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ABSTRACT 

 
Since 2003 the analyses of artistic and cultural heritage objects at LAMFI-USP (Laboratório de Análises de 

Materiais com Feixes Iônicos), initially restricted to ion beam methods, are growing steadily. Since then, 

alternative methodologies and procedures have been incorporated to better characterize these objects, which 

possess distinct physical characteristics and also high cultural and monetary value. The examinations in this 

kind of objects were expanded to other non-destructive analytical techniques like portable EDXRF (Energy 

Dispersive X-ray Fluorescence) analysis, X-ray radiography, visible photography, UV (ultraviolet) and IR 

(infrared) light imaging that are helping to better understand these art objects, particularly paintings. These 

techniques are helping the analyses of the conservation state of the objects and also revealing characteristics of 

the painter such as underlying drawings, which help understand the creative process of the artist. These new 

procedures of analysis are aimed to enable better analytic research in archaeology and artistic and cultural 

heritage objects and to provide results that subsidize authentic investigations of art objects as well as the origin 

of archaeological artifacts, while stimulating archeometry and “arteometry” research in Brazilian Museums. 

 

 

1. INTRODUCTION 

 

The museums gather their collections, important historical and cultural heritage, with 

different collections of artworks, cultural and ethnological objects, national and international 

iconographic and textual documents, all of them with immeasurable value. These artworks 

are made of various materials, which cause a problem for their conservation. The museums 

have laboratories for conservation and restoration, seeking technical and scientific resources 

for better characterization, identification and preservation of their collections. Thus, to 

understand the materials and their changes over time a systematic study of the collections is 

necessary to assist in the areas of conservation and restoration and to determine guidelines 

with technical and scientific background. 

 

The close collaboration among researchers from physics and chemistry sciences, restorers, 

curators and art historians has been effective and valuable for scientific research in different 

museums worldwide. Systematic studies of artwork with scientific techniques are routinely 
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conducted in Europe and the United States, but in Brazil these studies started recently (in the 

late 1990s). The systematic and methodical study of artwork, textual document and 

archaeological objects helps understand the materials and techniques used in their production 

and what happened to them over time. The interpretation of the information obtained through 

scientific analyses, concomitantly with the knowledge of the artwork or the author history, 

allows us to place the "object" in the context of its own time and understand how it stands 

today. 

 

Within this objective, the Group of Applied Physics with Accelerators of the Institute of 

Physics of the University of São Paulo (GFAA-IF) has conducted systematic studies of with 

methodological analysis in art objects and artistic and cultural heritage since 2003. Initially 

the studies of these objects were restricted to non-destructive analyses using the ion beam 

methods such as Particle Induced X-Ray Emission (PIXE) and Particle Induced Gamma-Ray 

Emission (PIGE) at the Laboratório de Análises de Materiais com Feixes Iônicos (LAMFI) 

[1] allowing the characterization of the chemical elements present in objects of art. 

 

Nowadays the group has expanded the non-destructive analytical methodologies using 

techniques such as Energy Dispersive X-Ray Fluorescence (EDXRF) and high resolution 

digital imaging techniques. The EDXRF analysis uses the recent portable equipment obtained 

by the group [2] and is quite suitable for analyses "in situ". Besides that, the imaging analyses 

are performed with visible light, visible photography of near-infrared reflectography (NIR), 

visible fluorescence with ultraviolet (UV) radiation, tangential and transmitted light and 

finally the digitized radiography. These techniques have allowed revealing nuances of the 

artist’s creative process and his work, by analyzing the underlying drawings, “pendimenti” of 

the artist, the conservation status showing the restoration interventions. These non-destructive 

analyses have been routinely employed in the São Paulo museum’s collections at USP (MAC, 

IEB, MAE, Museu Paulista), Pinacoteca and Palácio do Governo do Estado de São Paulo 

[3,4,5,6,7].  

 

The non-destructive analyses, used to study and characterize the art objects, historical and 

archaeological analyses, followed the theory of Lahanier [8], who proposed that feature 

methods of analysis should be: 

 

 Respectful to the physical integrity of the object. Several experts often prioritize 

investigations of valuables that can be made with analyses that do not result in any 

harm to the object. And generally prefer the methods which eliminate completely the 

withdrawal of samples; 

 Quick because so many similar objects can be analyzed and compared. Besides that, a 

single object can be analyzed at different points on its surface. This allows discerning 

general trends of data or points analyzed; 

 Universal, so that it can be applied in many materials and objects of any shape and 

size and can be analyzed with minimal pre-treatment sample; 

 Versatile, so that the analysis can provide localized micrometer areas and verify 

general heterogeneity; 

 Sensitive, since it must be able to determine low concentrations of various elements at 

the same time. This allows determining the elements and features that serve the 

majority of these fingerprints; 

 Mutielemental, able to determine the maximum chemicals simultaneously. The 

determination of the chemical composition of different materials such as stone, glass, 
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ceramics, paper, wood, corrosion layers on metal objects inlaid into objects, paintings 

and color changes on the surfaces of the paintings are some examples of problems that 

can be solved by different physic-chemical techniques. 

