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ABSTRACT 
 
The technique of X-ray fluorescence (XRF) using SR microbeams is a powerful analysis tool for studying 
elemental composition in several samples. One application of this technique is the analysis done through the 
mapping of chemical elements forming a matrix of data. The aim of this work is the presentation of the program 
MapXRF, an in-house software designed to optimize the processing and mapping of fluorescence intensities 
data. This program uses spectra generated by QXAS as input data and separates the intensities of each chemical 
element found in the fluorescence spectra in files themselves. From these files, the program generates the 
intensity maps that can be visualized in any program of treatment of images. The proposed software was tested 
using fluorescence data obtained in the XRF beamline of XRF at Synchrotron Light National Laboratory 
(LNLS), Brazil. Automatic 2D scans were performed and element distribution maps were obtained in the form 
of a matrix of data.  
 
 

1. INTRODUCTION 
 
 

Micro X-ray fluorescence using synchrotron radiation (µSRXRF) is a multielementar 
analytical technique. The intrinsic characteristics of synchrotron radiation permit to 
implement spectrochemical analysis with spatial resolution on the micrometer scale, high 
efficiency for trace elements determination and short time of analysis requirement. µSRXRF 
technique is an useful tool for the study of elemental distribution in several kind of samples 
as biological specimens [1-4]. 
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The aim of work was to implement a software (MapXRF) to optimize the process of 
analyzing data mapping of fluorescence intensities. This software proposes to use spectra 
generated directly by the software Quantitative X-Ray Analysis System (QXAS), supplied by 
International Atomic Energy Agency (IAEA) [5]. MapXRF separates the intensities of each 
chemical element found in the fluorescence spectra in files themselves. From these files, the 
program generates the intensity maps that can be visualize in the software or in any program 
of treatment of images.  
The data were ontained by automatic 2D scans and element distribution maps were 
construced as a matrix of data. Moreover, the software provides the option to normalize the 
values of the intensities of the chemical elements of interest calculated at QXAS, with the 
value of the intensity of x-ray beam incident on the sample. 
 
 

2. MATERIALS AND METHODS 
 
 

2.1. Methodology of software (MapXRF) 

 
 
The MapXRF uses the files released by QXAS for their execution. These files contain: the 
chemical elements that were selected in QXAS, the energies of emission lines of elements 
and the intensities (peak area) among other informations.  
 
The fluxogram presented in Fig 1 shows the stages of the data processing, to reconstruct the 
map of intensity of the elements. First of all, it is necessary to use the QXAS to calculate the 
X-ray intensities of the chemical elements present in the sample. 
 
The QXAS generates two files one with extension "ASR" and another with extension "OUT" 
to make the calculations of the spectra. The first is a summary information where the 
intensities of the chemical elements are related only to the lines more likely to be produced. 
The files with extension OUT is more complete, the intensity of such elements is the 
contribution of all emission lines of the element. For this reason MapXRF uses the files with 
extension OUT, to have a more precise result. 
 
The second step, the values of the elemental intensities must be normalized with the value of 
the intensity of incident X-ray beam for each point measured. After this, these normalized 
values are organized for each element as a matrix or a column vector depending on the image 
viewer used. Finally, the visualization of the map can be made with any image editor. 
 
Note that this process is long, as many points for each sample and may also have different 
elements. So, this software was designed to optimize this process. The MapXRF was 
implemented using the C++Builder6 development environment. 
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Figure 1. Fluxogram showing the stages of the data processing. 
 
 

3. RESULTS AND DISCUSSION 
 
 
It can be observed in Fig 2, the user interaction with the MapXRF is friendly, because the 
input data are directly obtained by QXAS. On the Data Tab (Dados), there are three fields to 
be filled using the buttons  located next to the fields. The first field (Séries), refers to the 
identification of the sample, which is automatically filled when the user clicks the button “1º 
Arquivo (.OUT)” and select the file (with extension OUT) released by QXAS to calculate the 
values of the intensities of the first spectrum. The second field is filled when the user clicks 
the button “Último Arq. (.OUT)” and select the file (with extension OUT) released by 
QXAS, referring to the last spectrum. The last field (Elemento Químico) is filled when the 
user clicks the button “Selecinar (Elemento(s) Químico(s))”. A periodic table (Fig 3) is 
available to select the elements.  
 
Two other tabs can be used to normalize (Normalizar) and to format (Matriz) the output data. 
To normalize the output data the value of the intensity of x-ray beam incident on the sample 
can be chosen by setting the selected detector. On the Matrix tab, the user can choose the size 
of matrix (number of columns and lines). 
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Figure 2.  Layout of MapXRF to data setup. 

 

 

 
 

Figure 3.  Periodic Table of MapXRF to select the 

available chemical elements to be processed. 

 
 
As an exemple, Fig 4 shows maps of Ca and Zn distribution in human teeth reconstructed 
using the MixroXRF. These data were obtained during the project XRF-1354 in LNLS [2]. 
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Figure 4. Mapping of the chemical elements Ca 
and Zn in a tooth specimen. 

 
 

4. CONCLUSIONS  
 
 
The software MapXRF was effective in optimizing the analysis of data obtained with the 
technique of micro-fluorescence (µSRXRF). The development of a friendly in-house 
software to reconstruct maps of fluorescent intensities reduces the computacional time and a 
lot of data analysis. X-ray intensities for each element and the associated uncertainty are 
obtained by the liquid areas of the peaks of the characteristic X-rays evaluated by QXAS, the 
internationally accepted X-ray analysis code. Moreover, MapXRF can be used in case of 
simulated data.  
 
At the next development stage, a real time visualization of the maps will be added to the 
MapXRF software allowing the user to analyze the intensity distributions as soon the maps 
were reconstructed.At the next development stage, a real time visualization of the maps will 
be added to the MapXRF software allowing the user to analyze the intensity distributions as 
soon the maps were reconstructed. 
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