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FOREWORD

Cultural diversity – that embodies the uniqueness and plurality of identities
and cultural expressions of the peoples and societies – creates a rich and varied
world which increases the range of choices and enriches human beings. It is one of
the pillars of the European Family to which both Italy and Serbia belong.
As a founding member, Italy has been giving - since the very beginning - its
unique and invaluable contribution to the community of cultures and values that
constitute today’s European Union. We are now strongly committed to build
tomorrow’s Europe. We believe it should also benefit from the contribution that
might come from those States that are on their way to join our Project.
This is why, when Serbia is walking its path towards the European Union,
helping Serbian Institution to protect and preserve its vast and fascinating
cultural heritage is not only in the interest of Serbian People but also in Europe’s.
Italy is, and will be, side by side to Serbia in this effort, so that Serbia could join the
European family bringing its unique added value of culture, knowledge and
history.
Thus “Science for Cultural Heritage”, far to be a spot event, is part of a
broader and long lasting activity carried on by the Embassy and aimed, in view of
the upcoming Italian Presidency of the Council of the European Union, at
strengthening both cooperation between Italy and Serbia and Belgrade path to
Europe.
It is also a way for Italy – Serbia’s largest economic partner – to support
Serbia’s economy to which cultural heritage is one of the most valuable assets to
start the engine of a sound and sustainable economic growth.

Giuseppe Manzo
Italian Ambassador in Serbia
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INTRODUCTION

The conference “Science for Cultural Heritage” held at the Museum of
Yugoslav History (Belgrade) in November 2013 is the first in Serbia devoted to
the role of technology and science in cultural heritage preservation and
valorisation.
It has been organised by the Embassy of Italy in Belgrade, AIS3
(Association of Italian and Serbian Scientists and Scholars), the Italian
Development Cooperation, the Serbian network ARCHINETES (Application and
Research for Cultural Heritage Innovative NEtworking TEchnological Strategy)
consisting of scientific research and cultural institutes active in the field of
conservation of cultural heritage (Vinča Institute for Nuclear Sciences, Institute
of Physics Belgrade, Central Institute for Conservation in Belgrade).
The ultimate goal of the conference was to promote networking between
Italian and Serbian research teams and strengthen the foundation of scientific
and technological research within the scopes of the First Executive Programme
for Scientific & Technological bilateral Cooperation between Italia and Serbia.
The conference works were inaugurated by H.E. Giuseppe Manzo,
Ambassador of the Republic of Italy at the presence of high representatives of
the Minister of Education, Science and Technological Development and of the
Minister of Culture and Information of the Republic of Serbia. Prof. Dr. Ivanka
Popović, President of AIS3, closed the opening session.
In his opening remarks H.E. Ambassador Manzo stressed the role of
cultural heritage in national identities’ building. “Italy” – he added – “is fully
aware of this role, having developed a consistent experience in the field of
science and technology applied to the preservation and restoration”.
Italian know-how has been presented by three bilateral projects
concerning technologies applied to cultural heritage developed by the Sapienza
University of Rome, Ars Mensurae and ENEA (Italian National Agency for New
Technologies, Energy and Sustainable Economic Development).
More than 100 representatives of the Italian and Serbian most important
research centres devoted to the protection of cultural heritage, attended the
conference that has also gathered significant contributions from neighbouring
countries, such as Greece and Croatia.
7
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During the event Dr. Santa Molè, Director of the Italian Development
Cooperation in Belgrade, was awarded with a Certificate of Appreciation due to
her outstanding contribution in the realization of the project "Support for the
creation of the Central Institute of Conservation - CIK". The one-million euros
worth donation of the Italian Cooperation provided specialized laboratories
equipped with the best technologies available.
This publication, with 19 papers from the conference in Belgrade,
represents a valuable result that grew out of its working sessions aimed at
stimulating further scientific cooperation for the conservation and restoration
of cultural heritage, the backbone of countries’ sustainable development.

Paolo Battinelli
Science Attaché
Italian Embassy
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Joakim Striber
Science Researcher
CIK Belgrade

Science for Cultural Heritage is the first workshop organized in Serbia in the field of technologies employed in cultural
heritage protection. More than 100 top experts took part in the conference.

OPENING SPEECHES

H.E. Giuseppe Manzo,
Ambassador of the Italian Republic

Let me first welcome all of you here. I’m very pleased to be here today.
This is a special moment for me, as one of the first things I did when I came to
Belgrade in July, was an event we arranged with CIK, when we showed three
fantastic Lubarda’s masterpieces in my residence: these paintings were restored
thanks to the Italian Cooperation and to the funds that we provided.
Let me explain two points that, I think, qualify this event today. First, it is
about helping Serbia to preserve its cultural heritage. Cultural heritage is, I
believe, the core part of a nation and people’s identity, I would also say a brand.
As you know, Italy is home to the greatest number of UNESCO world heritage
sites, we have 49 sites out of 1991, and we know that by preserving cultural
heritage we also help the economic development.
So, the first point I want to make, just to leave it with you for your
discussion later, is about the meaning of preserving cultural heritage in
connection with the goal to boost the Serbian economy. So, this is why Italian
Cooperation – and I welcome here the head of the Italian Cooperation in
Belgrade, Ms Molè – decided four years ago to invest in Serbia’s cultural heritage
by funding a one-million euros worth project aimed at establishing the CIK.
We donated the equipment that you will later see at work: the last
generation’s lasers and cameras, specialized in the analysis and cleaning of the
ancient objects and works of art. I had the opportunity to see it first hand, when
we showed the already mentioned Lubarda’s masterpieces in the residence last
July. You should have seen it, the wonder of restoration work made by CIK`s
experts.
Second point as to why we are here today is to enhance bilateral
cooperation in science and technology, which is one of my priorities as
Ambassador of Italy in Belgrade from the very beginning. Therefore, today,
during the workshop, we will present some of the 23 projects that are included
in our protocol of bilateral technological cooperation that the Minister of
Education, Research and Technological Development and myself signed last
July. Тoday researchers from Italy and Serbia will have the opportunity to
exchange views on this bilateral cooperation. We want this cooperation to scale
up to the regional level, in order to get ready for the European programme
Horizon 2020.
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Let me finish with the most important thing, thanking those who made
this event possible, first to you all. Your presence here is the most important
proof that this event will help in getting us closer in the field of scientific
research. I hope that I will not forget anyone, I would like to point at the
presence of the representatives from the University Sapienza in Rome, ENEA,
(that is the Italian Agency for New Technologies), National Council for Research,
of course ISCR (Istituto Superiore per la Conservazione ed il Restauro), and
AIS3, the Italian and Serbian research association. Particular thanks also to the
Italian Cooperation and, last but not least, to Paolo Battinelli, our scientific
attaché, and Marco Leone, Head of the Economic Office of the Embassy, who
made this event possible.
I wish you a successful workshop today.
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Mr. Miladin Lukić,
Assistant to the Minister of culture and information

Your Excellency, ladies and gentlemen, I have the pleasure to welcome
you on behalf of the Ministry of Culture and the Minister of culture Mr. Ivan
Tasovac, and to wish all the participants successful work today. I also have the
personal pleasure to greet our distinguished colleagues from abroad, especially
those from the Italian Cooperation with whom we had a very successful
collaboration, and together we have made a great contribution in including
science in the field of protection of cultural heritage. The result of this
collaboration is the newly founded institution which we have named the Central
Institution for Conservation. This institution has celebrated its fourth
anniversary, which is a great encouragement to us and we believe that it will
continue to develop in the manner it was projected.
Science in Serbian protection represents a very sensitive topic, which I
will talk about later. When it comes to cultural heritage and its study, Serbia at
the beginning had that indispensable romantic enthusiasm for discovering
heritage and its role in creating the national and state identity. We also had that
period of monuments renewal, but we cannot call it conservation because it was
based on tradition preserved in the work of craftsmen. There was period of
engineering-based conservation of monuments that was followed by the
development of the theoretical and methodological treatments, as well as the
period of the scientific conservation, which unfortunately did not last very long.
Today, we are again at the beginning of the process of including science
in the field of conservation. The challenges will be big, as our experience from
the recent past shows. The conservators expect from the science the answers to
many of their questions, beginning with those concerning the nature of the
materials the monuments are made from, up to those concerning prevention of
deterioration and delay of the aging process. We are in need of new knowledge
as well as its unification and efficient implementation. Our success will depend
on how much we are willing to invest in new generations, to transfer our
experience, but also on how much we are, as older generations, prepared to
change and accept the challenges of the new technological era.
Thank you for your attention and I wish all of you a successful day.
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Dr. Radomir Žikić,
Assistant to the Minister
of education, science and technological development

First of all I would like to thank the Italian Government and the Italian
people for this donation, and for helping Serbia to cut across the fields of science
and art. I have met Paolo Battinelli quite recently, a few months ago, and I am
very proud of what we have actually done in this short period, regarding the
bilateral cooperation between Italy and Serbia.
The Ambassador mentioned that Horizon 2020 is coming, which is also
very important for Serbia, and networking is perhaps the most important issue
that Serbia will be focused on. We will be strengthening regional cooperation,
and collaboration between Serbia and Italy will be regarded as very important
in the period to come. I want to say that we are already working very hard in
that direction, and that Serbia actually signed the consortium agreement with CERIC (Central European Research Infrastructure Consortium), that has
headquarter located in Trieste.
The idea is to boost Serbian researches intended for applying for the
Horizon 2020, by joining them to the network and using the capability of the
network in order to get more grants. In the last FP7 cycles Serbia did a very
good job, we got around 250 projects, and CEI network got 150 grants. In other
words, I think that the collaboration between Italy and Serbia in the next years
will be very important, and we will work very hard to improve our actual active
collaboration. In the end, I would like to wish you all a successful conference, to
our guests I would recommend to find time to visit the city, and once again I
thank the Italian Government for this donation.
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Prof. Dr. Ivanka Popović,
President of the Association of Italian and Serbian scientists
and scholars, and Vice-Rector of the University of Belgrade

Good morning to all, especially to our guests from Italy – thank you so
much for supporting us in these efforts. The idea of science helping cultural
heritage has been present in Serbia for many decades, unfortunately only
through the efforts of individual or groups of people, enthusiasts, small projects
and maybe some scientific societies.
I hope that this seminar, this workshop, can be a starting point for us to
work in a more organized way, to really set up a system that would support our
cultural heritage through the scientific networking of all academic communities
in Serbia.
The Association of Italian and Serbian Scientists and Scholars is one of
those possible networks that can coordinate us, help us find the funding. I think
somebody mentioned at the beginning how science was helping cultural
heritage, but there is only so much and so far you can go with enthusiasm: you
cannot do this without money and this is a fact.
I know there is enough enthusiasm in the room, but we have to find
ways to provide systematic, regular, long-term funding for maintaining our
cultural heritage in order to improve Serbia as a country, and as an economy. So
I hope that we will use our minds together to find ways of sorting out these
funding. I am sure that today will be a very useful day to all of you, I am looking
forward to cooperate and I know that University of Belgrade will put forward all
of its assets to promote science and cultural heritage.
I wish you a successful meeting.
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I. NEW APPROACHES AND EDUCATION

Prof. Dr. Mila Popović-Živančević, Director of CIK, is handing over the
Certificate of Appreciation to Dr. Santa Molè, Director of the Italian
Development Cooperation in Belgrade, for “exceptional and substantial
effort invested in the support to the establishment of the Central Institute
for Conservation in Belgrade project”.

Scientific approach in the conservation of cultural
heritage
Giovanni E. Gigante1
1

Sapienza University of Rome, Italy, Department of Basic and Applied Sciences
giovanni.gigante@uniroma1.it

CONSERVATION AS A SCIENCE BASED PRACTICE
As Medicine becomes a science-based practice in the mid of XIX century the
Conservation of Cultural Heritage gradually experience this transition starting
from the mid of XX century. This conceptual transition change from the
beginning the framework in which are taken the conservative decisions.
Before was practically an Aesthetic decision based on the evidence of ‘beauty’
and following Ethical precepts, now is an experience based decision (that follow
the result obtained in previous attempts).
Evidence Based Practice (EBP) is the integration of best research evidence
with expertise and analysis of obtained results.
EBP ensures the use of current best available evidence to aid in decision making
about the conservation of works of art and its environment to provide better
outcomes for it.
This chart outlines the components of evidence-based education. Professional
wisdom includes individual experience and consensus. Empirical evidence
includes scientifically based research and empirical information.
Evidence based
Education

Professional
Wisdom

Individual
Experience

Consensus

Empirical
Evidence

Scientifically-Based
Research

Empirical
Information

Science and Evidence based approaches are joined together in a common logical
framework. Today it is very common to refer to ‘guidelines’ and/or ‘protocols’ in
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order to drive a complex process. The concept itself to develop a protocol base
on the optimised management of the Evidence.
The great development of modern medicine started with that of Biochemistry
before a Molecular Biology and Genetics more recently. Can conservation
science experience the same development using Material and Environmental
sciences? Those sciences seems for the moment too generic and hedonistic to
assure a continuous support to this difficult transition.

The Evolution of Conservation Theory
The modern conservation renounces to traditional Aesthetic foundations, but
remain the constraint to obtain results suitable from an aesthetic point of view
for the readability of the work of art. In addition, the historical meaning (or
heritage) is more a constraint then the principal stimulus to the conservative
action.
The care of cultural patrimony has a long history, one that was primarily aimed
at fixing and restoring objects for their continued use and aesthetic enjoyment
(Pye, 2001). Until the early 20th century, artists were normally the ones called
upon to repair damaged artworks. During the 19th century, however, the fields
of science and art became increasingly intertwined as scientists such as Michael
Faraday began to study the damaging effects of the environment to works of art.
Louis Pasteur carried out scientific analysis on paint during this time period as
well (Stoner, 2005). However, perhaps the first organized attempt to apply a
theoretical framework to the conservation of cultural heritage came with the
founding in the United Kingdom of the Society for the Protection of Ancient
Buildings in 1877. The society was founded by William Morris and Philip Webb,
both of whom were deeply influenced by the writings of John Ruskin. During the
same period, a French movement with similar aims was being developed under
the direction of Eugène Viollet-le-Duc, an architect and theorist, famous for his
"restorations" of medieval buildings.
Conservation as a distinct field of study initially developed in Germany, where in
1888 Friedrich Rathgen became the first chemist to be employed by a Museum,
the KoniglichenMuseen in Berlin. He not only developed a scientific approach to
the care of objects in the collections, but also disseminated this approach by
publishing a "Handbook of Conservation" in 1898 (Gilberg, 1987). The early
development of conservation in any area of the world is usually linked to the
creation of positions for conservation scientists within museums. However, in
the United Kingdom, pioneering research into painting materials and
conservation, ceramics, and stone conservation was conducted by Arthur Pillans
Laurie, academic chemist and Principal of Heriot-Watt University from 1900.
Laurie's interests were fostered by William Holman Hunt. In 1924 in the UK the
20

chemist Harold Plenderleith began to work at the British Museum with Dr.
Alexander Scott in the newly created Department of Scientific and Industrial
Research, thus giving birth to the conservation profession in the UK (British
Museum, 2012). This department was created by the museum to address the
deteriorating condition of objects in the collection, damages which were a result
of their being stored in the London Underground tunnels during the First World
War. The creation of this department at the British Museum made Britain a
prime force in this fledgling field, and moved the focus for the development of
conservation theory called The Conservation of Antiquities and Works of Art,
which supplanted Rathgen's earlier tome, and which set new standards for the
development of art and cultural conservation.
In the United States, the development of conservation can be traced to the Fogg
Art Museum, and Edward Waldo Forbes, the Director of the Fogg from 1909 to
1944. He encouraged technical investigation, and was Chairman of the Advisory
Committee for the first technical journal, Technical Studies, in the Field of the
Fine Arts, published by the Fogg from 1932 to 1942. Importantly he also
brought onto the museum staff chemists. Rutherford John Gettens was the first
chemist in the U. S. to be permanently employed by an art museum. He worked
with George L. Stout, the founder and first editor of Technical Studies. Gettens
and Stout co-authored Painting Materials: A Short Encyclopaedia, first published
in 1942 and reprinted in 1966. This compendium is still cited regularly. Only a
few dates and descriptions in Gettens' and Stout's book are now outdated
(Stoner, 2005).
The focus of conservation development then accelerated in Britain and America,
but also in Italy where in the 1939 was founded the National Institute for
Restoration with the aim to drive the restoration practice in the direction of
modern activity.The first International Conservation Organization developedin
Britain. The International Institute for Conservation of Historic and Artistic
Works (IIC) was incorporated under British law in 1950 as "a permanent
organization to co-ordinate and improve the knowledge, methods, and working
standards needed to protect and preserve precious materials of all kinds."(IIC,
2013). The rapid growth of conservation professional organizations,
publications, journals, newsletters, both internationally and in localities, has
spearheaded the development of the conservation profession, both practically
and theoretically. Art historians and theorists such as Cesare Brandi have also
played a significant role in developing conservation-restoration theory. In the
1963 Brandi in his ‘Theory of Restoration’ of give a definition of ‘Restauro’ as
the “…methodological moment of the recognition of the work (heritage
resource) in its physical consistency and its significance (aesthetic and historic),
in view of its transmission to the future. The focus in restoration is the material
object, and the aim is to re-establish the potential unity of the work so far as this
is possible without committing an historic or artistic fake, and without
21
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cancelling traces of its passage in time (Brandi 2005). In Autonomy of
Restoration: Ethical Considerations in Relation to Artistic Conceptsvan de
Weteringstressed, based on the a priori, all too often confirmed by experience,
that conservation-restoration is always an interpretation of the object
concerned and therefore implies the risk of being a mistaken anachronistic
interpretation (van de Wetering, 1996).
In recent years ethical concerns have been at the forefront of developments in
conservation with the borrowing of concept of sustainability by Environmental
research, which logically imply the practice of Preventive conservation. This
concept is based in part on the pioneering work by Garry Thomson CBE, and his
book the Museum Environment, first published in 1978 (Thomson, 1986).
Thomson was associated with the National Gallery (London), it was here that he
established a set of guidelines or environmental controls for the best conditions
in which objects could be stored and displayed within the Museum
Environment. Although his exact guidelines are no longer rigidly followed they
did inspire this field of conservation. Also in Italy the Director of IstitutoCentrale
per il Restauro in the 1975 launch a project for experience a preventive
conservation of a vast area of Central Italy (Urbani 1976).

The practice of Conservation and the grow up of accreditations paths in the
world
The practice of conservation is well described in several documents that are
available for download in the web. To give an example, we can cite three
documents that reflect different position in the description of the
conservation/restoration activity. Below there is the list of these three
documents:
• ICCROM-CURRIC Project, Vocational training curricula for
conservation scientists, EU-Leonardo Programme, 2000-2003.
• Competences for the access to the Conservation-Restoration
profession”, European Confederation of Conservator/Restorers, ISBN
978-92-990010
• The Professional Accreditation of Conservator-Restorers (PACR, UK),
2008 (last revision)AIC Code of Ethics and Guidelines for Practice,
Becoming a Conservator, The American Institute for Conservation of
Historic & Artistic Works (AIC).
The first is a description of the work of a Conservation Scientist in the today
environment of research.
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CURRIC - University Postgraduate Curricula for Conservation Scientists
A Conservation Scientist today can be defined as a scientist owing a good
scientific background and further knowledge in conservation (ethics, history,
cultural values, historical technologies, past and present conservation
technologies and practice, specific scientific aspects, etc.) which enables
him/her to contribute to the study and conservation of Cultural Heritage within
an interdisciplinary team.
The skills of a conservation scientist are:
• to be conversant with the phenomenological approach to problem
solving
• ability to formulate and carry out research
• ability to formulate practical solutions
• ability to work in an interdisciplinary way
• ability to communicate effectively
• Additional skills might include the ability to teach and manage human
and economical resources
The competence are:
• Study, investigate and monitor Cultural Heritage and its environment
with respect to conservation and preservation.
• Define, develop and evaluate conservation concepts, materials,
measures, methods and techniques and develop standards and
guidelines
• Provide diagnosis before, during and after conservation interventions
• Conduct research on causes and mechanisms of deterioration and
interpret scientific results for the benefit of the conservation of
Cultural Heritage
• Communicate the scientific principles of conservation and promote
scientific research in conservation
To train scientific experts that, starting from a sound understanding of materials
and techniques of investigation, both in the laboratory and in the field, are able
to perform:
• diagnostic tests and monitoring of the cultural heritage for
conservation and restoration purposes
• archaeometrical and scientific research on the material constitution
and on the causes and mechanisms of deterioration of the cultural
heritage
• environmental surveys for conservation and safety purposes
The second document is a straight forward description of the competences of a
Conservator-Restorers done by the European Confederation of Organisations
23
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Conservator-Restorers' (ECCO). Based on current trends, the activities of
conservation/restoration should be planned with a methodology that is similar
to that of the development of a project, e.g. as an environmental protection
project. This is also outlined in the recommendations that the has issued in the
last decade (ECCO Competences 2011). The Conservation-Restoration process
can be roughly divided in seven phases (as shown in the below diagram):

Examination
and diagnosis

Plan

Assessment
of needs
Selection of
activities
Preventive
measures

Execute

Remedial
measures
Restoration
process
Management

Evaluation

Aftercare

• Examination and diagnosis. It involves assessment of the nature of
the object, the causes of alteration and the risks that the cultural
heritage faces in its current situation.
• Assessment of needs. Including current use and planned future use.
• Selection of Conservation-Restoration activities. A selection of
treatments taking into account (i) the guidelines and conservative
protocols, (ii) the desired results, (iii) the level of intervention
required, (iv) the evaluation of alternatives, constraints on actions,
stakeholder demands, risks and options for future use
• Planning including consideration of health and safety, legislation,
insurance, project planning, finance and equipment and facilities
24

• Execution. This step encompasses Preventive measures, Remedial
measures, Restoration processes and management processes.
• Evaluation of results. This includes evaluation of the change in risk,
success of treatment or activity and communication of the results.
• Aftercare advice. Identification of future actions required to sustain
the cultural heritage. This may include a schedule of future works and
guidelines for care and maintenance.
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Cultural heritage in Serbia
at the turn of the millennium
Mr. Miladin Lukić1
1 Assistant

to the Minister of culture and information

THE CURRENT SITUATION
If the turn of the 20th century was marked by substantial efforts in advancing
from the nineteenth-century approach in the study of antiquities to the
establishment and initiation of first scientific projects in the field practice and
architectural monument restoration, then one could say that the beginning of the
third millennium was marked by a deep crisis, both in theory and practice in the
domain of cultural monument protection. In this short exposé we will address the
circumstances which characterize the development of protection of cultural
monuments in Serbia, and give several examples that illustrate the aforementioned
standpoint, aware of the need for a wider and a more detailed an analysis of the
topic.

Figure 1 – Monastery Rudenica, details of windows, M.
Valtrović – D. Milutinović, Historical Museum of Serbia
documentation.

It has been over 150 years that protection of cultural heritage in Serbia is being
reflected by abrupt line of development, by rises and falls, by zenith and a state of
anabiosis that had marked the end of the 20th century. The third millennium
brought new challenges; we greeted it with an already developed awareness of
different types of heritage: movable and immovable, tangible and intangible,
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values of sceneries and regions, contributions of intellect and spirituality in
creating value, etc. Frequently mentioned “sustainable development” is even more
often related to cultural heritage in the era of a new global order that points out at
vital interconnectedness between culture and development as foundations for
collaboration between peoples. Digital age that had begun already shows that in
the future everything is going to be significantly different in comparison with what
we remember.
One hundred and thirty years, divide the travels of Mihajlo Valtrović and Dragutin
Milutinović, throughout roadless areas of the central Balkans by wagon and a
mule, from travels through digital landscapes that undertake young associates of
the Central Institute for Conservation in Belgrade. The same divide stands
between pioneering scientific project in study of Serbian medieval architecture
by Valtrović and Milutinović, and a similar, yet significantly more elaborated
project Monuments of Serbian medieval architecture – Corpus of sacral buildings
by Djurdje Bosković and Milka Canak-Medic. Seventy years stand between the
book Žiča and Lazarica by Miloje Vasic, as the first scientific monograph that
integrates knowledge of several scientific disciplines, and the book, Cross in the
circle by Svetlana Popović, representing a synthesis of results that previous
studies of monastic settlements have yielded, considered in a wider historical
context.

Figure 2а – Church of the monastery Rudenica, 1879, M.
Valtrović – D. Milutinović, Historical Museum of Serbia
documentation.
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When a hundred years ago, Miloje Vasic commenced with first scientifically
established, systematic archaeological excavations, and study of prehistoric
settlement in Vinca, near Belgrade, he spoke of how difficult it is to initiate
expensive archaeologicall research “in an ill-informed, almost hostile
surrounding“. We had a similar experience a few years ago, and we still do today,
when we are explaining the place and the role of the Central Institute for
Conservation in the system of cultural heritage protection in Serbia. Miloje Vasic
relentlessly breaks any relation with amateurism and the old methods of collecting
and describing archaeological findings, and based on integral knowledge of
architecture, philology, history, litterature, history of church, and art, he creates
monumental body of work that yet today draws attention.The development of
archaeological methodology might have influenced in a certain way Djurdje
Bosković, who emerges on scientific scene between the two world wars,
introducing the so-called “architectonic archaeology”, as an applied scientific
discipline in conservation, and based on his practical, theoretical and pedagogical
work, he becomes the central figure of the second half of the 20th century.

Figure 2b – Church of the monastery Rudenica with remains of
protective construction installed at the beginning of the 20th
century, documentation of the Institute for the Protection of
Cultural Monuments of Serbia, Belgrade.

The development and implementation of science in the field of conservation, can
be traced from the first more relevant interventions on monuments such as
Lazarica, Sopoćani, Žiča, Patriarchate of Peć, Banjska, Kalenić, etc, all the way to
the last works executed in monasteries Manasija and Hilandar. The history of
works undertaken on these monuments, shows that Serbian conservators have
gradually surpassed the basic level of physical and vocational care, and that in
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the second half of the 20th century, conservation has been founded as complex
scientific and research procedure, of detecting data and clues, it had introduced
systematic research into practice, teamwork, new methods of technical
protection, legal procedures, and instructed formation of institutional system. It
all brought about formation of several networks of institutions consisted of
institutes for cultural heritage protection, museums, archives and libraries.
During this period, in 1950, the most important, scientific institution of the time
was established, the Federal Institute for Protection of Cultural Heritage.
Federal, and later Yugoslav Institute for Cultural Heritage Protection, was
established with the aim to research and study all the questions relevant in
conservation, based on scientific methods, to effectively implement conservation
works, to educate and instruct professional staff, and to collaborate with other
institutions. The Institute performs researches and practical works in
conservation on a number of monuments such as: Gamzigrad, Heraclea, old
Salona, Basilica Eufrasiana in Porec, monastery Morača, churches in Lipljan,
Bijelo Polje, Kostanjevica, monasteries Patriarchate of Peć and Zavala, urban
areas of Old Bar, Porec, etc. It takes part in salvaging monuments in old Nubia, in
Egypt, organizes – to use the current terminology – the first educational
workshops, during works on the St. Sofia in Ohrid, with the aim of generating new
professional potential that would fullfill the needs of the whole country, the
former Yugoslavia (8). Within the Institute, a Technological Laboratory, later
named Laboratory for Physical and Chemical Testing was established. It was
founded with the intent to introduce diagnostics and monitoring into
conservation practice, by including particular scientific disciplines. Laboratory
associates at the time are being educated and specialized in relevant institutions
in Brussels, Vienna, Italy, Amsterdam, and London. Preparators who intervene on
objects in the tradition of a more artisan work, as well as restorers working on
paintings, are being recognized as professional staff.
Associate at the Institute, Mihajlo Vunjak, states interesting data from the survey
taken in 1962, that shows there were 19 institutions in Serbia with workshops
for preparation. The survey showed that in 46 institutions, there were 10
conservators, 22 preparators, and 9 qualified and highly qualified workers. At
the time, modern equipment was available at the National Museum, Ethnographic
Museum, Military Museum, and the Museum of Vojvodina. Aside from these
institutions, Vunjak especially emphasizes the need to establish a central
laboratory and workshop with special equipment for targeted interventions. At
that time there are already defined specific technical and spatial requirements
that laboratories should fulfill, as well as basic equipment, and conditions for
materials handovers. Among other things, Vunjak underlines that conservators
and preparators engaged in work on cultural heritage, should also have a positive
character traits next to technical and vocational knowledge. Unfortunately, the
short life span of this institution (1950–1972), and its shutdown, have quickly
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proved to be of a great loss, and the importance of works and completed projects
of the Institute can still be evaluated in accordance with high standards of
professionalism that few institutions for protection of monuments can fulfill
today.
The image of the current situation in the domain of protection may be obtained
by reviewing a number of negative or unfortunate situations that had put into
jeopardy some of the most important cultural monuments. However, we would
say that there are always some paramount events, or representative negative
examples to adequately illustrate this matter, and we will here mention a few.