 

This article will discuss some examples of the works that are being performed in collaboratio

ns with these institutions to better exemplify the applicability of all these non-destructive anal

yses. 

 

 

2. MATERIALS AND METHODS 

  

2.1. Imaging System 

 

The imaging analysis and diagnostics applied to the work of art – using visible light, visible 

fluorescence with ultraviolet (UV) radiation, Infrared Reflectography (IR), images with 

grazing light, transmitted light and radiography – have played an important role in 

archaeometry as useful tools to examine, evaluate and document the conservation status of 

objects of artistic and cultural heritage. 

 

In the case of easel paintings, they may or may not present themselves a little differently 

compared to when they were created. These changes may be natural or due to human 

interventions that have occurred in the work. Systematic scientific imaging examinations can 

reveal the changes that have occurred over time and reveal details of the creative process of 

the artist and his work through the analysis of underlying drawings, the artist's “pentimenti” 

[9,10], interventions of restoration, assisting, in a certain way, in the authenticity of the work. 

Scientific research does not eliminate the traditional analysis done by experts, researchers and 

art historians, but it is an extraordinary tool that can complement this information. 

 

The photo images of visible light are made with a digital camera with CCD (Charge-Cupled 

Device)  sensor, lens and filters attached to systems, tungsten and halogen lamps that allow 

recording, documenting and digitizing the images for cataloging the works. 

 

The photograph of visible fluorescence with ultraviolet (UV) radiation is a photographic 

technique in which the fluorescence recorded is generated by UV radiation that emerges from 

the object. Since each color or compound emits its own fluorescence, the image obtained by 

UV analysis may reveal information which is not observed by the naked eye. It manifests 

itself in the form of colored lights, low frequency trends to violet tones that are characteristic 

of certain materials. The fluorescent colors of a picture are not easily understood, but may 

help in identifying areas of retouching and of certain pigments and/or different types of 

coatings. The UV image analysis may be able to provide the first qualitative assessments of 

morphological and chemical properties of the surface of a painting and allows viewing the 

pictorial layer, detecting fungi, tears, cracks and areas with recent or old retouching in the 

polychrome, and distinctions between copies and the original painting. Fluorescence occurs 

mainly in organic compounds, which is rare in inorganic.  

 

The near-infrared reflectography (NIR) is a non-destructive optical technique in which the 

image is obtained from a digital camera with CCD sensor and an IR filter, coupled to the 

lens. The infrared reflectance analysis provides another way of looking at the pictorial layers 
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that are mainly under the paint layer, but are not possible to see by the naked eye. This 

technique is used to study the underlying design, i.e., the first traces of the artist applied 

before the paint layers, but is also useful to reveal “pentimenti” areas, touch-up, and 

counterfeiting. The image is a result of the conjunction of the observed phenomena of 

reflection, absorption and transmission of the surface layer revealing hidden quirks. 

 

The display of drawings depends on two aspects: contrast and transparency. The contrast is 

related to the material used for the design and with reflectivity of the base preparation. The 

transparent layer is related to the pictorial and depends on its composition. Some pigments 

that are opaque to visible light become more transparent in the infrared region. Carbon is an 

element popularly used for design and it has a high capacity for IR absorption, increasing the 

difference in reflectivity with the base preparation, becoming dark in the IR images and thus 

evidencing the hidden features. In this case, it is possible that the design is visible even if the 

pictorial cover is opaque in visible light. Since the infrared light is not visible to the naked 

eye, we need to have a special camera sensitive to infrared light [5]. 

 

2.1.1. Radiography 

 

For digitized radiograph images, the GFAA has collaborated with the Dosimetry Laboratory, 

Department of Nuclear Physics of the Physics Institute of USP. The radiography system 

consists of a MG450 Philips X-ray tube with voltage range (variable) 20-420 kV and current 

0-15 mA (variable). The X-ray system also has a high-quality image processing system. The 

radiographic examination with scanned image (or digitized) is applied to study the art and 

archaeological objects due to the facility of revealing hidden details in the inner layer of the 

painting, it can also reveal the composition and internal structure of the sculptures and/or 

objects and can also help assess the conservation status of a given work and reveal underlying 

damage and changes in the paintings (amendments, clippings, etc..), location of nails, and in 

some cases identification of the assembly process of the work. A great advantage of this 

technique is to analyze the interior of the objects without destroying them.  

