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ABSTRACT 
 
The Laboratory of Applied Nuclear Physics from the State University of Londrina (LFNA/UEL) introduced 
Archaeometry and related issues pioneeringly among its main research lines in 1994. The current work aims at 
presenting an overview of the evolution of such activities and the development of human resources up to the 
present time. The activities related to Archaeology, Art and Cultural Heritage Conservation at the LFNA can be 
divided into five levels, as follows. (1) Study and implementation of experimental methodologies. (2) Related 
Basic Research - Physics issues involved in archaeometric applications have led to the need to conduct 
interesting specific basic research. (3) Works with specific materials - Among the several analysis conducted, the 
following should be mentioned: ceramics from the archaeological site Tupi Guarani Fazenda Sta. Dalmácia, PR; 
two archeological sites in the Amazon Forest; objects from the MAE/USP collection; wall paintings in 
Imaculada Conceição Church, SP; coins and other objects from the MHN/RJ; obsidians from Ecuador; etc. (4) 
Development of Human Resources. In this item there are two components: tutoring of scientific initiation 
students, Master’s and Doctorate in atomic-nuclear methodologies applied to Archaeometry and a course of non-
destructive nuclear techniques for the characterization of archaeological and art materials aimed at archaeologists 
and conservators, given since 1997. (5) Scientific collaborations - the construction of a common language 
between physicists and archeologists, conservators and other professionals involved in this area is an endeavor of 
mutual continuous learning and necessary conditions for the success of the projects.  
 
 
 

1. INTRODUCTION 
 

Archaeometry has been a well-established area since the 1960’s, with wide use of nuclear-
atomic methods in the characterization of art and archeological pieces and cultural heritage in 
general. However, in Brazil, until the early 1990’s, only the area of archeological dating had 
been implemented by means of methods stemming from Physics, mainly the 
thermoluminescence technique. In 1992, one of the LFNA members became acquainted with 
the possibilities of tomography in Archeometry [1], as well as with the EDXRF technique in 
the analysis of antique bronze. Thus, considering the potential of the area in Brazil, the 
wealth of possibilities for application and the scientific challenge and intrinsic beauty of such 
inter and multidisciplinary work involving Art and Science, the Laboratory of Nuclear 
Physics of the State University of Londrina (LFNA/UEL) pioneeringly introduced 
Archeometry and correlated themes among its priority research areas in 1994. The first 
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research was the study of a selection of fragments of archeological ceramics from the 
collection belonging to the Historical Museum of the State University of Londrina by using 
EDXRF (Energy Dispersive X-Ray Fluorescence), RBS (Rutherford Back Scattering) and GT 
(Gamma Transmission) [2]. The current work aims at presenting an overview of such 
research activities and the development of human resources up to the present. More details 
about these researches and a complete list of the publications can be found at LFNA web site: 
www.fisica.uel.br/gfna. Only the first published papers on each topic and/or the more relevant 
ones are refereed along the text.  

 
2. MATERIALS AND METHODS 

 

The activities of the research area in Archeometry at the LFNA can be divided into five 
levels, which are explained in detail below. 

2.1. Study and implementation of experimental methodology.  

For each of the experimental methods utilized, it is necessary to conduct a study, a state of 
art literature review, implementation and experimentation, and to have knowledge of the 
necessary software before its actual application. Furthermore, besides the careful acquisition 
of equipment, it is also necessary to design and produce special systems for the assembly and 
installment of detectors, radioactive sources, X-ray tubes, etc. The methodologies currently 
employed for these researches at the LFNA are: Energy Dispersive X-Ray Fluorescence 
(EDXRF) and Gamma Ray Transmission (GRT). EDXRF allows the measurement of the 
elementary chemical composition of the samples. GRT allows for the measurement of 
densitometry and porosity of the samples. Figures 1 and 2 show the EDXRF portable systems 
designed and assembled at LFNA/UEL to be used, respectively, with radioactive source and 
X-ray tubes. Figure 3 shows the micrometric table automatized for measurements with GRT 
methodology with 241Am source. 
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Figure 1.  EDXRF portable system with Si-PIN 
non-cryogenic detector to be used with 238Pu 
annular radioactive source. In the detail, the 
excitation system assembled on the detector.  

