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Abstract

Cultural heritage objects represent valuable testimonies of the past, which must be kept in the right condition to transmit to future
generations. Together with the spectacular progress recorded by humankind regarding technology, opportunities to obtain valuable
data on heritage objects so as to preserve them have started to emerge. The current researchers aimed to determine the internal
composition of the colors and materials used in some paintings from a historic wooden church monument, from Oradea City,
Romania. The samples were taken from icons made in different materials, which were in an advanced stage of degradation. Expert
analysis of the samples of the paint layer and plaster base was undertaken using X-ray fluorescent spectrometry. The paper presents
the data obtained via spectral analyses of the different sections of the samples taken.
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1. Introduction

As aresult of the impressive progress made by
humankind in the field of technology, opportunities
have appeared to fill the previously exposed gaps.
Digitisation appears to be one of the most viable ways
of obtaining the required information concerning the
heritage objects and storing them as digital
presentations (Ruggiero et al., 2012), with the vital
knowledge of the conservation of monuments, as well
as the appreciation of their future evolution,
depending on the particularities of the objects
concerned and the environmental conditions under
which they are kept. The present study deals with the
analysis of wvaluable objects inside a historical

monument wooden church in Oradea, Bihor County,
Romania. As may be observed on an inscription in the
beams in the pronaos, the construction was carried out
between 1760 and 1762 in Letca, Sélaj County, with it
later being transported to the University of Oradea
campus. From 2010 the item appeared on the list of
historical monuments, under the registration code BH-
1I-m-B-20958 m (Ilies et al., 2018). The interior
paintings, which form the main study object, were
located in 1993 on the site of the church itself. To gain
an in-depth understanding of the ‘hidden’ process used
in their creation (Legrand et al., 2014), as well as of
the internal structure of the paintings and the materials
used to create them, X-ray fluorescent spectrometry
was used. Determining the internal composition of the
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paintings, in terms of the relevant cultural heritage,
offers valuable data that can be used towards
developing a new strategy for the conservation and
restoration of the paintings concerned (Monico et al.,
2011). Starting with the second decade of the 21st
century, several studies have been carried out on the
digitisation of cultural heritage (Angheluta and
Radvan, 2017; Doulamis et al., 2017; Karaszewski et
al., 2012; Madanan et al.,, 2018; Manferdini and
Russo, 2013; Newell et al., 2012; Pavlidis et al., 2007;
Sotirova et al., 2012), and historical monument
churches (Marutoiu et al., 2017; Ruggiero et al.,
2012). Paintings on church walls around the world
(Bakiler et al., 2016; Clark et al., 2010; Doménech-
Carbo et al., 2012; Tomasini et al., 2016), as well as
other types of paintings that were considered valuable,
and which were in need of conservation and/or
restoration (Lengrand et al., 2014; Monico et al., 2011;
Zielinska et al., 2013; Vecco, 2010) have been
analysed, using X-ray technology. A key feature of the
technology is that it is non-invasive (De Viguerie et
al., 2010; Mannes et al., 2015; Reiche et al., 2012) for
both the internal composition and the external
appearance of the digitized heritage objects studied.
The inestimable cultural meaning of wooden
churches, and the heightened sense of identity that
they give to Romanians, has been confirmed by the
large number of works that have appeared on the topic
during the last decade (Baias et al., 2015; Ilies et al.,
2011; Ilies et al., 2016; Ilies, 2013; Mihincau et al.,
2019; Wendt et al., 2018). The wooden church on the
Campus of the University of Oradea was examined,
taking into account the influence of the microclimate
and the contamination of the wooden surfaces with
microorganisms and fungi (Ilies et al., 2018).
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4. The icon of Virgin Mary

2. Material and methods

In order to determine the internal composition
of the colours and the materials used to make the
interior paintings, the icons that were in an advanced
state of degradation were considered. The fragments
of seven paintings, with several different types of
surface, which lined the walls of the wooden church,
were used for the analysis. The samples (1,2,3,4) taken
from the iconostasis (Fig. 1) are painted on plaster,
with sample no. 4, collected from the bottom right-
hand corner of the main entrance to the altar,
consisting of a canvas. Samples 6 and 7 (Fig. 2) are
pieces taken from wooden paintings.