STUDENICA MONASTERY
Studenica monastery in the last
two decades of the 20th century.
Works are managed by "craftsman
conservator". The last traces of the
monumental marble porch in front
of the monastery dining room are
removed, the archivolts above the
tambour on the dome of the
church of the Virgin are being
destroyed, tambours and parts of
cubic pedestal are being painted in
red, blind arcade frieze on
Radoslav’s narthex are demolished
and a number
of
other
devastations called "research" are
Figure 3а – Monastery Studenica, state before
being done. In response to these
conservation interventions, National Museum
actions, undertook by "craftsmanin Belgrade documentation.
conservators", Professor Slobodan
Nenadović writes a letter to the
Community of Institutes for Protection of Cultural Heritage, on July 5th, 1985,
refusing to participate in the work of the Commission for Studenica, and states: "I
thought that the destruction of the last remains of the marble porch of the dining
room in Studenica would be a signal to all members of the commission, as well as
for academics, Association of conservators, and the public, that in Studenica a line
that should have never been crossed, has indeed been crossed." and further, “In such
a conservator who is ready to destroy historical and artistic works of architecture
and painting, I do not trust. I think he cannot manage these works, and the least I
want is to share the responsibility for these actions of his. But, unfortunately, I have
also lost confidence in commissions’ system of acting, in the responsibility of these
commissions and professional services, because I cannot see that anything is being
31

AIS3: Italian - Serbian Bilateral Workshop on “Science for Cultural Heritage”

changed.”A few years later, the head of the works in Studenica is being sent away,
but the reason, although important, was of secondary nature.

Figure 3b – Monastery Studenica, current state, source:
Travel photography.

MONASTERY MILEŠEVA
The tragic fate that has befallen this monument marked the beginning of a new
millennium, just as the demolition of the city Žrnov at Avala ominously and
symbolically announced the difficult years of the Second World War.

Figure 4 – Monastery Mileševa, aerial view – state during conservation works, during
the last decade of the 20th century, documentation of the Institute for the Protection of
Cultural Monuments of Serbia, Belgrade.
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In Monastery Mileševa, systematic studies of the complex began in 1980, under
direction of architects Olivera Kandić, and Svetlana Popović, and were taking
place during the last two decades of the 20th century. Researches have
contributed to numerous new findings on the original architecture, but have
also revealed previously unidentified parts of the complex which are the
testimony of the continuity of monastic life from 13th to 18th century. The
systematic conservation works on a rather complex and specific buildings have
followed these researches. At the beginning of the 21st century, changes occur in
the Eparchy administration, causing a complete change of the situation in the
field. . New Episcope gives himself a mission to "arrange" the monastery, so it
would not "resemble ruins." To start with, he has a hole the size of a football
stadium dug out at the pathway to the complex, to serve as a pond, all this being
followed by the formation of stables and chicken coops for the new monastic
economy.
Furthermore, the dormitories, mill, systematically devastated, by inappropriate
building interventions, while
the old bell tower is being
demolished and parts of its
floors are "moved" to a
location where it had never
stood before. In the next
phase, the construction
upon the remains of
medieval buildings begins,
which consequently destroys
them entirely. Only the
monastery church of the
Ascension of Christ remains,
as the only historical trace of
centuries-old
monastic
community. Yet even this
object could not escape
“conservation”
appetites.
Frescoes
are
being
renovated, including the
most famous one, the
portrait of Saint Sava. This
"beautification"
gets
a
grotesque qualification in
public through comments on
Figure 5 – Monastery Mileševa, St. Sava, fresco’s
how restorers are being
state before conservation works, documentation of
"applying make up to St.
the Institute for the Protection of Cultural
Sava".
Monuments of Serbia, Belgrade.
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Concurrence of these circumstances demonstrated powerlessness of the
government to prevent the autocracy of one bishop, and to protect the cultural
heritage of the highest value. In addition, the incapacity and lack of responsibility
of institutions to stand up for the rights over cultural heritage have been shown,
as well as deep disagreements and quarrels among conservators, including
opportunism in making decisions. The disappearance of Mileševa as historical
spatial structure could be compared to incineration of an extremely important
archive in which there are no more medieval documents or even those documents
that could testify of the renewal of the monastic spiritual life in some of the most
difficult circumstances during the Turkish occupation in the nineteenth century.

MONASTERY OF THE PATRIARCHATE OF PEĆ
One more in a series of unfortunate events, takes place in parallel to the Kosovo
tragedy during the first decade of the 21st century. Two approaches in addressing
works on the monument have been confronted. One was supported by
conservators of “craftsman orientation”, in favour of quick execution of
comprehensive construction works, without previous studies and diagnostics,
but merely on the basis of personal "experiential" review of the situation, under
pretence of great concern, and the necessity of urgent “rescue” of the frescoes.
Another approach was advocated by experts who proposed comprehensive
examination and analysis of the causes of threats to the monument, and on the
basis of detailed project of
conservation, restoration
and
presentation.
In
practice, the first approach
was applied, following the
decision of the director of
the Republic service for
protection at the time, who
had
political
support,
backed by the church and a
section
of
state
administration to whom a
fast, safe, and inexpensive
solution
has
been
presented.
The
consequences of these
Figure 6а – Monastery of the Patriarchate of Peć,
between the two world wars, National Museum in
works are already visible on
Belgrade documentation.
the façade surfaces that
have undergone changes,
but the character of these changes is not yet fully apparent. New mortar on
façades, after preparatory work, had entirely covered and destroyed authentic
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historical layers, therefore denying the possibility to research more thoroughly
the original structure and devise adequate solutions of its presentation. Uniform
decoration and painting, historically unfounded and arbitrary, without proper
analysis, creates the false impression that the complex of churches of the Peć
Patriarchate was created simultaneously. Works that have been performed were
unnecessary, since there was no real threat to frescoes, as has been confirmed by
systematic observations and measurements carried out by ICR of Rome. In
addition to the damages the monument had suffered, the reputation and
authority of the Republic Institute for Protection of Cultural Heritage has been
undermined, as well as that of the Ministry of Culture, which proved to be
incapable of timely prevention of this negative succession of events.

Figure 6b – Monastery of the Patriarchate of Peć,
state after conservation works undertook by
architect Dj. Bosković, source: Institute for the
Protection of Cultural Monuments of Serbia,
Belgrade.

On this occasion we have listed
what are, in our opinion, the
most drastic negative examples.
We have not discussed other
important issues that regularly
occur due to the attitude of
conservators, their way of
thinking, and evaluation they
conduct. It would be timely to
bring
attention
to
the
devastation of monuments and
spatial units, to already
performed or planned built
additions, alterations, or new
constructions, such as in the
areas of Belgrade fortress,
Topčider, Knez Mihailova street,
Old Fair, Monastery Kovilj and
Krušedol, or on other buildings,
such as Children’s Hospital in
Tiršova street, Metropol Hotel,
Theatre in Subotica, Church of
Alexander Nevsky, or cases of
complete demolition of the
historic building and rebuilding of replicas executed in
new materials such as the case
of the building in Andrićev
Venac Street, Old Mill in Mostar
junction, a villa on the corner of
Simina and Dobračina street in
Belgrade, and so on.
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Figure 6c – Monastery of the Patriarchate of Peć,
state after rendering – the first decade of the
21st century, source: Institute for the Protection
of Cultural Monuments of Serbia, Belgrade.

The basic causes for this
situation, as we have indicated
in previous remarks, we find
primarily
among
current
professional staff, whom are
unprepared for the tasks of
conservation,
without
specialized but sometimes
even without basic knowledge
about
the
subject
and
problems involved, but also in
the growing phenomenon of
opportunism and conscious
betrayal of the basic principles
of preservation of values.

Additionally, we have mentioned the disappearance of institutions of authority
that have had a very important role both in professional life and training of
professional staff, having in mind that the University could not, either then or
now,
provide
a
proper,
comprehensive knowledge of
disciplines present in the field of
protection and conservation. The
third cause we see in general
erosion of the position and
reputation of institutions in the
society, caused by changes in the
system and in emphasizing the
role of private and group interests
in all the areas of life, including
culture. Finally, a detailed analysis
and diagnostics of the current
state in protection are necessary
Figure 7 – Monastery of the Patriarchate of
for setting up the platform of a
Peć, closing of the nartex during rendering and
new cultural policy for which we
painting the façade, documentation of the
believe can bring concrete
Institute for the Protection of Cultural
Monuments of Serbia, Belgrade.
results.
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ABSTRACT
Central Institute for Conservation in Belgrade – CIK was established in 2009, by
the decision of the Serbian Government and at the proposal of the Ministry of
Culture. [1]
The Government of Republic of Serbia has started with realization of this
strategic project after years of efforts, with the support of the Government of
Italy. [2]
In the years that preceded the establishment of the CIK, young professionals
have been systematically and deliberately prepared for the new concepts,
methodologies and practices in the field of heritage protection. As a result, the
professional nucleus of this new institution consists a large group of young
experts, who completed their training and specialization in the most eminent
institutions for the protection in France, Italy, Great Britain, USA, Canada, etc. [3]
They were fully prepared for the new institution, and today they are carrying
out serious educational, scientific research and conservation projects. Owing to
these professionals, CIK is developing faster than the Feasibility study predicted.
[4]

INTRODUCTION
CIK is a scientific and educational institution which parallel develops education,
science and conservation. The main task of this young institution is to
implement this unique approach in integrative manner that includes all contents
of tangible and intangible heritage in their natural environment.
CIK is realizing the implementation of this strategy through complex,
interdisciplinary activities for the protection of heritage.
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The development of academic and permanent education and training of
professionals, and multidisciplinary scientific research in conservation and
their application in conservation practice through: preventive conservation,
curative conservation and restoration, new systems of documentation,
examination by the public after the conservation, continuous presentations,
openness to all partners with similar institutions and organizations, finding
appropriate ways to set the protection of heritage in contemporary life in the
framework of sustainable development.
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This, institutionally unique system of conservation heritage, systematically
combines education, knowledge, experience, scientific results, the conservation
itself, documentation, promotion, publishing, equipment, researchers and
experts, finances. [5]
The structure of this new institution, its goals and tasks are directing activities
of the CIK not only in Serbia but also in the region of Southeast Europe.

ORGANIZATION
There are six units involved:
1) Education Centre (academic and permanent education)
2) Multidisciplinary Research Centre
3) Diana Centre for Preventive Conservation
4) Centre for Conservation-Restoration (curative conservationrestauration)
5) Documentation Centre
6) Communication Centre (partnerships, presentation, marketing and
public relations)
REVENUE STRUCTURE, 2009 – 2013
The funds from the budget of the Republic of Serbia. From the Ministry of Culture
and Media for regular and program activities and Belgrade City Assembly Total
funds from the budget during the period 2009 - 2013 are 156.323.510,55 dinars
or 1.563.235,10 Euro.
The Revenue from its service. CIK generates part of its income:
• On the basis of partnership projects and joint actions
• On the basis of actual work for other institutions in the field of
research, preventive conservation, curative conservation and
restoration.
Total income for the period 2009-2013 is 14.082.992,94 dinars or 140.829,00
Euro.
Deposited Donations. Deposited donations, came from :
• ICOM, Paris (The International Council Of Museums) for the projects
of the Regional Alliance of ICOM for the South East Europe – RA ICOM
SEE – 17.500 Euro
• UNESCO BRESCE (UNESCO Office in Venice) for Regional survey:
Mosaics Conservation and Training of Conservators in Southeast Europe
– 14.700 Euro
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•

•

French Institute in Belgrade for the realization of academic master
program of preventive conservation at the University of Belgrade 2.500 Euro
Royal Norwegian Embassy in Belgrade for the participation of experts
from CIK at the conference MUNCH150 in Oslo - 250 Euro

Deposited donations for CIK projects in the period 2009-2013 are approximate
to the amount of 4.717.873,27 dinars or 47.178,73 Euro
Undeposited Donations
• Donations from the Government of France (Scholarships for the
master program in cultural tourism at the University of Paris 1
Pantheon Sorbonne ), the amount of 16,700 Euro
• Two Donations from the Government of Italy - estimated to 888,000
Euro
• Donation from the Embassy of the United States Serbia - estimated at
30.000,00 US dollars or 22.217 Euro

FIRST UNDEPOSITED DONATION BY THE GOVERNMENT OF ITALY
Signing of the Memorandum of Understanding between the Government of Italy
and the Government of Serbia in March 2011, has provided the basis for
financial and logistics support for the formation and development of the Central
Institute for Conservation in Belgrade. [6]
The amount of the donation provided by the Italian Government, through the
Ministry of Foreign Affairs of Italy, is exactly 974,462 Euro.

Figure 1. Italian Cooperation Project “Support to the
creation of the Central Institute for Conservation in
Belgrade - Serbia”, 28.03.2011
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Figure 2. Conference “ The Role of Education in
Conservation of Cultural Heritage”, 28.03.2011

Part of this amount - 870,000 Euro, the Italian Government has transferred to
the Superior Institute for Conservation and Restoration in Rome – ISCR for the
realization of the project: realization of training courses, renovation of the
workshops, equipping CIK with conservation and research equipment. [7]
The remaining amount of 100.000 Euro, the Italian Government has transferred
to Italian Development Cooperation in Belgrade for the promotion of
cooperation, organization of the conference "The role of education in heritage
conservation", publications for the library of CIK and to equip a research
laboratory.
So, none of the Euro donations from the Italian Government went through the
accountant department of CIK, and all tenders, invoices and contracts were
conducted by the ISCR in Rome and the Italian Development Cooperation in
Belgrade.
Undeposited donations from the Government of Italy - 974,462 Euro deployed
in the CIK as follows:
• 250.000 Euro for the research and conservation equipment and
materials for conservation;
• 37.000 Euro for the research equipment and instruments in the
research lab;
• 250.000 Euro for the realization of the 9 educational programs, the
costs of Italian exports for the courses;
• 80.000 Euro for the costs of participants in 9 educational programs in
Serbia and the region SE Europe (accommodation in Belgrade, Niš and
Gamzigrad, food and allowance);
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•
•

•

•

50.000 Euro for the temporary adaptation of workspace;
8.000 Euro for the specialization of two experts from the CIK and one
from the Institute for protection of Cultural Monuments of Niš in ISCR,
Rome;
63.000 Euro for the project promotion, organizing of the Conference
"The role of education in the conservation of heritage" and purchase of
books for the library of CIK;
132.000 Euro was retained by ISCR for their own costs for the
implementation of the cooperation program and for administrative
taxes.

738. 000 Euro in total realized for CIK, 132.000 Euro was retained by ISCR.
ICR and CIK realization 9 permanent educational programs, courses:
1) Contemporary documentation systems in conservation
2) Preventive conservation
3) Conservation of modern paintings
4) Metal conservation
5) Conservation of textiles
6) Stone conservation
7) Integrative conservation of the archaeological sites
8) Conservation of the wall paintings at the archaeological site
9) Theoretical basis of architectural conservation

Figure 3. Courses ISCR-CIK, Modern and contemporary
paintings
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Figure 4. Courses ISCR-CIK, Documentation for
conservation

Figure 6. ISCR-CIK, Metal Conservation Course

Figure 5. Courses ISCR-CIK,Textiles
Conservation Course

Figure 7. ISCR-CIK Course Integrative
conservation on archeological site

Figure 8. ISCR-CIK Course Conservation of
stone
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Second Undeposited Donation by the Government of Italy. During the 2012/2013
second donation from the Italian Government was realized through the Ministry
of Culture of Italy and the ISCR, in the amount of 150,000 Euro. Donation
referred to realization of educational projects of conservation of frescoes in the
monastery Bođani and the Franciscan monastery in Bač and was realized by the
CIK and ISCR as partners. In this project, CIK included The Regional Institute for
the Protection of Cultural Monuments in Novi Sad. As with previous donations
from the Italian Government, the entire administrative and financial procedure
and realization of this donation was organized in ISCR in Rome, no financial
procedures was undergone through the accountant department of CIK. [8]
Undeposited Donation of the Embassy of the United States Serbia. Donations from
the Government of the United States of America, through the Embassy in
Belgrade, are related to the implementation of partner program of the CIK and
Fion Zarubica & Associates "Collections Management Certification Program".
Donation for the implementation of this program amounted to about $ 30,000
were transferred directly to Fion Zarubica & Associates.

Figure 9. "Collections Management Certification Program".
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Table 1. Key dates for Conference
Budget

Revenue
accounts

Deposited
donations

Undeposited
donations

Total

1,503,235

140,829

47,178

926,917

2,661,460

58.8%

5.3%

35.9%

58.8%

41,2%

100%
100%

CIK - REVENUE STRUCTURE, 2009-2013, in Euro
External associates. The CIK employs only 10 permanent researchers and
experts.
However, its interdisciplinary and complex tasks are carried out through 28
permanent external associates. Their involvement is based on the part-time
contracts or contracts for a certain period of time (net amounted contracts).
Among external associates in CIK there are doctors with high scientific and
academic references, MA and MA specialists and researchers, a large number of
students that will complete their doctoral, PHD studies in 2014. When it comes
to professional titles, all external associates have adequate professional titles:
conservator, curator of preventive conservation, senior conservator, senior
curator of preventive conservation.

PARTNER INSTITUTIONS
Foreign partners. CIK is organizer, initiator or a participant in a number of
national, regional and international projects that are underway and being
implemented with a number of renowned partners.
CIK has signed agreements on technical and commercial cooperation and
cooperation agreements with the following foreign and domestic partners:
• Istituto Superiore per la Conservazione ed il Restauro-ISCR, Rome,
Italy
• International Council of Museums-ICOM, Paris, France
• Regional Alliance of ICOM for the South East Europe - RA ICOM SEE,
seat in Belgrade
• International Centre for the Study of the Preservation and Restoration
of Cultural Property-ICCROM, Rome, Italy
• UNESCO Office in Venice- UNESCO BRESCE, Venice, Italy
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•
•
•
•
•
•
•
•

University of Paris I- Sorbonne, Paris, France
International Committee of ICOM for Regional Museums -I CR
University of Sofia, Department for Conservation-Restoration, Sofia,
Bulgaria
National Institute of Materials Physics, Bucharest, Romania
Institute of Science and Technology of Ceramic Materials - CNRISTEC, Faenza, Italy
Museum of Ancient Arles, Arles, France
Fion Zarubica & Associates, Los Angeles, USA
Agma Consulting, Brussels, Belgium

Institutions in Serbia
• Museums: City Museum Vršac, Belgrade City Museum, the Museum in
Prijepolje, Town Museum in Sombor, Museum of Srem, National
Museum Kruševac, National Museum Pozarevac, Jagodina Heritage
Museum, Museum of Mining and Metallurgy in Bor, Historical Museum
of Serbia, the National Museum in Belgrade, National Museum of
Šabac, Valjevo's National Museum, National Museum Niš…..
• Legacies: Belgrade Heritage House: Legacy of Vera and Petar Lubarda,
Legacy of Veljko and Mara Petrović, Legacy of Risto Stijović, Bequest
of Olga Jevrić, Bequest of Milenko Šerban; Gallery Lazar Vozarević;
Bequeast of Jevrem Grujić…..
• The Institute for the Protection of Cultural Monuments: The Institute
for the Protection of Cultural Monuments of Serbia, Institute for the
Protection of Cultural Monuments of the City of Novi Sad, Belgrade
City Institute for the Protection of Cultural Monuments, Institute for
Cultural Monuments protection in Kragujevac….
• Research Institutes: Institute Goša, Vinča Institute of Nuclear Sciences,
Institute of Physics, ITNMS-Institute for Technology of Nuclear and
other Raw Materials….
• Serbian Academy of Sciences and Arts – SANU
• The University of Belgrade – academic master studies in preventive
conservation, University of Belgrade. 2008/2012.
• New Masters and PHD programs are in preparation for the
accreditation in the fields of preventive conservation, curative
conservation and restoration of architectural heritage; of museum,
archive and library materials; preserving intangible heritage and
doctoral studies in the protection of heritage.
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•
•
•
•
•

Faculty of Mining and Geology, Faculty of Applied Arts.
Serbian Orthodox Church-SPC: Monastery Žiča, Gradac Monastery,
Mileševa Monastery, Pavlovac Monastery.
Companies: GKM, Podgorica, Montenegro; Izolinvest, Belgrade; Hemi
Eko, Belgrade; Just-gradnja, Belgrade; Welding Institute in Belgrade .
Associations: Association of 1912-1918 war veterans, Serbian Society
for History of the Science
Third parties: Consulate of the Republic of Gabon, Royal Netherlands
Embassy in Belgrade, Vuk´s Endowment

ONGOING PROJECTS
The Central Institute for Conservation is the organizer, initiator or a participant
in a number of national and regional projects that are underway and that are
being implemented with a number of renowned partners.
There are a large number of ongoing projects:
• Educational projects
• Scientific research projects
• Conservation projects
• Documentation projects
The projects have integrative approach to heritage protection, using an
interdisciplinary and multidisciplinary methodology in practice.
Educational projects
University Regional Master studies in preventive conservation at the University
of Belgrade. Permanent education program in preventive conservation, curative
conservation and restoration, presentation etc.

Figure 10. Master studies in
preventive conservation
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Figure 11. Summer School Dijana for conservation of ceramics, metals, making of copies
and replicas in Archeo-ethno park Ravna

Introduction to preventive conservation, Management of museum collections,
Museum buildings, depots, exhibition space, transport and packaging,
emergency situations.

Figure 12. Preventive conservation for museum
network in Serbia

Figure 13. Children’s Workshops
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Regional education projects

Figure 14. Reducing risks to Collections,
Sibiu, Romania

Figure 15. Risks Assessment, Belgrade

Figure 16. MEP TIEM - Museum Emergency
Programme, Teamwork for Integrated Emergency
Management, Ohrid

Figure 17. Archaeological Conservation, Serbia, Albania
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Scientific research projects

Figure 18. Experimental archaeology

Metal museum exhibits in varying temperature conditions (thermovision),
• Application of laser techniques in conservation of stone monuments,
• The impact of polluted environment on the material of cultural
monuments;
etc.
•
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Conservation programme
• Conservation and restoration of mosaics
• Experimental archaeology; revitalizing of the legacy "Atelier Peter
Lubarda",
• Common databases for protection of heritage;
• Zlakusa and Potpeće with the ambience;
• Polimlje - integrative heritage protection, [9]
• Conservation and presentation of ancient monuments and medieval
monuments in Polimlje county,
• Revitalization of Monastery Žiča;
• Integrative protection of church and school in Trnava near Topola,
Regional project of revitalization of cultural and natural heritage in the
region of Southeast Europe, 2006 - 2014

53

AIS3: Italian - Serbian Bilateral Workshop on “Science for Cultural Heritage”

Figure 19. Polimlje - integrative heritage conservation project

.

Figure 20. Conservation-restoration of the mosaics from the
collection of the National Museum in Belgrade, National
Museum in Zajecar
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Figure 21. Revitalisation of the legacy “Atelier Petar Lubarda”

Figure 22. Conservation of the bronze sculpture
“A Boy boy With A Pitcher” from Čukur fountain in Belgrade
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Documentation projects.

Figure 23. Documentation project , 3D scan of Eastern Catholic Church
in Ruski Krstur

For a young institution, CIK has, in a short period of time, succeeded in
preparing and publishing, printed and CD editions, a large number of scientific
and technical publications, monographs, periodicals, etc.
Periodicals:
• Đerdap pages by Prof. Dr. M. Mirković;
• DIANA Journal 14;
• Expert guidelines for the disposal of museum objects at the depot, by
V. Živković MA;
• Expert guidelines for handling museum exhibits, by V. Živković MA
• Expert guidance to control the conditions in the environment of
collections by V. Živković MA.
Monographs:
• "Methodological and technical aspects of the application of new
techniques in the protection of cultural heritage" by the group of
authors Dr. S. Polić - Radovanović, Dr. S. Ristić, Dr. B. Jegdić and Dr. Z.
Nikolić
• Regional publication „Condition of the Cultural and Natural Heritage in
the Balkan region”, Volume 2;
• "Integrative concept of protection with the methodology of preventive
conservation" by the author Dr. M. Popovic - Živančević,
• "Preventive conservation in museums" by the author Dr. M. Popovic Živančević,
• "Use of lasers in conservation" by the author Dr S.Polić - Radovanović
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INSTEAD OF CONCLUSION
Expert and social public in Serbia and the region of South East Europe have
already recognized the significance of CIK as interdisciplinary, educational and
scientific-research center with classrooms, specialized offices, laboratories,
studios, workshop for education, investigation and conservation of all types of
cultural heritage; institution of protection that establishes conservation as
scientific and expert discipline; an interdisciplinary institution with regional
orientation.
New institution of protection in Serbia, came as result from the following
aspirations: to define the protection of heritage as applied science; to develop
professional education, research of theoretical concepts and methodological
approaches; to apply in practice
preventive conservation, curative
conservation, restoration, the unique system of documentation, presentation
and marketing; to set the protection of heritage in the framework of sustainable
development.
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ABSTRACT
In the present work, historic building materials’ properties and decay are
studied through a hybrid educational approach developed for the cognitive
domain of built heritage protection. Through the developed methodology,
knowledge transfer is performed from tertiary level education to non
professional audiences in the specific field. The procedure involves: initial
evaluation of knowledge; introduction of a questioning in a form of a simple
problem for solution, acting as a stimulus for the educational procedure;
traditional teaching methods, such as lectures and contemporary learning
methods of hands - on approach, such as laboratory experiments and in situ
field work at selected monuments, combined with an intermediate evaluation;
final evaluation and post - monitoring. The recipients get acquainted with the
basic historic building materials, properties and ways of measurement, decay
factors and exercise themselves in instrumental and non destructive techniques
for materials characterisation and decay diagnosis. The methodology followed is
favourably evaluated by the participants who are attracted by hands - on
approach and stimulated by questions and problems posed. Additionally, post
monitoring reveals remarkable gain, indicating that the methodology succeeds
in increasing initial knowledge in the respective thematic area, as well as in
raising awareness in built heritage protection.

