Forensic-medical examination, 2022, No2 http.//forensic.bsmu.edu.ua

DOI: https://doi.org/10.24061/2707-8728.2.2022.6
VK 616-001.45:623.443.35

PECULIARITIES OF ADDITIONAL SHOT FACTORS DEPOSITION
WHEN FIRING FROM «FORT 9R» AND «FORT 17R» PISTOLS
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Summary. Additional factors of the shot are one of the key pieces of physical evidence that are
investigated in the case of a gunshot injury in order to establish the distance and identify the weapon
of the shot, as evidenced by the results of numerous scientific works. However, publications related to
the study of non-lethal firearms are isolated cases and incomplete both in the world and in the domestic
scientific literature.

The purpose of the work is to investigate the deposition of additional factors of the shot on
different cover materials and bare blocks, which are imitating the tissues of the human body at different
shot distances, using «Fort 9R» and «Fort 17R» pistols.

Material and methods. In order to achieve the goal, 120 gelatin blocks covered with different
fabrics or left without a coating were fired. The shooting was carried out using «Fort 9R» and «Fort
17R» pistols. The fired blocks were examined for the presence of soot using a descriptive method
and microscopic examination, and subsequently using a chromatographic-mass spectrometric method
of examination and infrared microscopy on a combined IR-Fourier spectrometer in order to detect
diphenylamine and centralite.

Results. When shooting from «Fort 9R» and «Fort 17R», the deposition of soot was observed at
a distance of a shot at close range and 25 cm on all studied blocks, and also when shooting from «Fort
17R» on blocks covered with cotton fabric and in bare blocks, soot was detected microscopically on
shot distance 50 cm; diphenylamine and centralite was observed when firing from «Fort 9R» in bare
blocks (close and 25 cm) and blocks covered with leatherette (25 cm), while when firing from «Fort
17R» it was detected only at a shot distance of 25 cm on blocks covered with denim fabric.

Conclusions. The presence of clothing and the peculiarities of the material of its manufacture
fundamentally change the macro, microscopic and laboratory picture of the deposition of additional
factors of the shot at different distances, using the «Fort 9R» and «Fort 17R» pistols, with the exception
of the soot deposition when firing from the «Fort 9R» pistol.

Keywords: forensic medical examination; gunshot injury; gunshot wounds; non-lethal weapons;
soot; additional factors of the shot; firearm.

Introduction. The use of firearms is the cause of about 10,000 deaths in the United States and is
the weapon most often used for murder (68% of murders) [1]. However, within Ukraine, the problem
of firearms usage became a reality only in the last decade, which in its turn led to the intensification of
scientific research in this direction by forensic experts [2, 3]. One of the key directions in the forensic
medical examination of gunshot injuries remains the study of additional factors of the shot, which
confidently occupy a central place in solving the key questions of the bodies of inquiry [4, 5]. At the
same time, it is important to build the correct model of conducting a ballistic experiment, which will
simulate the real situation with the firearms usage as best as possible. One of the factors that is definitely
important and is not taken into account in most studies is conducting an experimental study of a human
body simulator and clothes separately from each other and not in a complex [6]. Another understudied
aspect of ballistics is still non-lethal firearms, which are becoming more and more common in Ukraine.
Thus, there is a need to conduct an experimental study of non-lethal firearms on a complex consisting
of a human body simulator and clothing samples.
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The purpose of the work is to compare peculiarities of the soot deposition and constituent parts
of gunpowder on trace-receiving objects represented by non-biological simulators of the human body,
covered with different fabric at different shooting distances using «Fort 9R» and «Fort 17R» pistols.

Materials and methods. 120 blocks measuring 30x15x15 cm were produced, according to the
Fackler and Malinowski method [7]. In order to comply with the method, a 10% solution of edible
gelatin type A 270 Bloom (TM «Junca Gelatines SL», Spain) was used, which was kept for 2 days
at a temperature of +40C. To inhibit the microbial flora, propionic acid was added in the amount of
5 ml/1 of the gelatin solution.

Subsequently, 60 blocks were shot with the «Fort 9R» pistol and the remaining 60 blocks with
the «Fort 17R» pistol. From the 60 blocks in each firing group, subgroups of 15 units were formed
according to the coating, namely: bare blocks, cotton-covered blocks, denim-covered blocks, and
leatherette-covered blocks. In each subgroup, gelatin blocks were shot from three shot distances: close
range, 25 and 50 cm (that is, 5 blocks for each shot distance). All blocks were covered with a film
200 pum thick to imitate human skin.

