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microvesicles formation and epidermal nuclear elongations [2]. Separation of epidermis is caused by the evaporation
of fluid from skin tissues due to the increase of temperature of the contact electrode. At the same time, the elongation
of nuclei is explained as caused by electromagnetic effect of an electrical current [3]. However, researches indicate on
the presence of all described changes in both thermal and electrical injuries, and even blunt trauma, emphasizing only
degree of manifestation of this signs in different cases [2]. Such, in the case of electric injuries the nuclear elongation is
most pronounced, but also observed in abrasions and thermal lesions. Authors also describe some differences in the intra-
epidermal and sub-epidermal separation. In electric cunent marks intra-epidermal separation was more common and in
the case of thermal injuries sub-epidermal separation was mostly observed. Other authors describe wider spectrum of
microscopic changes observed when comparing electrical current marks, flame burns and blunt force injuries (abrasions)
[4]. Histological findings, described in the article, were divided on three groups: epidermal. dermal and vascular changes.
Such, epidermal findings included intra-epidermal and sub-epidermal separation, coagulative necrosis, elongation and
streaming of nuclei, dark staining of nuclei, pyknosis of nuclei and tightly packed nuclei. The dermal changes were:
coagulative necrosis, nuclear elongation, dermal collagen homogenization. Vascular changes included vascular dilatation,
hemorrhage and thrombosis. According to the authors, elongation and streaming of the epidermal and dermal nuclei were
observed in all three types of injuries, but in cases of electrical trauma were observed more frequently. Tightly packed and
pyknotic nuclei in the epidermal cells were specific for electrical trauma but only cased by high voltage electricity and
were not observed in cases of other lesions. This changes proposed by authors for differential diagnosis of high voltage
and low voltage trauma. At the same time, there were not specific markers to distinct low voltage electricity impact from
thermal injuries. Coagulation necrosis of the dermis and the epidermis is specific feature of electrical marcs and flame
bums and obviously was not observed in tissue samples from abrasions. Thus, histophatological changes in electrical
current marks can indicate the impact of electric current but sometimes could be non-specific, especially comparing low-
voltage trauma to thermal injuries.

One of the important signs of the local action of electric current could be metallization in current mark, which
corresponds to the elemental composition of the metal of conductor. The metallization phenomenon can be explained
the form of electrolysis when metallic ions are embedded in the skin during the transmission of electric current from the
metal to the skin [1]. The metallization in electric current marks is known and studied in forensic medicine for a quite a
long period of time [5]. During this research the injuries caused by metal object heated to a high remperarure or exposed
to alternating current were studied, and the presence of metallization was determined by an electrographic method. The
metallization appeared only in the cases of electric injuries. Various methods is possible for detecting metallization in
electric current marks including histochemical methods [6,7,8] in parlicular the staining in Prussian Blue by perl's (for
iron) and Okamoto-Utamura Rubeanic acid or Timm's method (for copper). However, the detection of metallization in
curent marks by histological examination sometimes is a difficult task [8].

Nowadays, the most effective and promising methods of metallizalion detection in current marks are different
methods of elemental analysis, like energy-dispersive X-ray spectrometry (EDS), which is a convenient and simple
method to detect various elements in different types of samples [9,10]. This method shows higher ability for metallization
detection in electric current marks than histochemical methods of examination. Such, during the experiment on animals
divided on two groups (first with exposure of electric current during 5 seconds, second with exposure of electric current
during l0 seconds) a comparative study of histological findings and the results of energy-dispersive X-ray spectrometry
was performed [11]. The detection of metallization(copper) indicatedby histochemical methods of examination was abour
40o/o ln each current exposure group, but high peak ofcopper was detected using energy-dispersive X-ray spectrometry
in all skin samples of the both current exposure groups compared to the control group, which emphasizes the usefulness
of elemental analysis for proving the metallization in the current marks, especially if metallization is not observed on
histological examination. The energy-dispersive X-ray spectrometry method also shows high enough detection efficiency
for tissues samples after preparation for histological examination in particular to paraffin-embedded tissues 112] and
formalin-fixed tissues [13]. Often- found the use of energy-dispersive X-ray spectrometry method in combination with
scanning electron microscopy (SEM), which expand and improve the diagnostic possibilities of EDS. It has been reported
that the SEM with EDS-microanalysis is a useful tool for identification of metallization and the correspondence between
elemental composition in the current mark and the metal of conductor [4, 15]. Other proposed elemental analysis
methods include variable-pressure scanning electronmicroscope with energy dispersive X-raymicroanalyser [16], atomic
absorption spectroscopy [17], transmission electron microscopy [14] etc. It also should be noted the possibilities of
electron microscopy in detection of some ultrastructural changes of skin tissues due to electrical impact [18] which was
explained to the effects produced by the rapid dehydration of the tissue or that Joule effect can actupon the filaments
and contractile proteins, causing the cell defotmation. However, this research needs further investigation of morphologic
ultrashuctural characteristics of the current mark compared to thermal burns and blunt trauma changes in skin.

CONCLUSION. In Ukraine percentage of deaths by electrocution in the structure of violent death is quite
significant, relatively constant and fluctuates within 0.93-1.13%. In the determination of the cause of death in case o{'
electrocution, the investigation into current marks, especially from the histological point ofview have the most significant
role. Histophatological changes in electrical current marks can indicate the impact of electric current but sometimes could
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C}^IACHI METOAI4 TA HOBI TEHAEHIITI B CYAOBO-MEAruHIII
ourHur EJTEKTPOMTTKT4

Ea.runcsxnfi B.T., Banvy;rrx O.fl., Casrca I.I., Iapasgrun M.C.,
Kosros C.B.. Kocrenno €..fl.

