubrovnika
41
20
000
Dubrovnik,
Croatia
T:
+385
20
446
038
M:
+385
91
151
6924
E: jbogdanovic@unidu.hr
Ms Ana BOŽIČEVIĆ, mag.art./ assistant lecturer
Academy
of
Fine
Arts,
University
of
Zagreb
Conservation-Restoration Department
Ilica 85, 10000 Zagreb, Croatia
tel.: 01/4824307
mob: 098 787 379
e-mail: bozicevic.ana@gmail.com

3

Mr Mario BRAUN
Restaurator advisor (retired)
Croatian Conservation Institute
e-mail: mbraun52@yahoo.com

4

Ms Vanja BRDAR MUSTAPIĆ, Museum advisor,
Head
of
furniture
collection
and
varia
Museum of Arts and Crafts
Trg Republike Hrvatske 10
10000 Zagreb
Tel.: + 385 1/4882 111; 4882 140
e-mail: vanja.brdar.mustapic@muo.hr

5

Ms Ivona ČIPOR
City Museum Sisak
Ulica Kralja Tomislava 10
44000 Sisak

6

Ms Suzana DAMIANI

40

collection

Department of Conservation and Restoration Artworks
Academy
of
Fine
Arts,
University
of
Zagreb
Zamenhofova
14
10000 Zagreb, CROATIA
7

Mr Vladan DESNICA, as.prof.
Academy
of
Fine
Arts,
University
Conservation-Restoration Department
Ilica
85,
10000
Zagreb,
GSM
+385
91
573
tel. +385 1 482 4305
e-mail: vdesnica@irb.hr

of

Zagreb
Croatia
7623

8

Ms Andreja DRAGOJEVIĆ
Head of the Central Laboratory for Conservation and Restoration
Croatian
State
Archives
Marulićev
trg
21;
10
000
Zagreb;
Croatia
Tel .: 01 4801968
e-mail: adragojevic@arhiv.hr

9

Ms Iva DŽEBA
Ruđer Bošković Institute
Division of Materials Chemistry
Radiation Chemistry and Dosimetry Laboratory
Bijenicka c. 54, 10000 Zagreb, Croatia
Tel.: +385 1 456 1070
e-mail: idzeba@irb.hr

10

Ms Mihaela GRČEVIĆ, restaurator
Ethnographic museum
Trg Mažuranića 14, 10000 Zagreb
mgrcevic@emz.hr

11

Ms Zvjezdana JEMBRIH
Associate Professor, mr. art.
Senior conservator-restorer of polychrome wooden sculpture
Department of Conservation and Restoration Artworks
Academy
of
Fine
Arts,
University
of
Zagreb
Zamenhofova
14
10000 Zagreb, CROATIA
GSM:
+385
91
1856322
e-mail: zjembrih@yahoo.com

12

Ms Jasna JAKŠIĆ, librarian curator,
Museum of Contemporary Art
Habdelićeva 2
10000 Zagreb
e-mail: Jasna.Jaksic@msu.hr

13

Ms Tanja JURKIN
Ruđer Bošković Institute
Division of Materials Chemistry
Radiation Chemistry and Dosimetry Laboratory
Bijenicka c. 54, 10000 Zagreb, Croatia
Tel.: +385 1 457 1255
e-mail: tanja.jurkin@irb.hr

14

Ms Iskra KARNIŠ VIDOVIČ

41

15

Head of the Section for Training, Professional Development and
International
Cooperation
CROATIAN
CONSERVATION
INSTITUTE
Nike Grškovića 23, 10000 Zagreb,
Tel. +385 1 4693870,
Mob. 00385 91 4683620,
e-mail: ikarnis@h-r-z.hr
Ms Branka KATUŠIN-RAŽEM (retired)
Ruđer Bošković Institute
Division of Materials Chemistry
Radiation Chemistry and Dosimetry Laboratory
Bijenicka c. 54, 10000 Zagreb, Croatia
e-mail: brazem@irb.hr

16

Ms Željka KNEŽEVIĆ
Ruđer Bošković Institute
Division of Materials Chemistry
Radiation Chemistry and Dosimetry Laboratory
Bijenicka c. 54, 10000 Zagreb, Croatia
Tel.: +385 1 456 1098
e-mail: zeljka.knezevic@irb.hr

17

Mr Igor KOZJAK
Central
Laboratory
for
Croatian
Marulićev
trg
21;
Tel .: 01 4801968
e-mail: ikozjak@arhiv.hr

