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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. The main aspect that char-
acterizes the EDXRF technique is its non-invasive char-
acter. 

This characteristic that makes the technique so powerful 
and appealing is on the other hand the main source of 
uncertainty in XRF measurements on Cultural Heritage. 
This problem is even more evident when we analyze 
paintings because of their intrinsic stratigraphic essence.  

As a matter of fact a painting is made of several layers: 
the support, which can be mainly of wood, canvas, paper; 
the preparation layer, mainly gypsums, white lead or 
ochre; pigment layers and at the end the protective var-
nish layer. The penetrating power of X rays allows that 
most of the times the information of all the layers reaches 
the detector. Most of the information that is in the spec-
trum arrives from deep layers of which we have no clue. 
In order to better understand this concept, let us use the 
equation of A. Markowicz [1]:  
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in which the various uncertainties that influence the anal-
yses with portable EDXRF are reported.  

Let us adjust this equation for non invasive portable 
EDXRF analysis. The second, the third and the fourth 
term do not exist, for obvious reasons. Only the first and 
the last term influence the total uncertainty of an EDXRF 
analysis. The ways to reduce the influence of the fifth 
term is known by any scientist: good stability of the sys-
tem, long measuring time, correct standard samples, good 
energy resolution etc. But what about the first term when 
we are executing a non invasive analysis? 

An example that shows the influence of the sample repre-
sentation in the increasing of the uncertainty of a XRF 
analysis is the case in which we are asked to determine 
the original pigments used in a painting. If we have no 

clue of where restoration areas are dislocated on the 
painting, the probability of analyzing a “wrong” pigment 
is surely high and therefore high is the probability of hav-
ing a high uncertainty in our results. Without a good rep-
resentation of the painting to analyze, the total uncertain-
ty could be very high even applying correctly all the ana-
lytical procedures for XRF analysis.  

The only way to reduce the influence of the sample rep-
resentation in the EDXRF technique is to backup the 
EDXRF analysis with different kinds of techniques that 
help reduce the total uncertainty. These techniques, total-
ly non invasive such as EDXRF, can be the imaging 
techniques such as UV light, IR reflectography and X 
radiography. These techniques have already an independ-
ent application in Cultural Heritage with their own proto-
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their results to the fact that: UV light is able to detect sur-
faces restorations, IR reflectography intercepts restora-
tions in deeper layers while X rays define deeper prob-
lems. These imaging techniques gain new importance 
from a scientific point of view when they help choosing 
the right spot of analysis and therefore reduce the total 
uncertainty of EDXRF analyses. Surely the sample repre-
sentation of a specific surface of the painting is greatly 
increased when, prior to any EDXRF analysis, we are 
able to fulfill non invasive imaging techniques. 

In a few words, we can state that Markowicz’s equation 
demonstrates that portable non invasive EDXRF in Cul-
tural Heritage needs a multi-technique approach to reduce 
the total uncertainty of its results. 

When dealing with large surface paintings, regardless 
whether 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 re-
duce to a minimum, or better eliminate, the necessity of 
destructive sampling. The working session must start 
with deep visual examination together with an art histori-
an and a restorer and define the targets of the analyses. 
After this, it is necessary to divide the large painting in 
sections internally coherent for problems and expecta-
tions.  

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 Rays and then move to 
more expensive analyses such as XRF and Raman and 
only at the end, and only if really necessary, do some mi-
cro sampling for OM stratigraphy, SEM/EDS and micro 
FTIR. The best way to deal with big paintings is therefore 
to manage them as a mosaic of smaller ones. That means, 
it is necessary to divide the painting with the help of an 
art historian and restorer into several scenes coherent 
within each other and apply to each one of them the pro-
cedure proposed. 

To show the importance and necessity of a multi tech-
nique approach when using EDXRF on large paintings 
we describe the cases of:  

 Caravaggio, “Calling of Saint Matthew” in the 
Contarelli Chapel in Rome, Italy 

 Luca Signorelli, “The altarpiece of Paciano” in 
the National Gallery of Perugia, Italy  

On this occasion, we are going to discuss only the case in 
which EDXRF is applied to determine the original pig-
ments used by the painter. As it is easy to imagine, there 
are many more applications of EDXRF and for all of 
them, the methods and procedures for the multi technique 
approach are different. 

