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SPECIFICS OF GUNSHOT RESIDUE DEPOSITION WHEN USING
“FORT 9R” AND “FORT 17R” PISTOLS AT DIFFERENT
DISTANCES

Abstract. Identification of the distance of the shot, the weapon of the shot,
and other circumstances in the case of a gunshot injury are among the key issues
facing the forensic medical expert and of greatest interest to law enforcement
agencies. The world standard for answering such questions is the use of laboratory-
instrumental methods for the identification of the gunshot residue — microparticles
that fly out of the barrel of a weapon when a shot is fired. However, for the successful
application of this knowledge in practice, it is necessary to perform preliminary
experimental shootings. The least researched at the moment are samples of non-
lethal firearms, which, despite their name, can lead to lethal consequences and are
becoming more and more common among the civilian population. The purpose of
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the study was to investigate the peculiarities of the deposition of the residual
components of the shot when using the Fort 9R and Fort 17R pistols at contact range,
25 and 50 cm distances. A controlled ballistic experiment was performed in shooting
range conditions on 120 gelatin blocks made according to the generally accepted
method, which were subsequently covered cotton fabric, denim fabric, leatherette or
left bare. The shots were fired from Fort 9R and Fort 17R pistols at contact range,
25 and 50 cm. After the shots, a chromato-mass spectrometric study and infrared
microscopy on a combined IR-Fourier spectrometer were performed to detect
gunpowder components and X-ray fluorescence spectroscopy to detection of
overlays of elements on the trace-receiving object. Statistical processing of the
received data was carried out in the license package "Statistica 6.0". The obtained
data indicate the existence of numerous reliable differences in the indicators of
overlap on the trace-receiving object of lead, iron and zinc, which allows them to be
used for the identification of the shot tool and the shot distance. In addition, specific
features of the deposition of elements on different clothing materials and bare blocks
were revealed, which are most evident in the analysis of blocks covered with leather
substitute. Among trace elements, zinc has the greatest practical value, while copper
has no practical value in the analysis of shots fired from Fort 9R or Fort 17R pistols.
Residual components of gunpowder in the case of the use of these pistols are of
limited value and have been detected in some cases when fired at contact range and
25 cm on bare blocks, blocks covered with denim or leatherette.

Keywords: diphenylamine, centralite, gunshot residue, firearm, gunshot injury.
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OCOBJINBOCTI BIAKJIAJAHHSA 3AJIMINKOBUX
KOMIIOHEHTIB HOCTPLIIY IPU 3BACTOCYBAHHI INICTOJIETIB
«@OPT 9P» TA «®OPT 17P» HA PIBHUX ITUCTAHLIAX

