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Summary. The key element of pre-wound ballistics, which is of particular interest to forensic
experts and criminologists, remains the residual components of the shot, represented by small spheroids.
And although classically the greatest attention is paid to the so-called «forensic ballistics whales» such
as stibium, lead and barium, the very ratio and presence of other trace elements plays an important
role in the ability to identify firearms and other circumstances that may be of interest to the police.

Aim of the work. To determine the peculiarities of the deposition of the residual components of
the shot, namely, microelements on the tracer object when fired from «FORT 12R» and «AE 790G1»
pistols from contact range, 25 and 50 cm.

Materials and methods. 120 gelatin blocks were produced, divided into two groups of 60 blocks
each, to be fired from the «FORT 12R» and «AE 790G 1» pistols. Within each group, subgroups
of 15 blocks are formed depending on the covering material, namely: bare blocks, blocks covered
with cotton fabric, denim fabric or leatherette. The blocks in each subgroup were to be shot from
different distances: contact range (5 blocks), 25 cm (5 blocks) and 50 cm (5 blocks). After firing,
X-ray fluorescence spectroscopy was performed to determine the elemental composition, chromato-
mass spectrometric method, and infrared microscopy on a combined IR-Fourier spectrometer to
identify gunpowder components. The obtained indicators were subjected to statistical processing in
the «Statistica 6.0» program.

Results. The largest number of reliable differences was found in the study of the deposition of
such elements as lead and iron, a smaller number in the analysis of zinc, and in the analysis of copper,
no differences between the studied groups were found; when analyzing the components of gunpowder,
it was established that they are mostly present when contact shots are fired from the «AE 790G1» to
the blocks covered with denim fabric.

Conclusions. The revealed numerous reliable differences between the studied groups regarding
such elements as lead, iron and zinc allow them to be used for the purpose of further identification of
the distance of the shot and the weapon.

Keywords: gunshot residue; gunshot injury, gunshot wounds, non-lethal weapons, firearm,
X-ray fluorescence spectroscopy.

Introduction. Injuries caused by firearms are a widespread problem reaching the proportions
of a «global epidemic». Data from a 1998-2011 analysis conducted in the United States show that for
every 10,000 hospitalizations, there are about 10 injuries caused by firearms. About 60 % of all injuries
are the result of assault, 23 % accidents and about 8 % suicide attempts, suicide. It is worth noting
that the main age group that suffers this kind of damage is young people (18-24 years old). Also, the
average cost of hospitalization per year costs the US budget 679 million dollars [10].

Separately, it should be noted a type of firearm — a non-lethal weapon, which is often in the
arsenal of law enforcement agencies [1], or is allowed within the limits of the legislation to be carried
by the wider population. However, despite its name as a «non-lethal weapony, in reality it can cause
both serious injuries [6] and fatalities [9].
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The study of the action of firearms is a complex and complex process, which involves conducting
studies of both pre-wound and wound ballistics. In the case of the latter, we are talking about the use
of optically transparent substances imitating the tissues of the human body [4] with or without layers
of clothing [2]. In the case of pre-wound ballistics research, it is advisable to use a powerful complex
of laboratory and visual studies, one of which is X-ray fluorescence spectroscopy, which allows
identification of one of the key «witnesses of the shot» —residual components of the shot.

Considering the relevance of the topic, it is necessary to conduct a controlled experiment with
the use of domestic samples of non-lethal firearms, which would allow identifying the peculiarities of
the deposition of microelements on the trace-receiving surface.

Aim of the work. To determine the peculiarities of the deposition of the residual components of
the shot, namely, microelements on the tracer object when fired from «FORT 12R» and «AE 790G1»
pistols from contact range, 25 and 50 cm.

Materials and methods. In order to achieve the goal, an experimental controlled firing of
120 gelatin blocks measuring 30x15x15 cm made according to the method of Fackler and Malinowski
[3] using gelatin type A 270 Bloom (TM «Junca Gelatines SL», Spain) was carried out. In order to
simulate human skin, all blocks were wrapped with a transparent polyethylene film with a thickness
of 200 um. The blocks were divided into 4 groups depending on the type of covering: group 1 —bare
blocks (BB), group 2 —blocks covered with cotton fabric (CF), group 3 —blocks covered with denim
fabric (DF), group 4 —blocks covered with leatherette (LB). The shooting took place with the use of
fixed pistols «Fort 12R» and «AE 790G 1», equipped with 9 mm cartridges (elastic bullets of traumatic
effect) from contact range, 25 and 50 cm at the base of the Vinnytsia Research Expert Forensic Center
of the Ministry of Internal Affairs of Ukraine.