 

“Calling of Saint Matthew” by Caravaggio in the 
Contarelli Chapel in Rome, Italy [2] 

 

In 1559, Caravaggio was asked to decorate the Contarelli 
Chapel in the Church of San Luigi dei Francesi in Rome. 
One year later, the “Calling of Saint Matthew” was deliv-
ered. The painting is 322 cm x 340 cm. The highlight of 
the painting, which had an immediate success, is the 
beam of light that enters the picture from a window fol-
lowing the arm of Jesus and depicting the change of the 
destiny of Saint Matthew. 38 EDXRF analyses were con-
ducted on the painting. 

In Figure 1 we show the painting, a red dot marks the 
point of interest. 

 

 
 

Fig. 1. Calling of Saint Matthew 
 
Wanting to define the pigments used by Caravaggio to 
paint the shades, we chose a spot pointed out by a red 
dot, just above the right hand of Jesus. In Figure 2, we 
see an IR reflectography of the painting just around the 
red dot. It makes the presence of an important “pentimen-
to” clear. It is evident that the interpretation of the XRF 
spectrum is very different with the correct awareness of 
an under painting as compared to not knowing about the 
presence of an under painting. In the second case, it 
would be difficult to understand why Caravaggio used 
lead white and red cinnabar to build a dark shade and the 
uncertainty of our result would be very high. 

15 



XRF Newsletter, No. 26, April 2014 

 

 
 

Fig. 2. IR reflectography of the painting 
 

“The altarpiece of Paciano” by Luca Signorelli in the 
National Gallery of Perugia Italy [3] 

 

The altarpiece of Paciano is a large painting (215 cm x 
310 cm) now located at the National Gallery of Perugia 
in Italy. The painting is signed by the painter and is dated 
1517, at the bottom of the painting, it is possible to see 
the old city of Paciano that commissioned the work. In 
Figure 3, you can see a full view of the altarpiece with 
indicated points where XRF was done. 51 EDXRF anal-
yses were conducted on the altarpiece. 

We want to define the right positions to study the work 
with portable EDXRF to characterize the pigments used 
by Signorelli for the incarnate. As already stated, it is of 
fundamental importance to determine which areas are 
original and which are retouched. In Figure 4, results for 
the head of the Holy Mother analyzed by different imag-
ing techniques are aligned. It is easy to see areas with 
“pentimento” such as the crown of the Holy Mother and 
areas with restorations such as on her right eyebrow.  

Only after careful study of these images, it is possible to 
choose the right spots to apply EDXRF to be sure that we 
are analyzing only original areas and by that reducing the 
total uncertainty that influences the analyses with porta-
ble EDXRF devices on paintings. 

 
 

 
 

Fig.3. The altarpiece of Signorelli and the XRF points 
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Fig. 4. Detail of the altarpiece of Paciano. The Holy Mother imaging at different energies 
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Introduction 
 

The Analytical and Environmental Chemistry Group 
(QAA) is a consolidated research group of the Depart-
ment of Chemistry of the University of Girona (North-
East Spain). The main research topics of the group are 
related to the development and application of analytical 
methodologies for the determination of inorganic and 
organic species in different kind of environmental, clini-
cal and industrial samples.  

From the beginning of the 2000’s, one of the research 
focuses of the group, is the use of X-ray fluorescence 
spectrometry (XRF) for the determination of trace 
amounts of metals and metalloids mostly in samples re-
lated to the environmental and industrial fields. For in-
stance, in collaboration with the Institute of Earth Scienc-
es “Jaume Almera” (ICTJA-CSIC, Spain), we have de-
veloped and successfully applied several analytical ap-
proaches based on the use of EDXRF (Energy dispersive 
XRF), WDXRF (Wavelength dispersive XRF) and P-
EDXRF (Polarised EDXRF) for the determination of 
metals at trace levels in complex liquid samples such as 
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