AHoTtanis. [nentudikauis nucTaniii NoCTpuLy, 3HapAIAS NOCTPUTY Ta 1HIII
00CTaBUHM Y BUMNAJKY BOTHEMAJIBHOI TPAaBMHU € OAHUMH 3 KIIOYOBHUX IMHUTAHb, 110
MOCTAIOTh MEpe]  CYJ0BO-MEAUYHUM EKCIepTOM 1 HaWOuIbIIe I[IKaBJIATH
paBOOXOpPOHHI opranu. CBITOBUM CTaHIAPTOM JJIsl BIJMOBIAI HA Takl MUTAHHS €
3aCTOCYBaHHSA JIa0OpAaTOPHO-IHCTPYMEHTAIBHUX METOAIB ISl imeHTUdIKaIi
3QJIMITKOBUX KOMIIOHEHTIB MOCTPUTY — MIKPOYAaCTHHOK, IO BHJIITAIOTh 31 CTBOJIA
30poi nmpu noctpiii. [Ipore, 1715 yCHINIHOTO 3aCTOCYBAHHS JIaHUX 3HAHD Ha IMPAKTHUITI
HEOOXIJTHE BUKOHAHHS TMONEPENHIX EKCIEPUMEHTANbHUX BIACTpUIB. HaliMeHin
JOCIIKEHUMU Ha JaHUI Yac JTUIIAI0ThCA 3pa3Ku HEJIETalbHOI BOrHENAIbHOI 30poi,
AK1 HE 3Ba)Kal0UM HAa CBOIO HAa3BYy MOXKYTbh MPU3BOJMUTH JI0 JIETAIBHUX HACIIJKIB Ta
CTalOTh Bce OuUIbllIe TMOIIMPEHUMHU Cepell IUBLIBHOTO HaceleHHd. MeToro
JTOCHIDKeHHST  OyJl0  JOCHIAMTH  OCOOJMBOCTI  BIJKJIAQJAaHHS  3aJUIIKOBHUX
KOMITOHEHTIB OCTPLITY pH 3acToCyBaHH1 micToeTiB «Dopt 9P» Ta «Dopt 17P» Ha
nucTaHiisx Bapurtyd, 25 ta 50 cMm. KonTposnboBanuii 0amicTUUHUN €KCIIEPUMEHT
BUKOHAaHO B yMmoBax TuUpy Ha 120 jxenaTMHOBUX OJIOKax BUTOTOBIEHUX 3a
3arajJbHOMPUMHITUM METOAOM, SIKI B TMOAAJIBIIOMY TMOKPHUBAIH OaBOBHSHOIO
TKAaHUHOIO, JIP)KUHCOBOIO TKAHWHOIO, IIKIPO3aMIHHMUKOM YH JIMIIAJIU TOJUMHU.
[TocTpinu BukoHyBamu 3 micToNeTiB «DopT 9P» Ta «Dopt 17P» 3 mucranmin
Brputyn, 25 Ta 50 cm. Ilicis BiacTpiIiB  BUKOHYBald — XpOMAaToO-Mac-
CHEKTPOMETPUYHE JTOCHTIKEHHS Ta 1H()padyepBOHY MIKPOCKOMIIO Ha CyMIIICHOMY
[H-®yp’e CIIEKTPOMETpl ISt BUSIBJICHHS CKJIAOBUX  IOPOXY 1
PEHTIeH(IIYOPECIICHTHY CTICKTPOCKOITIIO JIJIsi BUSBIICHHS HAKJIaJaHb €JIEMCHTIB Ha
criponpuitmarouomy 00’ ekTi. CTaTucTHIHA 00pOOKa OTPUMAHUX JAaHUX MPOBEICHA
B JtineH3iiiHoMy makerti"Statistica 6.0". OrpumMani AaHi CBiT4aTh MPO HASBHICTH
YUCJIEHHUX JOCTOBIPHHUX BIAMIHHOCTEH Yy T[OKAa3HUKAX HaAKJIAJaHHSA Ha
crmigonpuitMarouomMy 00’ €KTi CBUHIIA, 3a1i3a Ta IIUHKY, 110 JTO3BOJISIE 3aCTOCOBYBATH
ix s imeHTUdikamii 3HApSAAAS TMOCTPUTY Ta JUCTaHIi mocTpiay. OKpiM TOro
BUSIBJICHO crienrdiuH1 0COOIMBOCTI BiAKIAJaHHS €JIEMEHTIB Ha PI3HUX MaTepiajiax
OJSITY Ta TOoJUX OJIOKaxX, 0 HaWOUIbIIE MPOSBISIOTHCA MPU aHaATI31 OJIOKIB
NOKPUTHX MIKipo3amMiHHUKOM. Cepen MIKpOEJIEMEHTIB HalOUIbIe MpaKkTUYHE
3HAYEHHS Ma€ IIUHK, B TOM Yac SIK MiJb HE Ma€ KOJIHOT MPAKTUYHOI I[IHHOCTI MpH
aHaJi31 MOCTPLIIIB BUKOHAHUX 3 TTicTOIETIB «DopT 9P» un «Dopt 17P». 3anumikosi
KOMITOHEHTH TOPOXY Yy BHIAJKy BHUKOPHCTAHHS 3a3HAYEHUX ITICTOJIETIB MAalOTh