 

Passing through the material analyzed, the X-ray beam suffers a process of attenuation, and 

this effect occurs differently and is related to the energy of the incident beam, composition, 

thickness and density of the material. The result is obtained through a grayscale image due to 

several mitigating factors. In the case of an easel painting, whose thicknesses are uniform, 

dark regions observed may be due to loss of polychrome (greater passage of the X-ray beam) 

and the light regions due to the presence of pigments with a high atomic number elements 

such as lead in the lead white pigment or gold in gold leaf material, difficulty of passage of 

the X-ray beam. In some cases it also allows the x-ray analysis of the characteristics of the 

screen (the web etc.). 

 

In the analysis of digitized X-ray detector, the type "Image Plate" is used, which is a kind of a 

two-dimensional detector containing phosphorus, which is photosensitive by passing the 

radiation X. The image formed on the detector irradiated object is captured in a special 

scanner that converts the image into a digital signal that is transferred to the computer so it is 

possible to get the scanned image. 

 

The process of analysis by X-ray image also allows answering questions related to the 

manufacturing process of a given object as well as the conservation status of the object; the 
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examples can be found in the analysis of a set of vessel Chimu of Museu de Arqueologia e 

Etnologia da USP [6]. 

 

 

2.2. Portable X-Ray Fluorescence System 

 

The analyses performed by the GFAA with Energy Dispersive X-Ray Fluorescence system 

use a MINI-X spectrometer and a Silicon Drift detector (25 mm
2
 x 500μm / 0.5 mil) with a be

ryllium end window of 1.5" from Amptek [11].  

The MINI-X is a miniature X-ray tube system, which includes the X-ray tube, the power 

supply, the electronic control and the USB communication with the computer. It is designed 

to replace radioisotopes in X-ray fluorescence analysis applications and to simplify the XRF 

process by providing a grounded anode, variable current and voltage controlled via USB and 

ease of operation. The features operate with voltage from 10 to 50 kV and current of 5 to 

200µA with a silver (Ag) transmission target.  To further simplify the use of MINI-X an AC 

adaptor is provided to supply the 12 V DC needed to power the system. The only connections 

needed to operate the tube are a USB cable and AC adaptor. A flashing red LED and a beeper 

warn the user when x-rays are present but it has low dose rate, approximately 1Sv/h @ 30cm 

and 10
6
 counts per second/mm

2
 on the axis at the same distance (50 keV/1a) to the Ag tube. 

The characteristic X-Ray fluorescent intensities (K, L and M lines) were measured with 

a XR-100SDD system detector, which is a new high performance x-ray 

detector, preamplifier, and cooler system using a thermoelectrically cooled Silicon Drift 

Detector (SDD). Also mounted on the 2-stage cooler are the input FET and a novel feedback 

circuit. These components are kept at approximately -55 °C, and are monitored by an internal 

temperature sensor. The silicon drift detector (SDD) is a type of photodiode, functionally 

similar to a PIN photodiode, but with a unique electrode structure to improve performance. 

The detector has a thin Beryllium window to enable soft x-ray detection and SDD has better 

energy resolution (125 eV FWHM Resolution @ 5.9 keV (
55

Fe)), while operating at much 

higher count rates than a conventional diode. The complete XRF system used is shown in 

Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:  Portable XRF system used to analysis “in situ”. 

 

Si drift detector  
Mini X-Ray tube with Ag target  
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3. RESULTS AND DISCUSSION 

 

3.1. Imaging Results 

 

During the last two years several paintings by various artists of the nineteenth and early 

twentieth centuries, from the Pinacoteca and the Museum of Contemporary Art of USP 

collection, were analyzed using the imaging techniques such as photography with visible 

light, visible reflectography in the infrared (IR) region, fluorescence visible with ultraviolet 

(UV) light and tangential light and radiograph.  

 

With the use of infrared reflectography, it was possible to characterize the artist's creative 

process, as in the example of the painting by Oscar Pereira da Silva, from the collection of 

the Pinacoteca do Estado de São Paulo, which was found in several works that the artist used 

a frame with squares made by graphite to draw the preliminary traces of the artwork [12] as 

well as reused the canvas as seen in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:  Photography with Infrared Reflectography, showing the “pentimenti” of artist 

Oscar Pereira – Hora da Música – collection of the Pinacoteca (Photo: E.M. Kajiya). 