The three samples of the wall paintings, which
were collected from icon 1, were indexed as 1.1 (the
grey fragment), 1.2 (the brown fragment), and 1.3 (the
blue fragment). The fragments of the second, fourth
and fifth icons, numbered 3, 4 and 5 respectively, are
pieces of cement, with a dark and light brown pattern.
The samples with blue and grey pigments gathered
from the wall painting were numbered 6 and 7. The
brown piece of canvas was numbered 2 (Fig. 3).

Expert analysis of the samples taken from the
paint layer and the plaster base were taken at the sites
of destruction. The icons of iconostasis (carbonate
plaster), the wall painting, the doors and the painting
on textile material were investigated using X-ray
fluorescent spectrometry (Spectroscan Max G,
Spectron, Russia), with the type of spectrometer used
being wavelength-dispersive. The spectra of
florescence were measured with the Ag anode and the
LiF (200) analysing crystal, at 40 kV voltages, with a
0.1 A current, for 8 minutes of exposure time.

Samples

2. The icon of Jesus Christ

3. The lower right part of the main entrance door to the altar

Fig. 1. Scheme of icons and frescoes, from which samples were selected for analysis
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Fig. 3. Samples collected from inside the wooden church historical monument, taken at the sites of destruction

The chemical composition of the objects was
investigated using scanning electron microscopy
(SEM) and energy-dispersive X-ray (EDX)
microanalysis in SEM JEOL JSM — 6390LV, with
EDX analyzer Oxford INCAEnergy (Oxford
Instrument, England). The system was calibrated for
all the observed chemical elements in the samples (C,
N, O, F, Na, Mg, Al Si, P, S, Cl, K, Ca, Cu, Ti, Cr,
Fe, Zn, Br, Sr, Ba, W, Pb), with the Registered
Standard No. 7366 being supplied by Micro-Analysis
Consultants Ltd, England. The samples were cleaned
only by blowing them with compressed air, using no
liquid solvents (so as to avoid sample degradation). As
the samples were non-conductive, immediately prior
to the SEM-EDX analysis, the samples were coated
with 10-nm carbon-conductive film, in the form of
Jeol JFC-560 thermal-carbon coater (Jeol Ltd., USA).

3. Results

The spectra were recorded at four positions for
all the studied samples. The data from the spectral
analyses at the different points of sampling are shown
in Table 1. The results obtained from the same
descriptive statistical analysis of the element

concentrations in the different samples are the mean,
the standard deviation and the coefficient of variation.
For a more detailed study of the samples used, the X-
ray spectra were repeatedly taken from different
positions of the sample, in relation to a range of
pigments (Fig. 4).

Sample 2, collected from the icon of Jesus
Christ, which was positioned at the altar, was divided
into two pieces, which were then numbered and
analysed with X-ray spectra, so as to determine the
chemical makeup of the brown pigments of which it
was constituted. The results of both samples are
presented in Fig. 5.

To determine the nature of the blue and grey
pigments used, the X-ray technique was applied to the
three pieces constituting sample 5. The chemical
composition of each sample is presented in Fig. 6.
Samples 6 and 7 were collected from the paintings on
the wooden walls of the church. Three pieces of the
samples, selected for analysis, contained brown,
white, blue, green and gold pigment. The results for
each piece are shown in Fig. 7. The third piece,
analyzed in sample 7, formed part of the aura of the
saints, which is characterized by the presence of an
intense golden pigment.
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Table 1. Descriptive statistics of the concentration data (atomic %) in the samples studied