630




Kypuaa «lepcrexrusu Ta iHHOBAII HayKIm)
(Cepis «Ileparorixax, Cepis «IIcuxoaoriay, Cepis «MeAuITIHA)

Ne 11(29) 2023

0oOMEXeHy IIHHICTh Ta BUABJICHI B JESKUX BUMAJKaX MPH MOCTpijIaxX BIOPUTYI Ta
25 cMm Ha ronux Onokax, OJIOKaX BKPUTHUX JHKUHCOBOIO TKAaHUHOKO abo
HIKIPO3aMIHHUKOM.

KurouoBi ciaoBa: gudeHUIaMiH, LEHTPAIIT, 3aJIUILIKOBI KOMIIOHEHTH
NOCTPLTy, BOTHENalIbHa 30p0si, BOTHENaJIbHA TpaBMa.

Statement of the problem. Firearms have become more widespread, as has
civilian access to them, and with it, the prevalence of gunshot injuries has increased.
In the period from 1993 to 2012, about 32 thousand people died from firearms and
twice as many were injured, which led to an increase in annual public costs, which
Is currently about 48 to 100 billion US dollars [1]. A special type of firearm is the
so-called "non-lethal weapon", which is usually used as a weapon of law
enforcement agencies or positioned as a weapon for self-defense. However, the
"non-lethal™ nature of this weapon is the subject of long debates among scientists.
Numerous head injuries, including brain damage and loss of sight, were noted for
this weapon. Sometimes there are fatalities. It is often emphasized that the lethal
nature of this weapon is due to the violation of the rules of its use (shots must be
fired from a certain distance into certain anatomical parts of the body, excluding the
head, etc.) [2].

In this regard, there is an urgent need for research on the effects of non-lethal
firearms. Currently, there are many directions for researching various indicators of
this type of weapon, the results of which can serve various practical branches of
medicine. Such are studies of the effect of non-lethal weapons on clothing damage [3],
which further help with the forensic identification of weapons, works devoted to the
study of wound ballistics by analyzing indicators of the temporary cavity on
optically transparent media imitating human body tissues [4].

However, it would be most expedient to combine the above types of research
into one comprehensive one — where the human body simulator is combined with
clothing. Such an experiment would allow a more complete and reliable assessment
of the course of wound ballistics. So far, such studies are few in the domestic
literature [5]. One of the aspects that would most satisfy the needs of forensic
medicine and law enforcement agencies would be the study of the gunshot residue,
the main physical evidence when it comes to gunshot injuries [6]. Thus, it is
promising to conduct an experimental shooting with the use of non-lethal firearms
of the "clothing + human body simulator” complex in order to identify the gunshot
residue.

Connection of the publication with planned scientific research works. The
work was carried out as part of the research work of the National Pirogov Memorial
Medical University, Vinnytsya at the expense of state funding of the Ministry of
Health of Ukraine: "Characteristics of damage to human body tissue simulators
caused by non-lethal weapons™ (state registration number 0121U107924).
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The purpose of the article — to establish the peculiarities of the deposition of
the gunshot residue when using the "Fort 9R" and "Fort 17R" pistols at different
distances during shots at nude non-biological simulators of the human body or
covered with different types of clothing.