 

Several improvements in the image equipment were also performed with the aim to amplify 

the quality of the images. The studies with different imaging techniques, as Visible Light, 

tangential and UV fluorescence, performed to the artwork “Portrait of Cesario Motta” of the 

collection of the Pinacoteca made by Almeida Jr. (1850-1899), have shown different 

characteristics of this artwork as well as the state of conservation of the painting as shown in 

Figure 3. 
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Figure 3:  Top Left: Photography with Visible Light – Below Left: Photography with 

Tangential Light – Right center: Photography with Ultraviolet Light. Artist Almeida 

Junior – Portrait of Cesario Motta – collection of the Pinacoteca do Estado de São Paulo 

(Photos: E. M. Kajiya) 

 

The combination of photography images, principally infrared reflectography, with   digitized 

radiography has increased the capability of better understanding the creative process of the 

artists. One example of this application is the analysis of the Museum of Contemporary Art of 

USP collection. This collection has 71 Italian paintings acquired between 1946 and 1947, by 

Francisco Matarazzo Sobrinho, “Ciccillo”, for the creation of São Paulo Museum of Modern 

Art (MAM) [13]. The analysis of this collection is being performed systematically and the 

example of the discoveries can been seen in Figure 4.   

The imaging and radiography techniques used were useful to reveal internal details that are 

invisible to the naked eye as seen in Figure 4. This figure shows the painting "Natureza morta 

com limões" by Felice Casorati, oil on wood, 50.2 cm x 45.1 cm, of the Museum of 

Contemporary Art - USP. In this particular painting, these analyses revealed by the infrared 

reflectography analysis that the painting was in a good state of conservation and also allowed 

identifying the successive phases of the artist’s creation. The radiography image reveals a 

hidden face performed by the artist under the painting.  

The examinations made in the painting surfaces of the Italian collection using non-destructive 

techniques revealed important data for historical documentation and preservation of the 

works. What led us to pursue this collaboration was the fact that five of the studied paintings 

hold entire compositions on their verso, which also proved to be an exceptional phenomenon 

of the artistic practices of the period. At the moment several artists (09 paintings) were 

analyzed with imaging and PIXE and XRF measures. All the information obtained is initially 

displayed in a virtual platform through an online catalog on the web page of the Museum. 

This research and partnership is performed with Professor Flávio Soares Corrêa da Silva and 
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his PhD student Cláudia J. Abrão de Araújo, of the Department of Computer Sciences of the 

Institute of Mathematics and Statistics of USP, who elaborated a pilot project of a virtual 

environment for the exhibition of those works [14,15]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4:  Left: Photography with Visible Light – Top Right: Photography with 

Infrared Reflectography – Below Right: Digitized Radiography. Artist: Casoratti – 

Natureza morta com limões – Collection of the Museum of Contemporary Art of USP 

(Photos: E. M. Kajiya). 

 

3.2. XRF Results 

Measures with PIXE and XRF techniques intend to characterize the works of artist’s palettes 

and thus provide this information in the virtual space recently built on the webpage of the 

Museum of Contemporary Art of USP [15].  It was decided that the PIXE measurements at 

LAMFI, for some works with front and back side, are the most suitable for ion beam of 

protons that have a well defined range. All the other paintings are being analyzed with XRF 

measurements “in situ”. In Figure 5 we show the work "Composição" by Mario Sironi, oil on 

paper on canvas, 90.2 cm x 62.7 cm, of the Museum of Contemporary Art - USP with their 

points of XRF analysis and the correspondent XRF spectrum of the point P1 (Figures 5 and 

6). 

The XRF spectra (Figure 6) reveal that the analyzed pigments show Zn white due to the high 

quantity of Zn in both spectra. Cr is the key element present in the green pigment suggesting 
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Chromium oxide. The analysis of all points reveals, for example, that the red pigment is 

formed with Hg element, for example Vermilion (HgS), and the brown have Fe and Ca as 

principal elements.   
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Figure 5:  Photography with visible light of the artwork “Composição” by Mario Sironi, 

oil on paper on canvas, and the correspondent XRF points analyzed. Collection of the 

Museum of Contemporary Art of USP. 
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Figure 6:  XRF spectra of two points analyzed on the artwork “Composição” by Mario 

Sironi, oil on paper on canvas. Collection of the Museum of Contemporary Art of USP. 

 

The XRF spectra allow us to observe that Chromium element is present in point 9 and is 

usually associated to green pigments as chromium oxide (Cr2O3). The iron element present in 

point 10 suggest that the blue pigment could be related to the Prussian Blue.  

 

 

4. CONCLUSIONS 

 

The methodological analyses with non-destructive techniques such as XRF and imaging have 

allowed studying and analyzing various materials present in objects of art, artistic and 

cultural heritage of different collections of the museums. These analyses did not aim to 

replace the specialists, such as conservators, restorers, curators and art historians, and 

researchers, but the objective is to work in partnership with all of them in order to provide 

tools that can assist in the process of restoration and conservation of important objects present 

in the different collections.  We also aim to find information to stop the degradation process 

that may be occurring or will occur in an artwork object.  

 

These analyses also have the intent to help understand the methods and materials used in the 

production of these valuable cultural objects, to have information about the material 

production and to understand it as we see it today. This work involves collaboration between 
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art specialists and scientists in a multidisciplinary association providing important 

information about the artists and the works of the various museum collections 
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