9 mm elastic bullets of traumatic effect were used for firing. All studies were conducted on the
basis of the Vinnytsia Research Expert Forensic Center of the Ministry of Internal Affairs of Ukraine.
Shootings were carried out in the shooting range within 30 minutes from the moment the blocks were
removed from the refrigerating chamber with the prior fixing of the gun in the presses.

Blocks with covering material were photographed using a digital camera (camera «Alpha A6000
Sony») before and after the firing, with further examination of the soot deposition both with the unaided
eye and by microscopic examination using a stereomicroscope MBS 10 under magnification from 4.8x
to 56x. Microscopic examination was used only if the soot was not visible to the unaided eye.

The chromatographic-mass spectrometric research method on the Shimadzu GC-2010 Plus
device and infrared microscopy on the combined IR-Fourier spectrometer Nicolet iN10 from «Thermo
Fisher Scientific» were used to identify the components of nitrocellulose powder, nitroglycerin and
stabilizers — diphenylamine and centralites.

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. formula:
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where, P, and P, —the percentages with which one or another indicator met;
N, and N, —the number of indicators in the studied groups.

Research results and their discussion.

The analysis of soot deposition when shooting with «Fort 9R» pistol revealed the following
features:

when fired at close range, both at bare block samples and at samples covered with cotton fabric,
denim fabric, and leatherette in all cases, soot deposition was detected with the unaided eye (100%
in all cases);

when fired from a distance of 25 cm, both at bare block samples and at samples covered with
cotton fabric, denim fabric, and leatherette in all cases, soot deposition was detected only when applying
a microscopic examination (100% in all cases);

when fired from a distance of 50 cm, both the bare block samples and the samples covered with
cotton fabric, denim fabric, and leatherette in all cases soot deposition was not detected both macro-
and microscopically (100% in all cases).
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The analysis of soot deposition when shooting «Fort 17R» pistol revealed the following features:

when fired at close range, soot deposition was detected with the unaided eye on bare blocks and
blocks covered with cotton fabric (100% in both cases), and when fired at denim fabric and leatherette,
soot was detected in all cases only by microscopic examination (100% in both cases);

when fired from a distance of 25 cm, both at bare block samples and at samples covered with
cotton fabric, denim fabric, and leatherette in all cases, soot deposition was detected only when applying
a microscopic examination (100% in all cases);

when fired from a distance of 50 cm, soot deposition was not detected both macro- and
microscopically in all cases when fired at denim fabric and leatherette (100% in both cases) and
detected only microscopically when fired at bare blocks and blocks covered with cotton fabric (100%
in both cases).

A comparison of the peculiarities of soot deposition when shooting with «Fort 9R» and «Fort
17R» pistols revealed microscopic soot deposition when fired at bare blocks and blocks covered with
cotton fabric from a distance of 50 cm (100% and 0% in both cases) and denim and leatherette at close
range shots (100% and 0% in both cases, accordingly).

An analysis of the indicators of diphenylamine and centralite detection when shooting with
«Fort 9R» pistol revealed the following features:

when firing at close range, diphenylamine and centralite were detected in 100% on bare blocks.
When firing at blocks covered with different fabrics, diphenylamine and centralite were not detected
in any case (0% in all cases);

when fired from a distance of 25 cm, diphenylamine and centralite were detected in 100% on
both bare blocks and blocks covered with leatherette. When firing at blocks covered with cotton or
denim fabrics, diphenylamine and centralite were not detected in any case (0% in both cases);

when fired from a distance of 50 cm, diphenylamine and centralite were not detected in any of
the fired blocks (0% in all cases);

An analysis of the indicators of diphenylamine and centralite detection when shooting with
«Fort 17R» pistol revealed the following features:

when fired at close range and from a distance of 50 cm, diphenylamine and centralite were not
detected in any of the fired blocks (0% in all cases);

when fired from a distance of 25 cm, diphenylamine and centralite were detected in 100% when
fired at blocks covered with denim fabric. When firing at blocks covered with other types of fabrics
and bare blocks, diphenylamine and centralite were not detected in any case (0% in all cases);

A comparison of the peculiarities of the indicators of diphenylamine and centralite detection
when shooting with «Fort 9R» and «Fort 17R» pistols revealed reliably (p<0.0070 in all cases) more
frequent detection of diphenylamine and centralite when fired from «Fort 9R» at close range and
from a distance of 25 cm into bare blocks and blocks covered with leatherette at a distance of 25 cm
in compare to «Fort 17R» (100% and 0% in all cases) and significantly (p<0.0070) more frequent
detection of diphenylamine and centralite when firing from «Fort 17R» from a distance of 25 cm into
blocks covered with denim fabric (100% and 0%, accordingly).