X-ray fluorescence spectroscopy using the ElvaX Plus device was used to identify the qualitative
and quantitative characteristics of the overlay of elements on clothing and a non-biological human
body simulator. In order to detect diphenylamine and centralite, a chromato-mass spectrometric method
(Shimadzu GC-2010 Plus apparatus) and infrared microscopy on a combined IR-Fourier spectrometer
(Nicolet iN10 apparatus from Thermo Fisher Scientific) were used.

The statistical analysis of the obtained results was carried out in the licensed statistical package
«Statistica 6.0» using non-parametric estimation methods. The reliability of the difference in values
between independent quantitative values was determined using the Mann-Whitney U-test, and between
qualitative values —according to the Weber E.

Research results. The analysis of /ead deposition indicators revealed the following features:

- when shooting from a distance of 25 cm using the «FORT 12R» pistol, significantly higher values
(p<0,05-0,01) of the element are observed when shooting at BB than at CF or LB ((84,80 = 10,38),
(67,80 £4,97) and (51,00 £ 26,55), respectively); when shooting from a distance of 50 cm using
the «FORT 12R» pistol, significantly higher values (p<0,05) of the element are observed when
shooting BB than CF ((80,20 £ 5,72) and (69,80 + 4,44), respectively); when comparing the
values of the indicator when shooting from «FORT 12R» from different distances, significantly
higher values (p<0,05-0,01) of the element were found when shooting BBs at contact range than
at 50 cm ((87,80 + 4,38) and (80,20 + 5,72), respectively), with contact shots in CF than 25 or
50 cm ((92,00 £ 0,71), (67,80 = 4,97) and (69,80 + 4,44), respectively), with contact shots in
LB than 25 cm ((92,60 + 8,41) and (51,00 + 26,55), respectively);

- when shooting at close range using the «AE 790G 1» pistol, significantly higher values
(p<0,05-0,01) of the element are observed when shooting at DF than at BB or CF ((92,40 + 1,82),
(76,60 £ 21,67) and (86,80 + 5,81), respectively); when shooting from a distance of 25 cm using
the «AE 790G 1» pistol, significantly higher values (p<0,05) of the element are observed when
shooting in DF compared to CF ((85,40 £ 11,08) and (66,40 + 8,56), respectively), significantly
(p<0,01) lower values of the element when shooting in LB compared to other groups of blocks
((45,60 £ 1,95), (76,60 £ 3,51), (66,40 = 8,56) and (85,40 = 11,08), respectively); when shooting
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from a distance of 50 cm using the «AE 790G 1» pistol, significantly lower values (p<0,01) of the
element are observed when shooting at LB, compared to CF and DF ((52,60 £ 5,59), (68,20 + 5,85)
and (73,40 £ 6,11), respectively); when comparing the values of the indicator when shooting with
«AE 790G1» from different distances, significantly higher values (p<0,05-0,01) of the element
were found when shooting at contact range, compared to 25 and 50 cm in CF ((86,80 £ 5,81),
(66,40 £ 8,56) and (68,20 + 5,85), respectively), when shooting at contact range compared to
50 cm, and 25 cm compared to 50 cm in DF ((92,40 + 1,82), (73,40 + 6,11) and (85,40 + 11,08),
(73,40 £ 6,11), respectively), when shooting at contact range, compared to 25, 50 cm and when
comparing 25 and 50 cm in LB ((89,20 £ 3,19), (45,60 + 1,95) and (52,60 + 5,59), respectively);

- when comparing the values of the indicator when fired from the «kFORT 12R» and «AE 790G 1»
pistols, its values were significantly higher (p<0,05) when fired from the «FORT 12R» when
fired at contact range in CF and at a distance of 50 cm in LB ((92,00 £+ 0,71) and (86,80 £ 5,81),
(78,80 + 21,58) and (52,60 £ 5,59), respectively).