Pegrolre: B crarri HaBeAeHo iuicrle enexrporpaBMr4 r crpyrrypi Hacvnr,HlrrlbKoi crr.repri 3a naHrrMr4 sniria 6ropo cy4ol
rvre4I'rvnol eKclreprrr3rr YrpaiHa, nigrpecneua eaNrusicrr cyAoBo-MeAr4qHoi oqinxu ener<rpouirru, xra i Ha gaoufi uac c;r1,"yu o4t
erc s Hafiraxnasiuhx o3HaK, uro ni4rrepAxye 4iro erer<rprauHoro crpyMy na rino ra:aacratlu crraepri nnacnigot ypu*a""r 

"o,rp[tIHI'rM crpyMoM. flpoana:risoraui cyracr-ri nireparypni AXeperra iu(popuaqii ra sa3Ha.reHi nafie(percrunHiuri uero4u acraHoBrreH
nassHocri enerrporraixra ra cyAoBo-MeAzvnoi oqinrra N.ricqeszx:lriH n 4ilxnqi 4ii ener<rpravuoro ffpyMy.

K.lrroqosi cJroBa: cyAoBa MeAIlqlIHa, eJreKTporpaBMa, elerrpouirra, nrera;rieaqix, eneiraenrnnfi ana,ris.

COBPEMEHHbIE METOAbI 14 HOBbIE TEHAEHUITI4 B CYNEBHO.
MEAT4UTTHCKOfr OUEHKE SJTEKTPOMETKTT

Ea'ruHcnufi 8.T., Banuy;ran o.fl., canrca v.f . rapargrcrc M.c., Ko:.rron c.8.,
KocrennoE..fl.

PesIoN{e: B crarre yr<asaHo Mecro 3neKTporpaBMbr B crpyKType HacrrnbcrBeHHofi clreprr.r no 4arrubrM orqeroe 6ropo cyge6H
ueAllquncroft sr<cneprusrr YKpaIzHbr, floAvepKnyra BaxHocrb cy4e6no-ueArzquncrofi oueHrr,r 3JreKTpoMerKrr, roropaa uiefivac np
Aonxaer cny)Ktrrl' oAHrrM I{3 caMbrx BaxHbrx npr{3HaKoB gefrcruux greKtpuqecKoro roKa Ha opraHI,I3M r{ HacryrrneHl,Ir cMepru Bcne
crBl4e rlopa)KeHvt sJIeKTprrqecKHM ToKoM. llpoanalusnpoBaHbl coBpeMeHHbre nr.rreparypHbre rrcroqHuKz ltrsoprraaqulr u o6oguaqer
Hav6onee e$(perrvrutre MeroAbr ycragoBJreHrrrl HaJrvt.qufi3JreKTpoMerKn n cyAe6no-nteAuqlrHcr<oii orleHKrr JroKiulr,Hbrx rzsNreHeHllfi
o6raqrv nor4efi crnzx greKTpr,HecKoro roKa.

K.nro'resrre c.lona: cy4e6uaflMe4u:JllrHa, gJIeKTporpaBMa, 3rIeKTpoMerKa, MeraJrll{3arlr4r, gJIeMeHTHbrit artattuz.

MODERN METHODS AND NEW TRE,NDS FOR FORENSIC MEDICAL
ASSESSMENT OF ELECTRICAL CURRBNT MARIG

Bachinskiy V.T., Vanchulyak O., Savka I.G., Garazdiuk M.S., Kozlov S.V." Kostenko E.ya.

Resume. The article indicates the role of electrocution in the structure of violent death according to the annual reports of tl
Bureau of Forensic Medicine of Ukraine, emphasizes the importance of the forensic medical evaluatiorrof the electric current mar
which still continues to be one of the most important signs of the electric current impact on the body. Modern literary sources i
information are analyzed. and the most effective methods for determination of the electric current marts and forensic aisessment,
local changes in the area ofelectric current impact are described.

Keywords: forensic medicine, electrocution, current mark, metallization, elemental analysis.
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MEXAHI3M YTBOPEHIIfl tIOABIftHOi IIITAHIIMAPKII
ilPr{ ilocrPrJlAx r3 rrrcroJIETIB MoAEJIbHoro pflny <(oopr>

@Iypon O.M, Ky(euro C.B., II{ep 6ar<B.B.,f nailrcnx [.8., Canenrir B.B.

Xaprincnxa MeAr4qHa ax'a4euia nicnx4rznnoMHoi ocBiTr4

PesroN{e. 3saxaroqu Ha MexaHoreues rig6oro 4rx nicrorerir, 6y.uo o6rpynrosauo N4exaHigrra Qopvynauux no4nifinoi ruranr
MapKLI flpr nocrpinax ig nicroreris <@opr-12>, <@opr-17> :ra <@opr-14TlI>. Vcranosreuo, rqo noAsifiHi ni46urr<u yrBoproB
Jrl{ct JII,IIIIe 3a yMoB nocrpiny r qinruufi flp]rryn ir nicrorera, cnoprAxeHoro 6inrur nix ognuna 6oeupunacou, ro6ro sa yrra<

o6os'stxoeoro 3Boporuoro pyxy 3arBopa. I]x osnara uoxe 6yrz BrrKopr.rcraua rrpr4 BcraHoBJrenxi nocnigonuocri nocrpinin, a raKo
BKa3y€ Ha cfioprAx(eurur nicronera 6inrru nix oAHr,rM rrarpoHoM.

K.nroqosi cJroBa: BorHenamni nouxo4xeHHfl, nicronern <@opr>, nocrpin yqpnryn, rrrraHuMapKa.