DEVELOPMENT OF THE HYBRID EDUCATIONAL APPROACH
A hybrid educational approach was developed for the cognitive field of built
heritage protection, which demands interdisciplinary approach, integration of
technical solutions with social aspects, utilisation of traditional teaching
methods with contemporary learning approaches, promoting the active
participation of recipients involved. The hybrid methodology involved the
combination of the traditional lectures with laboratory exercises and in situ
field investigations at selected monuments, where the participants have the
chance to taste hands-on approach. Another innovative characteristic is the
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introduction of a problem-based approach, through questions and problems set
for solution, triggering participants’ interest. The developed methodology is
depicted in the following figure:
Use of laboratory
infrastructure of
tertiary level
education

Hands – on
approach

Dealing with
real problems

Active
learners’
participation

Initial evaluation
Interdisciplinary
approach of
relevant
thematic areas

“Conservative” introduction of
problem-based approach

Critical
thinking

Traditional teaching methods
Contemporary learning
Intermediate evaluation methods

Inquiry questions
set by the lecturer
to the learners

Final evaluation

Questions set by
the learners to the
lecturer

Teamwork

Post - monitoring
Use of high
measuring
technology

In situ field work
at Monuments

Gradual
transition
from
teaching to
learning

Figure 1. The hybrid educational methodology.

APPLICATION OF THE HYBRID EDUCATIONAL APPROACH
The developed hybrid educational approach was applied to the non professional
audience by lecturers from National Technical University of Athens. The target
group attended and participated in a series of lectures, laboratory exercises, in
situ field work, covering the whole educational content of the developed hybrid
methodology.
In the current work, the application of the methodology for the thematic area
“Historic building materials’ properties and decay” is presented. More
specifically, the approach used involved the following basic stages.

INITIAL EVALUATION
The starting point was the initial questionnaire of perception distributed and
answered by participants without any prior experience and relevant knowledge.
They were asked to recall any relevant information and knowledge deriving
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from previous knowledge in other lessons taught in school (for example,
physical sciences, history of art) or based on their personal experience.
Participants were asked to answer the following questions:
• Define the properties that a material should have in order to be
characterised as a building material
• Which are the basic characteristics of the following historic materials:
stones, ceramics, mortars
• Decay is defined as degradation over time of the materials’ properties
(…) and
characteristics (…) leading to their (…).
• Give an example of each decay type: mechanical - physical decay /
chemical decay / biological decay
• Correspond accordingly the photos with the decay phenomena

Incompatible
materials

•

•

Biological decay

Salt crystallisation

Degradation
of
joint mortars

Characterise the following techniques used for the study of building
materials’ decay in laboratory and in monument scale accordingly:
Thermal analysis / Infrared Thermography / Fourier Transform
Infrared Spectroscopy / Fibre Optics Microscopy / Digital Image
Processing / Ageing Tests / Water Absorption / Ground Penetrating
Radar / Ultrasonics / Mercury Intrusion Porosimetry
In which cases do we prefer to use non destructive techniques?

Questioning - Problem set. After filling in the initial questionnaire, the following
questioning was posed by the lecturer to the audience. It is presented as a
problem which needs to be solved.
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You are Engineers and you are asked to
select the building materials for the
construction of a building.
Which are the criteria which shall be met in
order for the selected materials to be the
proper ones?
Are the same criteria used in the case of a
contemporary and a historic building?

Figure 2. Questioning - problem set

Participants were activated to participate and started formulating criteria for
the selection of building materials. They referred to materials’ durability,
strength, as well as to aesthetic parameters which should be taken into
consideration. Further feeding of the educational procedure was performed
through inquiry questions set by the lecturer. For example, participants were
asked to give a definition of building materials; define the properties a material
should have in order to be used as a building one; locate the difference between
strength and durability; think of what happens if the authentic materials of a
structure are not preserved; specify the role of a Chemical Engineer in the sector
of building materials; discuss about the history of building materials and their
evolution over time, reaching today to sustainable and performative building
materials.
Traditional teaching methods - intermediate evaluation. Following the
continuous interaction between participants and lecturer, the lecturer
proceeded with presenting a traditional lecture, enriched with questions posed
by both sides for better understanding, assuring intermediate evaluation, as
well. The topics dealt concerned, among others, building materials’ definition;
technical work: definition - characteristic examples; selection of building
materials; evolution of building materials - characteristic examples. The
answers to the inquiry questions further activated the educational process and
generated new questions posed by the audience. For example participants
wanted to find out about the difference of the role of a Chemical, Mechanical and
Civil Engineer; if different disciplines cooperate today under a specific goal to be
attained; which stones present increased durability, the porous stones or the
opposite; what exactly do we mean with sustainable and performative building
materials; if during building materials’ evolution, humans stopped being
interested only in usability but in aesthetic aspects, as well.
Through the whole educational procedure, significant knowledge was derived,
concerning among other the fact that building materials contain everything we
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“see” around us (wood, metal, cement etc.); all materials are not necessarily
building materials; building materials are indispensable for setting a technical
work in function; building materials “bear” the functions of a structure, but
simultaneously “bear” its values, in the case of Monuments; if we do not manage
to preserve the authentic building materials of a Monument, we risk to lose its
memory and its values; we can easily recognise the historic building materials if
we think about the Monuments around us; the basic properties that a material
should have in order to be selected as a building material are strength and
durability; durability refers to environmental decay over time and strength
refers to mechanical resistance, required for bearing the loads of the structure;
the selection criteria for building materials except of durability and strength,
concern materials’ properties to mechanical loads, compatibility of materials,
environmental interaction, availability, cost and lifetime; building materials’
evolution is correlated with human evolution; the architectural and static design
creates the requirements for the design of the proper building materials; the
role of Chemical Engineers concerns the development and production of
materials responding to the needs for materials’ design and evaluation as far as
durability and strength are concerned at a given lifetime.
Contemporary learning methods - intermediate evaluation. The thematic area
was integrated with the aid of hands - on experience, which was provided to
participants through laboratory exercises as well as in situ field work at selected
Monuments - archaeological site. After having received the needed theoretic
background and the relevant knowledge regarding the basic principles of the
methods to be used, they were assigned laboratory experiments, which they
conducted themselves working at teams, under the guidance of their lecturers.
For example, they were assigned to calculate building materials’ porosity
through different ways.
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INQUIRY QUESTIONS
Selection of theme

INQUIRY QUESTIONS
1

Calculation of stones’ porosity
Understanding the concept of materials’ porosity, their significance in
Built Heritage Protection, the method applied for their calculation

Determination of goals

2

Survey of the relevant theoretic
framework

3

Theory: Basic microstructural characteristics / Definition of porosity /
Categories of pores / Basic equations / Water movement in porous
building materials / Correlation of decay with the porous structure /
Methods for porosity calculation

Distribution of participants into teams

4

1st Team: Measurement through Mercury Intrusion Porosimetry / 2nd
Team: Measurement through water absorption tests with total
immersion / 3ηrd -Team: Measurement through water absorption
tests with capillary rise

Execution of laboratory experiments
through hands-on approach

5

Each Team proceeds with the experiment assigned, under the
lecturers’ guidance

Commenting on results – comparison with
bibliography

6

The results are indicatively compared to the porosity values
encountered in bibliography and are commented accordingly

Synthesis of Teams’ results

7

The Teams cooperate for the synthesis of the final result, presenting
the outcome in a technical report and concluding in results

Presentation of the final “product”

8

The final “product” is presented to the lecturers by the participants

Evaluation

9

Evaluation is performed at all stages (diagnostic, intermediate, final)
followed by post – monitoring

INQUIRY QUESTIONS

INQUIRY QUESTIONS

Figure 3. Calculation of building material’s porosity in laboratory scale.

During the in situ field work, a project-based approach was used and learners
were assigned to perform an integrated diagnostic study at a selected
Monument. Through hands - on experience, they made use of non destructive
techniques (Fibre Optics Microscopy, Infrared Thermography, Ground
Penetrating Radar, Ultrasonic measurements, Colorimetry) for the diagnostic
study.
During the whole activity, lecturers posed questions, ensuring this way that
participants understand what they are implementing and why they are
following the specific experimental procedure. Additionally, the audience posed
questions in order to clarify the ambiguous points.
Final evaluation – post monitoring. At the end of the whole process, participants
were asked to answer the same questionnaire of perception as at the beginning
of the activity, calculating the index of their learning gain:
Index of learning gain =

( Actual post − test grade) − ( Actual pre − test grade)
⋅100
(Max post − test grade) − ( Actual pre − test grade)

[%]

The results were encouraging, as from a pre - test grade 57,1% to a post - test
grade of 75,8%, the learning gain was 43,6%.
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Additionally, questionnaires of evaluation were used for the evaluation of the
whole educational procedure and the methodology applied. The analysis of
these questionnaires showed that the hands - on educational approach used
succeeded at a great extend in raising awareness and in increasing participants’
learning gain in the specific thematic area of the cognitive field of built heritage
protection. The interdisciplinary character and the extensive use of “hands-on”
approach were attractive. The most exciting part was considered to be the
laboratory exercises and the in situ field work to monuments, where they had
the chance to taste a “hands - on” experience with up-to-date high measuring
technology, including non destructive and analytical techniques.

CONCLUSIONS – PERSPECTIVES
Through the application of the developed hybrid methodology, participants had
the chance to appreciate cultural heritage much more than before the course
realisation, recognise the decay types tormenting monuments and learn about
the basic measures that should be taken towards their protection. The
evaluation of the application of the developed methodology indicated its
promising characteristics. These are summarized at the following aspects. The
usefulness of the introduction of questioning is revealed, set in the form of a
simple problem at the beginning of each educational activity and serving as the
stimulus for learners, who enjoyed working in teams for finding a possible
solution to the problem. Their active participation was motivated and the
inquiry questions set by the lecturer were integrated by the questions set by
learners themselves, trying to investigate the case in depth.
Combination of traditional teaching methods with contemporary leaning ones,
involving hands-on approaches through case studies, real examples of
Monuments, laboratory experiments and in situ field work at Monuments and
archaeological sites was favourably evaluated by the learners. As hands-on
approach was the most interesting part of the educational approach, its
extension within the methodology should be considered.
Additionally, the use of questioning, simulating a problem - based approach,
without having any prior relevant knowledge, indicated interesting results.
Participants responded positively, were activated and participated in the
educational procedure from the beginning, and last but not least managed to
give felicitous answers and solutions to the problems set. As a perspective of the
present work, the “conservative” introduction of the questioning could be
evolved in the adoption of a problem-based approach, giving the opportunity to
participants to be led to the solution of the problems set without obtaining any
relevant knowledge, led to the final outcome by themselves, under the proper
guidance of their lecturers.
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INTRODUCTION
Cultural Heritage is an important aspect of every country and its preservation,
documentation, valorisation and conservation is mandatory. Given the latest
developments of 3D digital recording and modelling techniques, like
photogrammetry or laser scanning, the field of Cultural Heritage should benefit
of these procedures. Digital replicas, in form of textured 3D models or
orthophotos can be created and used for conservation, documentation, studies
and analyses. Moreover, the availability of Geographic Information Systems
(GIS) for the collection, sharing and publication of digital Cultural Heritage, can
further help in the dissemination of a national cultural and for its preservation
and valorisation.
For the city of Novi Sad (Serbia), a public and online GIS, developed by the
Public Enterprise for City Construction and Development of Novi Sad (ZIG), is
available but it has huge potential that has not been fully exploited. Indeed the
portal does not contain any data regarding cultural heritage, which makes it
unusable for infrastructure planning, heritage preservation, culture promotion
and educational purposes. 2D/3D digitization and documentation of cultural
heritage and the successive management of such information in existing GIS
portals is beneficial for ZIG, Institute for the Protection of Cultural Monuments
of Novi Sad (ZZSKGNS), city tourism organisations, as well as the other
institutions, individuals and local authorities.

THE GisNS PROJECT
The project is based on the collaboration between the 3D Optical Metrology
(3DOM) research unit of the Bruno Kessler Foundation (FBK) in Trento, Italy,
and the Faculty of Technical Sciences at the University of Novi Sad (FTN), Serbia.
The FBK-3DOM research unit has extensive experience in digital reconstruction,
3D modelling and GIS development of cultural heritage as well as in project
management. As a know-how provider, its role will be to transfer the knowledge
to FTN and other partner institutions for their further development.
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The project is co-financed in the framework of the “Know-How Exchange
Programme – Italy” sponsored by the CEI Fund at the EBRD entirely financed by
Italy (see Appendix I).
The main objectives of the GisNS project are to develop and improve the existing
public online GIS portal of Novi Sad and to ensure the sustainability of the knowhow transfer through collaborative work and student education. The project
aims to solve the problem of lacking digitalised and well organized Cultural
Heritage documentation as one of the main priorities in the Strategy for
Information Society Development in the Republic of Serbia. The project’s
contribution would make an important milestone for the city planning and
construction land development organization and updating of infrastructure
utilities, urban-spatial documentation and technical documentation preparation
and promotion of cultural values. The challenge that the GisNS partners share is
the need to improve the strategies for the development of the online public
database representing Cultural Heritage, targeted to the overall improvement of
the city’s municipal development planning. GisNS brings together major public
authorities competent for infrastructure planning, Cultural Heritage protection
and promotion experts as well as technical knowledge providers as experts in
digitization and preservation of Cultural Heritage.
The project will thus try to overcome:
• a lack of cultural heritage 2D/3D data in the process of preparing
proposals of General Development Plan of the City;
• a communication’s lack between institutions that use cultural heritage
data;
• the provision of easy and free accessible Cultural Heritage information
which is not available online so far;
• a lack of using new but already proven model of content opening that
contributes to the introduction of innovative practices in daily
management in institutions that manage data of Cultural Heritage;
• a lack of trained and qualified professionals and technical assistance
for infrastructure development.
With these aims in mind, the GisNS project will try:
1) to improve construction land development, organization and updating
of the infrastructure technical utilities cadastre, urban-spatial
documentation and technical documentation preparation, by
developing the GIS portal of Novi Sad;
2) to receive and use knowledge of how to digitalize, organize and input
cultural heritage documentation in GIS database and accomplish its
management and development;
3) to ensure the sustainability of the knowledge transfer through work
and student education by professionally instructed /educated team
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4) to establish long term collaboration between cultural, scientific and
other related institutions in the areas of research, innovation and
development in order to build the base for the development of digital
libraries, archives and electronic portals to cultural heritage of the
Republic of Serbia,
as well as corresponding inter-resources
coordination.
5) to promote cultural values and raise awareness of its significance by
creating a public cultural heritage database
6) to improve touristic management by mapping of the cultural heritage
providing higher quality of the touristic city tours.
The result of the project will be the improvement of the GIS portal of Novi Sad so
that it will become the main source for any planning involved with cultural
heritage. The portal will be available online to all interested institutions and
people.
The project started on February 2014 and will last 1 year.

APPENDIX I
The CEI Fund at the EBRD - financed by Italy. The Central European Initiative is a
regional forum for cooperation and consultation which promotes collaboration
at political, economic and cultural level in central and eastern Europe. Founded
in 1989, the CEI now counts 18 member states: Albania, Austria, Belarus, Bosnia
and Herzegovina, Bulgaria, Croatia, the Czech Republic, Hungary, Italy,
Macedonia, Moldova, Montenegro, Poland, Romania, Serbia, the Slovak Republic,
Slovenia, and Ukraine.
Since its inception, the Initiative’s main aim has been to support transition
countries in the process of integration with the European Union. To achieve this,
the CEI seeks to make a sustainable impact in strengthening the capacities of its
member states remaining outside the EU to consolidate their institutional and
economic background and bring them closer to the Union.
In 1992 Italy signed an Agreement with the European Bank for Reconstruction
and Development (EBRD) on the establishment of a CEI Fund at the EBRD “to
assist the Bank’s countries of operation in central and eastern Europe in their
economic and social transformation process”. A Secretariat for CEI Projects
(later renamed Office for the CEI Fund at the EBRD) was established to manage
the Fund and carry out activities of pre-investment and capacity building for the
identification, promotion and appraisal of projects in the CEI region, as well as
activities related to project implementation.
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The Fund, towards which the Italian Government has solely made a total
contribution of €38.5 million, mainly provides grant-type assistance for specific
components of Technical Cooperation (TC) projects. Since its inception, the
Fund has provided more than €23 million for funding TC projects.
The Fund also contributed a total of more than €1.7 million to the Know-How
Exchange Programme (KEP), which is its second most important instrument and
a specific CEI tool. The KEP is an instrument dedicated to offering co-financing
to projects and programmes focused on the transfer of know-how and best
practices from EU to non-EU Member States of the CEI. It operates through calls
for proposals.
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ABSTRACT
Conservation and restoration works on the dome of the Diocletian’s Mausoleum
were performed in 2012/2013. At that time, a series of physical and chemical
tests of the original ancient bricks, mortar, and iron spikes were made along
with examination of bricks and mortar used in the reconstruction works in the
late 19th century. Based on a series of trial cleaning activities in situ as well as
research and analysis made in laboratories, repair mortar was made and
methods for the cleaning of the inner sheathing of the dome (laser
method/Michelangelo Q switch), as well as desalination and consolidation. By
means of modern documentary methods such as 3D scans (Leica MS35), the
dome was recorded in detail and the current state was accompanied by photodocumentation and drawn to scale.

INTRODUCTION
The Mausoleum is one of several crucial and best-preserved original buildings of
Diocletian's Palace (295-305). The monumental octagonal building of sepulchral
character, besides its imperative of being an imperial tomb, distinguished itself
among the few - though visibly worse preserved - tombs of this type, not only on
the east coast of the Adriatic Sea but also in the whole of the Mediterranean
basin [Aslan Özkaya 2005]. Moreover, it represented an extraordinary challenge
in terms of conservation and restoration interventions that were to be carried
out necessarily on the outer and inner surfaces.
Within complex and long-term projects for reconstruction and revitalisation of
the old town core [Marasović 2009] the reconstruction of the Mausoleum was
accentuated as one of the most important, and certainly, one of most demanding
multidisciplinary projects, whose fundamental starting point was and is the
equal valorisation and preservation of the ancient architecture and all
subsequent upgrades and the whole church inventory, which together in the
stylistic stratification and diversity, make a unique and invaluable historical and
artistic whole.
When you put aside some early Christian, mediaeval, and early modern
interventions, the ancient mausoleum has remained almost entirely preserved.
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The outstanding construction and longevity of Diocletian's Mausoleum are
indicators of the excellence of the Roman architecture in general as well as of
very high construction standards that were implemented during the
construction of these monumental imperial buildings [Nikšić 1995]. In 2006,
experts from Neir d.o.o. commenced conservation and restoration interventions
on the ancient portal of the Mausoleum and the surrounding rock surfaces
[Marasović 2009], and in 2007, works continued on the small mediaeval portal
[Marasović 2009], and in 2008 and 2009 [Meštrović Šaran 2010], on the
vestibule of the cathedral / vault of the bell tower. Works on the vestibule and
the bell tower were followed by those in the interior of the Museum in 2011
(Fig. 1).

Fig.1 Diocletian’s Mausoleum, the Church of the Assumption of the
Blessed Virgin Mary, Saint Domnius, author Goran Niktic.

The monolithic blocks of stone in the Mausoleum were carved in the form of
regular and, in the interior, slightly curved cuboids [Malacrino 2010], with simply
processed surfaces, and as such incorporated by the opus quadratum technique
into the walls providing strength and uniformity of the surface divided by
pilasters and columns. Above the first and the second row of granite columns,
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Corinthian capitals with stylised acanthus leaves and angular scroll-like
ornaments are distinguished, adding to the rich floral and geometric
ornamented wreaths. Above the first raw of columns, at a height of 12 metres,
there is a relief frieze of sepulchral character which continually spreads over the
entire inner circumference of the mausoleum. The frieze is one of the few
surviving, original ancient sculptural works in the whole palace, containing
mythological motifs of small statues of the god Cupid hunting and
representations of small statues of Cupid holding garlands, above which there
are theatrical masks and women's heads, and three portraits / busts framed by
garlands of laurel leaves. One of the portraits belongs to the Emperor Diocletian,
the other one is of his wife Prisca [Cambi 1991], and the third one of a
Psychopomp - a guide of souls[T.Marasović, 1995]. That segment of the
Mausoleum was restored in 2011/2012 (Fig. 2).

Fig.2 The dome of the Mausoleum before the conservation and restoration works

Above the relief frieze and the second row of columns and cornices, at a height
of more than 15 metres, the Mausoleum is monumentally arced with fan-stacked
bricks, in a way in which no other surviving ancient dome, preserved to date,
was built (Fig. 2). A slight tambour at the bottom (at the base) of the dome is
divided into 12 regular arcs with the brick within being laid in horizontal rows.
From the aforementioned arcs, smaller arcs branch within which the bricks are
laid in fan-shaped rows. The bricks were laid in this way up to a height of 7.4
metres measured in the arc, and afterwards, they were arranged again in
regular horizontal rows.
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THE EXISTING STATE AND CONSERVATION AND RESTORATION
RESEARCH
There was little within the perimeter walls of Diocletian's Palace that had
remained unexplored to the extent of the dome of the Mausoleum, which was an
additional challenge during the research and conservation and restoration
interventions that began in July 2012. What preceded the conservation and
restoration works was the construction of complex scaffolding. The first
problem was the great height of the dome. Given the height, and the fact that the
Mausoleum (Church of the Assumption of the Blessed Virgin Mary) was in
permanent sacral and tourist use, the possibility for the scaffolder to start from
the ground floor level of the Cathedral was immediately ruled out. It was
decided that scaffolding be installed from the level of the projecting part of the
second row of architectural cornices, i.e. to use them as the starting point/base
for the scaffolding construction (Frig. 3).

Fig. 3 The scaffolding construction

Probably the same or similar solution was found during the construction of the
dome in ancient times.
The bricks and the mortar from which the dome of Diocletian's Mausoleum was
built, just like the stone and other materials used during the construction of the
Mausoleum, had been subject to a variety of negative influences for centuries,
which inevitably led to the deterioration of the material. Natural, inevitable
processes of the material ageing, continuous penetration of moisture through
the roof, microclimatic factors of the Mausoleum like high oscillation of relative
humidity, the large amount of deposited soot caused by burning candles
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continuously for the 17 centuries, were all factors that caused complex physical
and chemical destruction of the materials. However, before detailed analyses of
each separate material, a thorough preliminary examination, photo
documentation, and recording of the existing state were made. Afterwards, a
series of physical and chemical analyses of the samples of bricks and mortar was
made, along with trial cleaning of surfaces which had to be done before the
specific conservation and restoration works.
The research made use of existing professional studies and publications dealing
with ancient mortar and bricks, their structure, physical, chemical, and
mineralogical properties, and the influence of certain substances that affect
their durability after being incorporated into a building structure [Radivojević
2003].
The selected methods that were used during the conservation and restoration
interventions in the dome of Diocletian’s Mausoleum were those that were
decided on the grounds of a series of tests in situ and the analysis made on
samples in many different chemical laboratories and scientific institutes [Neir
d.o.o].
In addition to the original bricks and mortar, bricks and mortar used in large
Austro-Hungarian reconstructive works at the Cathedral (Mausoleum) made in
the period from 1880 to 1885 were also analysed [Hauser 1884]. A part of these
interventions related to the replacement of worn brick and mortar in the dome,
and what was important to determine was whether the new materials used
during the said work were compatible with the original materials and whether
there are certain components in the composition of those materials that was
harmful to the original material. Using the wrong materials during restoration
interventions often took place in the past and one of the consequences was
acceleration of the deterioration of parts of buildings in which the works were
carried out, and in extreme cases it often acted destructively to the entire
building.

RESEARCH OF ANCIENT MORTAR AND 19TH CENTURY MORTAR;
MAKING OF THE REPAIR MORTAR
The mortar between the bricks in the dome of the mausoleum is largely of an
ancient origin, and to a much lesser extent, it dates from the late 19 century
when it was used in the reconstruction interventions. Quality and durability of
the original mortar is confirmed by the fact that a large part of it is in an
excellent state of preservation even after 17 centuries. In the surfaces of the
lime mortar small pieces of coal, glass, crushed and pulverised brick, small-sized
river sand and pebbles, and fragments of shattered shell are visible, all together
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indicating a very casual but skilful approach when selecting the aggregate that
was added to the lime.
Worn mortar that was used in the reconstruction works carried out in the dome
in late 19 century represented one of the biggest problems in the context of
damage.
Microscopic images in situ (Fig. 4 and Fig. 5), and samples of mortars in
polyester resins which were then microscopically recorded in detail in the
laboratory have shown drastic imbalances in the composition of ancient
mortars and the mortar used at the end of the 19 century.

Fig. 4 Microscopic images in situ

Fig. 5 Microscopic images in situ

In addition to the analysis of the microscopic images, the granulometric
composition of mortar was also examined, as well as ratios of fractions
contained in the ancient and the Austro - Hungarian (19 century) mortar. Using
the method of destruction of the mortar sample with dilute hydrochloric acid
(HCl), the following results were obtained (Table No. 1).

Table No. 1

The ancient
mortar
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Total insoluble
after dissolving
with HCl (% /
by weight of
the sample)

The share of large
insoluble fractions
after dissolution with
HCl
(% / By weight of the
sample)

Share insoluble
tiny fractions after
dissolution with
HCl
(% / By weight of
the sample)

22,81

17,67

5,15

Examination of the Table clearly shows that the proportion of coarse fraction
consisting of crushed bricks occupies the largest share in the ancient mortar
(Fig. 6).

Fig. 6 the ancient mortar

Further analysis of the above-mentioned insoluble fraction gives a more
detailed illustration of the relation among certain components of the ancient
mortar in the order of magnitude of 63 μm to 2 mm (Table No. 2; Fig. 7 and 8).

It remains on the sieve mesh screen
2 mm
1 mm
500 µm
250 µm
125 µm
63 µm
Less than 63 µm
Total

Scaling
14,32 g
0,88 g
0,62 g
0,56 g
0,70 g
0,14 g
0,02 g
17,24 g

%
83,1
5,1
3,6
3,2
4,1
0,1
99,2
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Fig. 7 magnitude of ancient mortar

Fig. 8 magnitude of ancient mortar

The same method was used for the analysis of the 19 century mortar, and it
showed the absence of large fractions, i.e. it was pure lime mortar with a
negligibly small quantity of aggregates.
In addition to analysing the composition of mortar and mutual ratio of binder
and aggregates, physical analysis of the compression strength of the mortar was
made using a sclerometer.
Based on the bounce and calibration charts the strength is determined, more
precisely, on the basis of the dependence of the strength (MPa) and the height of
the rebound h (mm).
After completing the test of compressive strength of the original ancient mortar
and recent mortar from the 19th century (Fig. 9), results were in favour of the
ancient mortar whose compressive strength was 22MPa, while in the more
recent mortar it was so low that the device was not able to read it at all, which
meant that the compressive strength of the more recent mortar was under 10
MPa.
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Fig. 9 The test of compressive strength of the original ancient mortar

Based on those results, it was decided to make probing of the 19 century mortar
on small areas in order to determine its state within a greater depth in the
mortar joints (Fig.10).

