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Abstract
 
The purpose of the study was increase the efficiency of differential diagnosis of injuries caused 
by mechanical and electrical influences, using the methods of elemental analysis, namely X-ray 
fluorescence spectral analysis. Methods. During the experiment, the electric discharges and 
mechanical pressure were applied to the skin flaps using metal pins with different elemental 
composition. The X-ray fluorescence spectral analysis was applied to establish qualitative and 
quantitative indicators of the chemical elemental composition of the studied objects. Results. It was 
found that under the condition of mechanical pressure of metal pins no increase in the concentration 
of chemical elements (metals) is determined in all samples of biological material.. Under the condition 
of electrical discharge via the metal pins the XRF spectral analysis revealed metal deposits in the areas 
of skin flaps that were subject to the conducting metal. Conclusion. The XRF spectral analysis can be 
useful tool for differentiation of electrical and blunt injuries.

Key words: forensic medicine, electrotrauma, electrical burns, non-lethal weapon, X-ray fluorescence 
spectral analysis.

Introduction

The use of sources of electric current, including non-lethal weapons, the effect of which is based on the 
action of current (electroshock devices) as a means of torturing, has recently become widespread. [1, 2, 3, 4]. 
It is clear that under such conditions it is very important for forensic examination not only to establish the 
mechanism of damage to the victim’s body due to electric current, but also to establish the possibility of their 
formation under certain conditions and by a certain device.

In such cases, it is important to use the methods of elemental analysis in the evaluation of the electrical 
burns, which can act as an additional method of forensic medical examination that confirms the mechanism 
of damage, and even to some extent to indicate the electrode material that caused the damage.

Detection of chemical elements of metals in the composition of electrical burns is performed in the 
forensic laboratory by a set of methods and techniques known since the twentieth century. These are X-ray 
fluorescence analysis, mass spectrometry, atomic absorption analysis, neutron activation analysis, flame 
emission photometry, emission spectrographic method [5, 6, 7, 8].

The methods are highly sensitive and can detect almost the full range of chemical elements. One of 
their significant disadvantages is the preparation of the sample, which is accompanied by the inevitable 
destruction and loss of the object of study. It should be noted that a fairly effective and non-destructive 
method of studying metals in the areas of electrical burns is X-ray fluorescence spectral analysis. Its essence 
is the X-ray irradiation of the object of study and the detection of the spectral composition of secondary 
radiation, which reflects the quantitative and qualitative indicators of the chemical elements of the object 
under study.
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The aim of the study was to increase the efficiency of differential diagnosis of injuries caused by 
mechanical and electrical influences, using the methods of elemental analysis, namely X-ray fluorescence 
spectral analysis.

Material and methods of research. 

To achieve the goal of the study, the action on biological objects was carried out by metal indentators, which 
had the shape of rounded pins with a diameter of 4 mm, by pressure (mechanical action of a blunt object), 
and provided that electric current is passed through them. Three metal alloys (sample №1, №2 and №3) 
with different elemental composition were selected, which was determined by X-ray fluorescence spectral 
analysis on a spectrometer “M4 TORNADO”, Bruker (Germany). The experiment used electric current 
sources with low current (up to 10 mA) and high voltage (up to 100 kV) on the electrodes, which corresponds 
to the electric current in devices that are commonly used as non-lethal weapons. Pieces of skin from the 
archival material of the Department of Forensic Forensics of the Kyiv City Clinical Bureau of Forensic 
Medical Examination were selected as objects subject to electric current on the basis of a cooperation 
agreement dated 04.01.2021 №01 / 21/1225. A total of 120 experimental actions (60 mechanical and 60 
electrical) were performed on biological objects. In the course of the experiment, the application of electric 
discharges was carried out under the condition of close contact of the metal with the skin. The duration of 
action, both mechanical pressure and electric discharge, ranged from 5-8 seconds.

X-ray fluorescence spectral analysis was used to establish qualitative and quantitative indicators of the 
chemical elemental composition of the studied objects. The elemental composition of the affected areas 
was investigated using a Bruker M4 TORNADO spectrometer (Germany) at the Kyiv City Clinical Bureau 
of Forensic Medicine. X-ray fluorescence spectra from biological objects were recorded from mechanical 
pressure and electric discharge areas on scanning planes containing from 200x400 to 500x400 points, 
at a radon tube voltage of 50 kV, and a current of 600 μA. The research results are processed by standard 
methods of variation statistics.

