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ABSTRACT 
 

X-ray fluorescence (XRF) ranks among the methods of elemental 

analysis (atomic spectrometry), which is currently an integral part of 

analytical methods not only in research but also in many production 

processes. The purpose of the development of portable XRF analyzers 

was the effort to on-site diagnose of various materials composition based 

on screening of elemental composition (quality control). However these 

devices are increasingly being used in the environmental field as well. 

Based on representation of elements in various environmental matrices 

(soil, sludge, wastes, sediments, etc.), the degree of contamination can be 

estimated. In the presented study, Delta Premium spectrometer from 

Canadian company Innov-X (Fig. 1) was used for determination of the 

extent of contamination on several sites. By setting the appropriate mode, 

the analyzer can determine wide range of chemical elements (P, S, K, Cl, 

Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Sr, Zr, Mo, Ag, Cd, Sn, Sb, W, Hg, 

Pb, Bi, Th, U) during 2 minutes in a wide dynamic range at 

concentrations ranging from ppm to practically 100%. The accreditation process has found that the uncertainty 

of the instrument's determination ranged from 25% to 50%, depending on the sample treatment. Obviously, by 

measuring in field conditions, this uncertainty will change much more significantly, but the purpose of field 

measurements is above all comparison with background samples. 
 

The principle of the method consists in interaction of highly-energy (primary or incident) x-ray beam with the 

sample and the subsequent measurement and evaluation of the secondary (fluorescence) x-ray beams emitted by 

the sample (Fig. 2). During analysis, materials are excited using a high-energy incident beam of short 

wavelength X-ray radiation and become ionized. Inner electrons are ejected from lower energy orbitals (usually 

the K and L orbitals), making atoms in the sample unstable until the electron holes are filled by electrons from 

outer orbitals with higher energy. When an electron moves from a high energy orbital to a lower energy orbital, 

energy is released in the form of X-rays that are characteristic of the type of atom present. Continuous ionization 

of the sample and absorption of energy from the incident beam allows for analysis of the complex X-ray 

spectrum emitted by the excited material.  
 

 
 



PRACTICAL APPLICATIONS OF XRF SPECTROMETER 

Landfill of obsolete organochlorine pesticides, Nubarashen – Armenia 

Outdated and unsecured landfill from the 1980s 

containing of about 600 m3 of pure organochlorine 

pesticides (OCPs), including strongly contaminated 

surrounding soil. In the past, landfill was illegally 

opened and the contamination was expanded to the 

surface and surroundings. In the summer of 2017 a site 

survey was conducted to precisely detect the location of 

clean OCPs and determine the current range of 

contamination by using DELTA Premium Analyzer. 

Due to the fact that these were chlorinated organic 

substances, during the measurements, attention was paid mainly to the element Cl and also to elements S, Zn, 

Cu, Ni, Cr, Hg and As, which were also largely detected in clean pesticides taken from the landfill. For this 

purpose, network of about 200 surface measuring points was realized in the area of the landfill and its 

surroundings. Based on the detection and representation of the selected elements, the extent and level of surface 

contamination was subsequently determined and processed to a map form. On the basis of obtained results, a 

technological process of elimination of the old ecological burden and decontamination of the area will be 

proposed. 

Controlled removing of soil contaminated by chromium 

Locality of former automotive factory where the old 

building with chroming facility was located. Walls and 

floor of the building were heavily contaminated by Cr6+. 

The roof of the building was damaged and due to 

precipitations there was a long-lasting significant 

contamination of both the soil bedrock under the 

building and its surroundings as well as the saturated 

zone of the rock environment in a depth of about 20 m. 

In the most contaminated places below the object, 

concentrations about units of g/kg of Cr were detected. 

Majority of this contamination was formed by Cr6+. The 

design of remediation precautions at this site included the removal of the most contaminated soil layers and the 

subsequent creation of an impermeable clay barrier followed by the in-situ remediation of the saturated zone. By 

using XRF analyzer was possible do a measuring network during dredging works. On the basis of the obtained 

results, the removal of contaminated soil could be coordinated and controlled effectively directly in the field. 

Exploration of municipal and industrial landfills – detection of wastes 

     
 

CONCLUSIONS 
 

Portable XRF analyzer is excellent tool for preliminary and supplementary monitoring of contaminated sites. 

Thanks to its mobility, a real-time field exploration can be conducted. The data obtained from the concrete point 

and at the given time thus can be much more informative than data obtained from conventional sampling 

(including transport of samples to laboratories and their subsequent laboratory analysis). From the point of view 

of comparative evaluation and the ability to quick acquisition of relevant data directly in the field and real time, 

portable XRF analyzers are a very effective tool for carrying out the exploration and determining the extent of 

contamination. Only a few practical applications have been listed in this study, but it is obvious that the potential 

of these devices is much wider, not only in the field of ecology. Except for quality control of various materials 

and waste detection, this device has a significant potential for use in mining, geochemistry, geological 

exploration, etc. Although manipulation and measurement with this device are relatively user friendly, there is a 

very important aspect consisting in the experiences, knowledge and resolving ability of operators who interpret 

obtained data and decide on their relevance in relation to specific sectors and application areas. 
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