Fig.10 removal of the mortar

During the trial removal it was observed that, in addition to the poor quality of
the mortar, the way in which it was applied caused additional damage in the
form of air pockets, which subsequently caused the formation of cracks and
fractures. All of this further favoured destabilisation of the reconstructed
surfaces, and this was another reason that induced consideration about partial
removal of the repair mortar from the 19th century.
Based on all above, it was decided that more recent mortar (19th century) was
partially removed and replaced with the repair mortar that would be, in its
composition and properties, as similar to the original ancient mortar as
possible.
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The first step was development of modified lime, so called calcio romana, whose
compressive and flexural strength was then calculated on two occasions (1 and
2), in the period of one month:
1. Flexural strength:
1.13 MPa
Compression strength: 1.53 MPa
1.72 MPa
2. Flexural strength:
1.15 MPa
Compression strength: 2.61 MPa
1.15 MPa
Once the satisfactory results of the modified lime were obtained, a whole series
of test specimens of mortar was made in the laboratory, within which variations
of ratios between the aggregate and the binder were derived (Fig. 11).

Fig. 11 Aggregate and the binder

In the last stage of the development of the repair mortar, before the trial
applications in situ, results of the compressive strength of the ancient and the
more recent mortars from the 19 century obtained in situ were compared to the
results of the testing of compressive strength of the new repair mortar
developed on the basis of data obtained after the completion of the chemical and
physical analysis. The results showed similar strength of 21 MPa of the new
repair mortar in relation to the ancient one, and significantly higher strength
compared to the 19th century mortar.
Then several trial applications of selected mortars were made in situ, and the
mortar to be used for filling the brick joints was decided afterwards. It was also
important to prepare the surface to which the mortar was applied in order that
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adhesion of the new material to the old surface was of a high quality. For this
purpose, the acrylic emulsion [Manufacturer Orso d.o.o] was used and was
applied with brushes evenly over all surfaces to be covered with the new
mortar. Then, the prepared mixture of the new mortar was thoroughly applied
between the bricks, which required attention in order to avoid the creation of
air pockets during the application which, if incurred, might cause damage over
time.
After the application, the surface of the mortar was further processed by wet
sponges to accentuate the aggregate composition.

CHEMICAL AND PHYSICAL ANALYSIS OF BRICKS
When testing the strength of mortar, it was necessary to examine the
compressive strength of the ancient and the more recent bricks used in the
reconstruction in the 19 century, in order to prevent unwanted fractures and
cracks due to the excessive pressure of the mortar on the brick surface.
Vertically to the surface of the dome, i.e. to the bricks, a non-destructive physical
method of measuring the compressive strength with a sclerometer was
performed [measuring: ing..J.Mislav Sokol - Orso d.o.o.].
Measurements showed that the compression strength of the ancient bricks was
25 Mpa, while the ones used for restoration in the 19 century had a strength of
28 Mpa.
The obtained results of the compressive strength provided almost ideal data
that fitted together with the previously made physical analysis of the mortar and
allowed unhindered use of the new repair mortar in the mortar joints between
bricks without fear of possible physical stress and their damage.
As for the chemical analysis of the samples of the original and the replacement
bricks (19 century) from the dome of Diocletian's Mausoleum, we used the
method of infrared spectroscopy (FTIR) [ analysis performed r.aivvica
Ljubenkov, Natural Sciences and Mathematics, University of Split] by which the
IR spectra were obtained. Based on the analysis of the spectra, a clearer picture
of the chemical structure of the material, i.e. present functional groups
belonging to the respective clay minerals was obtained.
Infrared spectra obtained by analysing samples of ancient bricks, bricks used in
the reconstruction in the 19th century and bricks used in subsequent
interventions indicate almost similar clay minerals, which contain a wide range
of absorption bands clearly visible on the graph (Table 3).
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DETECTED vibration, wave number / cm-1

AO 1

AO 2

AO 6

AU 7

RED BRICK
(postintervention)

3443,05

3416,05

3408,33

1624,12

1624,12

3408,33

1637,62

1070,53

1618,33

3419,90

1626,05

1060

1018,45

873,78

873,78

800,49

806,27

694,40

669,32

671,26

640,39

646,17

468,72

470,65

873,78

montmorillonite MINERAL

3420
3418
1630

TALK (Si-O)

1032
1029

Kaolinite (bending Si-O-Si)
Muscovite (Si-O-Si)

914,29

913
912

Kaolinite (bending of Al-O-H)
Muscovite (bending of Al-O-H)

875,71

876

794,70

796
793

777,34

775,41

775,41

778

694,40

690,54

692,47

694
693
690
689

Muscovite (Si-O-Al)
KALONIT (Al-O-H)
QUARTZ (Si-O bending)
Montmorillonite (Al, Mg-O-H)
Kaolinite (Si-O bending)
QUARTZ (Si-O)
Kaolinite (stretching Si-O-Al)
QUARTZ (Si-O bending)
Muscovite (stretching Si-Al),
chlorite (bending Si-O-Si)

660
661
665

chlorite MINERALS

646,17

642

Chlorite (bending Si-O-Si)

536

531
530

Muscovite (bending Si-O-Al)
kaolinite

465
462

Chlorite (Mg-O stretching)
Quartz, muscovite
(Si-O bending)

436
426

QUARTZ
Chlorite (Si-O bending)

673,18

455,22

MONTOMRILONITNI MINERALS
(at 3400cm-1 interlayer water)
Montmorillonite (H-O-H)
Chlorite (bending H-O-H)
montmorillonite MINERALS
(Bending H-O-H)

1043

462,93

432,07
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3440

Kaolinite (Si-O stretching)

1014,59

912,36

ASIGNACIJA

1100
1049,31

1020

REFERENCE
VALUES
wavenumber /
cm-1

The most important observed silicate minerals are kaolinite, chlorite and
muscovite, dominant components of clay minerals, i.e. aluminium silicates
(silicates / SiO2 - on average make up to 50% of the overall composition;
aluminium / Al2O3 which makes an average of 15 to 20%) Those compounds
that appear to a much lesser extent are iron (Fe) or its oxides (FeO2, Fe2O3,, ...),
potassium oxides (KO), titanium dioxides (TiO2) and oxides of sodium (NaO2),
calcium (CaO2) and magnesium (MgO2). Spectroscopy results of all clay samples
confirmed that the kaolinite was the dominant mineral type along with chlorite
and muscovite. The mineral kaolinite belongs to the category of phyllosilicates,
it has glassy to silky shine, and is a mostly whitish mineral type but due to
certain concentration of iron oxide it can take shades from light yellow and
orange to red.
Testing of the porosity of the brick samples is also important. Brick, as well as
any other materials, contains a certain volume of empty space which comprises
a set of pores, canals and micro-cracks of different shapes and sizes, and the sum
of their volumes expresses the porosity of the brick. Pore space of a brick is
defined as the ratio between the pore volume within the brick sample and the
overall volume of the sample [Borrelli 1999]. In the baking process a series of
mineralogical, chemical and physical changes within the brick material take
place, which ultimately affects the porosity of the final product and thus its
durability and resistance to possible harmful external influences.
Testing of the brick porosity was carried out by drying the brick sample and
measuring its constant weight which was designated as the weight of a dry
sample (md). Then, the same sample was brought to saturation by keeping it in
water for 24 hours and then measuring the weight again (ms). The next step
was the weighing of the sample under water in order to obtain the Archimedean
weight (m arch) [Archimedean Özlem Aslan Özkaya].
The values obtained by applying the formula for calculating porosity yielded the
desired results [analysed by dipl.ing.chem.I.Gjergja Bratić (Neir d.o.o.)].
The result of the porosity of the sample taken from the original brick structure
of the dome of the Mausoleum was 22.09%. The above data indicates that the
ancient bricks of Diocletian's Mausoleum’s dome were similar in porosity as
many other tested bricks from other sites produced in ancient times. The result
of the porosity of the sample bricks used in the 19th century reconstruction is
27%.
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LASER CLEANING METHOD
Since the start of experimental research of possibilities of application of the
laser technology in conservation and restoration works in 1978 until today, the
application of that method has become a part of the common practice.
Applicability of the laser cleaning method in terms of diverse materials has been
marginalised in a certain way on the east Adriatic coast, and if the ample
architectural heritage is considered, in particular the stone architecture
heritage, it should not surprise that the expert and the wider public have mainly
focused on the applicability and results of the laser cleaning on stone surfaces.
As a result of such tendencies within the conservation profession and the
sciences closely related to it, possibilities to also use the laser cleaning method
on other materials have been neglected undeservedly, which is not the case in
many other countries where research on the influence of laser beams to certain
types of materials and paints has been conducted systematically on many
movable and immovable cultural heritage structures. Tests were conducted
successfully on glass, paper and parchment, paintings, ceramics/terra cotta,
metals, polychromed stone, etc. so its enthusiastic use from the “experimental”
phase started in museum, gallery and independent restoration workshops.
Application of the laser cleaning methods also showed surprisingly good results
during removal of impurities from the surface of the bricks.
Some results of experimental tests of the effects of laser beams on the surface of
ceramics and bricks showed that the method is often fully suitable and
applicable on that material, and they were supported with detailed laboratory
examination of the brick surface after the cleaning, using the optical and
electronic microscopes and x-ray imaging [Nikolov, Popmintchev, Todorova,
Buchvarov, Surtchev, Tzaneva; Rozniakowski, Klemm, Klemm 2001,]. Equally,
the laser cleaning method was tentatively applied on samples of bricks and
mortar in Diocletian’s Mausoleum and after the laboratory tests confirmed
harmless effects of laser beams on tentative samples, trial cleaning in situ was
also made. Removal of impurities by the laser method was made using the
Italian laser [Quanta System, Milano, Italy] (Fig. 12), accessory equipment
including the necessary aspirator and other professional protective equipment
that is specifically adjusted to the laser cleaning method. Within the perimeter of
the east Adriatic coast, the activity of cleaning of bricks and mortar method
made history as the first ever application of that method on such materials
(Fig.13).
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Fig. 12 using the Italian laser

Fig.13 using the laser in the Mausoleum dome

The laser cleaning of surface “detected” a range of diverse colours of bricks
predestined by the clay composition, and the colours of bricks found led to the
conclusion that variants of the clay used could be divided into two basic sets,
those rich in iron compounds that gave the bricks their red colour and those
containing compounds giving the bricks their shades of yellow and green. The
form and dimensions of bricks differed depending on the segment of the dome
which they were built in. The average length of the bricks at places where they
were stacked in regular, horizontal rows was approx. 33 cm. and they were of
flat shape. At places where bricks were arranged in fan-shaped arrays, their
dimensions were different. The brick thickness varied from 2.5 cm to 4 cm.
During the cleaning, some small but very significant traces indicating the
existence of original ancient decoration of the interior sheathing of the dome
were observed. This related to three previously unknown occurrences within
the dome:
1) Among the bricks and the mortar of the dome, vertically placed metal
i.e. iron elements (nails) were evident, assumed to have been a part of
unfortunately not preserved reinforcement by the use of which
mortar/roughcast acceptor for mosaic or fresco painting adhered
firmly to the brick surface; their tips were rusty and mostly destroyed,
and two documented tips, partly preserved, were also found. Owing to
hitherto research, it is even more likely that they really had the
function of the carriers of the finishing, decorative layer, whether it
was about mosaic or fresco painting;
2) Different types of mortar/roughcast found on the surface of bricks
were observed; they did not belong to the mortar used for mutual
connection of bricks rather than as the foundation i.e. accepting layers
used in the making of mosaic or fresco painting: from extremely
rough, reddish mortar to fine, almost white mortar applied directly to
the surface of the bricks at the top of the dome. Thus, in the upmost
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parts of the dome, roughcast/mortar was not found in thick layers
other than in one, rather thin layer. Some reactions occurred in the
interaction of the thin mortar layer with the brick surfaces to which it
was applied, and such reactions caused mortar cracking in the manner
that craquelures, i.e. tiny ramified cracks were created. Sampling of
the white mortar and analysis using the x-ray fluorescence (XRF)
spectroscopy along with a polarising microscope was made.
[(Domagoj Mudronja, Dr.Sc., Senior Conservator Geologist]. Analyses
established that it was plaster;
3) Remains of Sinopia - reddish earth pigment used in classical antiquity
in the preparation of fresco painting or sketch of the composition, a
certain subfigure on the wet layer of mortar. Sinopia was observed
among multiple layers of various types of roughcast/mortar on the
brick surface. Given that the remains of Sinopia are found on and
between surface areas characterised as coarse layers of
roughcast/mortar, it is certainly about traces of drawing. A small
sample of the reddish pigment which the Sinopia was made of was
taken (fig. 14) and was subjected to chemical analyses [Domagoj
Mudronja, Dr. Sc., Senior Conserver Geologist]. The procedure using
the X-ray fluorescence spectroscopy and a polarising microscope
proved that it was really about pigment (Fig.15), and it was
determined to be red ochre (Fe3O4 . nH2O). The red ochre pigment is
of inorganic origin, it consists of iron oxides with admixtures of
silicates, clay or in combination with both mentioned admixtures. It is
the characteristic of the red ochre pigment to be exceptionally
covered and it adheres very well to mortar surfaces so it was very
likely kept preserved on the surface for that reason.

Fig. 14 pigment Sinopia

Fig. 15 pigment Sinopia XRF analysis

A trace of the same, red, pigment was also found on the finely smoothed surface
of the roughcast which, with its texture, did not act as other coarser traces of the
roughcast acceptor. Further research will show whether it is a trace that points
to a possibility of existence of fresco in the dome of the mausoleum.
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Besides that small fragment, surface areas where a layer of ochre pigment was
seemingly found were documented, and a small sample of it was also analysed..
Unfortunately, the laboratory tests that were carried out established that it was
not a pigment, actually, it was probably about a type of an oxalate layer on the
mortar, related to such oxalate films as created over time on rock surfaces as
well. In case the presence of the said pigment was evidenced, this would give a
key proof that fresco painting, not mosaic, was placed on the surfaces of the
dome of the Mausoleum.

Metallic (iron) carriers
As already said, remains of iron carriers were only observed after the removal of
impurities started. More than 120 of them were observed in the upper part of
the dome alone, where bricks were arranged in horizontal lines. They were
placed in the mortar, at the very top, at almost regular distances that made
concentric circles, and those distances became all the more irregular as the
scope of the dome widened.
The iron carriers were found in a very bad condition, they were mostly rusty,
excluding two examples that had been preserved to a certain extent. The
procedures conducted were based on the mechanical removal of the surface
rust with specialised honing brushes and consolidation of iron with Paraloid
diluted in acetone, with the addition of graphite powder that neutralises the
residual iron oxides.

HARMFUL SOLUBLE SALTS, DESALINATION
AND CONSOLIDATION OF BRICKS AND MORTARS
Chemical analyses of the damaged and undamaged bricks determined the
amount of harmful soluble salts (chlorides, sulphates, and nitrates) and
examined whether concentration for them was harmful or not. In brick
products, it is just the salts found in clay before the exploitation itself, so called
initial salts of which sulphates are most prevalent, that have a great influence on
their degree of damage[Malinar 2003]. The consequence of the flow of water
through cracks occurring in the fissure as well as the capillary moisture can
contain soluble salts that penetrate in porous materials such as bricks, and they
also can contaminate materials through the air containing aerosols, which is
saturated with chlorides in the Mediterranean areas. At certain parts of the
dome, larger clusters of crystallised salts (Fig.16) were observed, mainly in
areas where the fan-shaped rows of bricks end and sets stacked in regular rows
start.
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Fig.16 Clusters of crystallised salts

These are places that were exposed to continuous penetration of rainfalls which
leaked through the damaged roof of the mausoleum and the damaged exterior
surface of the dome. and found their way further through the dome until the
internal surface, where they crystallised. On their way, the rainfalls most
probably aroused initial salts that additionally facilitated degradation of the
brick material. It was observed that salt crystals piled up and degraded the
material much more on the red brick than the yellow and green bricks, which is
in favour of consideration that activity of the said salts was in case. Quality and
quantity chemical analysis in the laboratory of Neir d.o.o. has come to results
about harmful concentrations of soluble salts (chlorides, sulphates and nitrates).
After the results of the chemical analysis in the lab were received, it was decided
that concentrations of the harmful soluble salts were prevalent in the bricks and
the mortar of the dome, and they varied independently of the degree of
degradation of the material. Actually, samples of the undamaged bricks showed
higher concentrations of harmful salts than samples of those bricks that were in
a visibly worse condition. The process of degradation of materials was not
caused by the presence of those salts but the external influences such as the
penetration of rainfalls and the presence of moisture, which aroused the activity
of the initial salts and, acting jointly, degraded the substance.
Therefore, it was decided that the bricks that were preserved, undamaged and
stable would not be desalinated other than only those on the surface of which
harmful action was visible. During the trial desalination, cellulose pulp soaked in
distilled water was exclusively used. The applied pulp dried adhered to the
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surface of the bricks and mortar, and was removed and analysed only after it
dried out completely. Based on the results of the chemical analysis of
concentration of salt in the pulp, the amount of the salt which the pulp assumed
from the bricks by drying out was determined. The procedure of application of
the pulp was repeated three to four times until concentration of salt in the
analysed pulps lowered to non-harmful levels. That procedure was then
conducted on all surfaces from which it was necessary to remove salts that had
harmful effects on bricks and mortar. The analysed pulp showed a significant
decline in the concentration of chloride in relation to the initial concentration,
whereas present soluble sulphates were also isolated from the bricks, though in
somewhat lower concentrations. Sulphates are concurrently the natural binder
in bricks and therefore their removal can disturb the structure (chemical
connections) and the strength of the bricks [Lopez Arce P.,Benavente D.,Garcia
Guinea].
All surfaces that were desalinated were denoted in the drawing to scale, so later,
it was necessary to consolidate their degraded structure. Consolidation was
made with the Remmers KSE 100 colourless non-hydrophobic consolidant,
which proved to be very suitable for the application on bricks and mortars
owing to its properties. The consolidant was evenly applied with a finely
dispersing pump. The product was previously examined on several small
samples of the red and yellow bricks with a view of proving its harmlessness on
the same surfaces and the eventual change of the colour of bricks after the
application.

CONCLUSION
Development of modern laser technology and its applicability in conservation
and restoration works compounded with the creativity and multi-discipline of
the professional staff of Neir d.o.o. have contributed to a series of successfully
conducted projects related to the restoration of immovable cultural heritage on
the east Adriatic coast. Motivated by hitherto exceptional results obtained
through the laser cleaning method, the project of the cleaning of the inner
sheathing of the dome of Diocletian’s Mausoleum (Fig. 17) was undertaken.
Previously, the properties and composition of material were tested in situ in the
laboratory in order to establish and eliminate harmful influences, and in order
to make new, repair materials of as better quality as possible. Detailed
documentation (drawings to scale, photo and video documentation, 3D scans,
etc.) of the existing state and works performed has enabled detailed inspection
in the existence prior to, during, and following the works.
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Partly removal of the 19th century worn out mortar and preparation of repair
mortar more related to the original ancient mortar prevented the occurrence of
damage as that caused by non-compatible materials. Desalination of damaged
bricks has eliminated the harmful effects of soluble salts, and consolidation
reinforced the damaged structure. The conservation and restoration works in
the Mausoleum dome have confirmed once more the importance that such
works have, along with the level of benefits for the wider and the scientific
communities in the context of new approaches and discoveries when restoring
the construction heritage.
Taking into consideration all the measures of preventive nature that will be
taken within the cathedral/mausoleum after all conservation and restoration
works have been performed, there is justified opinion that the stability and
preservation of the Diocletian’s Mausoleum and the church inventory within it
will not be jeopardised and that, as hitherto, it will fascinate again with its
historical and artistic values and uniqueness (Fig.18).

Fig.18 Diocletian’s Mausoleum
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Practical demonstration of the equipment (Infrared camera, for the imaging diagnostic techniques, providing images of various
surface layers) donated by the Italian Development Cooperation in Belgrade to the Central Institute for Conservation in Belgrade,
used in characterization and cleaning of art objects. (Clockwise: Dr. Joakim Striber, H.E. Ambassador Giuseppe Manzo, Dr. Radomir
Žikić and Uroš Popović).

II. DIAGNOSTIC TECHNIQUES
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ABSTRACT
This paper gives the short overview of the history of conservation science in
Serbia, the context inside which the Gallery of Matica srpska started to develop
the activities in this field and the main results. The strategy of the Gallery of
Matica srpska is based on creating partnerships with universities and research
institutes, as well as with heritage institutions with own scientists and
laboratory equipment. The selection of artworks to be analyzed is made in the
base of the museum program and the planned exhibitions, as well in the base of
general interest of museum researchers. The results obtained, appreciated at
the national level, justify the presented strategy and offer the base for regional
and international collaboration.

INTRODUCTION
The Conservation department in the Gallery of Matica srpska was formed in
1960. Although in the second half of the 20th century the conservation was
rapidly developing as a multidisciplinary profession, the collaboration between
scientists and conservators in Serbian museums, including the Gallery of Matica
srpska, was weak. Reasons for that are several, from inadequate educational
base of conservators, dominantly coming from art academies, through the lack
of general vision of importance of scientific departments in heritage institution,
to bad social and economic situation and long-lasting institutional crisis.

HISTORY OF SCIENCE IN CULTURAL HERITAGE IN SERBIA
The first scientific laboratories in Serbian conservation institutes were formed
after the Second WW. The Republic Institute for the Protection of Cultural
monuments employed in 1949 one technologist, who passed later to the
National library, and was responsible for the conservation of the Miroslav
gospel, the precious illuminated manuscript on parchment, inscribed in 2005 at
the UNESCO Memory of the World Register.
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The Federal (later Yugoslav) Institute for the Protection of Cultural Heritage had
from its formation in 1950 two chemists and the laboratory with basic
equipment. This institute shuts down in 1971, and the expert staff was divided
among the Republic Institute for the Protection of Cultural Monuments and the
National Museum in Belgrade.
The number of laboratories and scientists in heritage institutions didn’t grow
during next decades. Few laboratories existing inside heritage institutions
(museums, institutes and libraries) barely survived the end of the last century,
with insufficient equipment and minimum of scientific staff. Main conservation
laboratories in Serbia also struggled for the dignity of profession, with minimal
funds for equipment and material expenses. (Korolija-Crkvenjakov et al, 2012a)

THE COLLABORATION BETWEEN SERBIAN MINISTRY OF CULTURE
AND ITALIAN MINISTRY OF FOREIGN AFFAIRS
During first years after 2000, the Italian Ministries and institutions started
activities of great importance for the field of science in cultural heritage in
Serbia. They consisted of series of lessons for updating knowledge of Serbian
conservators as well as the donation of the necessary equipment.
First lessons of Italian experts from the field of painting conservation were held
in 2003 in the National museum in Belgrade. The project included also the
donation of some scientific equipment, and in that time the IR camera for IR
reflectography of paintings was donated to the National museum. As it was the
first camera of that type in Serbia, the Gallery of Matica srpska asked for it in
different occasions for the study of the preparatory drawing of icons from the
Gallery’s collection.
The next series of lessons, conducted in 2006 by the Central Institute for
Conservation from Rome at the National museum in Belgrade, was far more
important. Those lessons were following the methodology of teaching in the
famous Roman institute and was organized as cantiere-scuola, around the
conservation and restoration of the renaissance painting Sacra conversazione,
by Jacopo Palma il Vecchio from the Royal palace in Belgrade. The results were
published in 2007 in a beautiful book (Bianchi, 2007), but unfortunately this
volume exists only in Italian, there are very few copies in Serbia, and therefore it
is not of great use for Serbian conservators. Nevertheless, the scientific
investigation of this painting, the methodology of conservation and restoration,
the opportunity to share experience with best Italian experts and learn from
them were invaluable for Serbian restorers and scientists in cultural heritage
that followed this project. The consequence was the strong impulse for science
in cultural heritage, visible in accelerated development of contacts among
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conservators and scientists, creation of partnerships among museums, heritage
institutes and research institutes and creation of multidisciplinary research
teams.
The next phases of the Italian-Serbian collaboration brought to the formation of
the Central Institute for Conservation in Belgrade in 2009 and a series of
training courses in new institute, always in collaboration with the Central
institute from Rome and with strong scientific component.

STRENGTHENING COLLABORATION BETWEEN CONSERVATORS
AND SCIENTISTS IN THE GALLERY OF MATICA SRPSKA
The Gallery of Matica srpska took part in training courses organized by Italian
experts, as well as in other projects regarding science in cultural heritage.
From the beginning, one of the main Gallery’s partners for scientific analysis
was National museum in Belgrade, as central museum institution in the Serbian
museums system. The scientific laboratory of the National museum performed
analysis on samples of paint layers, using optical microscope on cross samples
and micro chemical analysis.
The other partner became the University of Novi Sad, through the Faculty of
Technology. The collaboration was realized through organization of scientific
meetings and analysis of materials from artworks. The first scientific meeting,
devoted to the problems of humidity as an important issue for the built heritage
in Vojvodina, was organized in 2004 by the Provincial institute for the
protection of cultural monuments (another heritage institution today very
active in this field) and the Faculty of Technology from the University of Novi
Sad. The meeting was hosted by the Gallery of Matica srpska, and the papers
showed interest of different experts for science in cultural heritage, both from
heritage and scientific side, as well as the necessity of broad partnership to solve
the problems that arise in everyday conservation practice (Vapa, 2004).
From 2006-2008 the Gallery was part of the project I.Ne.P.S. (Italian Negotiating
Programming in Serbia), dedicated to the local development based on cultural
heritage, implemented at the Municipality of Bač. The partnership included
conservation institutes and museums from Vojvodina and Sicily, as well as
Universities from Novi Sad and Palermo. The scientific analysis of humidity
problems as well as artistic techniques and degradation processes in the
monastery of Bodjani (in the Municipality of Bac) were done in collaboration of
the scientists from the Faculty of Technology from Novi Sad and the Faculty of
chemistry from Palermo. (Korolija-Crkvenjakov et al, 2009a) This beginning was
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very important and contributed to the inscription of the the Municipality of Bac
in the Tentative list for the World Heritage sites.
The next important step in strengthening collaboration between conservation
and scientists in the Gallery of Matica srpska were technical studies of the art of
baroque period in Serbia, started in 2006 with the conservation of magnificent
baroque thrones from the monastery of Krušedol, one of the most important
Serbian monasteries, situated near Novi Sad. The attention to baroque art in
Serbia is logical for the researchers and conservators from the Gallery of Matica
srpska, as it treasures one of the best museum collections of this period. The
analysis of samples from Krušedol’s thrones included analysis on optical
microscope (at the National museum in Belgrade) and SEM-EDS analysis (at the
University of Novi Sad). The results were published in the dedicated volume, in
which one part refers to the conservation and scientific examination of the
thrones (Korolija-Crkvenjakov and Ranogajec, 2009b)
The research of baroque polychrome decoration extended in next five years to a
series of examples, including artworks from Serbian orthodox churches in
Serbia, Hungary, Croatia and Romania. It this project the analysis included,
besides already mentioned OM and SEM-EDS analysis, some FTIR and Raman
analysis on samples in collaboration with new partners (Faculty of physical
chemistry from Belgrade, La Venaria Reale from Torino and Australian
Synchrotron Company from Melbourne). All this contributed to the detection
and characterization of polychrome layers and techniques of baroque period
and the change of the conservation approach to them. The results were part of
the PhD thesis at the University of Belgrade in 2012, published in 2013
(Korolija-Crkvenjakov, 2013).
The last step in growing collaboration between conservators and scientists is
the ongoing activity of characterization of the artistic materials and techniques
of Serbian icons. The question posed by museum experts was to examine the
change of technique that took place in the 18th century, with the transition from
post-Byzantine icon painting tradition to the modern painting style and
technique. The methodology of scientific approach changed towards noninvasive techniques and portable equipment as the first step of investigation
process. The partnership was enlarged to the Institute of Nuclear Sciences
‘Vinca’ from Belgrade, who developed EDXRF mobile equipment, and with the
precious contribution of the Provincial Institute for the Protection of Cultural
Monuments from Novi Sad, who purchased UV-IR camera for imaging analysis.
This group works continuously from 2011, with the first campaign of field
investigation performed in the Krusedol monastery, in October 2011, where 10
icons (out of total of 31 icon from the iconostasis), covering period from the 16th
to the 19th century, were analyzed by imaging methods (UV fluorescence
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reflectography and IR reflectography) as well as EDXFR spectroscopy. The
results were studied in an extensive group work and published next year
(Korolija-Crkvenjakov et al, 2012b).

