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FORENSIC ASSESSMENT OF GUNSHOTINJURIES USNG MODERN OPTICAL
RESEARCH METHODS
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An increased number of injury cases caused byrfitredan Ukraine makes it important to improve theweacy and
objectivity of forensic medical examinations inshiype of injury by using modern optical researcithuds, in particular,
autofluorescence spectral analysis. Archival maktei the Chernivtsi Regional Bureau of ForensicdMal Examination was
used. The material of the study was skin sectidriseoentrance gunshot wounds caused by the “B@timatic pistol when the
muzzle of the weapon was point blank and at a aliist@ance. The studies were performed on a stofdesimeter modified for
autofluorescence studies of biological sections.dazh two-dimensional distribution of the intepsilues of the laser-induced
intrinsic fluorescence in histological skin secpthe statistical moments values of the 1st-Adlersrand the statistical processing
of the measured indicated moments set of values eadculated. It is proved that the use of modégsizal and optical methods
improves the accuracy and objectivity of forensidioal examinations regarding gunshot injuries.
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The work is a fragment of the research project “Blepment of new methods for diagnosing and treatofethe most
common forms of malignancies”, state registratiom N116U002930.

Gunshot wound (including blast one) remains an nirggoblem for forensic medicine, in
particular, in Ukraine. According to the resultsaoftatistical analysis, since 2014 number of pgopho
were killed by firearms and explosive devices, éased during the events at the Maidan Nezalezhnosti
and war in Eastern Ukraine [2, 9, 6, 7]. The negatble is played by a constant growth of explosive
devices and rifles among the population causedély tincontrolled import into the "peaceful” tewrit
from the war zone. That is the reason, why the rermnalb cases of fatal bullets, debris of grenadek an
mines has increased and the amount of fire damagsed by means of shock-traumatic (“non-lethal”)
weapons equipped with elastic bullets has increasedvell [6, 8]. The result of mentioned infornoati
was a progressive increase in the number of bic&bgind non-biological objects of gunshot injuliiésps
of skin, clothing, weapons) in the department oéfsic medcine of Bureau of Forensic Expertise EfFM
of Ukraine. In particular, due to statistics thexa significant increase in the number of caseguoshot
injuries at the Kyiv City Clinical Bureau of FME dng 2014-2017 [6]. Therefore, it is future-orietht@m
to find the most informative methods for studybmih biological and traumatic objects of firearios
their differential diagnosis and identification [5]

Among the numerous factors characterizing the feataf a gunshot injury, the detection of metals
from bullets and shell casigns of a firearm formding a shot and the components of the charge
gunpowder which in general are defined as “theofachccompanying a shot” or “products of gunshot”
[13]. Detection and identification of these factorghe forensic laboratory is a complex of methadd
techniques has known since the twentieth centuerd are X-ray fluorescence analysis, spark mass
spectrometry, atomic absorption analysis, neutrotivation analysis, flame photometry, emission
spectrographic method, infrared spectrometry @&tt, 14, 10, 11]. The methods are highly sensitivé: a
able to detect almost the full range of chemicah®dnts in the composition of gunshot products. @ne
their major drawbacks is the preparation of themarwhich is accompanied by the inevitable desimact
and loss of the study object.

X-ray spectral analysis is a sufficiently effeeti@and non-destructive method of gunshot products
studying, the essence of which is the X-ray irradimof the object of study and detection of thedifal
composition of the secondary radiation, it reflebtsquantitative and qualitative indicators ofthemical
elements of the studied object [10]. Scientificdats, that were carried out using Ukrainian sppesgters,
have revealed a high efficiency of the method, Whicnsisted in the complete conservation of theaibj
and the possibility of repeated studies, the idieation of more than 70 chemical elements withhhig
reliability, due to the software of the whole prssgeit allows computer processing and archiving the
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obtained results [1]. Over the last 5 years, thedleno M4 TORNADO spectrometer from Bruker
(Germany) has been successfully used in Ukraingariticular, at Kiev City Clinical Bureau of FME weh

has opened up new possibilities for laboratory midestics of gunshot injuries, weapons and ammunition
[11]. Using X-ray fluorescence spectral analydisyas possible to set the position of the muzzte faf

the gun relatively to the skin surface with angukar distribution of layering of Fe, Cu, Zn elertseealong

the edges of the wound. It was possible only dusotdact of the muzzle face side with the skirhef
wound [4, 5].