Elements, 11 12 13 2 4 5 6 7
characteristic line series
Mean 55 42 58 70 55 45 53 47
CK SD 9.0 14 9.1 3.0 8.3 20 19 17
CV 16 35 16 4.3 15 45 36 35
Mean 34 46 31 28 26 39 29 37
OK SD 5.9 3.8 5.9 3.6 5.5 7.2 11 18
CV 17 8.2 19 13 21 18 39 47
Mean 10 0.92 2.3 2.0 0.38 2.5 1.0 1.1
Na K SD 7.0 0.43 0.92 0.94 0.17 3.8 0.36 0.42
CV 68 47 39 47 44 153 36 37
Mean - 0.21 - - 0.68 - 0.47 -
Mg K SD - 0.41 - - 0.41 - 0.18 -
CV - 200 - - 59 - 38 -
Mean 0.065 0.033 0.15 0.51 0.34 0.025 0.093 -
AlK SD 0.019 0.039 0.026 0.85 0.42 0.05 0.046 -
CV 29 121 17 168 123 200 49 -
Mean 0.208 0.038 0.485 0.27 1.2 0.41 0.37 0.19
Si K SD 0.12 0.075 0.19 0.12 1.2 0.11 0.26 0.015
CV 56 200 38 43 101 26 71 80
Mean - - 0.055 0.055 - 0.015 0.023 -
PK SD - - 0.026 0.064 - 0.017 0.005 -
CV - - 48 115 - 115 22 -
Mean 0.357 1.45 2.2 0.068 0.76 0.29 0.57 2.1
SK SD 0.14 0.89 1.2 0.075 0.33 0.044 0.68 22
CV 38 61 52 111 44 16 118 108
Mean 0.193 0.022 0.35 0.12 0.37 0.16 0.085 0.42
CIK SD 0.10 0.026 0.15 0.11 0.28 0.13 0.033 0.28
CV 51 117 43 87 76 85 39 67
Mean - - - 0.0075 0.19 0.028 0.033 -
KK SD - - - 0.015 0.044 0.022 0.015 -
CV - - - 200 24 81 46 -
Mean 0.46 8.2 1.6 0.15 8.5 11 13 0.52
CakK SD 0.23 15 0.94 0.14 6.2 10 8.1 0.11
CV 50 183 58 99 73 88 64 20
Mean - - - - - - - 0.42
CuK SD - - - - - - - 0.84
CV - - - - - - - 200
Mean - - - - 0.05 0.28 0.26 -
Ti K SD - - - - 0.10 0.32 0.14 -
CV - - - - 200 113 56 -
Mean - - - - - - - 0.073
CrK SD - - - - - - - 0.071
CV - - - - - - - 98
Mean - 0.095 0.54 0.0075 5.1 0.085 0.055 1.1
Fe K SD - 0.15 0.43 0.0050 4.0 0.11 0.048 0.82
CV - 155 80 67 78 125 87 72
Mean - - - - - 0.30 2.1 1.5
Zn K SD - - - - - 0.39 0.78 0.36
CV - - - - - 127 37 23
Mean - 0.033 0.063 - 0.028 - - 0.03
SrL SD - 0.039 0.024 - 0.015 - - 0.047
CV - 121 38 - 55 - - 156
Mean - 0.02 - - - 0.02 - -
BrL SD - 0.04 - - - 0.04 - -
CV - 200 - - - 200 - -
Mean - 0.83 2.8 0.0025 1.2 0.11 0.01 3.9
BaL SD - 0.61 1.6 0.0050 0.85 0.19 0.02 4.86
CV - 74 57 200 69 170 200 124
Mean - 0.01 - - - - - -
TaM SD - 0.02 - - - - - -
CV - 200 - - - - - -
Mean - - 0.015 - - - - -
AuM SD - - 0.03 - - - - -
CV - - 2 - - - - -
Mean - 0.21 0.033 0.013 0.023 0.073 0.01 0.19
PbM SD - 0.12 0.040 0.019 0.005 0.13 0.011 0.13
CV - 58 121 - 22 173 115 61
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Fig. 5. Location of the detecting points in sample 2, and the X-ray spectrum of the sample segments

The electronic image and the spectral results,
obtained for the green and gold segments, are
presented in Fig. 8. Sample 3 is a piece of brown paint
taken from the lower right-hand area of the canvas,
which appeared on the main entrance door to the altar.
The electronic image of the sample and the X-ray
spectrum that were obtained from the analyses are
shown in Fig. 9.