Figure 1. Measuring site in the Krusedol monastery.

Similar activities continued in 2013, with the study of icons from the Gallery’s
collection. Preliminary results have been displayed at the important exhibition
in the Gallery of Serbian Academy of Science and Arts in Belgrade, in summer
2013. The publishing of the final results is the next task for the multidisciplinary
scientific team. The plans are already made for the study of the next group of
icons, adding the analysis with the FTIR spectroscope, in order to complete the
results of EDXRF spectroscopy.
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The same methodology was implemented to the study of modern artworks from
the 19th and the 20th century, the last visible result being the characterization of
materials and techniques of the painting La grande Isa, painted in 1882 by Vlaho
Bukovac. The results were displayed in the exhibition in Belgrade in eptember
and October 2013.

CONCSLUSION
The experience of the Gallery of Matica srpska proves the possibility of
obtaining important scientific results in the cultural heritage field by creating
partnership of scientific and heritage institutions and working in
multidisciplinary teams. Every member of the team contributes to the final
results by the best of his expert knowledge. The necessary condition for the
good and reliable result of scientific investigation of artworks is the maximum
effort of all team members to enter ‘in the other field’, i.e. conservators in
scientific methods and procedures, and vice verse, scientists in conservation and
art-technology issues. The results obtained in this way brought new knowledge
for the history of art and contributed to the improvement of the conservation
procedures, justifying the choice of the presented strategy of collaboration. The
results are appreciated at the national level and offer the base for regional and
international collaboration.
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ABSTRACT
Energy-dispersive X-ray fluorescence (EDXRF) with its portable capability,
generally characterized by a small X-ray tube and a Si-PIN or Si-drift detector, is
particularly useful to analyze works of art. EDXRF technique is non destructive,
noninvasive and multielemental.
A variety of works, such as paintings of all types (including frescoes and
illuminated manuscripts), bronzes and brasses, gold alloys, silver alloys,
ceramics, porcelains and faiences, papers, ink, stones of all types (marbles,
obsidians etc.), stamps, etc. can be studied using a portable EDXRF equipment.
In some cases the information gathered are of paramount importance, such as
for the pigments in a painting or the alloy composition in gold objects, while in
other cases the information collected need confirmation by other techniques.
In this paper, we are going to see some case studies in which the best results for
an art object analysis is reached by using a multi-technique approach.

INTRODUCTION
Cultural Heritage needs to be preserved, conserved, and restored from time to
time. Before or during the restoration process usually it is analyzed. It is in fact
useful to know its nature and composition, not only for a conscious restoration,
but also for identifying fakes or ancient restoration areas or simply to study the
story of art.
Energy-dispersive X-ray fluorescence (EDXRF) [1] analysis satisfies most of the
requirements for the analyses of Cultural Heritage such as: nondestructive and
noninvasive, multielemental, sensitive, reliable and sufficiently rapid, able to
carry out measurements in situ on objects of all types, and to deduce
information practically on-line. Although all of these qualities are, many times,
not enough and it is necessary to intervene with other techniques that may help
data interpretation.
103

AIS3: Italian - Serbian Bilateral Workshop on “Science for Cultural Heritage”

As a matter of fact the problem of data interpretation is, maybe, the most
important problem when using non invasive techniques. The analyses of an
object “as it is” limits a lot the capabilities of the scientific techniques. The
peculiarity of the ED-XRF of being non invasive, that brought so much success to
the technique, at the other side is the main source of error for the interpretation
of its results.
Let get acquainted better with this last sentence with the help of the equation
introduced by Markowicz [2]:
σ2tot =σ2sample representation + σ2sample collection + σ2sample handling + σ2sample preparation + σ2analysis
(1)
where it is quantified the total amount of uncertainty of in situ scientific
measurements.
As we can easily understand, being EDXRF a non invasive technique, the sample
handling, sample collection and sample preparation are not fulfilled and
therefore the uncertainty is null. How to reduce the uncertainty on the analysis
is well explained in many texts and articles. Very little is said about uncertainty
on the sample representation.
Let us give an example.
In Figure 1, it is shows a painting on
canvas belonging to a private collection.
The commitment was to analyze in a non
destructive manner the original pigments.
Many are the ways in which we can decide
to start the study of the pigments of a
painting. The easiest one is to choose the
different “campiture” and devote at least
one analyses for any different color and
shade to have a full awareness of the
different pigments used by the painter; for
example on the “incarnato” (the color of
the skin) at least three analyses should be
performed: one on the light skin, one on
the reddish and one on the dark shade to
understand how the painter works on the
same base color.
By applying correctly all the procedure suggested by books and experience, we
can low the uncertainty on the analysis. But what happens if we choose the
wrong spot?
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For examples in Figure 2, that represent part of the painting analyzed with UV
light, IR reflectography and X-Rays, it is evident that wide surfaces of the
painting underwent restoration. And we can even understand that not all the
retouches are at the same depth.
Surely an XRF analyses on a restored surface would not represent the pigments
used by the painter.
Without a good representation of the painting to analyze, the total uncertainty
could be very high even applying correctly all the analytical procedure for XRF
analysis.
Equation 1 demonstrates that portable EDXRF needs a multi-technique
approach to reduce the total uncertainty of its measures.

Figure 2. Restoration retouches. Particular of UV, IR reflectography,
X-Rays on the canvas

When dealing with large surface paintings, the same if on canvas, on wood or
mural, before starting with instrumental measurements it is necessary to define
a strategy to reduce the number of expensive and time consuming analyses to
the minimum and at the end reduce to a minimum, or better nothing, the
necessity of destructive sampling. The session must start with deep visual
examination together with an art historian and a restorer and define the targets
of the analyses. After it is necessary to divide the large painting in sections
internally coherent for problems and expectations.
The next step is to define what technique is necessary to apply to which section
starting from quick and cheep techniques like the imaging ones, such as grazing
light, UV light, IR reflectography, X Ray’s and then move to more expensive
analyses such as XRF and Raman and only at the end and only if really necessary
do some micro sampling for OM stratigraphy, SEM/EDS and micro FTIR.
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CASE STUDIES
In the next sections we show cases in which the use of different technique
approaches is necessary to fulfil a good job.
The two cases we are showing:
1) Baptistery of Padua: the dome frescos of Giusto De Menabuoi (13741378 CE) [3]
2) Peter Paul Rubens's painting "Saint Gregory the Great surrounded by
the Saints Papianus, Maurus, Flavia Domitilla, Nereus, and Achilleus"
in the Musée de Grenoble (1608 CE) [4]
Baptistery of Padua: the dome frescos of Giusto De Menabuoi (1374-1378 CE)
The Baptistery of Padua was build in XII century on older ruins. The style is
Romanic and was consecrated in 1281.

Figure 3. Baptistery of Padua, the dome and the crane for
the XRF analyses

In the period 1374-1378 the internal walls and the dome were painted by the
master Giusto De Menabuoi (more than 1200 square meters of frescos) this is
considered to be the masterwork of Menabuoi. In the Dome the iconography is
based on the Pantocrator Christ in the centre of the Paradies. Over the walls
there are found more than 100 scenes regarding the old and new Testament.
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The commitment was to analyze the original pigments used by Menabuoi.
Together to EDXRF, UV light analyses were performed. In general, UV light is a
non invasive analysis that gives immediate results and it is a superficial
technique.
The usefulness of the technique is based on the metamerism phenomenon for
which different materials that appear to have the same color under a certain
light source appear of different colors with different light sources.

Figure 4: UV light response and retouches

In Figure 3 you can see a moment of the analyses fulfilled on a crane able to
reach the high surface of the dome. The UV light analyses were necessary to
separate the original pigment from the retouches. In Figure 4 you can see a UV
light response. The darker spots that appear in the centre of the picture belong
to restored surfaces. As a secondary result from the UV light analysis, it was
possible to define the regions of the mural painting that were conducted with a
full “fresco” way in comparison with others that were painted with a “secco”
technique.
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Peter Paul Rubens's painting "Saint Gregory the Great surrounded by the Saints Papianus,
Maurus, Flavia Domitilla, Nereus, and Achilleus" in the Musée de Grenoble (1608 CE)

In September 1606 Rubens has received from the Oratorian Fathers the
commission to paint the high altarpiece for Santa Maria in Vallicella (known also
as Chiesa Nuova), their main church in Rome. The commission was linked on a
decision to move the Madonna della Vallicella, a venerated, miracle-working
fresco dating from the fourteenth century, from a side chapel to the high altar
where both images should have appeared together. On 30 January 1608, the
painting was refused and Rubens was given the opportunity to complete a new,
three-parted ensemble for the altar, finished in October 1608 and still in situ.
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Rubens's high altar paintings have received ample attention from art historians
for the abundance of surviving archival and pictorial material. No global
scientific investigations of Rubens's Grenoble painting had been carried out up
to now. The results of the examination deliver new important insights to the
interpretation and history of the painting. The scientific examination has
included X ray digital radiography of the full canvas, UV, IR, XRF and micro
sampling for stratigraphy information. In Figure 5 you can see the painting
during a visual examination, always necessary prior to any instrumental
analyses. The best way to deal with big paintings is to manage them as a mosaic
of smaller ones. With the help of an art historian it is necessary to divide the
painting in several scenes coherently within each other and apply to each one of
them the SOP proposed.
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Many compounds crystallize in different polymorphs, and may be clearly
distinguished by Raman spectroscopy, due to different atomic content and
symmetry, and corresponding vibrational properties. For example, the Raman
spectra of titanium dioxide naturally occurring polymorphs, rutile, anatase and
brookite are shown, as an illustration, in Fig. 1. These materials, with unique
chemical formula TiO2, organized in more or less deformed TiO6 octahedra (Lim
et al., 2010), differing only in their space organization, may be precisely
differentiated by their Raman spectra. Those Raman spectra are consisted of a
number of vibrational modes, with characteristic frequencies, in this case
describing particular properties and vibrations of Ti-O bonds (Ohsaka et al.,
1978).

Fig. 1. The Raman spectra of titanium dioxide polymorphs (rutile, anatase and brookite),
together with their crystal structure (Šćepanović et al., 2012).

The Raman spectroscopy is non-contact and non-destructive technique. The
measurement can be performed in the air, without sample preparation. It causes
neither damage, nor alteration of the sample, so it is possible to investigate the
same sample (even the same spot) many times, with another laser wavelength
or with some other technique (Coupry, 2000; Smith and Clark, 2004). Also,
possible local heating of the sample, due to laser irradiation, can be monitored
in situ, in order to interrupt the measurement if necessary. Namely, the local
heating of the sample results in the broadening of Raman mode, as illustrated in
Fig. 2: the spectra of anatase nanopowder sample are taken at three different
temperatures: -250, room temperature and 250 oC. Obviously, the spectra of
sample locally heated above the room temperature is broadened and shifted to
the higher wavelengths.
The Raman measurements are relatively easy and usually require only few
minutes. The capability to focus the laser beam on a very small spot, with
diameter depending on the laser wavelength and the aperture of the objective
(typically 1 μm) is another advantage of Raman spectroscopy. Due to such
spatial resolution, it is possible to apply this technique to the pigment grains
embedded in the larger sample (Coupry, 2000). The Raman spectroscopy is now
usually used for the characterization and identification of pigments and for
better understanding the nature of the paint degradation, material analysis
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(precious stone, mosaic tesserae...), the study of layer structures and
conservation state of the substrate, and the characteristics of new restoration
products.

Fig 2. The Raman spectra of anatase nanopowder sample recorded at different
temperatures: -250, room temperature and 250 oC (Šćepanović et al., 2007).

The main limitation in Raman spectroscopy is high level of background
photoluminescence, appearing in many measurements taken on artefacts, due to
the presence of impurities or organic materials in the sample. This problem is
still difficult to solve and the easiest way is to investigate different points on the
sample to find a spot with a low photoluminescence emission, hoping that the
materials which causing this effects are not evenly distributed. Sometimes a
prolonged exposure to the laser excitation decrease the level of
photoluminescence (Coupry, 2000). Also, a mathematical approach to
experimental data may give some improvement, but, there is no generalized
method to reduce the photoluminescence in the spectra of artefacts (Coupry,
2000).
Another disadvantage of t4he Raman spectroscopy in the study of cultural
heritage is inability to obtain the spectra of few minerals (due to its high
symmetry and low number of different atoms in unit cell) and the most of pure
metals (because of their high reflectivity). But fortunately, as soon as the metal
is corroded to form oxides, hydroxides, carbonate, sulphate, chloride, etc.,
Raman spectroscopy becomes very efficient tool for identification of such
compound (Smith, 2006).
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RAMAN EQUIPMENT
The Jobin Yvon T64000 Raman system (Fig. 3, left), from the Laboratory for
micro-Raman scattering spectroscopy in the Institute of Physics, Belgrade (IPB),
is equipped with a triple JY T64000 spectrometer, Coherent mixed Ar+/Kr+ ion
gas laser and CCD detector system. The experimental setup also includes the
confocal microscope and a XYZ stage.

Fig 3. Jobin Yvon T64000 Raman scattering system (IPB) (left); Optical diagram of JY
T64000 monochromator in a triple additive and subtractive mode (right).

Through appropriate neutral filters of the T64000 system, the laser spot is
driven by mirror combinat4ion to microscope system, which focuses laser spot
at the sample surface. The confocal microscope permits experiments on small
size samples (down to few microns), with improved spatial, lateral, and depth
resolutions. The light scattering from the sample surface is redirected to the
microscope and then orientated by mirrors to the triple monochromator,
equipped with three holographic 1800 grooves/mm gratings defining a
mechanical range of 0-950 nm. The spectral dispersed light from the
monochromator enters the CCD (Charge Coupled Device) detector cooled by
liquid nitrogen (Fig. 3, right) (CSSPNM, 2010). The processes of measurement
and acquisition are controlled by a LabSpec software. With regard to efficiency
of its detection, T64000 makes it possible to gather very weak signals. The
exposure time and the number of accumulations can be optimally chosen in
order to obtain the best signal to noise ratio. JY T64000 system allows the
measurement of high resolution Raman spectra to be made in relatively short
time, which makes it possible that a small content of highly disordered phases in
materials be registered.
Also, two more Raman systems are available at the Institute of Physics: Jobin
Yvon U1000 Raman spectrometer and TriVista TR557 triple Raman
spectrometer. Jobin Yvon U1000 Raman spectrometer is equipped with double
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Egyptian blue pigment. It is one of the oldest synthetic pigments, widely used in
the Mediterranean and Middle East area. It was made from the mixture of quartz
sand, calcium carbonate, copper (azurite or malahite) and small amounts of
alcalia, heated to a 800-900°C (Mazocchin et al., 2004; Rogić et al., 2011).

Fig 5. The Raman spectra of two different compounds and their mixture (left). The
microscope images of measured locations (right)

In Fig 5. the Raman spectra of two different compounds (1,3) are shown to
illustrate the possibility of distinguishing the spectra not only of different
compounds, but also of their mixture (2), in the same sample (D29). The
microscope images of the sample surfaces corresponding to the locations where
the spectra have been recorded. By its main modes, at 112, 138, 200, 233, 431,
and 571 cm-1, the Raman spectrum denoted by (1) in the Fig. 5 may be roughly
matched to Egyptian blue (Bell et al., 1997; Mahmoud, 2011). The spectrum (3),
with its main features at 127, 206, 356 and 466 cm-1, may be ascribed to the
quartz (-SiO2) (Kock and De Waal, 2008). The spectrum in the middle, denoted
by (2), corresponds to the mixture of other two materials.
The detailed study of these samples will be the subject of our further
investigation.
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ABSTRACT
What someone (especially archaeologists, art-historians, curators and restorers)
can expect as the result of the analysis, was the choice of applied technique(s),
proper concerning the questions and what is the actual result of the analysis are
some of the questions arose in the long time experience of the Vinča Institute
team in the analysing objects of art. To reach the sureness in analytical protocol
and proper conclusion experts from humanities as well as analysts involved
have to be familiar with the most of capabilities and challenges prior choosing
the analytical technique that will be applied.
During the period of forming a group of experts in Vinča Institute involved in the
examination of the objects of art using instrumental techniques a precious
experience in the analysis of the objects of art and realization of in-situ analysis
is gained. Some of the advantages and noticed challenges during the analyses
with portable instruments were presented in this paper.

INTRODUCTION
Origin, dating and attribution of objects of art are usually the most interesting
questions for the archaeologist and art-historians. The answers can be revealed
by the examinations of the materials that the objects of art consist of. In
studying those materials one can use any available analytical procedure.
Particular choice depends not only of nature of material and answers to be
reached, but, in most cases, on possibility of sampling. In that manner analysis
can be defined as destructive when the sample is needed and consumed in the
analytical process, semi-destructive when a sample needs to be taken from the
object but is left intact for further study, non-destructive performed without
sampling but with influence to the object of the analysis and non-invasive which
are non-destructive and without influence to the object of the analysis. Since the
main principle of conservation scientists is to try to leave the objects intact as
much as possible, they have the same demand from the analysis. For that reason
the analytical techniques that can be performed in non-destructive and non119
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invasive manner and possibly in-situ by using portable instrumentations are of
special interest.
The capability to be used in-situ (applied on the whole object at the site), easy
transport, installation, handling and movement in different places even if the
available space is small, and possibility to operate in a wide range of
atmospheric conditions are some of the main characteristics of analytical
techniques that can be performed with portable, or at least transportable,
instrumentation. Today, many of the spectroscopic and imaging analytical
techniques with the different source of excitations possess such characteristics.
The most applied spectroscopic analytical techniques performed with the
portable equipments in the examination cultural heritage objects are using
radiations from the X-rays to the infrared (IR). Among them X-ray fluorescence,
mid- and near-FTIR, UV-Vis absorption and Raman (macro- and micro-)
spectroscopy was used independently or combined with each other (or other) in
variety of case studies [Valério et al, 2012, Pessanha et al, 2009, Amat et al,
2013].

MAIN CHARACTERISTICS OF THE EDXRF ANALYTICAL TECHNIQUE
PERFORMED WITH TRANSPORTABLE AND PORTABLE
INSTRUMENTATIONS
First applications of energy dispersive X-ray fluorescence spectrometry
(EDXRF) in the field of art and archaeology was in the 1960s and since then it
became one of the most commonly used analytical tool for determining (both
qualitatively and quantitatively) the chemical compositions of a variety of
materials [Montana et al, 2011, Akyuz et al, 2009, Gigante et al, 2012]. In the
terms of material science, obsidians, ceramic, metals, pigments were examined
(both in laboratory and in-situ conditions). The main advantage of the EDXRF
spectrometry in analyzing objects of art is the non-destructive and non-invasive
analysis even in laboratory conditions. Capability to gain information about
chemical composition (multi elemental analysis) during one measurement in
the short measuring time is the most practical advantage of the technique.
Concentrations of the elements lighter of silicon (in most of the commercially
available instruments) can be determined in the range from ppm to %, offering
precise analysis as additional advantage. Additional, but not less important
advantages are short measuring time for the informative analysis, low cost and
comparability of the results.
Transportability and portability are the advantages of the most practical
importance for the analysis of the objects of art. The transportability was among
the first achieved advantages of the EDXRF spectrometry performed in nonlaboratory conditions. Now, one can choose among variety of the commercially
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available or the equipments designed for the special applications. Portable XRF
(PXRF, pXRF), field-portable XRF (FPXRF), or handheld XRF, whatever it was
dubbed, a commercially available or in-house developed instruments were
designed through time in order to reach more or less specific requirements.
Some steps in that evolution has been shown in Fig. 1. All of the shown
apertures have been constructed to reach previously listed requirements
together with particular requests. Transportability and portability were
possible to achieve in the moment when instrument components were
technically enough minimized. Maximal portability has been achieved with so
called handheld XRF spectrometers, which can be used in practically all in-situ
conditions. The necessity to spread a range of detected elements EDXRF
spectrometers with vacuum chamber were constructed allowing efficient
analysis of the elements lighter of silicon. By adding polycapillary optics it
becomes possible to perform micro-beam analysis. Specially developed macroscanning XRF spectrometry (MA-XRF) has been used for element-specific
mapping of the paintings. Such instruments enables that in-situ analysis can be
performed with similar analytical protocols as in laboratory conditions.
Recently, it has been shown in many studies [Rosi et al, 2009, Hochleitner et al,
2003] that multianalitical approach is necessary during the analytical
examination of the objects of art. Following that, integrated XRF-XRD with
portable equipment has been constructed and testing within several
laboratories.
Although there are no fundamental differences in the physics or capabilities
between portable XRF and more conventional instruments, some differences
can be of crucial importance. The major differences are that transportable XRF
instruments can not (cannot) offer maximal portability, so some measurements
can not still be performed in-situ. The other disadvantage is that objects are
measured with lack of “true” vacuum, making it difficult to measure lower
atomic weight elements. Additionally, portable instruments generally lack the
higher powered software necessary for the deconvolution of spectra and
quantification of data that is available in most laboratory-based instruments.
Finally lab-based XRF instruments can produce slightly higher energy X-rays
that may allow measurement of an additional element or two, but these
differences are relatively minor. Hence for qualitative analyses, portable XRF
instruments are ruled by the same constraints as any other laboratory-based
XRF spectrometer.
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Vinča Institute in-house developed milli
pXRF

pXRF with vacuum
chamber

Portable µXRF

Different handheld realisations

Scanning pXRF

Integrated XRF-XRD
portable
spectrometer

Figure 1. Different types of portable XRF equipment

The main disadvantage that causes practical restrictions are the lack of more or
less standardized measurements protocols for the analysis performed with the
portable EDXRF instruments. Such protocol exists for the obsidian
measurements, and recommended methodological approach during the study of
different ceramic artefacts. The lack of such protocol in studying painting layers
causes difficulties, not only for comparison of the results, but for more complex
studies using chemometric techniques, for example.
One of the currently most attractive question for the experts in the
archaeometry is does researchers with no or small background knowledge in
the physics and chemistry can use portable and (so affordable) handheld EDXRF
instruments to produce analytical results even after passing handling training
(for example, elemental content of the ceramic to be used in provenance
studies). In the practice, it has been shown that for complex studies is of great
importance to gain high quality analytical results based on thorough knowledge
in the material science [Speakman et al, 2011].
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The development of this particular important analytical technique for studying
objects of art and archaeology goes not only in the technical and methodological
directions. Accumulated knowledge from extensive studies during past sixty
years initiated improvements in the software for data acquisition and
processing in the way that even if one uses portable instruments can perform
sufficiently precise and accurate quantitave analyses. One of the barriers in that
kind analysis is the lack of standard reference materials. The new direction in
the development of the EDXRF analysis performed with portable equipments is
the increasing time for data extraction from the spectrum (to be comparable as
much as it is possible to measuring time) and the use of such results in further
analysis (for example in chemometric studies).

CONCLUSION
Portable EDXRF spectrometry analysis can be considered as particular suitable
in the analysis of objects of art, which is the result of continuous progress in
instrumentation design, methodology of analysis and in using results for further

Figure 2. In-situ analysis of the icons in the Monastery Krušedol and wall paintings in
Viminacium.

analysis. The portable EDXRF spectrometer in-house developed in Vinča
Institute has been used for the examination of the variety of materials (ceramics,
123

AIS3: Italian - Serbian Bilateral Workshop on “Science for Cultural Heritage”

metals, paintings, mortars, icons, frescos, etc) and in lighting many questions
and discussions arose from the gained results (Fig. 2).
More than 50 paintings on the canvas or cardboard of the famous Serbian
painters (Sava Šumanović, Nadežda Petrović, Katarina Ivanović, Petar Lubarda)
have been analysed with the intention to reveal the pallet of the artist. All those
analyses were conducted in-situ, in specified analytical setup to be comparable
and usable in database.
As the icons represent a huge and very important part of Serbian cultural
heritage we paid a special interest in their analysis. So, icons from the
collections of National Museum in Belgrade and Gallery of Matica Srpska from
Novi Sad were investigated in their premises as a part of the characterization
and conservation studies. Especially interesting and important campaign of the
analysis of icons was in the premises of church of Monastery Krušedol since that
was first of that kind realized in our country by some national expert team.
For the first time well defined and established provenance study of the ceramics
from Neolithic period from the excavations on the territory of Serbia were done
[Gajić Kvaščev M., 2013, Gajić Kvaščev M. et al, 2013]. The ceramic shreds from
Vinča-Belo brdo, Pločnik and Bubanj were analysed by pEDXRF and the
resulting elemental content were subjected to the establishing its origin and
compositional grouping.
Some of the results that has been shown and published allows us to strength
activities in forming quality archaeometry laboratory in Serbia and organized
researches of our cultural heritage by Governmental supports.
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INTRODUCTION
A philosophic question recites: ”If a tree falls in a forest and no one is around to
hear it, does it make a sound?” During centuries the question changed also in: ”If
a tree falls in a forest and no one is around to hear it, which type of sound does it
make?”
The same questions could be translated in: ”Does the colour exist in absence of
light sources?” All these sentences are philosophical thought experiments that
raise questions regarding observation and knowledge of reality.
The technology presented in this article tries to answer partially to the last
question, giving an objective interpretation of the colours, useful in several
sectors especially in the Cultural Heritage environment.
During the last ten years the UTAPRAD-DIM laboratory in ENEA C. R. Frascati is
working on a technology based on amplitude modulated laser sources called ITR
– Imaging Topological Radar. As the acronym suggests the instrument is a radar,
or better a 3D laser scanner, with some extra features not easily to find in
commerce: the use of lasers/detectors coupling for measuring the reflectivity
and the phase shift of the back reflected signal from the target permits to collect
high-detailed and very accurate 3D models with super-imposed hyper-photos
up to 30m. Moreover the use of lasers for collecting both structure and colour
information permits not only a remote monitoring of the structure, but also a
remote colorimetry analysis of pigments without any external light source
influence (even in the darkness or in underwater environments).
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TECHNOLOGY DESCRIPTION
The ITR technology, which stays for Imaging Topological Radar, was going to be
developed since several years in ENEA C. R. Frascati Laboratory. Actually two
working prototypes are under continuous development: a terrestrial one, called
RGB-ITR (Figure 1) – Red Green Blue Imaging Topological Radar – and an
underwater one, called U-ITR (Figure 2) – Underwater Imaging Topological
Radar.