The peculiarities of soot deposition differ from one type of weapon to another and depending
on the cartridges used in it. Thus, during the study of the shots using bullets, consisting compact
lead cores and a special thick coating (the so-called plated bullet), the formation of a comet-like soot
deposition was observed [8].

When shooting with «Fort-12RM» in an experiment with close-range shots at a clothed human
torso simulator, the researchers discovered the soot deposition on the reverse side of the investigated
fabric in the form of a drop or a candle flame [9].

If we are talking about the distance at which it is possible to determine the soot —then when
shooting with «Fort-12RM» at a close range to the cotton fabric fixed in the frame, the deposition of
additional factors of the shot around the incoming damage can be detected, but at distances of 25 cm
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and 50 cm it is not possible [10]. If «Fort-12» is used under similar experimental conditions, soot is
visually detected at a distance of up to 35 cm, but further (from 40 cm) soot is not detected [11].

The specificity of soot deposition on different clothing materials can be traced in other studies.
Thus, when shooting with «Fort-17R» at a leatherette fixed in the frame, macroscopically, soot is
detected when fired at close range, and at distances of 20 and 50 cm — only microscopically [12]. In
this case, the peculiarities of soot deposition differ from those obtained by us in connection with the
usage of a specific type of leatherette on a synthetic fabric basis, which is not used for the manufacture
of clothing, by the authors of the above study.

Another factor that can fundamentally change the characteristics of soot deposition and must be
taken into account during the examination is the use of devices to reduce the sound level of the shot [13].

Although the role of laboratory methods aimed at identifying the components of nitrocellulose
(smokeless) gunpowder — diphenylamine and centralite — has decreased since the application of X-ray
fluorescence spectroscopy, they are still constant companions of the forensic medical expert in solving
forensic issues, which is confirmed by numerous modern publications in scientometric bases [14, 15].

Conclusions. When shooting with «Fort 9R» pistol, the soot deposition was observed at close
range macroscopically and 25 cm microscopically, regardless of the block covering material. When
shooting with «Fort 17R» pistol, at bare blocks and blocks covered with cotton fabric, soot was
determined macroscopically when fired at close range and microscopically at a distance of 25 and 50 cm;
when firing at blocks covered with denim fabric and leatherette, soot was detected microscopically
when fired at close range and at a distance of 25 cm, it was not detected either by macro or microscopic
examination when shooting at a distance of 50 cm.

Diphenylamine and centralite were detected in fired samples of bare blocks at close range and
25 cm firing distance and leatherette-covered blocks at 25 cm firing distance, using «Fort 9R», while when
shooting with «Fort 17R» pistol it was detected only at the firing distance of 25 cm in samples covered
with denim fabric. In all cases, the frequency of detection of the investigated substances was 100%.

Prospects for further research. In the future, it is planned to investigate the peculiarities of the
layering of other additional factors of the shot on the surface of the tracer object, namely, metal microparticles.

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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OCOBJIMBOCTI BIIKJIAJAHHA TOJATKOBUX YNHHUKIB ITOCTPLTY
IHPU ITIOCTPUJIAX 3 HICTOJIETIB «®OPT 9P» TA «®OPT 17P»

IlepebdeTiok A. M., I'ynac L. B., ®@omina JI. B., [Ipoxonenko C. B., Tepexoscbka O. 1.
Binauubkuil HanioHanbHUM MeauuHui yHiBepcuTeT iM. M. 1. [Tuporosa, Binnuns, Ykpaina

Pe3iome. JlonaTkoBi YWHHUKY TOCTPLITY € OMHUM 3 KIIFOYOBUX PEYOBUX JOKA3iB, SKi TOCIIIKYIOTh
y BUIAJIKy BOTHENAJIbHOI TPaBMHU 3 METOIO BCTAHOBJICHHS BiJCTaHi Ta ieHTU]IKaIil 3HApSA IS
MOCTPLTY, 10 3aCBIIYEHO pe3y/IbTaTaMH YMCICHHUX HayKOoBUX poOiT. [IpoTe my0mikaliii, 1o CToCyIoThes
JOCTIKEHHS HeJeTalbHOI BOTHENAIBHOI 30p0i, € OMMHOYHUMU 1 HETTOBHUMHU K Y CBITOBIi, Tak
1y BITYM3HSAHINA HAyKOBIiH JiTepaTypi.