The successful use of X-ray fluorescence spectialyais for the diagnosis of various aspects of
gunshot injuries suggests the feasibility of usitiger fluorescence methods for objective estallgsloif
the circumstances in which the shot was fired.

Optical and physical autofluorescence methods ddelywand very effectively used in medical
diagnostics. They are based on the use of the pieman of fluorescence, which starts to occure & th
secondary radiation of various molecular structundsch appears under the influence of short-wanggte
optical radiation on biological tissue or fluid. florensic practice, the effective use of these outhas
been reflected in diagnosing of the time of deaténtifying the level and effect of ethyl alcohal the
accuracy of determining time of death, diagnosimggcause of death due to acute and chronic myiatard
ischemia [3].

The purpose of the work was development and testing of theirisic fluorescence two-
dimensional mapping method of biological layersir{s&ections preparations) for establishing of the
distance of a shot by means of statistic analyfsiseodynamics of post-mortem changes in the coaidi
distributions of the intensity of laser-inducedditascence in sections of skin preparations fronsitieeof
the gunshot wound during a shot from "Fort" traumaistol.

Materials and methods.In this work, archival materials from the Chernivegional Bureau of
Forensic Medicine is used. The material on theystuds skin sections obtained from the site of the
entrance of gunshot wounds resulting from shotsiftbe Fort traumatic pistol when the muzzle of the
weapon barrel was positioned close and at closgerdi is done by using a microtome knife, layered
sections were made parallel to the skin, up tacihick, thus, each of the formed planes of the slas
approached to the subcutaneous fat. Altogethgpattblogy slides of skin sections (PSSS) were pbthi
from a section of gunshot wounds with a thicknes® am from different distance shots: close to 8
preparations (19%), 5 cm — 10 preparations (24%6)n — 8 preparations (19 %), 10 cm — 8 preparation
(19%), 20 cm — 8 preparations (19%).

The method of laser-induced fluorescence basedcherexcitation of the own fluorescence of
biological molecules by laser radiation was uselde Ftudies were carried out on Stokes Polarimeter
modified for studies of autofluorescence of biotagisections (fig. 1) [4].

1 2 3 4 6 7 9 10 11 12

Fig. 1. Optical scheme of an autofluorescence Stpkéarimeter. Further explanations are in the text

The mode of irradiation of histological preparasaf skin section 6 consisted of a parallel (@ = 2
x 103um) beam of “red”x2 = 0,405um) semiconductor laser 1. The quarter-wave platedthe polarizer
4 are a polarizing irradiator. Image of skin ingrss of incoming wound 6 using polarizing micro léhs
(Nikon CFI Achromat P, focal length - 30 mm, apegtu 0.1, magnification - 4x) was projected inte th
plane of the photosensitive plane of CCD camera(T0e Imaging Source DMK 41AUO02.AS,
monochrome 1/2 "CCD, Sony ICX205AL (progressiverdraesolution is 1280x960; sensitivity of the
photosensitive plane — 7600x6200 microns; sensitivi0.05 Ix; dynamic range — 8 bit). Later on, the
polarization analysis of the images of the histaagpreparations of skin section of entrance wobimehs
performed using a quarter-wave plate 8 and a aiaf.

In the irradiation of the samples was applied ldyation of a red semiconductor laser LSR405ML-
LSR-PS-II with a wavelengthh = 0.58um / 0.66um and a power W = 50 mW for each histological
preparations of skin section in the optical locatid the Stokes polarimeter (fig. 1). Spectral-sie two-
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dimensional distributions of the intrinsic fluoresce intensities of skin sections were measuratjusi
digital camera. The fluorescence maps of the ligioal preparations of skin section were determited
each of the above mentioned firing distances.