The analysis of indicators of iron deposition revealed the following features:

- when shooting at contact range using the «kFORT 12R» pistol, significantly higher values
(p<0,05) of the element are observed when shooting BB compared to CF ((10,00 = 3,81) and
(5,600 £ 0,548), respectively); when shooting from a distance of 25 cm using the «kFORT 12R»
pistol, significantly higher values (p<0,05) of the element are observed when shooting at LB
compared to BB and DF ((39,00 £ 23,04), (10,80 + 10,55) and (14,40 + 8,41), respectively); when
comparing the values of the indicator when fired from «FORT 12R» from different distances,
significantly lower values (p<0,01) of the element were found when fired at CF at contact range,
compared to 25 or 50 cm ((5,600 + 0,548), (20,20 £+ 2,95) and (21,20 £ 6,50) respectively) and
when shooting at LB at contact range, compared to 25 cm ((5,200 £ 5,891) and (39,00 & 23,04),
respectively);

- when shooting at contact range using the «AE 790G 1» pistol, significantly higher values
(p<0,05-0,01) of the element are observed when shooting at BB or CF compared to DF and
LB ((22,20 + 21,26), (11,80 + 4,49), (5,600 £ 1,673) and (7,400 + 1,140), respectively); when
shooting from a distance of 25 cm using the «AE 790G1» pistol, significantly higher values
(p<0,05-0,01) of the element were observed when shooting BB compared to DF, LB compared
to other groups, and CF compared to DF ((17,40 + 4,67), (4,800 + 6,573) and (42,80 + 1,30),
(17,40 £4,67), (24,80 + 4,76), (4,800 £ 6,573) and (24,80 + 4,76), (4,800 £ 6,573), respectively);
when shooting from a distance of 50 cm using the «AE 790G 1» gun, significantly higher values
(p<0,05) of the element are observed when shooting at LB compared to CF or DF ((36,60 + 8,05),
(21,20 £5,72) and (18,60 + 3,78), respectively); when comparing the values of the indicator when
shooting with «AE 790G1» from different distances, significantly lower values (p<0,05-0,01)
of the element were found when shooting at contact range, compared to 25 and 50 cm in CF
((11,80 =4,49), (24,80 £4,76) and (21,20 = 5,72), respectively), when shooting at contact range
compared to 50 cm, and 25 cm compared to 50 cm in DF ((5,600 £ 1,673), (18,60 = 3,78) and
(4,800 £ 6,573), (18,60 =+ 3,78) respectively), when shooting at close range, compared to 25,
50 cm in LB ((7,400 £ 1,140), (42,80 + 1,30) and (36,60 + 8,05), respectively);

- when comparing the values of the indicator when fired from the «FORT 12R» and «AE 790G 1»
pistols, its values were significantly higher (p<0,01) when fired from the «AE 790G 1» at contact
range in CF ((11,80 + 4,49) and (5,600 + 0,548), respectively).

During the analysis of copper deposition indicators, no significant differences or trends to
differences between the studied groups were found.
The analysis of zinc deposition indicators revealed the following features:

- when comparing the values of the indicator when fired from «FORT 12R» from different distances,
significantly lower values (p<0,01) of the element were found when fired at contact range in CF,
compared to 25 cm ((2,400 + 0,548) and (10,40 + 4,83), respectively);
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- when shooting at contact range using the «AE 790G1» pistol, significantly lower values (p<0,05)
of the element are observed when shooting in CF compared to DF and LB ((0,600 + 0,894),
(2,000 + 0,707) and (2,000 £ 0,707), respectively); when shooting from a distance of 25 cm using
the «AE 790G1» gun, significantly lower values (p<0,05) of the element are observed when
shooting at BB compared to LB ((4,800 + 4,025) and (11,60 + 2,88), respectively); when shooting
from a distance of 50 cm using the «AE 790G1» pistol, significantly lower values (p<0,005)
of the element are observed when shooting at BB compared to CF and LB ((6,000 + 1,225),
(9,000 £ 2,236) and (10,80 + 3,77), respectively); when comparing the values of the indicator
when fired from the «AE 790G 1» from different distances, significantly lower values (p<0,01) of
the element were found when fired at contact range compared to 50 cm when fired at BB, CF and
LB (for the latter also at close range compared to 25 cm) ((1,200 + 0,837), (6,000 £ 1,225) and
(0,600 + 0,894), (9,000 + 2,236) and (2,000 £+ 0,707), (11,60 + 2,88), (10,80 + 3,77), respectively);

- when comparing the values of the indicator when fired from the «FORT 12R» and «AE 790G1»
pistols, its values were significantly higher (p<0,05) when fired from the «FORT 12R» when
fired at contact range in BB and CF ((3,400 = 1,517) and (1,200 + 0,837), (2,400 + 0,548) and
(0,600 £ 0,894), respectively) and when fired with «AE 790G 1» from a distance of 25 cm in LB
((11,60 £ 2,88) and (6,400 £ 4,099), respectively).