Conservation
and
Restoration
State
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10
000
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Ms Dragica KRSTIĆ
Head of the NSK Preservation and Storage Department
National and University Library in Zagreb,
Hrvatske bratske zajednice 4
10 000 Zagreb, Croatia
Tel: +385 616 4077
e-mail: drkrstic@nsk.hr
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Ms Marija MAJER
Ruđer Bošković Institute
Division of Materials Chemistry
Radiation Chemistry and Dosimetry Laboratory
Bijenicka c. 54, 10000 Zagreb, Croatia
Tel.: +385 1 456 1051
e-mail: marija.majer@irb.hr
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Ms Katarina MARUŠIĆ
Ruđer Bošković Institute
Division of Materials Chemistry
Radiation Chemistry and Dosimetry Laboratory
Bijenicka c. 54, 10000 Zagreb, Croatia
Tel.: +385 1 456 1154
e-mail: kmarusic@irb.hr
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Ms Branka MIHALJEVIĆ
Ruđer Bošković Institute
Division of Materials Chemistry
Radiation Chemistry and Dosimetry Laboratory
Bijenicka c. 54, 10000 Zagreb, Croatia
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Tel.: +385 1 456 1071
e-mail: branka.mihaljević@irb.hr
Ms Svjetlana MIHELIĆ, teacher
School for wood processing
Savska cesta 86, 10000 Zagreb
01 61 77 502
e-mail: drvoskolazg@gmail.com
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Ms Marijana MIMICA TKALČEC
Central
Laboratory
for
Conservation
and
Restoration
Croatian
State
Archives
Marulićev
trg
21;
10
000
Zagreb;
Croatia
Tel .: 01 4801968
e-mail: mmimica@arhiv.hr
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Ms Marijana NODILO
Ruđer Bošković Institute
Division of Materials Chemistry
Radiation Chemistry and Dosimetry Laboratory
Bijenicka c. 54, 10000 Zagreb, Croatia
Tel.: +385 1 456 1156
e-mail: mnodilo@irb.hr
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Mr Anđelko PEDIŠIĆ/ MA
Consultant conservator-restorer/Head of Division for Branch
Departments I
CROATIAN CONSERVATION INSTITUTE
Division for Branch Departments I
Zmajevac 8, 10000 ZAGREB
tel: +385 /1/4683 515
gsm: +385 91 617 0244 vpn: 277
email: apedisic@h-r-z.hr
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Mr Neven PEKO, conservator - restaurator
City Museum Sisak
Ulica Kralja Tomislava 10, 44000 Sisak
Tel: +385 91 649 7322
e-mail: neven.peko@gmail.com
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Ms Vesna PLANINC, restaurator
Mimara Museum
Rooseveltov trg 5, 10000 Zagreb
Tel: +385 1 48 28 100
e-mail: mailto:vesna.planinc@mimara.hr

28

Ms Jasminka PODGORSKI
Museum of Arts and Crafts
Trg Republike Hrvatske 10
10000 Zagreb
Tel.:+ 385 1/4882 111; 4882 140
e-mail: jasminka.podgorski@net.hr

29

Ms Irina PUCIĆ
Ruđer Bošković Institute
Division of Materials Chemistry
Radiation Chemistry and Dosimetry Laboratory
Bijenicka c. 54, 10000 Zagreb, Croatia
Tel.: +385 1 456 1166
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e-mail: irina.pucic@irb.hr
30

Ms Lada RATKOVIĆ BUKOVČAN, museum advisor
Mimara Museum
Rooseveltov trg 5, 10000 Zagreb
Tel: +385 1 48 28 100
e-mail: mailto:lada.ratkovic@mimara.hr

31

Mr Duško RAŽEM (retired)
Ruđer Bošković Institute
Division of Materials Chemistry
Radiation Chemistry and Dosimetry Laboratory
Bijenicka c. 54, 10000 Zagreb, Croatia
e-mail: razem@irb.hr
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Ms Antonina SRŠA, restaurator advisor
Museum of Arts and Crafts
Trg Republike Hrvatske 10
10000 Zagreb
Tel.:+ 385 1/4882 111; 4882 140
e-mail: antonina.srsa@muo.hr
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Mr Domagoj ŠATOVIĆ
Head of the Conservation-Restoration Department
Academy
of
Fine
Arts,
University
Zamenhofova 14, 10000 Zagreb
GSM: +385 91 1856322
e-mail: domagoj.satovic@alu.hr

of

Zagreb
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Ms Maja ŠEGVIĆ KLARIĆ
Department of Microbiology, Faculty of Pharmacy and Biochemistry,
University of Zagreb,
10000 Zagreb, Croatia
e-mail: msegvic@pharma.hr
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Ms Ivana TARTARO BUJAK
Ruđer Bošković Institute
Division of Materials Chemistry
Radiation Chemistry and Dosimetry Laboratory
Bijenicka c. 54, 10000 Zagreb, Croatia
e-mail: ivana.tartaro@irb.hr

36

Ms Tijana-Annar TRPUTEC STRČIĆ
Senior Furniture Conservator
CROATIAN CONSERVATION INSTITUTE
Nike Grškovića 23, 10000 Zagreb,
Tel. +385 1 4693870
e-mail: tannar@h-r-z.hr
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Ms Ljiljana VILUS JAPEC, senior conserver
Ethnographic museum
Trg Mažuranića 14, 10000 Zagreb
Tel: +385 1 48 26 220
e-mail: Ljiljana.Vilus.Japec@emz.hr
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