Later on, for each two-dimensional distributiontloé values of the laser-induced intrinsic fluoresee
intensity of the skin section, the magnitude ofdtaistical moments of the 1-4 order (Z1-4) wdsudated
and statistical processing of the measured sealoks of the indicated moments obtained a valubef
confidence interval (p <0,005).

Results of the study and their discussionin the case of a gunshot injury, namely, firingaat
distance and at close range, as a result of expdssuch an additional firing factor as a flanhe, ¢ffect
of carbon monoxide resulted in the redness of kiretsssues around the entrance of gunshot wouhd [9
This phenomenon is happened due to the formatiaadfoxyhemoglobin that is a stable compound of
blood hemoglobin with carbon monoxide. In geneifad, hemoglobin molecule is made up of a protein
part. Globin is combined with a porphyrin part @ning iron, which actually provides hemoglobin and
red blood. Iron in the blood has got a divalentrfoin the presence of carbon monoxide, it readig®
to it forming a stable carboxyhemoglobin compouridol blocks oxygen transport [12].

From the analysis of the obtained data of two-disimmal mapping of the intrinsic fluorescence
of human skin section, in the red spectral raftge, seen that the sensitivity of the data ondpécal
manifestations of molecular complexes of porphyiinthe composition with carbon monoxide decreases
with increasing shot distance. Quantitatively, tfést is illustrated by significant changes (4-fold
reduction) of the average spread of random valdethe intensity of laser-induced fluorescence of
porphyrins of histological preparations of skintgmts (Fig. 2, Fig. 3, right parts) with increasifigng
distance (table 1). Since the obtained resultsbase=d on objective data obtained by the method, the
mathematical calculation is based on the calculaticthe magnitude of the statistical moments ef1
th order and the statistical processing of the mneaktotality of the values of the indicated morsettie
obtained value of the confidence interval is p €8,&aking into account even a small number otetes
samples [3].

Thus, the results of two-dimensional mapping of ititensity values of laser-induced intrinsic
fluorescence of the histological preparations ah dection at different firing distances are shown
figs. 2 and 3.

Table 1
Time dependences of the statistical moments magndas of the 1st and 3rd orders which characterize
the distribution of the values of the intensity ofaser-induced fluorescence of porphyrin molecules

L, cMm At close range 5 10 20
0.310.033 0.490.029 0.660.045 0.830.095
p<0.005 p<0.005 p<0.005 p<0.005
0.680.077 0.870.055 1.050.091 1.220.087
p<0.005 p<0.005 p<0.005 p<0.005
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Fig. 2. Coordinate structure (left part) and hisémg of the distribution (right part) of the dipaeimuth value
of the polarization image of the fluorescencehef $kin section in the pre-optical spectrum ofdptical range. Distance is 5 cm.
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Fig. 3.Coordinate structure (left part) and the histogrdrthe distribution (right part) of the dipole azith value
of the polarization image of the self fluorescentskin section in the pre-optical spectrum of dip¢ical range. Distance is 20 cm.

Thus, forensic assessment of gunshot injuries usindern spectral and optical methods of
investigation has revealed new opportunities footatory diagnostics of various chemical elememtbé
composition of tissues of biological and non-bidabad origin, in particular, gunshot products byatieg
topography maps as well as common element mapsindiddual combination maps [1,4,5]. They are
highly accurate, minimally invasive and highly infmative, they provide complete preservation of the
object and study area, the possibility of repeatedstigations, and the availability of softwaratthllows
computer processing and archiving of the obtaiesdlts [4, 10, 11, 12].

The advantages of the method of laser-induceddkemnce in determining the distance of the shot
is that the most pronounced and dynamic tempomah@bs in the coordinate structure of maps of laser-
induced fluorescence of porphyrin images of higimal preparations of skin sections are revealed by
changes in the values of the statistical momeith®flst order, which are the mean values of fluEese
intensities in the red region of the spectrum -rdrege is 2.06 times (p <0.005). The range of caafg
the values of the statistical moment of the thirdieo which characterizes the asymmetry of the fisim
of the distribution of random values of the fluaresce intensity is 1.47 times (p <0.005). This rodtbf
accuracy can be approximated by known modern speungthods of investigation [4, 5, 11, 13, 14].