The analysis of indicators regarding the deposition of diphenylamine revealed that the deposition
of this component of gunpowder was observed only when fired at close range in the DF when fired
from the «AE 790G1» gun.

The analysis of centralite deposition indicators revealed the following features: this powder
component was observed when fired from the «kFORT 12R» pistol only at CF at a shot distance of 25
cm; when firing from the «AE 790G 1» pistol, the centralite was observed when firing at contact range
in DF and when firing from a distance of 50 cm in BB and LB.

A. M. Gurov with co-authors in a similar study, when working with «Fort-12» and «Fort-14 TP»
pistols, statistically reliable linear multivariate and pairwise regression models were built, which allow
calculating the distances of shots from pistols for damage to cotton fabric. It should be noted that in
this case the authors used a stereomicroscope to search for residual components of the shot [5].

As the results of experimental studies have shown, when performing an examination to determine
the distance of a shot, it is possible to use unburned gunpowder particles, which are expediently
determined by performing the diphenylamine reaction [7], however, it is necessary to take into account
contamination by gunpowder particles that can accidentally fall on the victim’s body and thus distort
data interpretation [12].

However, the key role is still assigned to the study of the peculiarities of the deposition of
microelements. Thus, it was determined that the residual components of the shot are observed within
a radius of 3 cm from the edge of the bullet and their number decreases when the distance of the shot
increases from 20 to 60 cm [8].

Turillazzi E. and co-authors [11], when performing a series of experimental shots, established that
within the close range of the shot, high concentrations of such elements as Pb, Sb, and Ba predominate,
while when the distance of the shot increases, their number, on the contrary, decreases.

Data from Malayan researchers indicate that there is a proportionally linear relationship between
the dispersion of GSR particles and shot distance. Thus, the diameter of the GSR distribution and the
number of residues remaining on the tracking object during shots decrease at a distance of more than
21 cm, according to their experimental shooting data [14].

At the same time, it is worth noting the almost complete absence of works devoted to the analysis
of how different types of fabrics affect the characteristics of the layering of the residual components
of the shot [13].

Conclusions. Numerous reliable differences between the investigated groups of blocks were
revealed, which allows further identification of the weapon and the distance of the shot depending on
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the material of the clothing. When increasing the distance of the shot, both with the shots from «Fort
12R» and «AE 790G1», a decrease in the amount of lead is noted, while the amount of iron and zinc,
on the contrary, increases. No differences between the studied groups were found in the study of the
overlap of the copper element. Gunpowder components are most often observed when close-range
shots are fired into denim-covered blocks from the «AE 790G1» pistol.

Prospects for further research. In the future, it is planned to build reliable discriminating models
on the basis of the received data, which will allow identification of «Fort 12R» and «AE 790G 1» pistols
and the distance of a shot from them.

Financing. This work was carried out within the framework of the National Research Development
Program «Characteristics of damage to human body tissue simulators caused by non-lethal weapons
0121U107924» at the expense of state funding of the Ministry of Health of Ukraine.
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BIIKJIAJAHHA 3AJIMIIKOBUX KOMITIOHEHTIB ITOCTPLIIY
ITPU NTOCTPIJIAX 3 IIICTOJIETIB «FORT 12R» TA «AE 790G1»

Kycuaiii FO. 10.', Mimagaos B. /1.2, HIkoasnikoB B. C.', lllepuyk FO. I.", KocTenko €. 5.}

'BiHHHMIBKHI HAI[lOHATBHUN MeauuHuil yHiBepcuTeT iM. M. 1. ITuporosa, Binnuis, Ykpaina
’HarioHaapHHN YHIBEPCHTET OXOPOHH 310poB’st Yipainu imeni I1. JI. [llynuka, Kuis, Ykpaina
3JlepkaBHUI BUINNN HABYATBHUI 3aKi1a/1 « Y)KTOPOJACHKHI HAI[IOHAIBHUN YHIBEPCUTETY,

M. Yxkropoa, Ykpaina

Pe3iome. KimtouoBuM esieMeHTOM NepeipaHeBoi 0aTiCTUKH, 1110 CTAHOBUTH OCOOIUBUIL IHTEpEC
JUISL CyIOBO-MEMYHHUX €KCIEPTIB 1 KPUMIHAIICTIB, JTUIIAIOTHCS 3AJIMIIKOBI KOMIIOHEHTH MOCTPiIY, 110
npezacTaBieHi ApioHUMHU cepoinamu. | xoya K1acMuHO HAMOLIbIA yBara MpUIUISIETHCS TaK 3BAaHUM
«KHTaM CyJ0BOi OamicTHKW» CTHOII0, TTIIOMOyMy Ta Oapito, came CITiBBiAHOLICHHS Ta HasIBHICTb 1HIINX
MIKpOEJIEMEHTIB BiIIrparoTh BaXIIMBY POJIb Y MOXKIIMBOCTI 11eHTHiKallii BOrHENaabHOT 30poi i 1HIIMX
00CTaBHH, 1110 MOXKYTb I[IKaBUTH OPTraHU JIi3HAHHS.