Figure 1. RGB-ITR laser scanner

Figure 2. U-ITR laser scanner

The competitiveness of this class of instruments respect the commercial ones
can be mainly summarized in three points: they are developed trying to focus
the attention on specific needs of CH professionals (like no-invasiveness and
versatility), introducing quantitative remote analysis useful for restorers and
cataloguers (like remote colorimetry combined with structure monitoring) and
getting advantage by the instrument prototypal status for expanding the
scanner features involving a large community of professionals and stakeholders.
The technique adopted for the simultaneous collection of distance and colour
information is based on amplitude modulation (Hassaun, 2005; Ferri, 2007;
Guarneri, 2012) of three monochromatic laser sources (660 nm, 532 nm, 440
nm), which operate as carrier waves. The distance and colour information are
extracted from modulating waves by phase-shift and reflectivity responses of
the target at the three wavelengths.
The precision of distance measurements is ensured by the use of two modulating
sinusoids (Mullen, 2004), one at few MHz (i.e. 5 MHz) and one at several
hundreds MHz (i.e. 200 MHz): the first wave gives a rough measurement of the
distance between the centre of the instrument and the target (up to 30 m),
meanwhile the second wave gives a very high-accuracy distance measurement,
without ambiguity, in a shorter range (i.e. a 190 MHz modulation frequency can
work, avoiding the ambiguity, in a range of about 0.78 m). The result of the
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combination of these two information is a very high-accuracy distance (about
0.2 mm at 10 m).
Both the systems are controlled by proprietary software called ScanSystem,
which is able to set all the parameters needed for the acquisition. One of the
most interesting features is the possibility to divide an entire acquisition in subscans with different scan parameters (like resolution, angle-of-view, sampling
time): this methodology permits to save acquisition time especially in places
where is required a complete 3D model of the investigated scene, but the zones
of real interest are located in smaller areas.

Figure 3. Scan System main window

Figure 4. itrAnalyzer main window

The
UT-APRADDIM
laboratory
regularly
develops the itrAnalyzer
software tool, which can
be
considered
the
unique
front-end
between ITR systems
and the external world.
Its development has
followed the ITR family
during all these years
introducing
new
features and trying to fill all the holes let
by existing software: i.e. actually not any
software is able to use the colour
information as reference for registering
multiple scans made by different points
of view. The philosophy used for
developing this tool is essentially based
on the possibility to manage separately
and then combine the colour and
distance information for making analysis,
diagnosis and a complete laser-colour 3D
models.
The main difference between ITR
technology and commercial 3D laser
scanners is the possibility to collect
quantitative analysis for both structure
and colour information. itrAnalyzer has
several plugins for making structure
analysis and colorimetry.
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RELEVANT RESULTS
During these years the ITR technology was used in both lab tests and in situcampaigns. The calibration method developed during several years of
experiments will permit to compare ITR previous scans with future analysis that
could be referred to our calibration standards.
During the last three years the main relevant results can be summarized as
follows:

Figure 5. 3D laser-colored model of the Amore and Psiche Vault

The Lodge of Amore and Psyche, Villa Farnesina (Rome, 2010). The vault
inside the Lodge, painted by Raffaello and his school, was collected at a distance
of 15 m. The complete scan was executed in 4 days for 24 consecutive hours: the
final result wasn’t affected by the influence of external light source.
The Sistine Chapel, Città del Vaticano (Rome, 2011). The digitization of the
Vault and the Judgement was executed in 56 hours (7 hours per 8 days) at a
distance of 16 m. The spatial resolution was of 2x2x0.7 mm for the lowest
resolution, and of 1x1x0.7 for the highest one.
Firure 6 shows the entire 3D colour model of the Vault and the Judgement and
Figure 7 shows a detail of a part of the fresco collected at the maximum
resolution.
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Figure 6. 3D view of the Vault and Judgement, Sistine Chapel

Figure 7. The scanned God's ear. Interesting to observe the
collected resolution at a distance of 16m

During this digitization some extra scans were executed on the frescos stripes,
just under the Vault painted by Michelangelo. In particular our analysis was
focused on the fresco called “The Temptation of Christ” (Figure 8), painted by
S. Botticelli. Due to the massive presence of visitors per day and to its peculiar
position in the Chapel, experts revealed the presence of some Calcium
Carbonate outcrops.
A preliminary research was started since one year for automatic detection of
these outcrops by using segmentation algorithms on ITR images: these data,
calibrated and not affected by external light sources influence, permits to reduce
the automatic detection of false positives.
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Figure 8. "The Temptation of Christ", painted by Botticelli. This scan was collected by RGBITR. The blue rectangles highlight the areas where Active Contour algorithms were tested

During this preliminary phase just small areas of the fresco were considered,
permitting to setup more easily the initial parameters of the algorithm. The
results shown in Figure 9 and Figure 10 were obtained by the use of Active
Contour algorithm (Chan, 2001; Vese, 2002), used with success in several
sectors, one among all in medicine. The next work will be to apply the
algorithms to the entire Vault for a fast non-quantitative analysis of the 600 m2
frescos.

Figure 9. Crop 2, the white lines are the final
results obtained by using Active Contour
algorithm
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Figure 10. Crop 1, the white lines are the
final result of the Active Contour algorithm

An interesting laboratory test was executed by the use of the U-ITR technology.
In this case a small plastic toy fish was immersed in a 2m water column: the
turbidity of the water was increased by mixing a few millilitres of milk. The
relevant result was to obtain not only the 3D structure of the object, but also
realistic colours without being affected by the presence of the water. In Figure
11 and Figure 12 is possible to observe respectively the real and the scanned
object.

Figure 11. Plastic toy fish

Figure 12. 3D scan of the toy fish executed
by ITR technology

CONCLUSIONS
In the future new features are going to be included in ITR technology, like new
diagnostic channels (IR and fluorescence), new laser wavelengths in the range of
visible spectrum (i.e. orange). One of the main efforts of the laboratory in the
future will be to use this technology in other sectors, like security (underwater
oil extraction structures monitoring, nuclear pool structure monitoring and
medicine).
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(MICRO)BIOLOGICAL DETERIORATION
Works of art are exposed to deteriorating effects of physical, chemical, and
biological factors. The latter includes damages caused by living organisms in a
process referred to as biodeterioration, which is defined as “any undesirable
change in a material brought about by the vital activities of organisms” (Allsopp,
2011).
Among all organisms, microorganisms (bacteria, archaea, and fungi), in addition
to lichens and insect pests, have substantial biodeteriorative potential, thus
causing severe problems in the conservation of cultural heritage.
Cultural heritage and art objects may be composed of a wide variety of
materials, both inorganic and organic, each representing unique ecological
niche, and may be subjected to microbial attack that could result in their
aesthetic and structural damage. Therefore, more complete information on
microorganisms involved in biodeterioration phenomenon may give valuable
suggestions on the best restorative and preserving strategies, since saving the
cultural heritage has become a major concern of many modern societies.

CASE STUDY - MICROBIAL COMMUNITY ON ”THE BATTLE OF
KOSOVO” PAINTING
Painting itself represents ecological niche(s) that may be colonised by a large
variety of microorganisms as it is composed of a range of organic and inorganic
substances that could promote microbial growth and survival. But, some
painting’s components, such as the heavy metals in pigments, have
antimicrobial properties and are important agents that inhibit or modulate the
growth of microbial populations. Microorganisms that are able to colonize and
thrive in such harsh environmental conditions can have the ability to
deteriorate a painting.
The microbial deterioration of paintings is caused, firstly, by degradation due to
the hydrolytic activities that the microorganisms undertake to sustain growth
and, secondly, due to the damage that excretion metabolites inflict. The
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paintings that belong to the Legacy of Petar Lubarda were kept in inadequate
conditions for years and, thus were exposed to the deterioration factors,
including biological ones. Our Laboratory for Microbial Molecular Genetics and
Ecology (Institute of Molecular Genetics and Genetic Engineering, University of
Belgrade) had an unique opportunity, thanks to collaboration with Central
Institute for Conservation in Belgrade, to isolate and study diversity of bacteria
inhabiting several modern paintings including “The Battle of Kosovo” (Pavic et
al., 2011). Samples for analysis were collected from seven areas from pictorial
surface of canvas painting “The Battle of Kosovo” that were showing signs of
microbial attack, using sterile cotton swabs and nitrocellulose membranes.

Figure 1. “The Battle of Kosovo” painting, 1953, combined technique/canvas.

White rectangles depict chosen sampling areas.
Although it is well known that microbial community cannot be addressed using
just one approach (Amann, 2000), only culture-dependent method was
employed as it offers a possibility to isolate, and thus further analyze a great
number of strains for their biodeterioration potentials (Donachie et al., 2007).
Bacteria isolated from selected areas were identified using DNA sequencing
approach. According to obtained sequences, most abundant isolates were
bacteria belonging to Bacillus and Staphylococcus genera.
Scanning electron microscopy (SEM) was used to corroborate a presence of
metabolically active microorganisms. In collaboration with a restorer, a sample
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from the obverse side of the painting was collected with sterile scalpel and
stored at room temperature until analysis. Collected sample was loosely
attached piece of the painting’s pictorial surface and it was the only one
approved to be taken. Electron scanning microscopy confirmed the presence of
both bacteria and fungi in close contact with pictorial layer.

Figure 2. Scanning electron microscopy image of microorganisms inhabiting a paint layer
of ”The Battle of Kosovo” painting.

We have also performed functional analyses in order to assess biodeteriorative
capacities of isolates, and isolated bacteria were tested for ability to produce
proteinase, gelatinase, esterase, phospholipase, lipase, cellulase and to grow
under nitrogen-limited conditions, as well as to solubilize five different
pigments.
Based on our results it can be concluded that the most widespread bacterial
activities with potential to be involved in biodeterioration were lipolytic and
proteolytic activities as well as weathering four out of five tested pigments (Red
ochre, Yellow ochre, Zinc white, and Cobalt green deep pigments).
This case study confirmed the importance of microbial community analysis, as
well as assessment of biodeteriorative abilities of bacteria dwelling in cultural
heritage objects.
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ABSTRACT
The aim of the presented paper is to show the necessity of multidisciplinary
approach in studying objects of art. Painting Nokturno I, Petar Lubarda, was
analyzed using both destructive and non-destructive analytical techniques in
order to identify pigments and binders and to generate as much as possible
information about the Lubarda’s painting technique usable for further
investigation of his artwork. Pigments and fillers such as artificial ultramarine,
cobalt violet, zinc white, yellow ochre, carbon black and lithopone were
identified. FTIR analysis revealed the use of oil binders and the absence of
varnish.

INTRODUCTION
The primary goal of the most analyses of art objects is to identify its material
composition. This may lead to more information regarding the technical art
history of the object and provide help for guiding the object’s conservation.
Petar Lubarda (1907.-1974.) is the most important Yugoslav painter of the XX
century, laureate of some of the most distinguished National and International
awards (Paris 1937, The Hague 1939, Tokio 1955, New York 1956, etc). The
famous one is the reward received at the Sao Paolo Art Bienial in 1953, although
other giants of modern art, such as Picasso, were in competition. Over the past
three years the palette of Petar Lubarda has been the subject of extensive art
historical and scientific investigations. One of the most striking features to
emerge is his frequent re-use of canvases and panels. The painting Nokturno I
(Fig. 1) is a perfect example of this practice. Characterization of the artist’s
original material as well as material applied later (by a conservator) is
important for providing criteria for conservation choice. In 2011, Central
Institute for Conservation in Belgrade in collaboration with laboratories in
Belgrade and Instituto Superiore di Roma (ISCR), had employed many
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destructive analytical techniques for pigments, binder and layer stratigraphy
identification, directly on powdered micro-samples that were taken from
already existing damages on the painting. Sampling has been also done by
conservator from ISCR, with the purpose to get confirmed results before the
beginning of the planned course. Conservation and restoration treatment of the
painting Nokturno I was completely finished within the course of conservation
of modern and contemporary painting at 2011, which has originated by ISCR in
cooperation with Central Institute for Conservation in Belgrade. In 2013 at the
Central Institute for Conservation in Belgrade in collaboration with expert team
from Vinca Institute of Nuclear Sciences, portable EDXRF and FTIR non- invasive
examinations were done.

Figure 1. Petar Lubarda, Nokturno I, oil on canvas, 1957.

Indeed, from 20th century onward, painting became more complex in terms of
number and mixtures of materials used for single work. Newly invented
pigments became available, which were sold already mixed in tubes allowing
artists to free themselves from traditional studio practice and to render their
subject matter more vividly.
This paper aims to illustrate the significant enhancement of multi analytical
approach to investigate paintings with non-invasive and non-destructive
portable techniques, namely EDXRF and FTIR reflectance spectrometry and
comparison of the results with those provided from sample analysis with similar
analytical techniques such as SEM/EDS and FTIR spectrometry, which were
applied in 2011. Presentation of the painting is planned for the beginning of
2014, as a part of permanent exhibition in Lubarda’s House (Legacy), which was
in the previous period completely renovated.
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MATERIALS AND METHODS
Different analytical techniques were carried out in two campaigns in order to
finalize the case study of Petar Lubarda's painting Nokturno I. In the first
campaign performed in 2011, the samples were taken and analyzed in order to
determine used pigments, preparation and binders and to try to reveal the
artist’s technique. In campaign in 2013 non-invasive and non-destructive
analysis was done on the painting, using two portable analytical techniques,
EDXRF and FTIR spectrometry. These analyses were conducted with the aim to
complete information about painter’s palette and technique since more different
points on the painting were analyzed and comparison with previous results
from sample analysis was possible.
Analyses performed on samples. In the campaign conducted in 2011 six samples
were taken and electron images and electron microprobe analyses (EMPA) were
performed to identify the elemental composition of the particular layers. FTIR
spectra were obtained using Thermo Scientific, Nicolet 6700 FTIR spectrometer
at the University of Belgrade, Faculty of chemistry. The additional FTIR analysis
were performed ( sample on cross sections) by using ATR technique in order to
obtain IR spectra from different layers of sample cross section (using Thermo
Scientific in iN 10 FTIR microscope in range 700-4000cm-1 equipped with
nitrogen cooled detector (MCT) in IHTM, Belgrade).
Non-invasive and non-destructive analyses. These analyses were performed in
situ during 2013. on the painting with portable EDXRF spectrometry in order to
determine elemental composition of used materials, and portable FTIR
spectrometry in external reflection mode of operation to determine their
molecular structure as complementary information.
The portable EDXRF spectrometer, in-house developed at the Vinča Institute for
Nuclear Sciences in Belgrade, consists of an air cooled Oxford (rhodium anode)
X-ray tube with a pin-hole collimator and an X-123 complete spectrometer with
Si-PIN detector coupled with a DP5 digital pulse processor for energy spectrum
generation.
The portable instrument for FTIR analysis was Bruker ALPHA with external
front reflection module. Major disadvantage of reflectance FTIR spectrometry is
lack of databases with previously recorded spectra of pure materials or their
known mixtures. That is a way in the future period, emphasis will be on
production of usable reference spectra of materials used for making works of
art.
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RESULTS AND DISCUSSION
Detailed investigations of the samples collected provide preliminary
information about complex artist's palette and technique. Non-invasive and
non-destructive analyses provide additional information since 24 spots on the
painted surface and 3 spots on the backside were analyzed by portably EDXRF
spectrometry and 6 painted surfaces is selected and analyzed with portable
contactless FTIR spectrometry.
Ground. EDS microanalysis shows presence of Zn and O. Due to the detected
elements this layer consists from zinc oxide (ZnO). This result has been
confirmed by EDXRF
measurements.
Pigments. White grains,
also
presented
in
mixture
can
be
attributed to zinc white
(ZnO). This assumption
is
confirmed
by
portable
EDXRF
spectrometry. In the
same spectra elements
typical for lithopone
(BaSO4+ZnS, 70:30, Fig.
Figure 2. EDXRF spectrum of the white part in painted
2) grains are detected
layer.
(Mayer, 1940, pp.53).
On the red colored layer few different pigments can be identified and elemental
analysis shows presence of cadmium sulphide (CdS), vermilion (HgS), and iron
oxide (Fe2O3). Elements like Ba and Zn are also detected in significant amount as
well as Se in less amount (Eastaugh et al., 2008, pp. 121-123). Indian red (Fe2O3)
is always present in this way of the production more like an impurity and is also
detected. The commercial name of this pigment is mercadmium (Eastaugh et al.,
2008, pp. 75-77).
Elemental analysis of ochre sample done by SEM/EDS shows presence of Fe and
O and minor amount of Si, Al, in the other words those „earth elements“ present
in composition of hydrated iron oxides, minerale goetite (α-FeOOH) and
lepidocrocite (β-FeOOH) in mixture with feldspates.
EDS microanalysis of violet color layers shows presence of the mixture of
several pigments in the layer: purple one, identified as cobalt dark violet
(German variant, FTIR spectrum of the paint layer has been presented in Fig. 2)
which is cobalt II phosphate Co3(PO4)2 (Eastaugh et al., 2008, pp. 121-123),
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artificial
ultramarine
(Na8[Al6Si6O24]Sn-according
to
chemical
elemental
composition of blue grains in
the same layer.
Black color is most probably
mixture of carbon black (C)
with zinc white (ZnO).
Detected Ba atoms come
from
barium
sulphate
(BaSO4) or lithopone (BaSO4
+ ZnS).
Binders. In order to confirm
possible difference between
binders of ground and
surface layer, FTIR spectra
of each layer were obtained
using FTIR microscope.
Areas 30x70μm on sample
cross section were focused.
Both spectra are assigned to
ethyl
methakrylate,
obviously
comes
from
sample contamination by
Figure 3. a) FTIR Reflectance spectra on point 5.
this polymer which is carrier
b) FTIR Reflectance spectra on point 5
of
examined
section.
after Kubelka Munk transformation.
Unfortunately,
spatial
instrument resolution and
ground thickness did not allowed focusing IR rays on tighter areas. Because of
that, second sample was divided on two equal parts. First one is analysed
directly without any preparation procedures using ATR accessories on FTIR
spectroscope. The other part is treated with hecsane/methylene chloride
(40:60) in order to extract soluble organic binder. After extraction obtained
FTIR spectra is compared with possible polymers used in contemporary
painting: PVA, acrylics, alkyd resins as well as historical binders as proteins and
oils.
FTIR spectra (Fig. 4) presents characteristic peaks of –CH2- groups (2851cm-1 и
2920 cm-1). Appearance of the band on 1740 cm-1 comes from esters –COOR
(Zorba et al., 2006, pp. 721). This group is functional group for acrylics, PVA,
alkyds and drying oils. Presence of peak on 1169cm-1 is the evidence of aged
drying oils (Harley and Wiberley, 1954, pp. 86-87).
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Best
possible
matching is obtained
by matching spectra
of sample extract
with linseed oil and
alkyd resins. In the
other cases matching
is less.
Figure 4. FTIR spectra of the paint binder extracted in
organic solvents.

CONCLUSION
The identification of the pigments and fillers with elemental techniques such as
SEM/EDS and portable EDXRF spectrometry sometimes is not a simple task
since there is a lot of possibly pigments which cannot be identified or detected
by these techniques. As a complementary, FTIR analysis provides information
about the molecular structure of the analyzed material and is very useful
especially for analysis of binders and varnishes. Limitations of the portable
techniques are noted and questions raised should be answered with information
gained from destructive analysis whenever is sampling allowed or reasonably
possible. Non-invasive and non-destructive investigations of Lubarda’s painting
are a case study for demonstrating the necessity for multi-analytical and multidisciplinary approach in characterization of the cultural heritage objects.
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INTRODUCTION
Experimental archaeology attempts to observe a modern manufactured replica
of an ancient site and/or objects based on the discoveries of items from the
archaeological record, in a controlled environment where archaeologists can
test
and
re-test
their
theories
about
the
lost
society
(http://www.archaeologyexpert.co.uk/experimentalarchaeology.html,
(accessed 26 June 2014). In this very basic scope of the research one can easily
notice that a variety of questions need to be answered. Moreover, the influence
of the achieved results on their subsequent interpretations is essential in
transformation of just a good guess to a hypothesis. Experimental archaeology is
particularly practical method of archaeological researches, and can be
understand as a living analytical process used to re-create aspects of ancient
societies, both in parts or as a whole.
The most significant findings in archaeological excavations are ceramic finds,
especially because they are bringing to the light information about the
technique used in their forming and building as well as the ability of people of
the time to control the heat treatment. Where did the raw materials come from,
what were the techniques used in their preparation and how were the key
parameters controlled to obtain a specific result are the main questions that
need to be answered during the pottery studies using the methods of
experimental archaeology. Understanding limitations due to technical level and
how available technical potential was used to obtain a specific result, a thorough
reconstruction of the production technology as well as scientific investigation of
the desired use of the ceramic products (e.g., storage vs. cooking pots),
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interpretations concerning organizational aspects of pottery production and
implications of provenance studies for regional trade and interaction, is
essential [Kahl W. and Ramminger B, 2012]. Understanding the way of thinking
and acting of ancient people, ability to reproduce technological parameters and
to obtain the same structure can be achieved only through a complex
multidisciplinary research in the field of archaeology (experimental),
humanities and a variety of natural and engineering sciences. In this regard,
geochemical, petrographic and spectroscopic techniques have been proven to
contribute substantially to our understanding of the technological aspects such
as raw materials, manufacturing techniques, and vessels’ function.
Research in the field of natural sciences is hardly to imagine without the use of
images that provide insights into the structure of different objects or materials.
Meeting the goal of experimental archaeology, which is to understand ancient
technologies and reconstruct the process of making a specific product, brings
into focus the usage of modern imaging techniques as powerful tools in
visualization of information from the past time. The structural parameters such
as grain size, texture and shape become visible using different imaging
techniques. Heat treatment is the way to obtain different structure which can be
revealed by studding texture of the ceramics used for different purposes, but
also in the ability to control functional and aesthetic aspect of the object.
Functionality was provided by a specific process of making the vessel and
specific surface treatment of the made vessel, which ensured the necessary
strength, durability, thermal shock resistance, and water tightness of the vessel.
Aesthetic quality was obtained using specific atmosphere in the furnace and
after the heat treatment that enabled different coloration of the pottery
resulting in red or gray pottery. The existence of two-color pottery is the
evidence that the color was not the result of a hazard, but the result of the heat
treatment strategy. The shape, regularity of the wall thickness and circularity
are those aspects of the vessel also demanded by the user. It can be noticed that
making the pottery in ancient time was based on specific knowledge and skills
and can be revealed by complex multidisciplinary research.

IMAGE ANALYSIS ALGORITHMS USED IN STRUCTURE ANALYSIS
Pottery is one of the key elements to determine the technological level of
ancient people and the most important artefacts that endure until our time
without significant changes in microstructure. So, the identification of structural
parameters is the major demand not only for the provenance studies, but also in
the context of technology-revealing and defining materials suitable for
reconstruction. On the other hand, the preserved or revealed integrity of
ceramic objects can give answers on the production technique, usage, tools used
in forming pottery, and the skills of the ancient producers. The majority of
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answers provided during the experimental archaeology researches are the
results of analytical examinations using techniques and methods successfully
applied in natural sciences. Most of them are X-ray based analytical techniques,
both on micro and macro level. The use of particular technique is depended on
the answer that need to be found and the possibility to destruct the object of
examination.
Imaging and image analysis techniques have been successfully applied in order
to analyze integrated objects and samples.
Analyses performed on integrated objects. If large scale objects or objects that
were restored from a large number of sherds are to be studied, then it is

Figure 1.

Cross-sectional views of the same vessel giving insight into
different traces of production.

Figure 2.

Axial cross section of the vessel enabling the
localization of the traces of production of the vessel.

essential to use non-destructive techniques Aside from visual examination of
ceramist specialist, additional information on forming techniques can be
provided using radiography. Although X-radiography has been successfully
applied to pottery analysis (Van Beek, 1969, Rye, 1977), a significant progress
was noticed by the introduction of X-ray computed tomography (CT) because of
its broad applicability in materials science. In archaeological investigations, CT
was used to provide a detailed view to the interior of valuable (intact) artefacts
in nondestructive manner, Fig. 1.
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Neolithic people did not know how to use the wheel, so the most distinct
characteristics of ancient pottery can be derive from actions made by
manufacturers of the artefacts. Different ways in forming a vessel leave
characteristic signatures and X-ray computed tomography could be the best
applied technique to translate these data into characteristics of the analyzed
pottery, Fig. 2. Most round shaped ancient pottery proving that this shape was
attractive most probably from ergonomical (especially concerning practical use
of objects, their handling and cleaning) and aesthetic point of view. From the
point of view of thermal shock resistance, the round structure has less stress
concentration factors and reduces the possibility to break during the thermal
shock that could arise when the vessel is used for cooking. Additional
information that can be obtained by using the CT-image analysis tools could be
employed in further interpretations. Comparison of the structural parameters of

Figure 3.

The use of radial cross section to measure the
circularity of the bowl using image analysis technique.

the pottery with the perfect circle (Fig 3) could be a guideline to the conclusion
about the skills of Neolithic people to produce an object that could be
standardized.
Analyses performed on samples Petrography analyses of thin sections (Cultrone
et al., 2011, Braun, 2012) yield phase characterization of clay matrix and temper
materials, which can be indicative of the geological characteristics of the raw
materials and reveal heat treatment of the ceramics. Techniques that are now
used in recognizing the structural parameters are based on traditional
techniques of mineralogical studies of samples based on petrography.
Petrological analysis is used to reveal the minerals present in the structure, but
also to describe their shape, size and abundance. In addition, this analysis can
help to define the type, size and abundance of the present tempers, which can
help to identify the source of raw materials and the production technique. These
information are vital for provenance studies and reconstruction of the heat
treatment procedure.
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a)

b)

c)
Figure 4. a) The petrography image used to identify the minerals
observed in the structure of a bowl from the Plocnik site near
Prokuplje, Serbia, b) The result of image analysis showing
distributrions of the diameter of observed quartz grains, c)
image analysis software processing of petrography image.
Marker used for calibration and the objects selected for the
analysis can be noticed.

The petroghraphy images could be treated so to extract features concerning the
morphological parameters of the minerals present in the structure. The shape of
minerals in clay is related to the way of how the clay is formed so it is in a way a
characteristic fingerprint of all clays. The studied morphological parameters are
related to the color or the shape of the object. The shape factors include
diameters, maximum diameter, length and width of the object, fractal
dimension, roundness and many others carrying information about the origin of
the raw materials and the tempers that were added, Fig. 4. The observed objects
and their characteristics can be treated by the techniques of multivariate
statistical analysis and the conclusions could be drawn concerning the
structures of the groups. This can also be the basis for the classification of
pottery and provenance studies [Gajić-Kvaščev et al., 2012].
The Scanning Electron Microscope/Energy Dispersive Spectrometry (SEM/EDS)
has been proven to be a power tool in the analysis of the structure of the pottery
when the destruction of a small part is allowed (Spataro, 2011). Chemical
characterization using SEM/EDS permits compositional area mapping on a
smaller scale or point-focused analyses of temper compounds. This can result in
identification of the pore size and distribution and these parameters could be
related to heat treatment of the pottery. Also, SEM/EDS makes possible the
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study of the porosity and morphology of the structure obtained using specific
heat treatment.

CONCLUSION
Imaging techniques are part of the research carried out to prove the hypothesis
related to the structure and properties of artefacts. Quantification and visual
information analysis are the main task of the computer image analysis software
that gives numerical results based on observations of a specific image. These
techniques document the structural parameters of materials and give the tool
for a deeper analysis of the object. Employment of the imaging techniques also
enables the use of obtained information in many different contexts. Scientists
and experts coming from different research areas can in a joint work come to an
understanding of the way of thinking and acting of ancient people and help to
reproduce the same technological parameters and obtain the same structure of
the materials.
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III. LASER CLEANING AND SCANNING

Practical demonstration of the equipment: laser cleaning system, with
UV, VIS and IR radiation, applicable for various types of objects, donated
by the Italian Development Cooperation in Belgrade to the Central
Institute for Conservation in Belgrade. (Clockwise: Milena Jovanović, Dr.
Paolo Battinelli, H.E. Ambassador Giuseppe Manzo).