Therefore, the use of modern fluorescence techmiquéorensic practice has got a considerable
research interest, worthy of further study. An impot aspect of the study is the development of an
algorithm for processing and analysis of the al&diresults which would provide an increase in the
efficiency of differential diagnosis of gunshot dage using modern optical devices such as a laser
polarimeter and spectrometer. Further studies waiio be devoted to establishing the diagnostic
effectiveness of the use of the elemental anaiysifiod in conducting forensic examinations not anly
cases of gunshot injuries but also in electricriegiand in causing bodily injuries by shockers.

1. The use of modern physico-optical methods (X{ftagrescence spectral analysis and laser-
induced fluorescence) increases the accuracy gedtivity of forensic examinations of gunshot ings,
since they have got a wide range of detection efribal and biochemical elements in the composition
gunshot and in composition of biological tissues.

2. Analysis of the temporal dynamics of the autmféscence of porphyrins compounds with
carbon monoxide allows one to set a maximum stetdce of 18 cm for this opto-physical method due
to the most rapid decrease in the values of thistital moments of the 1st and 3rd orders.
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CYJOBO-MEJINYHA OLIHKA
BOTHENAJIBHUX YIIKOIKEHb
3 BUKOPUCTAHHSM CYYACHHUX OIITUYHUX
METOAIB JOCJILIKEHHSA
Baunncbkuii B.T., Banuyasak O.51., Caska LT,
Ko3znos C.B., 3yoxko M. /1.

30impmieHHss B YKpaiHi  KUNBKOCTI  BUMAJIKIiB
ypaXeHb, 3alOAiSHUX BOTHENAIBHOIO 30pO€ro, poOUTH
aKTyaJIbHUM MIABHIICHHS TOYHOCTI 1 00’ €KTHBHOCTI
CYZOBO-MEMYHUX €KCHEPTU3 LBOTO BHAY TPaBMHU
LUISXOM [POBEACHHS CydYacHHX OINTHYHHAX METOMIB
JOCIIZKEHHS, 30KpeMa —  aBTO(IyOpECLEHTHOro
CIIEKTpPaJbHOrO aHanlizy. ByB BHKOpHCTaHHH apXiBHHI
MaTepianm YepHiBEIBKOTO 0O0JIACHOTO OKOpO  CyIIOBO-
MEANYHOI eKCIepTH3H. MaTepiajioM AOCTiKEeHHsS Oynu
3pi3W MIKipH 3 MIISHOK BXIJHUX BOTHENAIBHHX paH,
CIIPUYHMHEHI 3 TpaBMaTHYHOro mictonery «Dopt» mpu
MOJIOXKEHHI JyJIbHOTO 3pi3y 30poi ynpuTyJ Ta 3 OJU3BKOL
quctaHmii. JIOCHiIDKEHHsT TNPOBOAMIIMCS HAa  CTOKC-
MOJApUMETpi, MOANU(IKOBAaHOMY Ul JOCIIJUKEHb
aBToryopecuenmii OiojoriuHux 3pi3iB. s KOXKHOTO
JBOMIPHOTO PO3MO/LTY 3HAYCHb IHTEHCUBHOCTI JIa3epHO-
IHIyKOBaHOI BIAacHOI (IIyOpecUeHIil TiCTONOTIYHIX
mpemnapaTiB  3pi3iB  HIKIpM MPOBOIWIOCS OOYHCIICHHS
BEJIMYMHU CTATHCTHYHUX MOMEHTIB 1-4T0 mopsikiB Ta
CTaTHCTHYHA O0OpoOKa BUMIPSHOI CYKYIHOCTI 3HaueHb
BKa3aHUX MOMeEHTIB. JloBeIEeHO, M0 BHUKOPHUCTaHHS
Cy4yacHHUX ()i3UKO-ONTHYHHUX METOJIIB MiABUIIY€E TOYHICTh
i 00’ EKTUBHICTH CYJJOBO-MEINYHUX €KCIIEPTH3 3 TIPUBOILY
BOTHENAJILHOI TPaBMH.