Meta po6oru. locnimkeHHs 0coOIMBOCTEH BIKIIaJICHHS 3aJIUIIKOBUX KOMIIOHEHTIB MOCTPLILY,
a caMe MIKpOEJEeMEHTIB Ha TpacyrouoMy o0’ €kTi, mpH noctpiiax 3 mictonetiB «FORT 12R»
1 «AE 790G1».

Marepiaau Ta metoau. bynu Burorosneni 120 xenaTuHOBUX OJIOKiB, MOAUIEH] HA Bl TPyNH
o 60 61okiB, 1m0 miassrany BiacTpiny 3 mictoneriB «FORT 12R» Ta «AE 790G 1». Beepenuni KoxkHOT
rpymu Oynu copMoBaHi miArpynu o 15 6J0KiB 3a1eXkKHO BiJl Marepialy MOKPHUBY, a came: Toli OJI0KH,
0710KH, MOKPUTI OABOBHSIHOIO TKAHWHOIO, JPKUHCOBOIO TKAHMHOIO YU LIKIpO3aMiHHUKOM. bioku
B KOXKHINM MIATPYIi OiAJSATAIN BIACTPULY 3 PI3HUX AUCTAHIIHN: BIpuTya (5 610KiB), 25 cM (5 O10KiB)
150 cM (5 GnokiB). ITicns BiACTpily BUKOHYBAJINU PEHTIEHO(ITYOPECIIEHTHY CIIEKTPOCKOIIIIO 3 METOIO
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BCTAHOBJICHHS €JIEMEHTAPHOI0 CKJIa/1y, XpOMaTo-Mac-CIeKTPOMETPUYHHUI METO/ Ta 1H(PpauepBOHY
MiKpockorito Ha cymiteHomy [U-Dyp’e ciekTpoMeTpi U1 BUSIBICHHS KOMIIOHEHTIB 1opoxy. OTpumani
MOKA3HUKH MJIATaIy CTaTUCTUYHIN 00poO1i B mporpami «Statistica 6.0».

Pe3ynbTaTn. HaiiGuibina KinbKiCTh TOCTOBIPHHUX BiIMIHHOCTEH Oylia BUSIBIICHA MIPU TOCIKEHH1
BIJIKJIQJIaHHS €IIEMEHTIB, SIK-OT CBUHEIIb 1 3aJ1130, MEHIIIA KUIbKICTh — P aHaJIi31 [IUHKY, a TIPY BUBYCHHI
Mifi Oyab-sIKUX BIAMIHHOCTEH MIX JOCIIPKYBaHUMU I'PyIIaMU BCTAHOBJICHO He OyJ10; MpHU aHami31
KOMIIOHEHTIB IMOPOXy Oys10 BUSABJICHO, 1110 BOHU 3/1€01IBILIOr0 MPUCYTHI Mpu nocTpinax 3 «AE 790G 1»
BIIPUTYI y OJIOKH, BKPUTI JUKUHCOBOIO TKAHUHOIO.

BucHoBku. BcTanoBieH1 YMCIEHH] JOCTOBIPHI BIIMIHHOCTI MIXK JTOCHIJKYBaHUMHU I'PyIaMH
II0J10 €JIEMEHTIB, SIK-OT CBUHELIb, 3aJ1130 Ta LIMHK, JO3BOJISIIOTH 3aCTOCOBYBATH 1X 3 METOIO MOAAJIBIIO]
ineHTudikaIii AUCTaHIIi TOCTPLTY Ta 3HAPSJIA.

Ku1rouoBi cJjioBa: 3aIMIIKOBI KOMIOHEHTH NOCTPLLY, BOTHENIaJbHA TPaBMa, BOTHENAIbHI
YILKOPKEHHSI, HeJleTallbHa 30posi, BOTHENaIbHa 30p0ost, peHTIeHO(IyOopeCceHTHA CIIEKTPOCKOIIIS.
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