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Introduction

Application of XRF spectrometry in Cultural Heritage

Non-Destructive
Sample preparation prior to study is not necessary
Works perfectly in room condition (air atmosphere)
Does not change the nature of the sample during the analysis
Short measurement time
Portable Instruments

low Z elements are very difficult to be detected (Z<13, Al)   





Characteristic 
X-ray emission 
and other 
effects

Characteristic X-ray fluorescence
Auger electrons







Energy Dispersive X-ray detection

• The X-ray detection is carried out 
using a silicon drift detector (X-
Flash 1000B), which provides a 
resolution of 146 eV FWHM at 
10 kcps. 

• This is coupled with a digital 
signal processor for accurate 
processing of the collected data.



Detector Resolution



Characteristic 
spectra



Qualitative analysis

• We first conduct the qualitative 
analysis of the artefact samples 
using ARTAX and AXIL software. 

• Qualitative analysis using XRF 
spectrometry gives insights on 
elemental compounds of 
materials used in: Pictures, 
frescoes, miniatures, pigments, 
artefacts. 

                 



Qualitative analysis
• The artifact is recovered from the Acropolis site 

in the city of Durrës. It represents an earring 
that was discovered by restoration specialists 
and archaeologists in an ancient grave.

• Social and economic situation of Dyrrhachium 
at those times is presented as follows; as part 
of the Byzantine Empire, the Illyrian-Arbërian 
lands faced the barbarian invasions. A relative 
calm was created that lasted until the first 
decade of the 6 century. This affected the 
preservation of the compactness of the urban 
and rural population (Qerimi, 2024). In order to 
date archaeological findings layer by layer, a 
great interest has arisen in fortifications and 
identification of the chronological periods of 
their construction, which started from the XIX 
century and has continued without interruption 
(Shehi, 2016).



Qualitative analysis



Quantitative Analysis
• The XRF instrument used for this 

study is the ARTAX µ-XRF 
spectrometer model 800 
manufactured by Bruker. 

• This device is equipped with a 
Rhodium (Rh) anode material and 
operates in direct excitation mode, 
ensuring precision in the detection 
process.

• During the measurements the 
generator was operated at 30 kV and 
200µA, and the samples being 
measured for 50s with a dead time 
of 6%. 



• The artefact was suspected to be devided on 9 pieces. The analysis was carried out at multiple points 
across the surface of the artifact. 

• Specifically, we analyzed 3-4 points on each of the nine pieces that make up the earring. This thorough 
examination was essential to ensure that the results were consistent across the entire artifact and to verify 
whether the different pieces could be conclusively linked. 

• For the quantitative analysis, we used the M-Quant software from Bruker, which relies on the fundamental 
parameter approach for accurate measurements. This method is recognized for its high reliability in 
determining precise concentrations of elements, particularly in historical artifacts where precision is 
critical. To ensure the accuracy of our measurements, we calibrated the XRF instrument using a brass 
standard from the IAEA proficiency test in 2013. 

• Each measurement was further processed in the QXAS software provided by the IAEA, using the Full 
Fundamental Parameters (FFP) approach. 

Quantitative Analysis



Full Fundamental 
Parameters 
Method

𝐼𝐼𝑖𝑖 𝐶𝐶𝑖𝑖
Hypothesis

• Determined angles in the sample’s surface

• Collimated beam

• Microscopic cross-section and homogenized 
surface

• Monochromatic Excitation

• Infinite thickness sample compared with X-rays 
pinging depth

• No peak overlay, no peak artefacts

• Incidence angle = Take off angle



Full Fundamental Parameters 
Method

𝐼𝐼𝑖𝑖 𝐶𝐶𝑖𝑖
𝐼𝐼𝑖𝑖 = 𝐶𝐶𝑖𝑖𝐼𝐼0
𝐼𝐼𝑖𝑖 = 𝐶𝐶𝑖𝑖𝐼𝐼0𝑃𝑃𝑖𝑖

𝑃𝑃𝑖𝑖 = 𝜇𝜇𝑝𝑝𝑝 𝐸𝐸0 1 − Γ𝑘𝑘−1 𝑤𝑤𝑘𝑘,𝑖𝑖𝑓𝑓𝑖𝑖  𝑃𝑃𝑖𝑖  is the probability for the production of X-rays that 
corresponds with the characteristic line of the 𝒊𝒊 
element being excited from the incident radiation

Coeff of Photoelectric 
occurrence for the i-th 
element during the 
radiation with 𝐼𝐼0

% of photo-effect 
occurrence for the 
K shell

Fluorescence 
yield of K 
shell for the 
i-th element 

Relative intensity 
for K lines on the 
energy 𝐸𝐸𝑖𝑖 



We are not done yet! 