KiouoBi cjoBa: CynoBo-Menu4Ha eKCIICPTHU3a,
peHTreH(ITyOpeCIeHTHHI CIIEKTPaIIbHUKA aHali3, Ja3ep-
iHIyKOBaHa aBTO(IIyOpECLCHIIis, BOTHENAIbHA TPaBMa,
MPOAYKTH TIOCTPITY.

Crarrs Hagiiiuia 26.04.2019 p.

CYAEBHO-MEJUIIMHCKS OHEHKA
OTHECTPEJIGHBIX ITIOBPEXJIEHA
C UCITOJIb3OBAHUEM COBPEMEHHBIX
OIITUYECKUX METOJ0OB UCCJIEHJOBAHMUS
Bbauunnckuii B.T., Banuyasik O.51., CaBka L.T'.,
Ko3znos C.B., 3yoko M. /L.

VBenuuenue B YKpaumHe KOJIMYECTBA CIydaeB MOPAXKEHUH,
HAaHECEHHBIX  OTHECTPEIbHBIM  OpYXHEM,  OOyCIIaBIMBacT
aKTyaJIbHOCTH MOBBIIICHAS! TOYHOCTH U OOBEKTUBHOCTH CyHeOHO-
MEIVLIUHCKUX  JKCHEePTU3  OTOr0  BHAA  TPaBMBl  IyTeM
HCIIOJIb30BaAHUS COBPEMEHHBIX ONTHYECKHX METOJIOB
HCCIENOBaHUA, B  YaCTHOCTH -  aBTO(IyOpecleHTHOro
CIEKTpalbHOTO aHamu3a. [IpoBoauiaoch H3yueHHE apXHUBHOTO
MaTeprana  YepHOBHHIKOTO  oOmacTHOro  Ompo  cyaeOHO-
MEIUIUHCKON 3KCIepTH3bl. MaTeprnanoM HCCIIEIOBaHHS ObLIH
Cpe3sl KOXH C YYacTKOB BXOJHBIX OTHECTPENBHBIX paH,
NPUYMHEHHBIX ~TpaBMaTHUecKuM mHcTolieToM «Dopt» 1pH
MOJIOKEHUH JIyJIBHOTO Cpe3a OpyXHs B ymop MU C OJIHM3KOH
nmucraniuu. McecenoBanus MPOBOIMIMCH Ha CTOKC-TIOJSIPIMETPE,
MOJTU(PHUIIMPOBAHHOM JJISl  MCCICIOBAaHUN aBTOGITYyOPECICHITUH
6uonoruueckux  cpe3oB.  Jlus  KaxkAoro - JBYXMEpPHOTO
pacnpeeneHus 3HAUECHUH UHTEHCHBHOCTH Ja3epHo-
HMHIYIHPOBAHHOH COOCTBEHHOH (DITyOpeCcieHIINN THCTOIOT NIECKHX
MPeTapaToB CPe30B KOXKM HPOBOAMIOCH BBIYUCICHUE BEIUIUHEI
CTaTHCTHYECKUX MOMEHTOB 1-440 NOPSAKOB M CTaTHCTHYECKas
o0paboTka W3MEPEHHOH COBOKYIIHOCTH 3HAYEHMI yKa3aHHBIX
MOMEHTOB. JI0Ka3aHo, 4TO UCIIOIb30BaHHE COBPEMEHHBIX (pHU3HKO-
ONTHYECKUX METOJOB IIOBBIIIAET TOYHOCTh M OOBEKTUBHOCTD
CyneOHO-MENIIMHCKUX JKCIEPTU3 MO TIOBOAY OTHECTPENbHOI
TPaBMBI.

KiaioueBble ciioBa: cyaeOHO-MEIMIIMHCKAs AKCHEPTHU3a,
PeHTTeHO(IyOpECEHTHRI ~ CIEKTPaJbHBIA  aHamu3,  Jasep-
HMHIYIIPOBaHHAs aBTO(MIyOpPECIECHIMsS, OTHECTpEIbHAasl TpPaBMa,
MIPOJYKTHI BEICTpETIA.
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