Lasers in Conservation of Cultural Heritage
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INTRODUCTION
Laser techniques have had in the XXI century an impressive acceleration of their
impact in conservation practice. The present paper reviews the most recent
advances achieved by our research activity in Florence, in the study and
application of laser cleaning in conservation of cultural heritage. Our studies on
laser-material interaction demonstrated the importance of the laser pulse
duration in order to control the photo-physical processes. We provided novel
technological and methodological contributions for the specific conservation
problem that improved the state of the art, preventing undesired side effects to
the substrate. The absolute control, gradualness, selectivity and effectiveness of
the material removal achieved have determined a series of successful results
reported in this work. They address and support the development and
dissemination of best practices employing laser techniques, which are having
today an increasing spreading among advanced restoration centers.

HISTORICAL BACKGROUND
The uniqueness of cultural
heritage justifies the need of
the most developed means in
order to preserve the material
itself against the many sources
of alteration. The conservation
community has convincingly
explored the potential of newly
developed
science
and
technology with this aim, in
order to solve the problems
they are everyday faced. Since
Fig. 1. John Asmus at work in Venice in 1972.
the opening of a modern
Courtesy of G.C.Calcagno.
meaning
of
restoration,
chemistry has been mostly
involved, providing reactants, poultices for consolidation and cleaning, coatings
for protection. Physics as a discipline has also given very important
contributions as microscopy, optical and X-ray investigations. Laser techniques
had been experimented in conservation since about forty years (Asmus, 1973),
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giving immediately very promising results. Fig.1 reports one of the first
experimental set-up. Their evolution and spread of use took differently a long
time, because of many factors: first of all the lack of a full physical
comprehension of the laser interaction, secondly the need for more developed
laser instrumentation and third an immature restoration methodology.
Nevertheless restoration interventions, employing Nd:YAG lasers, took place
mainly on stones during the years 70’s in Italy (Lazzerini, 1973), and restarted
along the 90’s in France (Orial, 1989) and in the United Kingdom (Cooper,
1992). In the 90’s investigations began also in Greece (Fotakis, 1995) using
excimer lasers.
Since the fifth European Research Program many projects were carried out at
international level, regarding the application of lasers for cultural heritage
conservation, but with limited impact. An Action of Scientific and Technological
Cooperation, the COST Action G7 “Artworks Conservation by Laser” played a
crucial role (Salimbeni, 2005). It involved 36 organizations (universities,
cultural institutions, research groups, industries and restorers) in the period
2000-2006. It coordinated many research groups toward more effective
objectives and promoted these techniques through the large community of
curators and a number of private restorers in Europe, India and Central
America. The objectives of the G7 Action were to promote new ideas, to validate
the most mature techniques, to disseminate best practices and successful
validation cases. These objectives were achieved, and at the closure of this
networking initiative in 2006, the laser techniques were widely considered a
new successful solution going to produce a radical innovation in conservation.

THE LASER INTERACTION PROCESS
Laser ablation of a material stratification is a non-linear process occurring when
the pulsed laser irradiation provides a fluence (pulse energy per unit area) or in
some cases an intensity (peak power per unit area) that overcomes a critical
threshold, which is an intrinsic property of the material structures under
irradiation (Siano, 2005). The dynamical development of the laser ablation
involves optical, photo-thermal and photo-mechanical phenomena depending
on the laser parameters and material properties. Considering that the intensity
of the irradiation is the ratio between the energy of the laser pulse and its
duration, the importance of the time domain becomes crucial in order to
understand how the irradiated material will react after the optical absorption.
The laser irradiation wavelength may be significant only for materials, which
exhibit a large variability of the optical absorption, while many black
encrustation and other dark alteration layers have typically a flat and high
absorption in all UV, visible and IR spectral regions. Differently, a change
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between nanosecond and millisecond duration changes drastically the effect
produced by the same laser energy (Siano, 2006).
Most of the problems hindering the use of nanosecond laser in the early
experimentation on stone monuments during the ‘80s and the ‘90s (Bromblet et
al., 2003) were due to the photomechanical effects induced by strong plasma
formation and the critical operative conditions of Nd:YAG Q-switching lasers
(QS). Our studies demonstrated that longer pulses avoid yellowing of stones
after cleaning and operate with uncritical conditions (Siano, 1997). For example,
a microsecond pulse duration does not induce plasma formation, but a relatively
fast vaporization of the material. This new laser regime achieved an efficient
removal without side effects and many professional restorers employed
microsecond lasers on various stone monuments, with perfect control of the
cleaning in difficult restoration activities.
As is well known art and archaeology metal objects are exposed to the action of
oxidation processes and other reactive agents present in the environment
where these objects were kept. A very important case study (Siano, 2001) was a
gold-coated bronze renaissance artwork, where the gilding was suffering a
complex deterioration process due to environmental pollution, and leading to
micro blistering and loss of the gilding layer. This has been the case of the Gate
of Paradise, the door of the Baptistry
in Florence, and certainly the most
famous masterpiece by Lorenzo
Ghiberti. The study of a possible laser
approach made possible to clarify that
only laser pulses ranging between 70100 ns would allow minimum
transient heating to the gold layer,
avoiding
local
melting.
We
demonstrated this possibility and at
the Opificio delle Pietre Dure the
restoration of this piece of art has
been completed saving a couple of
years of work, by means of our
suitable laser cleaning parameters.

Fig.2. Advanced cleaning of a wall
painting in S.Maria della Scala,
Siena, by using laser spallation
process.

About cleaning of pigments, it was
widely demonstrated that laser
photons could easily provide, also at
low
fluence,
unacceptable
discoloration to pigments. In facts,
most pigments are metal-hydrates
which loose the OH radical under
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irradiation. A possible solution is to avoid direct irradiation of pigments, for
example inducing purposely a laser spallation. This process applies when the
encrustation is almost transparent to the laser irradiation, and the dark layer
behind the crust will absorb the laser energy. If the fluence is set to be
insufficient for direct vaporization, the induced effect is a thermo elastic wave
propagating from the dark layer outward, detaching the crust (Fig. 2 reports an
example), which falls down by gravity. This spallation process is very fast and
efficient. It avoid of course radically any problem with the pigments, because
they do not remain involved by the direct photon flux.

NEW TECHNOLOGY AND VALIDATION
Our studies produced a novel class of microsecond pulse duration Nd:YAG lasers
that were proposed and commercialized in the last years. These laser systems
operate with Short Free Running (SFR) and Long Q-Switching (LQS) regimes
providing pulse duration in the range 50ns - 3 µs and 20 µs -120 µs,
respectively.
These
microsecond
laser
systems are always fibercoupled (1 mm typical core
diameter) and equipped with
long as needed fibers (up to
50m) and a versatile handpiece, which provides a very
homogeneous and a finely
controllable irradiation spot.
For comparison, most of
commercialized
QS
nanosecond laser systems are
coupled in an articulated arm,
which allows to propagate
Fig.3 Details of cleaning steps on the marble of
quite high pulse energies (up
Santi Quattro Coronati, by using microsecond
to 1 J) but with a low beam
lasers. The control is perfect, no yellowing is
quality because of hot spots
induced
and fringe structures usually
present with Nd:YAG laser beams. In In general short pulse-width QS systems
are preferred due to the relatively high cleaning efficiency, which favors their
use for cleaning intervention on relatively large areas.
The microsecond lasers developed by our group were employed in a number of
restoration yards that here may be only partially reminded: the Rucellai Palace
in Florence, the Mausoleum of Theodoric in Ravenna, the Door of San Ranieri at
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the Pisa cathedral, the Door of Mandorla at the Florence Cathedral. The statuary
group Santi Quattro Coronati at Orsanmichele church in Florence (Siano, 2003),
reported in Fig.3, is one of the first examples of stone cleaning by microsecond
pulse laser, which avoided yellowing or any other side effect.

Fig. 4. Laser cleaning of the Storie di Noé panel
of the Door of Paradise, gilded bronze
door of the Florence Baptistry.

The statues of Arringatore and
Chimera in Florence, the statue
of Minerva in Arezzo are
examples of laser cleaning of
archaeological
patinated
bronzes,
achieved
by
discriminating
late
patina
layers and preserving entirely
the original one.
The Door of Paradise at the
Baptistry in Florence, reported
in Fig.4, was the first
Renaissance gilded bronze
cleaned by laser. It was
followed by an impressive
series of other renaissance
bronzes such as the David by
Verrocchio, the Attis and the
David by Donatello, where the
remnants of leaf gilding was
gently preserved during the
cleaning of XIX century patina.

Laser cleaning of pigments were approached using for the first time laser
spallation on the wall painting at the Santa Maria della Scala Museum in Siena,
with the cleaning of darkened scialbature on the ceiling fresco. The Roman
Catacombs of Santa Tecla in Rome were a second example of laser cleaning by
spallation of the entire wall paintings which was covered by a heavy calcareous
layer deposited by water permeating the hypogeum.

IMPACT OF LASERS IN CONSERVATION
Reviewing the long history of laser techniques in conservation, there is no doubt
that the first workshop LACONA in Heraklion in 1995 gave an official start up to
the field, with an international recognition as a hot topic of applied science.
Since then several other steps have been crucial in order to have these
techniques employed in real restoration and conservation activity. An important
condition was the formation of interdisciplinary groups of investigation, where
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art historian, archaeologists and restoration experts could meet with laser
scientists and laser systems producers on a continuative basis, as a common
project. This happened in Italy, where the National Council of Research (CNR)
started in 1995 the Special Project “Cultural Heritage”, with more than 100
groups working on different research objectives, and supported our activity in
Florence about lasers in conservation.
The role of the COST Action G7 was crucial for international dissemination. The
G7 National Delegates have promoted the interest for lasers to the local public
and private stakeholder’s community, organizing workshops for dissemination.
Similar diffusion of the interest happened in other European countries such as
in France, Germany, Spain, Greece, Poland, Romania (Striber, 2008). In some
countries there have been consortia between interdisciplinary groups at
national level, for example in Romania the network CERTO, in Spain the network
COALITION, in Poland the activity grew around the two centers in Gdansk and
Warsaw, in Germany there have been regional and INTER-REG projects linking
several groups of activity.
Many laser industry firms developed commercial laser systems along this long
period of technology evolution, but only a few survived the market competition.
EL.EN. Group (including Quanta Systems) headed the sales ranking, with a range
of models with QS and IPD operative regimes. A gross evaluation of the sold
systems arrives at about 400 units, spread mostly in Europe, with some in the
US, India, China etc.
The number of restoration of monuments and masterpieces in all these
countries grow to several thousands, making evident the importance of this
radical innovation for the conservation sector.
The precision and control of laser cleaning allowed achieve not only better
restoration aims, but it made possible to conceive restoration also for important
artworks in dramatic deterioration conditions. For many curators and restorers
lasers have represented the last chance and in many cases they have
successfully solved the otherwise impossible technical difficulties.
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CONCLUSIONS
At the end of the last century, the cleaning experiments carried out mostly on
stones and paintings were mostly disappointing the stakeholders, because of a
series of side effects.
A critical review of the laser interaction comprehension brought us to develop a
new approach with microsecond pulse duration lasers. They avoid any
yellowing or critical plasma formation, which was typical with short and very
intense pulses.
The cooperation between research, cultural institutions, laser industry and
private restorers was the key to achieve an effective technology transfer to laser
producers and to restorers.
The European networking initiative COST Action G7 and the LACONA
conference series provided the ground for comparing experiences, exchange
cooperation and promote the interest worldwide for lasers in conservation.
Today lasers represent in most advanced restoration centers a recognized
technical option systematically considered in the common conservation
practice.
Formation and tutoring is of fundamental importance for restorers who wish to
learn how to use properly lasers in conservation.
Further novelties are expected by the integration of sensors on the laser handpiece and combination with other techniques, which will support the restorer
action during the cleaning.
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INTRODUCTION
Lasers are used in art conservation and archaeology for more than three
decades now [1]. Cleaning capabilities of laser were first recognized and used on
different materials for removal of surface contamination, corrosion, deposited
layers, material from previous conservations, etc. [2] Except as a great cleaning
tool of archaeological and cultural objects, lasers have proved very useful in
characterizing objects by their elemental composition. One of methods that uses
laser for diagnostic of material elemental composition is laser induced
breakdown spectroscopy – LIBS and it is gaining on popularity since it doesn’t
require sample preparation, it is fast, microdestructive and it can be applied in
situ and stand-off. [3-4]. One of the most interesting features of LIBS is its ability
to perform depth profile analysis which makes possible combining of laser
cleaning and LIBS by monitoring progress of material removal in order to get
optimal results [5]. In this work we present results of laser application both for
diagnostics, and for cleaning purposes on a medieval jewelry.

LASER CLEANING TECHNIQUE
Laser cleaning of the surface of the artwork objects can be applied on the
various materials, both inorganic and the organic. Compared to conventional
cleaning methods, laser cleaning has the following advantages:
• The cleaning process stops immediately after laser radiation;
• It is a selective process which can be tuned in order to be removed
only specific substances;
• It is a non-contact process, and therefore there are no adverse
consequences that could appear due to direct contact with the
substrate;
• The cleaning process preserves also original relief of the objects;
process is fully controlled – it is possible to remove only desired
thickness of substrates;
• It is an ecological process.
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LASER CLEANING OF CORRODED Ag AND Au SURFACES
Typical type of deterioration of the metal artefacts is the result of chemical
changes rather than physical damages [6]. The corrosion products replace the
metals and affect the physical characteristics of the artefact.

Fig. 1 Absorption characteristics of different metals as a
function of wavelength

Lasers with longer wavelengths interact poorly with the metal artifacts, because
laser radiation is strongly reflected (figure 1). On the other hand, organic
compounds and minerals are often strongly absorbed in the infrared spectral
region. Consequently, it is possible to remove the corrosion from the metal
surface without damaging surface of the objects.

EXPERIMENTAL
Part of our diagnostic work was performed by LIBS. Experimental setup used
for this purpose is shown in figure 2. Target was irradiated with Nd:YAG laser at
532 nm wavelength, with a typical pulse duration of 15 ns and energy around 30
mJ per pulse. Energy value was chosen in such a way that sample damage is
minimal, but enough for obtaining information from the sample. Plasma
emission was collected with fiber, 600 μm core diameter and numerical
aperture of 0.22, which was mounted on the entrance slit of Echelle
spectrograph. (Andor Technology, model ME 500), which covers spectral range
200-900 nm in one recording. On the exit slit plane of Echelle spectrograph is
mounted iCCD detector (Andor Technology, model DH734-18F-03, with
1024x1024 pixels and 18 mm intensifier diameter). The iCCD was operated by
pulse generator (DG-535, Stanford ResearchSystems), allowing the choice of
gate width and delay time in order to avoid strong continuum emission. Spectra
were taken using iStar software (Andor Technology).
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Fig 2. Scheme of apparatus used for LIBS analysis

Fig 3. One of the studied
objects

Fig. 4

Nd:YAG laser, from
Quanta System

In this work we studied archaeological findings
from Serbia, locality Čurug in Vojvodina. Objects
were discovered in November 2012. All studied
samples belong to female grave number 18.
Estimated time of origin of objects is around 5th
century a.d. during great migrations. Appearance
of founded objects is shown on photograph
below, see figure 3. All of them are metal objects,
heavily corroded and some of them had textile
layer on top also. LIBS analysis was performed on
unclean surfaces, so few laser pulses had to be
delivered on the same spot on the target in order
to reach the bulk material. Typical number of
pulses per spot was four, which was determined
empirically in order to get spectral emission with
acceptable signal to noise and signal to
background ratio without damaging the objects.
On every object we studied multiple spots, to get
better insight in sample inhomogeneity.
After LIBS study, laser cleaning was performed
with Thunder Art system shown on figure 4
(output beam diameter 10 mm, max. repetition
rate 20 Hz) which can be operated at three
different wavelengths (1064 nm with 900 mJ
energy, 532 nm with 400 mJ energy, 355 nm with
250 mJ energy). Beam is led through articulated
arm which facilitate aiming and reaching of any
part of the object that is to be cleaned.
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Fig. 5 Spectra from the same object obtained in different points

RESULTS AND DISCUSSION
A typical spectrum obtained in the way described in the previous section is
shown in figure 5. Here, one can notice that spectra originating from the same
sample, but from different points of investigation are similar, but also have some
differences. Intensities of analytical lines in point 2 are higher, see figure 5, and
that can be used for estimation of relative abundances of elements in sample.
As all studied objects originate from the same location and from the same
historical period they all have similar compositions. The main elements that
constitute found objects are metal elements (zinc, cooper, iron), but many of
them had noble elements (silver, gold) as coatings. All detected elements are
summarized in table 1. and assigned to the corresponding object. We can see
from inspection of table 1, that besides main elements, mostly metal, we also
detected trace elements, like barium , magnesium, mercury, strontium.
Table 1. Analysed object and determined elemental composition
Al Zn Cu Fe Mg Ca Au Ag Hg Sr Sn
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Fig 6. Spectra from clasp

Spectra from clasp in which we discovered emission lines of mercury is shown
in figure 6. Mercury can be a part of some protective layer or from mixture with
gold, which is present in considerable amounts in clasp.

Fig 7. Fibula before (left) and after (right) laser cleaning

When investigating spots that seemed to have a gold layer on top (observed
with naked-eye) a smaller number of laser pulses was applied. We wanted to
preserve that layer in which we have succeeded, and at the same time we
recorded strong lines of neutral gold. Because the analysis was performed on
surfaces before cleaning, besides the lines of elements in bulk material, we also
recorded very strong lines of calcium and strontium that originate from the
environmental encrustation layer. We observed also, that by increasing number
of pulses in the same spot, emission spectra changed from mostly calcium lines,
to lines of bulk material. That speaks in favour of LIBS application during
cleaning of archaeological objects.
After the LIBS analysis, cleaning of object with laser was performed. Some of the
objects had to be cleaned by standard mechanical or chemical methods, but for
most of them laser was of great help, especially when working with surfaces
with complex relief, or some encrustation layers that couldn’t be removed with
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standard cleaning techniques. One object (fibulae) before and after laser
cleaning is shown in figure 7.

SUMMARY
LIBS has turned out to be very convenient technique for the analysis of metal
archaeological objects. It provides information about main constituents in the
sample, but also it detects trace elements, like example of mercury detection in
spectra of clasp, see figure 6. LIBS is recognized as a possible tool for monitoring
of laser cleaning, which offers many advantages in respect to standard used
cleaning methods of archaeological objects.
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ABSTRACT
Paintings are complex, multilayer system, often very sensitive and difficult to
clean. Traditional methods of easel-painting cleaning rely on mechanical or
chemical techniques chosen by the conservator. The application of laser
technology in the paintings conservation field started in the early 1990s. This
technology became the first technique that did not interact physically with the
artwork, and thus was in accordance with the conservation principle of
“minimum intervention”. An optimum approach to complex conservation
problems is to follow a specific procedure that includes previously detailed
analysis in order to understand which materials are present in the object. In this
work will be presented laser cleaning techniques of painting in last 20 years and
will be examined laser cleaning of unvarnished painting, as well as the case
study of an unvarnished painting.

INTRODUCTION
Conservation of priceless historical objects is a set of complex and difficult
problems. The main reason of increasing interest in applications of lasers and
optoelectronics lies in plurality of advantages offered by these modern
techniques.
Paintings are complex, multilayer system, often very sensitive and difficult to
clean. Traditional methods of easel-painting cleaning rely on mechanical or
chemical techniques chosen by the conservator. These processes are difficult to
control and require extensive expertise to achieve an optimum result. For
example, chemical solvents may penetrate into the paint layer and cause
irreversible damage to the pigments and medium. Mechanical methods also can
lead to destruction of the texture of the painted surface.
A painting consists of a support or substrate (canvas, wood etc.). Several paint
layers are applied to the primer or ground layer each having a thickness of 20
μm to 50 μm thickness. The paint layer is a mixture of pigments and a medium
to aggregate the pigments. Traditionally, the media is either egg tempera or oil.
Varnish is used to be applied over the painting to serve as a protective layer and
to provide colour ration (about 50 to 80μm thickness).
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Common problems encountered in painting cleaning include photochemical
degradation of the varnish layer, accumulation of various kinds of pollutants on
the surface, or even overpaints on the original painting. The laser surface
cleaning of paintings, ideally removes photo degraded varnish layers without
any contamination or exposure of the underlying painted surface. Removal of
unwanted overpainting can also be achieved in microscopic increments,
avoiding risky procedures which employ mechanical means or strong solvents.
Cleaning of the easel painting must be carried out in a way that will guarantee
the integrity of the original work.

LASER TEHNIQUE IN EASEL PAINTING CLEANING: AN OVERVIEW
The application of laser technology in the paintings conservation field started in
the early 1990s. This technology became the first technique that did not interact
physically with the artwork, thus it was in accordance with the conservation
principle of “minimum intervention.”
Since 1993, the Foundation for Research and Technology Hellas (FORTH) has
conducted studies about laser development in order to assess their
potentialities and limits on artwork cleaning applications. These studies
included laser cleaning of surface layers and over paint, analysis of medium and
pigments, imaging techniques for structural diagnostics, and authentication
techniques(1).
Most commonly, lasers used in conservation of artworks are excimer laser,
Nd:YAG laser, with electromagnetic radiation spectrum in the range of 200 –
10000 nm. Research shows that materials used in paintings technology have
high absorptivity of excimer laser radiation with minimal light penetration on
the layer and that 248nm is the most promising wavelength for varnish and
over paint layer removal. (2) Nd: YAG laser used mostly for stone and metal
artworks, but it can lead to excellent results of the cleaning of painted artworks
(3). Er: YAG laser is the most recent laser tested for the cleaning of paints. It
generates a wavelength of 2.94 μm in the midinfrared region. The efficiency of
ablation with this laser is directly proportional to the amount of OH groups
present in the materials (1). However, laser cleaning of painted artworks
remains mostly at the research level because materials in paintings are diverse
and complex and sensitive, requiring delicate and highly controlled procedures.
An optimum approach to complex conservation problems is to follow a specific
procedure that includes previously detailed analysis in order to understanding
about the materials present in the object of conservation. Thus, the analytical
methods for monitoring of laser application in cleaning paintings and research
of interaction of laser radiation with paintings materials are necessary.
168

ANALITIC TECHNIQUE IN LASER CLEANING PROCESS
Laser induced breakdown spectroscopy (LIBS) has been used as a diagnostic
tool for monitoring and controlling the laser cleaning process. One of the most
interesting features of LIBS is its ability to perform depth profile analysis. LIBS
can be performed in situ and is able to monitor the progress of material removal
on-line by recording the corresponding spectra (4). In certain cases, it can be
used to signal the end-point of cleaning protecting the original paint layers.
A technique that gives information about molecular structure is Raman
spectroscopy, which can be used to identify both organic and inorganic
materials with polar molecules. Raman spectroscopy is the suitable technique
for the investigation of materials, used in works of art because it is reliable,
sensitive, and can be applied in situ, therefore avoiding any sampling and
consequently any damage and degradation of paint layers. Moreover, the
mobility of the fibre probe allows analyzing almost any surface independent of
its size, shape and location (5).
Spectroscopic techniques have become particularly popular analytical methods,
mainly due to their sensitivity, flexibility and, analytical methodology.
Spectroscopy information, are directly or indirectly, connected with chemical
nature of investigated painting materials. Wide application in the diagnostics
found classical Fourier infrared spectrometry (FTIR). FTIR could identify
nonpolar molecules. Optical measurement methods (scaterrometry,
shadowgraphy, microscopy, reflectometry) are commonly supplementing sets of
diagnostic methods. Increases interest in the application of the multispectral
imaging for evaluation the results of laser cleaning, identification and mapping
of painting materials and visualization of top surface layers.

INTERACTION OF LASER RADIATION WITH PAINTING LAYERS
Research activities in the framework of FP6 European Research Programme
were taken, about the interaction of laser radiation with painting materials
regarding safe laser cleaning of the painting surface. The research was
organized in two directions: to analyse the laser radiation interaction with
painting layers and to develop a laser cleaning system sustained by diagnostic
and control tools (6). After the definition of the boundary conditions in which
laser cleaning can be safely applied to a wide range of easel paintings, laser
cleaning of painted objects was realized with the development of a new laser
based system, mobile and flexible, to be used in-situ. The system was supported
by LIBS technique for real time of monitoring the cleaning operation,
multispectral device for monitoring and artwork characterisation and
colorimetry system for detection of chromatic changes upon laser cleaning. This
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system is allowing human intervention through remote control of the cleaning
system.
This research shows that laser cleaning system will provide
conservators/restorers an alternative tool to complement the conventional
methods. The developed device is capable of cleaning artworks that previously
were unsatisfactorily treated by conventional techniques, avoiding at the same
time the inherent problems related to the use of harmful chemical products.
Using the expertise of the FoRTH institute in Greece, the Dutch company Art
Innovation has developed a UV laser workstation for the cleaning of painted
surfaces. This workstation consists of a KrF excimer laser, a motorised ‘optical
arm’ to direct the laser beam accurately to the painting surface and an on-line
detection system based on LIBS. The workstation was designed to be able to
accurately scan the laser beam over the painting surfaces, without having to
move very delicate artwork (7).
Application of the laser workstation on paintings shows that the laser technique
provides better control of the cleaning process compared to solvent or
mechanical cleaning methods. Using the excimer laser, the varnish can be
partially removed, leaving a protective residual layer. The limited amount of UV
light does not seem to affect the colours of the painting. Long-term effects on
artworks will have to be evaluated, and further research is necessary to account
for the absence of discoloration upon direct UV irradiation.

LASER CLEANING UNVARNISHED PAINTING
Within the painting collections that belong to Serbian museums and galleries,
particular problems are detected on paintings from the 20th century that are not
varnished. External environment and direct exposure of paint layer leads to
degradation, because upper layer of varnish as a protective layer does not exist.
The use of standard conservation cleaning methods sometimes can affect paint
layer, even though it seems that the only impurities are removed.
Other researchers were dealing with the action of laser radiation on the single
pigments, binder media on mock-ups and also on easel paintings. As these
components are never alone, aim of our research will focus on testing of the
laser cleaning of unvarnished paintings, which were painted by different
painting techniques. The first laser cleaning test, obtained on oil painting on
canvas, showed successful results in removing impurities from the surface
without visible degradation of the original paint layer. Observing laser cleaned
surface through the microscope, it was shown and confirmed that the integrity
of the paint layer was properly preserved.
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Case study of unvarnished painting: Hayricks, oil painting, Milijana Jovanovic,
1979

Figure 1. Hayricks, oil painting, Milijana Jovanovic, 1979

Thunder art system for laser cleaning:
The laser employed for stone cleaning was a
Q-switched Nd:YAG laser, Thunder art (Fig. 2)
Characteristics of laser radiation:
Wavelength: 1064; 532 nm; 355 nm
Energy: 1000 mJ; 500 mJ; 200 mJ
Pulse duration: 8 ns
Laser spot diameter: 10 mm
Frequency: 20 Hz
Technical characteristic of the system:
Laser head
Dimensions: (L x W x H) 20 x 90 x 30 cm
Power supply - 220 V
Dimension: (L x W x H) 100 x 90 x 40 cm
Figure 2. Thunder art system

The laser parameters were studied for laser cleaning of the frame, the canvas,
dirt layer and overpainting layer.
Cleaning of the frame and the canvas:
An important factor in determining laser parameters for cleaning wood frame
and canvas, is cellulose as an integral part of mentioned materials. Laser
interaction with studied and preliminary results shows that a Nd:YAG laser
emitting at 532 nm at moderate fluences below 1 J cm-2, whereas higher
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fluency’s increased the rate of degradation of sulphate cellulose during
accelerated ageing at 90 °C and 65%RH (8).
The results of laser cleaning of the frame, using Thunder art system:

Figure 3.
Cleaning part;

dirty part

Dirty part;

Cleaning part;

Dirty part;

Laser parameters: wavelength – 532 nm; fluency of laser- 70 mJ/cm2
Cleaning of the canvas:
Laser parameters: wavelength – 532 nm; fluency of laser- 130 mJ/cm2
The results of canvas were successful, but only in the parts where canvas has a
mechanical contact with the frame. In the others part, it was not obtained any
effect of cleaning. This indicates that cleaning mechanism is spallation (9),
where the dirt layer carried out from the surface by shock wave effect.