 

 

Figure 2.  EDXRF portable system with Si-PIN 
non-cryogenic detector to be used with X-ray mini-
tube with anode Ag.  
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Figure 3.  Gamma ray transmission table with 
241Am source, with micrometric XZ movement of 
the sample and automatized system of data 
collection. 

 

2.2. Correlated basic researches  

The physics issues involved in the archeometric applications lead to themes for basic specific 
research, which also need to be developed. For instance, in order to conduct archeological 
ceramics densitometry, due to the irregularities of thickness in the samples, it was necessary 
to develop a method of the two media to determine the coefficient of linear attenuation of the 
gamma rays of the ceramics without needing to know the thickness of the sample [4]. 

      2.3. Works with specific materials  

Among the several works developed, it could be mentioned: ceramics from the Tupi 
Guarani archeological site Fazenda Sta. Dalmácia, PR; two archeological sites in the 
Amazon; objects from the MAE/USP collection; archeological ceramics from Emílio Goeldi 
Museum; study of the elementary chemical composition of pigments of a painting attributed 
to Thomas Gainsborough (18th Century) [5] and wall paintings in Imaculada Conceição 
Church, SP [6]. Here are included both the measurements made by the LFNA alone and 
experiments done in   collaboration, conducted in other laboratories such as the EDXRF with 
Si(Li) detector at LIN/CENA/USP; the micro EDXRF at the National Laboratory of 
Sincroton Light; the Rutherford Back Scattering at the Pelletron Laboratory and, later, at the 
LAMFI in the Institute of Physics at USP; the Particle-induced X-Ray Emission (PIXE) at 
the afore mentioned LAMFI; among others. The first in situ work developed with the 
EDXRF portable system, with 232Pu source was conducted in April 2003 in the Laboratory of 
Conservation at MAE/USP. The following pieces were analyzed: two Afro-Brazilian bangles; 
five African bracelets; one African adornment; three male Edans (ethnological statuettes, 
Nigeria, Africa, beginning of the 20th century, Ogboni Secret Society, Cultural Group Ilobu-
Ioruba); one set called “Procissão real africana” (African Royal Procession) (Nigeria, Africa), 
consisting of 33 figures; one polychromed wooden sculpture of “Santa Luzia” (8 areas 
measured); one marajoara coffin; Matogrosso ceramics, Guarita, Açutuba; one Peruvian 
pectoral metallic ornament.  In Figure 4 is presented a calibration curve of the concentration 
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of Mo versus counting conducted with steel reference standards containing Fe, Cr, Mo, V and 
W, with the portable system using 238Pu source. In Table 1 it is shown the good results of the 
methodology validation with steel patterns, in which the total deviations of the informed 
measurements are around 10%.   
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Figure 4.  Correlation between counting and 
quantity of Mo in the steel standards measured by 
portable EDXRF. 

 

 
 

Table 1. Results for steel reference standards with 
portable EDXRF with a 232Pu source. 

PATTERN 1 PATTERN 2 
Certified values 

 (%) 
Certified values  

(%) 

 
 

ELEMENT 

 
 

CD[1] 

 
 

ED[2] 

Determined 
EDXRF 

(%)  
 

CD[1] 

 
 

ED[2] 

Determined 
EDXRF 

(%) 

Fe  84.33 83.47 84.77 78.80 79.92 80.06 

Mo 4.65 4.68 5.14 0.26 0.34 0.23 
W 6.33 5.77 6.12 18.34 14.27 16.17 
V 2.11 2.00 1.57 1.15 0.99 1.23 

Cr 4.10 4.08 3.51 4.51 4.50 3.32 

 
[1] CD – conventional dissolution  
[2] ED – electrolytic dissolution 
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In Figure 5 Edan A is shown in the situation of measurement. In Figure 6 is presented a 
photograph of Edan A and its regions of corrosion, obtained by means of a stereoscopic 
magnifying glass. In Figures 7 and 8 are presented the X-ray spectra of two regions in Edan 
A, one from the normal region of the alloy and the other with grey corrosion, respectively. In 
Table 2 it is possible to see the results of the concentrations measured for the elements in 
three regions in Edan A. 

 

Figure 5. Portable EDXRF measurement set up of Edan A. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.  Photograph of Edan A and detail of four 
regions, obtained by means of stereoscopic 
magnifying glass. 
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 Figure7.  X-ray spectra of a region without 
corrosion at Edan A. 
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Figure 8.  X-ray spectra of a region with grey 
corrosion in Edan A. 
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Table 2. Concentrations measured for the elements in 
three regions in Edan A, with portable EDXRF with 
232Pu source. 
 