Ethics Commission of the National University of Health of Ukraine named after P.L. Shupyk reviewed the 
materials of the specified biomedical research approved and gave permission for its implementation, which 
corresponds to the current legislation of Ukraine, modern ethical norms and principles of scientific research 
(minutes of the meeting of the commission on ethics №11 from 26.12.2016).

Research results and their discussion.

In the study of the elemental composition of the alloys of metal pins used for the experimental study, 
significant differences in the qualitative and quantitative content of metals were established.

Thus, sample №1 contained iron (Fe) - 4.08%, nickel (Ni) - 70.89%, copper (Cu) - 18.24% and zinc (Zn) - 
6.79%. The alloy of sample №2 consisted of iron (Fe) - 81.98%, nickel (Ni) - 1.46%, chromium (Cr) - 1.83% 
and copper (Cu) - 14.72%. When determining the qualitative and quantitative composition of the alloy 
sample №3 revealed the presence of metals iron (Fe) - 3.66%, nickel (Ni) - 93.94%, copper (Cu) - 1.65% and 
gold (Au) - 0, 75%. Thus, it was found that the elemental analysis of the metal of the studied samples shows 
some differences in qualitative and quantitative elemental composition.

When mechanical pressure was applied to biological objects (skin pieces), changes in the form of depressions 
on the skin surface were determined, which morphologically and in size corresponded to the shape and size 
of the metal pins with which the action was performed. Namely, the consequence of these actions was the 
formation of rounded depressions on the skin with a diameter of approximately 4-4.5 mm.

Under conditions of close contact of metal pins with the skin and the passage of an electric discharge 
was not accompanied by any visible manifestations (spark discharge, electric arc, etc.) of electric current. 
After cessation of action, changes on the skin surface were determined, which morphologically completely 
corresponded to the changes formed at mechanical pressure, i.e. had the form of rounded depressions on the 
skin, with a diameter of approximately 4-4.5 mm.
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When observed in the dynamics, these indentations on the skin, formed due to both mechanical and 
electrical actions of metal pins, persisted for a short period of time (up to 10 minutes), gradually 
disappearing. After their disappearance, no skin changes visible to the naked eye were detected at the 
electrodes.

In order to establish the chemical elemental composition in the areas of changes in biological material, a 
study was performed using X-ray fluorescence spectral analysis. At the same time, there was no increase 
in the concentration of chemical elements (metals) that are components of metal pin alloys in all samples 
of damage to biological material caused by mechanical pressure compared to control samples (undamaged 
areas of biological material).

In order to determine the possibility of metal deposition on biological material due to the action of electric 
discharge, when using the above metal pins as conductors, by applying X-ray fluorescence spectral analysis 
determined the elemental composition at the sites of electric current on the skin flap. It was found that 
in all samples of biological material exposed to electric current, metal deposits were found in the areas of 
contact of metal pins with the skin surface. Their results are shown on the graphical display of the scanning 
planes of areas of biological material in the form of focal increases in fluorescence intensity (fig. 1). Thus, 
the fluorescence spectra of iron, nickel, copper and zinc were determined on biological objects with changes 
caused by the action of electric current using the sample №1 as a conductor. 

Figura 1: 
Fluorescence of Ni, Cu and Zn in 
the area electric current impact 
via metal conductor (sample 1)

Instead, fluorescence spectra of chromium, copper and iron were 
determined at the objects exposed to electric current through the 
sample №2 at the points of contact of the metal pin with the biological 
material, and at the action of the current through the sample №3 only 
nickel and iron were deposited at the biological objects. It should be 
noted that the deposition of some metals, the share of which in the alloy 
was insignificant was not observed.

On the graphical display of the scanning planes, local deposits of these 
metals were determined, which in general corresponded in location to 
the area of contact of the metal pin (sample №1) with the biological 
material. In this case, the elemental composition of the metal pins, 
which acted as electrodes, corresponded to the metals deposited in the 
areas of damage to the biological material. 

	

Conclusions

1.	 The mechanical action (pressure) of metal pins on biological objects was not accompanied by deposits of 
metals in the contact areas. Instead, under the condition of contact of the metal pins with the skin during 
the passage of electric current through them, the X-ray fluorescence spectral analysis detected metal 
deposits in the areas of the skin flaps.

2.	 It is established that under the action of electric current on biological objects through conductors with 
different qualitative and quantitative metal composition, a relationship is established between the 
composition of the conductor alloy and the composition of metal deposits on biological material, which 
can be objective confirmation of electric current through a conductor with a certain elemental alloy 
composition.
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