4. Discussion
The analysis suggests that the ground consists

of calcium carbonate used with an organic binding
agent (flaxseed oil varnish). The difficulty of

determining the nature of the organic materials was
exacerbated by the natural aging processes that had
occurred with some of them, and by the need for more
of the substance to have been available for the analysis
than was accessible at the time.

A key reason for the change in the mechanical
properties of the plasters over the course of time is the
seasonal fluctuation experienced in temperature and
humidity, during which time the plaster is alternately
moistened and dried. The saturation with water, and
the drying of plaster, which has been occurring for
many decades, results in fatigue of the material from
repetitive internal stresses, as a result of which the
internal bonds are broken, and the strength of the
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material decreases. Radiant heat (e.g. from the burning
of candles), released for a long time around the
painting, can convert into calcium carbonate, leading
to the periodic adsorption of moisture, which causes
the plaster to disintegrate, and alters the tone of some
pigments (Devina et al., 2000).

The high carbon content found in the samples
also suggests that protective organic varnishes,
possibly based on gum, were used for the coating of
the painting, but to obtain a more accurate analysis
than the above, a larger sample would have to be

taken.
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Blue (ultramarine) pigments are represented
exclusively by sodium aluminum silicate, including
sodium polysulfide AlgNaz0,433Si6 or
(Na,Ca)g(AlSi04)6(S,S04,Cl)i2. Depending on the
ratio of the components involved, the hues vary from
blue-green to violet, which, when mixed with white
pigments, emit hues ranging from pale blue (paleo) to
grey-blue (Slansky, 1953). Excluding the acidic
components (SOz, CO,, NOy), which first cause
yellowing, and then discoloration; the pigment is
resistant to UV radiation and weather impact. At
temperatures above 250°C (candlelight), the pigment
may darken, sometimes acquiring a greenish tint.

Over time, the ultramarine coloring tends to
develop the so-called ‘ultramarine sickness’, with the
ultramarine pigments having the disadvantage of
absorbing, and condensing, moisture from the air.
Moisture violates the homogeneity of the system. As
a result of moisture disrupting the homogeneity of the

system, changes may occur in the appearance of the
paints, which can become turbid, grey or colourless.

The mixing of ultramarine with lead pigments
(browning the colors of the paint) and with earthy
colors (ochre, umber, etc.) causes the pigment
involved to turn grey. Ultramarine pigment is present
in the icons of Archangels Michael and Gabriel. The
sample also contains gold (Au), with small particles of
gold having possibly been applied to the ultramarine
background (used for the blue coating of the
Archangels) (Fig. 1). In sample 5 (the icon of Jesus
Christ — Fig. 1), ultramarine green was employed as an
intermediary to obtain artificial ultramarine blue
(Slansky, 1953). The chemical composition of the
ultramarine green present is expressed by the formula,
NaAl6Si52024.

The brown pigments present could be
identified as Marsyas brown iron oxide pigments
(which were present in all the samples, excluding the
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wooden part of the iconostasis, featuring the saints and
the floral borders, as well as elements of the clothing).
The pigment was obtained by igniting a mixture of
iron sulphate and aluminum oxide with soda.

Iron oxide pigments were also used to produce
the red and dark-brown shades (Mars red, Mars
yellow, mulberry dye, etc.) (Pfaff, 2017; Slansky,
1953). Iron oxide paints are durable and resistant to
light and weather. The intensity of their color
depended on the amount of chromophore present, with
it being especially high in the iron-rich ores of
hematite (red), hydrohematite (mummy or red-
brown), goethite (yellow), and others. The brown and
red-brown paints were found to contain impurities of
baryta white. The black pigment is most likely bone
black, with such a finding being indicated by the
presence not only of carbon, but also of magnesium
and calcium phosphates (Christie, 2015; Pfaft, 2017).
Since the black pigment consists of amorphous
carbon, it is resistant to air and light, and in mixture
with other paints. The yellow pigment is most likely
strontium yellow (Slansky, 1953), with its chemical
composition being that of strontium chromate, SrCrO,4
(sample 7, wood). The white pigments are represented
by the presence of baryta white (blanc fixe, BaSO,).
Although the pigment is resistant to heat, it eventually
begins to break down, becoming subject to chalking
(Pfaft, 2017).