Research objects and methods. To achieve the goal, 120 gelatin blocks were
made according to the generally accepted method [7], which, according to their
characteristics, imitate the soft tissues of the human body as closely as possible. The
blocks were covered with a transparent polyethylene film 200 um thick to simulate
skin. The blocks were further divided into groups according to their covering: bare
blocks (BB), blocks covered with cotton fabric (CF), blocks covered with denim
fabric (DF), blocks covered with leatherette (LB). In the conditions of the shooting
range, the blocks were shot at close range, 25 and 50 cm with the help of "Fort 9R™
and "Fort 17R" pistols. In order to identify the components of nitrocellulose
(smokeless) gunpowder (nitroglycerin and stabilizers — diphenylamine and
centralite), the chromatographic-mass spectrometric method was used on the
Shimadzu GC-2010 Plus device and infrared microscopy on the combined IR-
Fourier spectrometer Nicolet iN10 of the company "Thermo Fisher Scientific". X-
ray fluorescence spectroscopy using the ElvaX Plus device was used to identify the
qualitative and quantitative characteristics of the overlay of elements on the trace-
receiving surface. Committee on Bioethics of National Pirogov Memorial Medical
University, Vinnytsya (protocol Ne 11 From 03.12.2020) found that the studies do
not contradict the basic bioethical standards of the Declaration of Helsinki, the
Council of Europe Convention on Human Rights and Biomedicine (1977), the
relevant WHO regulations and laws of Ukraine.

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.

Presentation of the main material.

Research results and their discussion. The analysis of lead deposition
indicators revealed the following features:

when contact shots from "Fort 9P" significantly lower (p<0.01) values of the
element when shooting at LB compared to BB, CF, DF (68.40+7.50, 94.00+0.71,
87.60+7.30 and 83.00%6.71, respectively); when shooting from a distance of 25 cm,
the element values are significantly lower (p<0.05) when shooting in CF compared
to BB, DF, LB (51.80+11.23, 73.60+£7.02, 71.20+5.81 and 71.20+5.81,
respectively); when comparing the values of the indicator when fired from "Fort 9P
from different distances, significantly higher values (p<0.01) of the element were
found when fired at BB, CF, DF at contact range than at 25 cm (94.00£0.71 and
73.60+7.02, 87.60+ 7.30 and 51.80+£11.23, 83.00+6.71 and 71.2045.81,
respectively) and contact compared to 50 cm for BB and CF (94.00+£0.71 and
62.60+17.24, 87.60+7.30 and 40.60+23.78, respectively);
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when firing at contact range from "Fort 17P", the values of the element are
significantly lower (p<0.01) when firing at LB compared to BB and CF (84.00£1.73,
90.60+3.65 and 91.00+2.12, respectively); when shooting from a distance of 25 cm,
the element values are significantly lower (p<0.01) when shooting at LB compared
to BB, CF, DF (47.20+6.61, 75.00+14.97, 75.00+7.35 and 78.40+4.16,
respectively); when shooting from a distance of 50 cm, the element values are
significantly lower (p<0.05-0.01) when shooting at LB compared to CF and DF
(48.20+7.60, 75.40£23.51 and 73.20£11.17, respectively); when comparing the
values of the indicator when fired from "Fort 17P" from different distances,
significantly higher values (p<0.05-0.01) of the element were found when fired at
CF, DF and LB at contact range compared to 25 cm (91.00+2.12 and 75.00+7.35,
88.40+3.13 and 78.40+4.16, 84.00£1.73 and 47.20+6.61, respectively) and contact
compared to 50 cm (84.00£1.73 and 48.20£7.60, respectively).

When comparing the values of the indicator when fired from "Fort 9R" and
"Fort 17R" pistols, significantly higher (p<0.01) values of the element were found
when fired from "Fort 9R™ in LB from distances of 25 cm and 50 cm (71.20+5.81
and 47.20£6.61, 67.20+4.66 and 48.20+7.60, respectively) and significantly higher
(p<0.05-0.01) values of the element were detected when firing from "Fort 17R" in
CF from distances of 25 and 50 cm and LB from contact range (75.00+£7.35 and
51.80+11.23, 75.40+23.51 and 40.60+23.78, 84.00+1.73 and 68.40+7.50,
respectively).