INVESTIGATED 
AREA  

Cu 
% 

Zn 
% 

Mn 
% 

Fe 
% 

Co 
% 

Ni 
% 

Grey corrosion 86.2 11.1 0.37 1.16 0.51 0.65 
normal 86.2 11.8 0 0.79 0.20 1.05 

Pastel pink corrosion  85.7 12.2 0 0.70 0.23 1.20 

 

 

In Figure 9 is presented a photograph of the detail of the experimental setup for the 
measurement of the set “Procissão real africana” (Benin, Nigeria, Africa), Cultural Group 
Fon, 19th-20th Centuries, consisting of 33 figures fixed on a wooden basis, in which the 
concentrations of the elements in eight different areas were measured. 

 

 

Figure 9.  Detail of the measurement of the set 
“Procissão real africana” 

 

 
The analyses conducted by means of portable EDRXF allowed the identification of the main 
and secondary components of the base-alloys and of the different products of corrosion in a 
non-destructive way. In Figure 10 there is a detail of the experimental set utilized in a set of 
measurements conducted at the MAE in October 2005, when the elementary concentrations 
of pigments from five polychromed wooden statues were studied with the EDXRF portable 
system employing X-ray tube. 
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Figure 10.  EDXRF portable system positioned for 
the measurement of a polychromed wooden 
sculpture in the Laboratory of Conservation at 
MAE/USP.  

 

          2.4. Development of Human Resources 

 
In this item there are two fronts:  

- Tutoring of CI, Master’s and Doctoral students in nuclear-atomic methodologies 
applied to Archeometry and correlated areas [7,8] and  

- A course on non-destructive nuclear techniques for the characterization of 
archeological and art materials given to archeologists and conservators since 1997 (in 
the Archeology and Ethnology Museum at USP, São Paulo, in 1997, 2001 and 2006; 
in the program of the Annual Meeting of the Brazilian Archeology Society in 2001 
and in the VIII Week of Physics / UEL, in 2003). 

 
     2.5. Scientific Collaborations 
 
Due to the trans- and multidisciplinary nature of this research area, it is essential to have 
scientific collaboration both with other applied physics groups and with people who possess 
objects to be analyzed. The construction of a common language between physicists and 
archeologists, conservators and other professionals involved in this area is an endeavor of 
mutual continuous learning and necessary conditions for the success of the projects. The main 
groups / entities / people with whom the LFNA works or has been working in collaboration in 
this area are: Division of Archeology of the Museu Paranaense; Museum of Archeology and 
Ethnology (MAE) at USP; Laboratory of Electrochemistry and Corrosion of the Polytechnic 
School at USP; Laboratory of Molecular Spectroscopy, Institute of Chemistry - USP; 
Laboratory of Conservation Sciences (LACICOR), CECOR/EBA/UFMG; Agency of Studies 
and Restoration of Heritage (AERPA), Recife, PE; Group of Applied Physics with 
Accelerators, Institute of Physics – USP; Laboratory of Nuclear Instrumentation, COPPE, 
UFRJ; MRizzo Restorations – Laboratory of Conservation and Restoration of Cultural Assets 
Ltd.; Dr. Roberto Cesareo, Department of Physics, University of Sassari, Italy; Dr. Conceição 
Lage, Department of Chemistry, Federal University of Piauí; Dr. Virgilio Franco do 
Nascimento Filho, Laboratory of Nuclear Instrumentation, LIN/CENA/USP. 
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3. RESULTS 
 

An infrastructure of softwares, basic developments and experimental systems devoted to 
archeometric studies was implemented. Among such studies, an EDXRF portable system 
should be pointed out. The scientific production (articles, presentations in congresses and 
technical publications) and the development of human resources in this area are available at 
the LFNA’s site: www.fisica.uel.br/gfna. 

 

4. CONCLUSIONS 
 

The number and quality of works developed as well as the ever growing number of scientific 
collaboration with archeologists and conservators from several parts of the country have 
shown that the decision to invest in the development of such a line of research at the LFNA 
was correct. It should also be mentioned that, throughout the years, the LFNA’s work has 
incentivated other groups of experimental nuclear physics to start researching in this exciting 
area, which is multi and transdisciplinary par excellence [9].  
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