5. Conclusions

The physical condition of the historic wooden
church in Oradea, Romania continues to deteriorate,
as a result of various negative phenomena and
processes, in which the environment plays a special
role. For example, such effects as the air pollution
caused by industrial facilities and automobile
transport contribute to the formation of a chemically
aggressive environment, which causes the destruction
of natural building materials, as well as of layers of
paint, plaster and decor. Also, important issues
involved are the biological damage of the wooden
building structures by fungi and microorganisms, and
by the presence of excessive moisture inside the
church, due to inadequate surface drainage.

The current study showed that traditional
inorganic pigments were used to paint the church
icons. Their colouring ability is less than that which is
obtainable with the use of organic pigments, but they
tend to offer increased light resistance, and to have a
heightened density. The art masters responsible for the
paintings involved used toxic copper-containing
pigments that actively interacted with the plaster
elements, and, when they were exposed to the flame
of a candle, they decomposed as a result of the
formation of copper oxide, causing blackening of the
paintings.

Redox processes (thermo- and photo-
oxidation) are seen to have been responsible for the
alteration of a number of the properties of some
inorganic pigments, including ultramarine blue. As
many of the reactions involved included the taking of
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a photoactivation step, it was necessary to avoid direct
contact with sunlight. Currently, the main destructive
factor in terms of interior paintings is high humidity.

The color of most pigments used for textiles
consisting of cotton and linen fades relatively quickly
under conditions of high humidity (Devina et al.,
2000). Very low humidity leads to the drying out and
the increased brittleness of the soil used. With daily or
seasonal fluctuations in temperature and humidity,
hygroscopic materials easily absorb and release
moisture, undergoing swelling and compression,
which accelerates their destruction.

The above effects might, in the present
instance, have resulted from the deterioration of the
vertical and horizontal waterproofing, which probably
occurred during the relocation of the building, which
resulted in leaks in the roof, as well as it possibly being
due to the formation of condensate, especially
resulting from insufficient air exchange. In addition,
many types of molds tend actively to populate slightly
alkaline substrates, such as the mineral pigments
studied.

One of the first steps taken towards the
conservation of the paintings involved should be a
detailed engineering survey of the building concerned,
and further restoration of the waterproofing, which
should serve to stabilize the temperature and humidity
conditions. Treatment with fungicidal and bactericidal
agents that are safe for use with both people and
paintings should assist in avoiding the further
destruction of the wood, textile and plaster coatings
and pigments involved.

Thus, the following priority areas for
protection of the cultural heritage from negative
environmental consequences can be identified. First of
all, carrying out regular monitoring of the condition of
the paintings, icons and wooden structures is
necessary, as such supervision could help ensure the
reliability and timely updating of information about
the target indicators observed (the area and nature of
the damage to the wooden base and plaster layer, the
safety of the pigments and paint layers, etc.).

In addition, environmental monitoring within
the precincts of the church is required (in terms of air
pollution; the landscape and climatic conditions of the
territory, including the temperature and humidity, the
atmospheric pressure, the amount and time
distribution of precipitation, the frequency of change
in wind direction, and the snow cover value; and the
engineering and geological conditions).

At the next step in the study, the necessary
recommendations regarding the preservation and
partial restoration of the church should form part of
the monitoring of the data analysis.

Acknowledgements

The current research/paper was supported by the Russian
Academic Excellence Project at the “Immanuel Kant” Baltic
Federal University. The support of the grant PN-III-P1-1.2-
PCCDI-2017-0686 is also acknowledged. The research was
made possible by the equal degree of scientific involvement
of all the authors concerned.



Spectroscopy study of heritage objects for the digitization of cultural heritage

References

Angheluta L., Radvan R., (2017), 3D digitization of an
antique decorative textile artefact using
photogrammetry, Romanian Reports in Physics, 69, 1-
10.

Baias S., Gozner M., Herman G., Maduta F., (2015),
Typology of wooden churches in the drainage basins of
Mures and Aries, Alba County, Annals of the University
of Oradea, Geography Series, 25, 221-233.