Figure 4. Cleaning parts; dirty parts

Cleaning of the dirt layers:
In case of unvarnished paintings, the removing impurity layers is done directly
from the pigments. Use of UV laser in this case is not recommended because of
the effect of discoloration, as the effect of UV radiation (10). For this reason, it
was used 1064 nm laser radiation.
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Figure 5. Cleaning surface

Laser parameters: wavelength – 1064 nm; fluency of laser- 80 mJ/cm2
Cleaning of the overpainting layers:
This presents a rare example of study of laser cleaning of unvarnished painting
on canvas.
UV radiation (11) has not been used because of the effect of discoloration of
pigments, of such IR radiation have not been used because thermal effect,
instead VIS (532 nm) laser radiation was carried out, which had indicated and
confirmed satisfactory results.

Figure 6. Overpainting element

cleaned overpainting element

Laser parameters: wavelength – 532 nm; fluency of laser- 120 mJ/cm2

173

AIS3: Italian - Serbian Bilateral Workshop on “Science for Cultural Heritage”

CONCLUSION
For painted artworks, laser cleaning is one of the most delicate applications and
requires a thorough study of the laser induced thermal, photochemical, and
photomechanical effects in order to avoid damage of the paint layers. A
complete knowledge of the interaction between the laser radiation and
pigments, binding medium and varnish involved is necessary before the actual
cleaning procedure. Considering all results obtained until now, further research
on the samples are necessary in order to fully understand the laser-matter
interaction.
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ABSTRACT
Lichens are one of the most important deterioration biotic factors for stone
monuments and buildings. Different techniques were used for removal of lichen
layers from cultural heritage objects. Since 1980s, the technique of laser
cleaning in conservation becomes more widespread, because of its numerous
advantages.
In Serbia, laser cleaning of stone monuments began in 2013. One of the first
objects cleaned by using the Nd: YAG laser system was the stone lintel from an
early Christian monument found in south-west Serbia. This study presents the
effects of different wavelengths and energy densities in the process of removal
of microorganisms’ layers from the surface of the stone lintel.

INTRODUCTION
Bio-deterioration of stone. Various bacteria, cyanobacteria, algae, fungi and
lichens have been found to be involved in the degradation of rocks (Nuhoglu et
al., 2006). Krumbein (1988) provides an overview about biological stone decay.
Lichens are the first organisms to colonize stone surfaces (Krumbein, 1988).
The effects of lichens are mechanical and chemical. Mechanical damage is
caused by penetration of the hyphae into the stone and by expansion and
contraction of the thallus under changes of humidity. Many microorganisms are
in fact capable, through a range of etching and chelating processes, to bore and
burrow their way into mineral surfaces, producing pits and channels. Chemical
damage is more important and may arise by excretion of oxalic acid and
generation of carbonic and other acids. These acids are capable of chelating
metal ions such as calcium and magnesium (Price, 1996) or they replace
monovalent cations in the mineral with protons. Lichens are extremely sensitive
to gaseous sulphur compounds of sulphur and ozonated hydrocarbons, which
account for their scarcity in urban areas. Bacteria attack the stone chemically.
Autotrophic bacteria derive their carbon from CO2 and their energy from light or
chemical redox reactions; some are capable of oxidising sulphur and nitrogen
compounds to produce sulphuric and nitric acid. Nitrifying bacteria oxidize NH4+
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ions in solution forming nitrates. Heterotrophic bacteria utilize organic
compounds to derive their carbon and produce chelating agents and weak
organic acids. Although e.g. cyanobacteria release only CO2, they increase the
dissolving ability of water on the stone (Van Grieken et al., 1998).
Dark-coloured stone staining is often caused by cyanobacteria. These biofilms,
which penetrate usually up to 1 mm, are predominantly colonized by Gloeocapsa
and Lyngbya, but also can involve other species, including eukaryotic algae,
fungi and bacteria (Cappitelli et al., 2012).
Using laser cleaning in stone conservation. The history of laser cleaning begins in
the early 1970s when a group of researchers from the University of California
suggested the possibility of using laser to remove encrustations from decaying
marble sculpture in Venice (1972). The laser cleaning technique has been
constantly improved and researchers and conservators have been focusing on:
improving the application on different types and colours of stone and other
materials; the application of different wavelengths and pulse time duration; the
effects of the laser cleaning on the surface of stone; the optimum of energy
densities for cleaning (Cooper, 1998).
Laser cleaning has several advantages over more traditional methods. Lasercleaning techniques are non-contact since the energy is delivered as a light. It is
selective—by choosing a wavelength, which is absorbed strongly by the dirt, but
only weakly by the underlying surface. Laser cleaning has a localized action; it is
effective only in those zones where the laser beam is focused. The good control
over laser radiation and immediate feedback on the process of cleaning, allows
continuous control of cleaning process and stopping the process of ablation
when the goal is obtained. Laser cleaning is also environmentally friendly
technique. Since the late 1980s, use of the laser in conservation has become
more widespread. Commercial laser systems are now available and are used on
a routine basis in a number of conservation works in Europe and worldwide
(Cooper, 1998).
Collaboration between a conservator and a physicist is of crucial importance for
successful and safe laser cleaning. Conservator assesses to which extent it is
necessary to clean the object, while physicist determines most suitable
parameters for cleaning.
This study focuses on examination of the effects of different wavelengths and
energy densities in the process of lichen layers removal from the surface of a
stone monument by using laser-cleaning technique.
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MATERIALS AND METHODS
About the stone monument and its restoration. The stone used for this research is
part of a monument found in the vicinity of Prijepolje (village Izbičanj) in southwest Serbia. The stone is from the early 6th century. Stone has almost regular
rectangular shape 227 by 59 by 28 cm. Archaeologists determined that the stone
served as a lintel, a load-bearing element placed over the entrance of the
building. The lintel contains a hexametric inscription written in Latin language.
It mentions Bishop Stephanus and several buildings he erected during the reign
of emperor Justinian (Nikolajević 1976). The stone was secondarily used in the
Middle Ages as a tombstone on the local cemetery (Popović, 2002). The stone
was brought to the Central Institute for Conservation in Belgrade for restoration
and conservation treatment in 2011. The stone was classified as limestone, hard
and brittle for trimming and shaping (Popović, 2002). The colour of the stone is
ranging from lighter to darker grey. The lightness/darkness of the stone should
be considered during laser cleaning, since the laser radiation reacts more
intensively with darker surfaces (Cooper, 1998).
The stone monument was brought in 26 separate fragments. The stone surface
was covered with lichens and other microorganisms’ colonies and tainted with
soil and dust. Layering and cracks were visible on almost all fragments.
Fragments were first treated with biocide (Preventol Ri – 80, 3% solution in
water) two times. After each treatment, fragments were brushed and washed
with ethyl alcohol 50% solution in water. Fragments were treated further with
an enzyme solution (Tween 20, 3% solution in water). Consolidation of layering
and cracks was conducted by injection of acrylic emulsion (Primal WS – 24E,
different solutions in water from 10-50%). Consolidation of the bigger cracks
was performed by an epoxy resin (Araldite LY554). After stabilizing the stone
structure, lintel was restored from 26 fragments. Restoration of the missing
parts was done by filling with lime mortar.
Microorganisms involved in monument decay. Almost all fragments had visible
signs of bio-deterioration due to lichens, algae and cyanobacteria. Majority of
lichens and mosses were removed during the treatment with biocide. However,
on the upper side of the lintel there were 8 zones with dark-brown to black
colour. We suspect that zones were colonies of cyanobacteria, since it is well
known (Cappitelli et al., 2012) that bacteria Gleocapsa and Lyngbya stain stone
in a very similar way, but we were unable to perform final determination of
species involved. Literature sources suggest that such microorganisms and
stains usually penetrate up to 1 mm into material structure. This was the major
rationale to use laser cleaning as the least invasive method in such cases.
Laser Used for Cleaning. Type of laser used at the Central Institute for
Conservation in Belgrade is the most recent version of system for laser cleaning
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produced by “Quanta System“, Milan, Italy . The model is “Thunder Art” and it
works under “Q switched” mode. This type of laser system operates with
wavelengths ranging from ultraviolet, through visible, to infrared spectrum:
1064 nm with energy of 900 mJ; 532nm with energy of 400 mJ; 355 nm with
energy of 250 mJ. The diameter of the laser beam has 10 mm; the frequency of
the pulses was 20Hz. The beam was led through a laser arm, designed to easily
aim and reach any part of the object that is to be cleaned. Laser wave is focused,
with focal distance at 1m.

RESULTS
We performed series of tests to remove 8 dark-brown and black stains from the
upper surface of the lintel. All tests were performed by using the same distance
(45 cm) between the source (handpiece) and object’s surface. For the surface of
approximately 1 cm2 cleaning time was 30 seconds. We changed wavelengths
and energy density parameters and examined their effect—removal of stains
from the stone (Figure 1-2).
We started our tests with the least invasive settings, i.e. higher wavelengths and
lower energy densities, in order to avoid any unnecessary ablation or
uncontrolled removal of layers.

Figure 1: Dark stains on the stone before cleaning
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Figure 2: Dark stain - magnified detail, before cleaning

Test 1. We tested first effect of infrared wavelength at 1064 nm with energy
density at 10 -180 mJ/cm2 (gradually increased). However, with energy
densities lower than 160 mJ/cm2 no visible effect on the object has been
detected.
Test 2. At the same wavelength—1064 nm, energy density was increased to 200
mJ/cm2. This energy was determined as threshold when we noticed first effect.
In the zone of radiation we noticed smoke and characteristic smell—within a
second after we started radiation.
Test 3. With wavelength 1064 nm and energy density 330 mJ/cm2, effect was the
same as in Test 4. We did not notice laser ablation effect after 60 seconds after
beginning of radiation.
Test 5. At the wavelength of 1064 nm and energy density 400 mJ/cm2, the stain
on stone became brownish in colour (Figure 3-4).
Test 6. We moisten the surface of stains with wet brush. We applied laser
radiation—wavelength 1064 nm and energy density 400 mJ/cm2—but the effect
was the same as with dry surface (Test 4).
Then, we then continued the testing through laser radiation, by using ultraviolet
spectrum (wavelength 355 nm) with lowest energy density 30 mJ/cm2.
However, no effect has been detected until we increased energy density up to
200 mJ/cm2.
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Figure 3: Dark stain after infrared laser treatment

Figure 4: Magnified detail of the stain after treatment with infra-red laser beam

Test 7. Application of laser radiation with wavelength 355 nm and energy
density 200 mJ/cm2 was the threshold when we observed the first effect—
smoke at the zone of radiation within a second after we started radiation.
Test 8. With the same wavelength and using energy density 230 mJ/cm2, after
one-minute laser ablation the black stain was completely removed (Figure 5-6).
Test 9. In this separate test, we used two wavelengths for cleaning: 1064 nm and
355 nm. With infrared radiation (1064 nm) and energy density 400 mJ/cm2,
microorganisms were first scorched and the colour of the stain turned to
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brownish after radiation. However, the brownish layer was easily removed by
using ultraviolet radiation (355 nm) and energy density 230 mJ/cm2.

Figure 5: Stain with microorganisms before cleaning with ultraviolet laser radiation

Figure 6: Removed stain after cleaning with ultraviolet laser radiation

CONCLUSION
Biological agents, such as lichens, fungi and bacteria, are one of the major factors
of stone deterioration. These factors are present on stone monuments in the
open field. Biological agents can affect stone structure by mechanical and
chemical means. Multidisciplinary approach is the best way to properly
determine the method of cleaning and of conservation of the stone monuments.
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In case of the lintel, which was the object of our study, we found that the
colonies of lichens and cyanobacteria were strongly attached to stone surface
and possibly penetrated under the stone surface. Therefore, it was not possible
to remove them by using mechanical or chemical methods. After this
assessment, we decided to use laser cleaning method, i.e. to explore the effect of
different laser-radiation wavelengths and energies, in order to remove the
stains. We began with the least invasive combinations and then gradually
increased parameters.
We can conclude that ultraviolet wavelength is the most appropriate for
removing stains caused by microorganisms on stone materials. However, in
cases of stone surfaces covered with thick layers of microorganisms, we suggest
the combination of two wavelengths: first infrared (1064 nm) and then
ultraviolet (355 nm). Indeed, infrared laser radiation causes a scorching effect
on the biofilms that makes it easier and faster to subsequently remove the stains
through UV laser radiation. This method significantly reduces the necessary
time for complete surface cleaning.
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INTRUDUCTION
Protection of cultural property requires the application of contemporary nondestructive technologies, the implementation of which not only completes the
present information on cultural monuments, but also additionally extends this
field. 3D laser scanning has been adopted worldwide as a documentation
method of the highest quality at present, as it provides the most complete
overview of an object within a uniform database, additionally enabling a
subsequent or sequential data processing. A 3D scanner records the entire
geometry of an object in a three-dimensional form, combining it with high
resolution photographs, which results in obtainment of a digital, authentic
model of an object and represents a digital replica of the original. Such method
of scanning does not require any contact with the surface of scanned objects,
hence a cultural monument is not at risk at any time. The digital model, in
addition to its high presentational value, has a considerable advantage in the
process of planning and preparation of plans for revitalization, conservation and
reconstruction, as it provides an interactive form of acquainting population with
their cultural heritage. A digital 3D model database provides a high potential for
reviewing and valorization of cultural monuments; enables determination of
priority list aiming at timely, preventive and curative conservation; conforms to
the integrative approach to conservation and represents a uniform system of
both accurate and easily-accessible documentation. In this manner, a broad
range of presentational opportunities is unlocked, whereas the database can be
presented in a form of virtual internet presentation, which contributes to
increased popularization of cultural heritage and identity, follows a
contemporary course of interactive education, such as virtual museums, and it is
accessible from any part of the world.
The above-mentioned laser technique is a powerful tool for analysis of cultural
property, facilitating conservation-reconstruction works. 3D laser scanning
represents a system that operates at a high speed of data collection and
provides an opportunity to access the data in real time. Detection of very
complex geometries with high accuracy enables a detailed study of construction
techniques and facilitates the analysis of details, which is in traditional
documentation method, where it is performed by physical measurement and
drawing, far more difficult and slower to accomplish.
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PRINCIPLES OF LASER SCANNING
Use of laser for accurate measuring of distances emerges in the 60's, when the
very first devices for measurement and alignment, was constructed in the
laboratories. Till nowadays, laser technology was constantly developed, so
today we have a wide spectrum of devices that are known as 3D laser scanner.
The technology which is in use is called LiDAR (Laser Induced Direction And
Ranging, or commonly Light Detection And Ranging). Generally, all laser
scanners can be classified as terrestrials or airborne, and this classification also
considers its characteristics, working modes and methodologies and formats of
the scanning results.
All laser scanners have the same principles of work, which is based on known
nature of the electromagnetic radiation, including visible light, which has
characteristic of both wave and particles. Electromagnetic radiation could be
defined by wavelength, frequency and intensity. Energy of the light (E), which is
made up of photons which has no mass, is proportional to its wavelength (λ):

where h=Planck's constant, c=speed of light
Visible light occur between 400nm and 700nm, while possible range of laser
scanner extend both into infrared and ultraviolet. More difference between the
natural light and laser beam is that natural light emits from many directions and
trajectories, while laser beam is coherent and directional. When the
electromagnetic radiation of specific intensity (Iλ) and energy (E) strike on some
surface, it can reflect (Rλ), absorb (Aλ) or transmit (Tλ) in accordance with the
equation:

where λ - electromagnetic radiation wavelength.
The ratio of reflected radiation to the amount of originally received at surface is
defined as reflection (reflectance). Reflection surfaces could be:
• Specular, when incident radiation is reflected in single direction away
from the source and where the angle of the reflection is equal to the
angle of incidence (this occur when the surface roughness is smaller
than wavelength of the incident radiation);
• Diffuse, Lambertian, when incident radiation is reflected in all
directions (this occurs on surfaces whit roughness greater than
wavelength);
• Mixed, which represent combination of previous two types, and is
most common in nature.
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Laser scanner create information about space which is under scanning by
emitting the beam of specific intensity and range of wavelength and detecting
the reflections of that same beam. Distances of the scanned surface from laser
source (center of scanner) are calculated by measurement of time of flight (Time
needed for laser pulse to travel to the surface and reflect back to the scanner) or
by measurement of phase-shifting, depending of its specific technology.

where d - distance; c - speed of light; t - time of flight
Generally, phase-shifting scanners are more precise than pulse scanners.
Intensity and wave shape of the reflected beam give information about scanned
surfaces.
One point of the scanned surface is given by detecting one reflected laser beam.
The point is determined by the distance from the scanner and with certain
coefficient of reflectivity. The size of the point depends on diameter of the laser
beam and its divergence. To scan all points which are part of the surface, laser
beam is navigated by rotating mirrors, which rotate in specific angle step, so
that all geometry of the surface can be recorded in polar coordinates. Further,
coordinates can be easily translated into Cartesian coordinate.

Position (x,y,z=0,0,0) represents the center of laser scaner (e.g. center of
rotating mirror)

Figure 1. Position of the scanned point in polar and Cartesian coordinates
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Most commonly, rotating mirror navigate the beam on vertical circles, while the
horizontal rotation is given by rotating of all device, so the possible field of view
is 360° on horizontal plane and around 310° on vertical plane. The only part of
the space which is not scanning is the one below the device and the mirror.

Figure 2. Scanning axes of rotating mirrors in laser scanner

For information on colour of the points is using photo cameras, which can be
integrated into scanner, attached on specific mounts on the scanner, or the
scans can be colorized in post-processing on computers, by overlapping the
scans with photography of scanned surfaces. Some scanners use three different
wavelengths of the beam to capture information about colour of the point.

TYPICAL METHODOLOGY OF SCANNING
Typical workflow of scanning process can vary according to the characteristic of
individual laser scanners, but all terrestrial scanner rallies on the fact that
during the single scan is recorded only the environment of the scanner in length
of its maximum range and in the angles that it can be covered. On that way,
geometry of all surfaces which reflected the laser beam and which are linearly
visible from direction of scanner is recorded. Also, the surfaces need to have
necessary characteristic so that it can reflect back even a minimal amount of
electromagnetic radiation that can be detected. Surfaces which are not linearly
visible from scanner direction create blind spots in scan, which are the fields
without information. Shades are also produced by some specific surfaces which
do not send beam back to the scanner, like metals or metallic paints, which are
very specular, or water, which are very good absorbers of IC radiation. Step
rotation of the laser beam, on horizontal and vertical, and angular resolutions of
scanning, quality of scanned areas depends on the angle of the surface with
186

scanner, e.g. at horizontal planes, resolution of the scan decrease with distance,
because of increase of the angular distance between two points.

Figure 3. Blind spots in scanns

Laser scanning aggregate geo-referenced points - a cloud point, which can
content even 1 billion points in a single scan. Maximum range is determined by
power of the laser and sensibility of sensor to detect a reflected laser beams. In
the scan can occur noise, or iteration in accurate position of the pixel point.
Noise is appear in dependence of characteristic of scanned surfaces (objects
with significant variations on surface, like stucco decoration, ornaments,
sculptures create more noise in cloud points, also increased noise is generating
on the edges of the objects) but its consider also and other factors (e.g. water
evaporation in the air has an effect of noise level in the scan).
So, to record an entire geometry of one object, it is need to be scanned from all
sides, meaning to make enough individual scans which include all its surfaces, in
the exterior and interior. Individual scans are than overlap together to create a
full 3D model of scanned object. Matching of the cloud points is called
registration. Some models of laser scanner have possibilities of automatic
registration of the scans, and as the final product is all scan project, but usually
individual scans are registering in computer processing, in specialized software.
For registration of the cloud points is necessary to have at least three exactly
same points on two different scans. In practice, for this is used markers which
are previously positioned inside the scan area. Markers could be in the shape of
classic positioning targets or in the shape of the registration spheres of exact
diameter, but also can be used natural markers, like spots, signs and
recognizable features. For the most precise registration, laser scanning is done
simultaneously with measurement of all markers by total station. In this case,
the generated cloud points are registered on coordinates from total station, so
the overlapping error is less than 1mm.
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After the registration of all scans, the cloud points can be converted into
polygonal surfaces. This process is callied meshing, and represents defying the
surfaces of the scanned object with three neighboring points. The result is 3D
model with surfaces in certain resolution. The meshes can later convert from
basic triangular mesh into quadrilateral or NURBS (Non-uniform rational basis
spline), depend on the further editing needs. If the colour of the point is
captured during the scanning, the model will be colorized, or can be colorized
later by projecting the images on the mesh. From digital model can be exported
sections, elevation and floor plans, as ortho-photos of the facades.

SCANNING STUDY CASES
In the Central Institute for Conservation, for laser scanning we use FARO
Focus3D 120s, which is phase-shifting scanner. Working range of the scanner is
from 0.6m to 120m, for interior and exterior, with normal ambient light and
with 90% reflecting surfaces. Nominal measurement error is ±2mm on 10m and
25m with 90% reflecting surfaces. Fields of view, vertical and horizontal, are
300° and 360° respectively. Power of the laser source is 20mW (Laser class 3R),
while the wavelength of laser beam is 950nm and divergence is 0.19mrad
(0.011°). Step of rotation of the mirror is 0.009° which give a linear resolution of
40,960 3D-Pixel on 360°, both vertical and horizontal. Max. rotation speed of the
mirror is 5,820rpm or 97Hz, and full resolution of the scan is 710.7 millions of
the pixel, with max. scanning speed of 976 thousand of pixels per second.
Quality of scan is in dependence in the number of measurement of the same
point, and can be setup from 1 to 8 times. In the this scanner is incorporated
photo-camera, which is using for colorizing of the cloud points, and can give a
spherical photos with resolution up to 70 Mpx. Average time of single scanning,
with 1/4 of resolution (44.4 MPts) and quality 4X is around 8 minutes.
Example of workflow is explained trough laser scanning of the Karlo VI gate at
Kalemegdan (Belgrade fortres), Belgrade. It is build 1736 in the glory of
Habsburg Emperor Charles VI. The gate is located in lower part of the fortress
and it's incorporated into fortification walls. Its believed that the gate is work of
German architect Balthasar Neumann and present the only baroque structure
south of Danube and Sava river. Above the entrance on east side is monogram of
Charles VI, and on the west side is coat of arms of Tribalia with boars head
pierced with an arrow, which is the oldest remain crest in Belgrade.
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Figure 4. Gate of Karlo VI

Scanning of the gate was lasted 2 work days during whose are made 17
individual scans with different resolutions. The gate was first scanned in the
circle around it, and then 4 scans were made in the entrance corridor and 3 in
the room on the south side. Because of safety reasons, the roof surfaces could
not been scanned, and also the room on the north side which are used for
transformer station for electric supply, but this spaces was not necessary for
completing the 3D image of the object. Large tree on the west side also cover
certain parts of the gate, and this was compensate as possible with close-up
scanning beneath the braches. Also, during the scanning, high resolution
photography was made, for later HD texturing of the digital model.
Computer processing of the cloud point is done in software Scene 5.0 and JRC
Reconstructor 2.0. Raw scans are colorized in Scene, with pictures from
integrated camera, and prepared for further processing in Reconstructor.
Individual cloud points are first preprocessed (computing normal's, detecting
edges and computing confidence image of scan's data), without removal of
noise, to not lost any of the original data. Then, the preregistration is
undertaken, which is the process of marking the exact same points in two scans.
For this were used natural marker's spots. After initial alignment of the scan, the
full automatic registration is done, in which software compare surrounding of
the every point in the scans, in accordance with key-positioned scan. The result
is best fitting of cloud points positions, so the positioning error is less than 2.2
mm. All of this gives a cloud points model of the gate. Because the scanning was
done with colour capturing, the model has a preview in natural colour, but can
be also presented with its reflectance, confidence and surface inclination image.
Use of false colour method gives other possibilities for analyses and exploration
of the digital model.
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Figure 5. Digital model of the gate in the form of cloud point

Figure 6. Preview in JRC Reconstructor 2

Extracting the surfaces from cloud points is called meshing, and this was done in
multiresolution grid triangulation algorithm, with accuracy of 5mm. Also,
meshing from the view was done to produce the mesh in relation with normal of
direction of virtual camera, so the blind spots not to be visible. This is very
important for getting the ortho-photos. The precise floor plans, sections and
elevations, are generated as polylines with section planes trough the digital
model. Removal of the noise was done in AutoCAD.
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Figure 7. Ortho-photo of east elevation

Figure 8. Ortho-photo section

CONLUSION
3D laser scanning of the objects presents today's the most precise and the
speediest way of documentation. Classical survey last much longer, and a bigger
errors are appearing because of a single measurement of dimensions and angles.
At 3D scanning, all dimensions are captured together and automatic, so that
error from human factor is minimized. Total station provides bigger accuracy,
but it's also demand more man-hours for capturing enough number of points to
get a precise 3D model.
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Laser scanning speed up survey process and later data processing, and offer a
huge amount of information about scanned object. This is also introduction of
new form of architectonic conservation documentation, because instead of 2D
plans here is a three-dimensional model which is exact digital replica of exiting
object. On the model can be carried out analyses related for space dimensions
(verticality of the elements, static, etc.) and also has a big presentation abilities.
Photos without perspective deviations and distortions can be easily produced,
as in software can be simulated photo-chip of virtual cameras is very big
dimensions (e.g. 30m x 50m). Disadvantage of this system is demand for large
memory capacities for storage of the scan's files; common 3D models in cloud
point format have from 100 Gigabytes even to couple of Terabytes, depending
on the number of scans and resolution. Also, 3D scanning needs a big computer
processor and VGA capacities for its editing and processing, what is the one of
the reasons why it's not in wide usage. On this also influence the cost of the
equipment (including laser scanner with necessary accessories, like tripods,
markers, bags, etc. and computers), which are on the high level.
Regardless of all, this type of documentation gives the most complete insight of
some object appearance in some time period. This implicit assertion that this
system wills certainly be further developed and perfected, and that will be more
used in future. Central Institute for Conservation in Belgrade has carried out 3D
scanning of dozen monuments of culture (e.g. Monastery Pavlovac; Old church
in Donja Trnava, Topola; Monasery Bоđani, Danube Street in Novi Sad), with
aspiration for realizing of digital archives of architectural heritage.
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