𝑰𝑰𝒊𝒊 = 𝑪𝑪𝒊𝒊𝑰𝑰𝟎𝟎𝑷𝑷𝒊𝒊𝜺𝜺𝒊𝒊



The Geometry 
constant of the 
system 𝑰𝑰𝒊𝒊 = 𝑪𝑪𝒊𝒊𝑰𝑰𝟎𝟎𝑷𝑷𝒊𝒊𝜺𝜺𝒊𝒊𝑮𝑮



Corrections for the 
Matrix Effects
Attenuation coefficients

Enhancement coefficients

𝑰𝑰𝒊𝒊 = 𝑪𝑪𝒊𝒊𝑰𝑰𝟎𝟎𝑷𝑷𝒊𝒊𝜺𝜺𝒊𝒊𝑮𝑮[
𝟏𝟏

∑𝒋𝒋=𝟏𝟏𝒏𝒏 𝒄𝒄𝒋𝒋𝝁𝝁𝒋𝒋,𝑬𝑬𝟎𝟎
∗ + ∑𝒋𝒋=𝟏𝟏𝒏𝒏 𝒄𝒄𝒋𝒋𝝁𝝁𝒋𝒋,𝑬𝑬𝒊𝒊

∗ ]

Attenuation coefficient of 
the excitation caused from 
Anode (Incident radiation) Attenuation coefficient of the excitation caused by the i-th 

element. (consider this for all elements toward each other)



Who is getting 
bored? 

𝑰𝑰𝒊𝒊 intensity of characteristic X radiation emitted from the atom of the 
element "i“. 

𝑰𝑰𝟎𝟎 incident radiation intensity

𝑷𝑷𝒊𝒊 product of atomic factors

𝜺𝜺𝒊𝒊  detector efficiency coefficient at energy 𝐸𝐸𝑖𝑖

𝑮𝑮  geometric efficiency coefficient

𝑪𝑪𝒊𝒊 concentration of the i - element

𝝁𝝁𝒊𝒊 photoelectric absorption coefficient of element “i” for X-ray              
radiation of energy 𝐸𝐸0

𝑬𝑬𝟎𝟎 monochromatic excitation energy

𝑬𝑬𝒊𝒊 characteristic emission energy



FFPM for metal 
alloys

To determine all these coefficients related to 
experimental conditions, we first measure a 
standard material with known concentrations 
and with a similar matrix as the sample. 

𝑰𝑰𝒊𝒊 = 𝑪𝑪𝒊𝒊𝑰𝑰𝟎𝟎𝑷𝑷𝒊𝒊𝜺𝜺𝒊𝒊𝑮𝑮
𝟏𝟏

∑𝒋𝒋=𝟏𝟏𝒏𝒏 𝒄𝒄𝒋𝒋𝝁𝝁𝒋𝒋,𝑬𝑬𝟎𝟎
∗ + ∑𝒋𝒋=𝟏𝟏𝒏𝒏 𝒄𝒄𝒋𝒋𝝁𝝁𝒋𝒋,𝑬𝑬𝒊𝒊

∗

𝑰𝑰𝒊𝒊
𝑰𝑰𝟎𝟎

= 𝑹𝑹𝒊𝒊 = 𝑪𝑪𝒊𝒊 [
𝝁𝝁𝒊𝒊,𝑬𝑬𝟎𝟎
∗ + 𝝁𝝁𝒊𝒊,𝑬𝑬𝒊𝒊

∗

∑𝒋𝒋=𝟏𝟏𝒏𝒏 𝒄𝒄𝒋𝒋𝝁𝝁𝒋𝒋,𝑬𝑬𝟎𝟎
∗ + ∑𝒋𝒋=𝟏𝟏𝒏𝒏 𝒄𝒄𝒋𝒋𝝁𝝁𝒋𝒋,𝑬𝑬𝒊𝒊

∗ ]



Results

This is a representation of AXIL quantitative 
analysis report designed for DOS systems. 



From the analysis, the pieces of the artefacts 
resulted to have this compounds: 

Results

Elements Concentration with Stand. dev

P 9.5 % ± 2.554 %

Ca 7.18 % ± 0.095 %

Fe 5.12 % ± 0.021 %

Ni 587.88 ppm ± 79.979 ppm

Cu 64.1 % ± 0.067 %

Zn 4032 ppm ± 99.202 ppm

Sn 12.33 % ± 0.303 %

Pb 839 ppm ± 93.529 ppm



Discussions

• The all elements mentioned are part of the composition of the Bronze metal 
alloys despite of Ca comes from the deposits of layers of soil on the artifact over 
the years. 

• Our results indicate that all the pieces of the earring are indeed part of the 
same object. This conclusion is based on the fact that the elemental analysis 
revealed nearly identical chemical compositions across all the pieces. In 
particular, the ratios of copper (Cu) and tin (Sn), the two primary components of 
bronze, were consistent across the different parts of the earring. This uniformity 
in composition strongly supports the hypothesis that the separate pieces were 
originally part of a single, unified object. 

• The only exception is sample nr.4 which seems to be from a different origins as 
the ratios of Cu/Sn are inversed. 

• In conclusion, the use of X-ray fluorescence for both qualitative and quantitative 
analysis has allowed us to make significant progress in understanding the 
artifact’s origins and structure. This research not only confirms that the earring 
fragments belong to the same object but also provides valuable insights for 
future studies on ancient artifacts in Albania.
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Ramadan Firanj
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