Bakiler M., Kirmiz1 B., Ormanc1 Oztiirk O., Boso Hanyali
0., Dag E., Caglar E., Kéroglu G., (2016), Material
characterization of the Late Roman wall painting
samples from Sinop Balatlar Church Complex in the
Black Sea region of Turkey, Microchemical Journal,
126, 263-273.

Christie R., (2015), Colour Chemistry, 2nd Edition, Royal
Society of Chemistry, Cambridge, England.

Clark R.J.H., Hark R.R., Salvadé N., Buti S., Pradell T.,
(2010), Spectroscopy study of mural paintings from the
Pyrenean Church of Saint Eulalia of Unha, Journal of
Raman Spectroscopy, 41, 1418-1424.

De Viguerie L., Walter P., Laval E., Mottin B., Solé V.A.,
(2010), Revealing the sfumato technique of Leonardo da
Vinci by X-ray fluorescence spectroscopy, Angewandte
Chemie International Edition, 49, 6125-6128.

Devina R.A., Illarionova V., Rebrikova N.L., Boyko V.A.,
Kronfeld J.G., Dorokhov V.B., Logacheva T.V., (2000),
Microclimate of Church Buildings. Basics of
Normalizing Humidity the Temperature and Conditions
of Monuments of Religious Architecture (in Russian),
Moskow, Russia.

Doménech-Carb6 M.T., Edwards H.G.M., Doménech-
Carbé A., Del Hoyo-Meléndez J.M., De la Cruz-
Caiiizares J., (2012), An authentication case study:
Antonio Palomino versus Vicente Guillo paintings in the
vaulted ceiling of the Sant Joan del Mercat church
(Valencia, Spain), Journal of Raman Spectroscopy, 43,
1250-1259.

Doulamis N., Doulamis A., Ioannidis C., Klein M.,
Toannides M., (2017), Modelling of Static and Moving
Objects: Digitizing Tangible and Intangible Cultural
Heritage, In: Mixed Reality and Gamification for
Cultural Heritage, Ioannides M., Magnenat-Thalmann
N., Papagiannakis G. (Eds.), Springer Nature
Switzerland AG, 567-589.

Ilies A., (2013), Rural churches, “pearls” of rural
architecture in Crisana and Maramures, Annals of the
University of Oradea, Geography Series, 23, 386-391.

Ilies A., Wendt J.A., Ilies D.C., Herman G.V., Ilies M., Deac
A.L., (2016), The patrimony of wooden churches, built
between 1531 and 2015, in the Land of Maramures,
Romania, Journal of Maps, 12, 597-602.

Ilies A., Wendt J.A., Ilies D.C., Josan 1., Herman G.V.,
(2011), The Romanian rural architectural heritage from
Maramures Land — Personality, distinctiveness and
protection,  Studia  Universitatis  Babes-Bolyai,
Geographia, 2, 187-197.

Ilies D.C., Onet A., Wendt J.A., Ilies M., Timar A., Ilies A.,
Baias S., Herman G.V., (2018), Study on microbial and
fungal contamination of air and wooden surfaces inside
of a historical church from Romania, Journal of
Environmental Biology, 39, 980-984.

Karaszewski M., Sitnik R., Bunsch E., (2012), On-line,
collision-free positioning of a scanner during fully
automated three-dimensional measurement of cultural
heritage objects, Robotics and Autonomous Systems, 60,
1205-1219.

Legrand S., Vanmeert F., Van der Snickt G., Alfeld M., De
Nolf W., Dik J., Janssens K., (2014), Examination of
historical paintings by state-of-the-art hyperspectral
imaging methods: From scanning infra-red spectroscopy
to computed X-ray laminography, Heritage Science, 2,
1-11.

Madanan M., Hussain N., Khaliq A.A., (2018), A study of
the digitization process to preserve the culture and
heritage of a civilization using natural language
processing and its impact on the social, economic and
scientific aspects, Journal of Theoretical and Applied
Information Technology, 96, 5550-5568.

Manferdini A.M., Russo M., (2013), Multi-scalar 3D
Digitization of Cultural Heritage Using a Low-Cost
Integrated  Approach, 2013 Digital Heritage
International Congress (Digital Heritage), Marseille,
France, 153-160.