Meta po00TH — JOCTIIUTH BiIKIaJaHHS TOJATKOBUX YUHHUKIB MOCTPLTY Ha PI3HUX MaTepiaiax
MOKPHBY Ta TONKX OJ0KaX, 110 IMITYIOTh TKAHUHH TiJIa JTIOJWHU Ha Pi3HUX BIACTAHSIX MOCTPLTY HpU
3actocyBaHHI1 micToneTiB «PopT 9P» Ta «Dopt 17P».

Martepiaa i MmeToau. 3 METOIO TOCATHEHHS MOCTABICHOT METH MpoBeneHo BiacTpia 120
JKEJTaTUHOBHUX OJIOKIB, MOKPUTHX PI3HUMH BHJIAMHU TKaHWH a00 3aluIleHi 6e3 moKputTTs. BiacTpin
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MPOBOMIIN 3 3aCTOCYBaHHAM MicToneTiB «Dopt 9P» Ta «Dopt 17P». BiacTpiisui 6:10ku 10CTHKYBaIN
Ha MPeMET HASBHOCTI KIMITSBH 3 3ACTOCYBAHHSIM OIMHCOBOTO METO/Y Ta MiKPOCKOMIYHOTO A0 CIPKEHHS
1 B IOANBIIOMY 3 3aCTOCYBAaHHSIM XPOMAaTO-Mac-CIIEKTPOMETPUUYHOTO METOAY J10CHIiKEHHS
Ta iHppauepBoHOI Mikpockomii Ha cyMimeHomy [H-Dyp’e cieKTpoMeTpi 3 METOIO BUSIBICHHS
TuQeHiIaMiHny Ta HEHTPaITY.

Pesyabraru. [Ipu nocrpinax 3 «®@opt 9P» ta «Popt 17P» HakmagaHHA KINTSIBU CIIOCTEPIra€ThCs
Ha BIJICTaH1 HOCTPUTY BIPUTYJ Ta 25 CM Ha BCIX JIOCIIDKYBaHUX OJIOKAX, a TAKOXK TUIBKU PU MOCTpiIax
3 «@opt 17P» y 3pa3ku, NOKpUTi 6ABOBHSHOIO TKAHWHOIO, Ta Y TOJI1 OJIOKU KINTSBY BUSIBISAIN
MIKPOCKOMIYHO Ha BiicTaHi mocTpiry 50 cm; audeHisiaMil Ta HEHTPAJIT CIIOCTEPIraBes MpU MocTpijiax
3 «@opt 9P» y romi 6moku (BOpUTY Ta 25 ¢M) Ta OIOKH, BKPHTI IIKipO3aMiHHUKOM (25 ¢M), y Toit yac,
K 1pu noctpinax 3 «Dopt 17P» BUABISIM TUIBKY Ha BIICTaHI MOCTPLTY 25 €M Ha 3pa3KaX, BKPUTUX
JOKUHCOBOIO TKAHUHOIO.

BucHoBku. HasBHICTb 0115y Ta 0COOIMBOCTI Marepiaty HOro BUTOTOBJICHHS TOKOPIHHO 3MiHIOIOTh
MaKpo-, MIKpOCKOITIIYHY Ta JIJAOOPATOPHY KAPTUHY BiIKJIaJaHHS JOAATKOBUX YHHHUKIB MOCTPLUTY IpU
PI3HUX BiICTAHAX MOCTPiYy 3 BUKOPUCTaHHAM MicToety «Dopt 9P» ta «Dopt 17P», 3a BUHATKOM
BIJIKJIaJJaHHs KITSABU MPH MOCTPiiax 3 micronetry «Popt 9P».

Ku1r040Bi c10Ba: cynoBo-MeqMyHa €KCIIEPTH3a; BOTHENAIbHA TPAaBMA; BOTHENAJIbHI YIIIKO/PKEHHS;
HeJleTalbHa 30pos; KINTABA; J0AaTKOBI YMHHUKHU MOCTPLTY; BOrHENaabHa 30posi.
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