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

when fired at contact range from "Fort 9P", the values of the element are
significantly lower (p<0.01) when fired at BB compared to LB (4.400+0.548 and
20.4015.81, respectively); when shooting from a distance of 25 cm, the values of the
element are significantly higher (p<0.05) when shooting in CF compared to DF and
LB (24.80+6.83, 15.20+3.35 and 15.20+3.35, respectively); when shooting from a
distance of 50 cm, the values of the element are significantly higher (p<0.05) when
shooting in CF compared to LB (36.20+£19.92 and 9.800+8.955, respectively); when
comparing the values of the indicator when fired from "Fort 9P" from different
distances, significantly lower values (p<0.05-0.01) of the element were found when
fired at BB and CF at contact range, compared to 25 and 50 cm (4.400+0.548,
17.60+£3.36, 25.40+£18.06 and 10.40+8.26, 24.80+6.83, 36.20+£19.92, respectively);

when firing at close range from "Fort 17P", the element values are
significantly higher (p<0.05-0.01) when firing at LB compared to BB, CF and DF
(13.60+1.52, 8.200£2.588, 7.200+2.280 and 8.800£2.490 in accordance); when
shooting from a distance of 25 cm, the values of the element are significantly higher
(p<0.01) when shooting at LB compared to BB, CF, and DF (45.00£7.58,
18.20+12.21, 19.40+2.61, and 12.80+1.92, respectively) and CF compared to DF
(19.40+2.61 and 12.80+1.92, respectively); when shooting from a distance of 50 cm,
the element values are significantly higher (p<0.05-0.01) when shooting at LB
compared to BB, CF and DF (42.40+7.16, 14.40+15.11, 20.00£18.43 and
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14.60+8.73, respectively); when comparing the values of the indicator when fired
from "Fort 17R" from different distances, significantly lower values (p<0.05-0.01)
of the element were found when fired at CF, DF, LB at contact range compared to
25 cm (7.200£2.280 and 19.40+2.61, 8.800+2.490 and 12.80£1.92, 13.60+1.52 and
45.00+7.58, respectively) and LB closely compared to 50 cm (13.60+£1.52 and
42.40£7.16, respectively).

When comparing the values of the indicator when fired from the "Fort 9P"
and "Fort 17R" pistols, significantly higher (p<0.05) values of the element were
found when fired from the "Fort 9P" in LB from contact range (20.40+5.81 and
13.60+1.52, respectively) and significantly higher (p<0.05-0.01) values when
shooting from "Fort 17R" in BB at contact range (8.200+2.588 and 4.400+0.548,
respectively) and LB from distances of 25 and 50 cm (45.00+7.58 and 15.20£3.35,
42.40£7.16 and 9.800+8.955, respectively).

The analysis of zinc deposition indicators revealed the following features:

when fired from a distance of 25 cm from "Fort 9P" significantly lower
(p<0.05-0.01) element values were found when fired at BB compared to CF, DF and
LB (6.200+£3.899, 21.20+4.868, 13.40+2.61 and 13.60+2.70, respectively), and
significantly (p<0.05) higher values of the element when firing in CF compared to
DF and LB (21.20+£4.868, 13.40£2.61, and 13.60+2.70, respectively); when fired
from a distance of 50 cm from "Fort 9P", significantly lower (p<0.05-0.01) element
values were found when fired at BB compared to CF and LB (12.00+2.35,
23.20+7.22 and 23.00+4.85, respectively); when comparing the values of the
indicator when fired from "Fort 9P" from different distances, significantly lower
values (p<0.05-0.01) of the element were found when fired at CF and DF at contact
range compared to 25 cm (2.000£2.000 and 21.20+4.868, 3.400+4.775 and
13.40+2.61, respectively), BB, CF and LB when shooting at contact range compared
to 50 cm (1.600£0.548 and 12.00£2.35, 2.000£2.000 and 23.20+7.22, 11.20+7.50
and 23.00+4.85, respectively), at shots in BB and LB from 25 cm compared to
50 cm (6.200£3.899 and 12.00+2.35, 13.60+2.70 and 23.00%4.85, respectively);