Mannes D., Schmid F., Frey J., Schmidt-Ott K., Lehmann
E., (2015), Combined neutron and X-ray imaging for
non-invasive investigations of cultural heritage objects,
Physics Procedia, 69, 653-660.

Marutoiu C., Bratu 1., Nemes O.F., Dit I.-I1., Comes R.,
Tanaselia C., Falamas A., Miclaus M., Marutoiu V.C.,
Moraru R., (2017), Instrumental analysis of materials
and topology of the Imperial Gates belonging to the
Apahida wooden church, Cluj County, Vibrational
Spectroscopy, 89, 131-136.

Mihincau D.C., Ilies D.C., Koroleva Y., Herman G.V.,
(2019), The study of indoor microclimate on wooden
churches to be included among Oradea's representative
sights, GeoJournal of Tourism and Geosites, 26, 737-
750.

Monico L., Van der Snickt G., Janssens K., De Nolf W.,
Miliani C., Verbeeck J., Tian H., Tan H., Dik J.,
Radepont M., Cotte M., (2011), Degradation process of
lead chromate in paintings by Vincent van Gogh studied
by means of synchrotron X-ray spectromicroscopy and
related methods. 1. Artificially aged model samples,
Analytical Chemistry, 83, 1214-1223.

Newell J., (2012), Old objects, new media: Historical
collections, digitization and affect, Journal of Material
Culture, 17, 287-306.

Pavlidis G., Koutsoudis A., Arnaoutoglou F., Tsioukas V.,
Chamzas C., (2007), Methods for 3D digitization of
cultural heritage, Journal of Cultural Heritage, 8, 93-98.

Pfaff G., (2017), Inorganic Pigments, Walter de Gruyter
GmbH, Berlin/Boston.

Reiche 1., Miiller K., Eveno M., Itié E., Menu M., (2012),
Depth profiling reveals multiple paint layers of Louvre
Renaissance paintings using non-invasive compact
confocal micro-X-ray fluorescence, Journal of
Analytical Atomic Spectrometry, 27, 1715.

Ruggiero C., Gallo A., Lio A., Zappani A., Fortunato G.,
Muzzupappa M., (2012), An integrated methodology for
the digitization, survey and visualization of Santa Maria
Patirion’s Church, International Journal of Heritage in
the Digital Era, 1, 21-26.

Slansky B., (1953), Technique of Painting, Part I. Painting
and Conservation Material (in Czech), Prague, Czech
Republic.

Sotirova K., Peneva J., Ivanov S., Doneva R., Dobreva M.,
(2012), Digitization of Cultural Heritage-Standards,
Institutions, Initiatives. In: Access to Digital Cultural
Heritage: Innovative Applications of Automated
Metadata Generation, Ivanova K., Dobreva M.,
Stanchev P., Totkov G. (Eds.), Plovdiv University
Publishing House "Paisii Hilendarski", Bulgaria, 23-68.

1065



Demenchuk et al./Environmental Engineering and Management Journal 19 (2020), 6, 1057-1066

Tomasini E., Rodriguez D.C., Gémez B.A., De Faria Wendt J.A., Ilies A., Wiskulski T., Ilies M., (2018), Wooden
D.L.A., Landa C.R., Siracusano G., Maier M.S., (2016), Orthodox churches in the Maramures region -
A multi-analytical investigation of the materials and opportunities and threats of tourism development,
painting technique of a wall painting from the church of Ekonomiczne Problemy Turystyki, 3, 133-140.
Copacabana de Andamarca (Bolivia), Microchemical Zielinska A., Dagbrowski W., Fiutowski T., Mindur B.,
Journal, 128, 172-180. Wiacek P., Wrobel P., (2013), X-ray fluorescence

Vecco M., (2010), A definition of cultural heritage: From imaging system for fast mapping of pigment
the tangible to the intangible, Journal of Cultural distributions in cultural heritage paintings, Journal of
Heritage, 11, 321-324. Instrumentation, 8,  https://doi.org/10.1088/1748-

0221/8/10/P10011.

1066




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