when fired at contact range from "Fort 17P", the element values are
significantly higher (p<0.01) when fired at BB compared to CF, DF, and LB
(0, 1.800+0.837, 3.600£2.074, and 2.400+0.548, respectively); when shooting from
a distance of both 25 and 50 cm, significantly lower (p<0.05) values of the element
were found when shooting at BB compared to DF and LB (3.400+2.510,
8.200+1.643, 7.800£1.924 and 5.800+1.924, 10.40+2.07, 8.600+0.894,
respectively); when comparing the values of the indicator when fired from "Fort
17P" from different distances, significantly lower values (p<0.05-0.01) of the
element were found when fired at contact range compared to 25 and 50 cm for BB,
DF and LB (0, 3.400+ 2.510, 5.800+1.924 and 3.600%£2.074, 8.200+1.643,
10.40£2.07 and 2.400+0.548, 7.800£1.924, 8.600+0.894, respectively).

When comparing the values of the indicator when fired from "Fort 9R" and
"Fort 17R" pistols, significantly higher (p<0.05-0.01) values of the element were
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found in all cases when fired from "Fort 9R™: BB at contact range and at a distance
of 50 cm (1.600+0.548 and 0, 12.00+2.35 and 5.800£1.924 respectively), CF 25 and
50 cm (21.20+4.868 and 5.600+7.701, 23.20+7.22 and 4.600+7.057 respectively),
DF 25 cm (13.40£2.61 and 8.200 +1.643, respectively) and LB 25 and 50 cm
(13.60+2.70 and 7.800+1.924, 23.00£4.85 and 8.600£0.894, respectively).

During the analysis of copper deposition indicators, no significant differences
or trends to differences between the studied groups were found.

The analysis of indicators for centralite and diphenylamine revealed that the
deposition of these components coincides and is observed when fired at contact
range and 25 cm in BB, 25 cm in LB from the Fort 9R pistol, and from a distance of
25 cm in DF when fired from the Fort 17R pistol.

X-ray fluorescence analysis has found widespread use in forensic medicine,
and especially in the part that studies ballistics. As an example, studies have shown
that it is possible to successfully use indicators of barium and lead on the hands to
identify the shooter [8]. At the same time, it is necessary to remember about false-
positive results. Australian scientists [9] during SEM-EDS analysis of samples from
the hands of persons who have no business with firearms found a characteristic
combination of lead, stibium and barium in 0.3 % of subjects, in 8 % of people a
combination of lead and stibium and in 7 % one of three elements. In general, the
residual components of the shot remain on the skin in significant quantities for 3
hours, and in the future their number begins to decrease significantly, but they are
determined up to 6 hours [10].

Experimental controlled shootings followed by laboratory research on the
peculiarities of the accumulation of residual components of the shot are the world
standard for identifying the distance of the shot in cases where such factors as:
unknown distance, angle of the shot, pose of the shooter, type of weapon used, type
of ammunition are unknown to the investigation [11]. In this way, the residual
components of the shot remain the most valuable and key material evidence in the
case of forensic medical examination related to firearms and require taking into
account the maximum number of accompanying factors [12].

Conclusions. When analyzing the indicators of lead, iron and zinc, numerous
reliable differences were found between the studied comparison groups regarding
the distance of the shot, the features of the coating and the weapon of the shot. At
the same time, copper indicators cannot be used for the above-mentioned purpose
due to the absence of any reliable or trends to differences in all the studied
comparison groups.

The most expedient for identifying the shot tool in the case of using Fort 9R
and Fort 17R pistols is the use of zinc indicators, which are significantly higher in
all comparison groups for shots fired from Fort 9R, regardless of the cover of the
blocks; in cases of a shot at blocks covered with leather substitute, it is advisable to
use indicators of any elements.
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The components of gunpowder (centralite and diphenylamine) are mostly
found in Fort 9R pistol shots, but are of less interest for identifying the shot distance
or the shot weapon than the stacking of elements.
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