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Urgent need to develop a methodology for identifying
taxonomic belonging of animal hair using modern research
methods (identification of additional objective criteria in the case of
a comparative research on material evidence, namely: animal hair)
is considered that contributes to solving a larger range of issues raised
while appointment forensic biological examination. Authors aimed
to substantiate possibility of identifying the taxonomic affiliation
of animal hair using instrumental and microscopic methods,
in particular, scanning electron microscope, allowing forensic
biologists to study the surfaces of objects of animal origin, both of
significant linear dimensions, and of microparticles in a wide range
of magnifications ( from 10x to more than 200,000x), providing a
resolution of up to 10~ m. Obtaining a general image of the surface
and selecting appropriate areas for detailing (at the maximum
possible magnifications) does not require significant reconfiguration
of the device. A significant depth of focus provides detailed images of
various surfaces with developed relief (cracks; traces of mechanical
damage; morphological specifics of periodically reproduced surface

This article is translation of the original Ukrainian content, which source is available at the link:
https://khrife-journal.org/index.php/journal (translated by Andriy Bublikov). The author acknowledges
translation as corresponding to the original.

© 2022 The Author(s). Published by National Scientific Center «Hon. Prof. M. S. Bokarius Forensic Science
Institute» and Yaroslav Mudryi National Law University.

This is an open-access article distributed under the terms of the Creative Commons Attribution License
(CC_BY_4.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original author and source are credited.


https://doi.org/10.32353/khrife.2.2022.04

Larysa Derecha, Oleksandr Borzov, Florin Rusitoriu.Identifying Taxonomic Belonging of Animal
Hair Using Instrumental and Microscopic Methods. DOI: 10.32353/khrife.2.2022.04

structures). Contrast is the detection result of reflected electrons
(depending on the distribution of phase components differing in
chemical composition the studied sample surface). The proposed
method of researching animal hair will significantly expand
possibilities of examination of these objects: it will reduce the time
and increase the accuracy of conducting such research, as well as
make it possible to supplement illustrative material (for example,
microphotographs of hair cuticles of frequently encountered animal

species).

Keywords: animal hair; elemental composition of hair; objects
of animal origin; scanning electron microscopy; forensic biological

examination.

Research Problem Formulation

Specific expertise application from various
fields of science for the forensic science
needs is of great importance in solving
issues of strengthening law and order
in Ukraine. One of the prominent places
among the types of forensic examination is
occupied by research in the field of forensic
biology, in particular, research on animal
hair as objects of animal origin.

Hair research is an independent
evidence base for law enforcement
agencies contributing to identification

of crime tool, the persons committed
the crime, as well as to the investigation
of other circumstances. Hair is the most
common biological material and is often
the only physical evidence recovered at
crime scene.

Currently, domestic experts: medical
examiners and biologists have a number
of techniques and methods for researching
animal hair.

Development  of  science  and
technology contributes to the steady
enrichment of methods and means of
researching physical evidence. Purposeful,
scientifically based study of the signs and

properties of these objects, based on the
achievements of various scientific fields,
increases reliability of conclusions and
quality of forensic research.

Laboratory research on physical
evidence using modern methods and tools
provides detectives and investigators with
important information about crime and
criminals that is essential for the search
and detection of the latter, prevention and
detection of crimes.

Analysis of Essential Researches and
Publications

Formation of forensic examination on
animal hair is connected with research
papers of medical examiners and biologists
of different countries. Professionals who
study its morphology play a leading role in
development of animal hair research.

The important forensic significance
of hair was also highlighted by forensic
scientists and forensic physicians of
the 19th century. Thus, at the I. Pirogov
Congress of Physicians !, held in St.
Petersburg in 1885, the participants heard
and discussed the report of the assistant
prosector at the Department of Forensic

1 Bepxparcokuii C. A., 3a6ayzoBcbkuii I1. F0. IcTopist MeguuuHY : HaBd. 110Ci6. 4-T€ BUJ., BUIIP.

i momroB. Kuis, 1991. 431 c.
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Medicine of the Kharkiv University
M. O. Obolonsky “On hair in forensic
medical terms” according to which
a year later he defended his doctoral
dissertation 2, and in 1894 another
prominent physician, P. A. Minakov,
defended his doctoral dissertation
on the same topic that has not lost its
importance °.

Forensic significance of hair was
highlighted by such well-known scientists
as: L. P. Bulyha, L. K. Bulysheva,
Yu. I. Buraho, O. Yu. Kaniuka, M. V. Kisin,
O. V. Lukomska, M. L. Mamotiuk,
V. S. Mytrychev, O. I. Razorenova and
others. *

However, the issues of identifying
taxonomic affiliation of animal hair using
instrumental and microscopic methods

has not been sufficiently investigated by
domestic forensic science.

While forensic biological research
on animal hair, research objects can be:
specific animal; specific set of animals;
specific item containing treatment product
of fur of one or more animals (product
made of animal skins and fur: a collar,
coat, fur coat, floor covering, etc.); specific
volume of animal wool; specific collection
of animal skins, etc.

Prevalence of domestic and wild
animals, the use of their skins, fur, and
wool for the manufacture of clothing and
other items of daily use, etc., necessitates
the use of this type of objects as carriers of
probative information.

Obtaining such information is based
on the need to find out correlation between

2 Chisnikov V. Ukrainian professor N. A. Obolonsky - prime propagandist of anthropometric sys-

tems A. Bertilion in the Russian empire. Criminalistics and Forensics. 2016. Vol. 61. Pp. 576—582.
URL: http://nbuv.gov.ua/UJRN/krise_2016_61_63 (date accessed: 03.06.2022).

Peiicc P. A. Hay4uHas TeXHUKa paccjefloBaHUS IIPeCTYILJIEHUH : Kypc JIeKIl. / oA pel. Ipod.
C. H. Tperybosa. Caukt-IleTepbypr, 1912. C. 83 ; ABzeena U. A., Bacuznbesa O. O. I1. A. MuHakoB
U pasBUTHe CyAeOHO-MeJUIIMHCKOM 9KCIIepTU3bl Boloc B Poccuu. 30oposve u obpaszosanue
6 XXI geke : 97IeKTPOH. Hay4.-0bpa3oBar. BecTH. 2006. Ne 1. T. 8. C. 15. URL: https://cyberleninka.ru/
article/n/p-a-minakov-i-razvitie-sudebno-meditsinskoy-ekspertizy-volos-v-rossii (date accessed:
03.06.2022).

E.g.: Byznsira JI. I1. VicciefoBaHre BOJIOC XKUBOTHBIX OJM3KUX POJZIOB B MPAKTHUKE CyZeOHON
9KCIIePTU3BI : T10C00. Ay aKcepT. MockBa, 1979.108 c. ; Eadem. MeTozuka suddepeHnaatbHON
[VaTHOCTUKY BOJIOC KMBOTHBIX GIM3KUX POZOB. KprMuHaNIUCTHUKA U cyAeOHas sKCIIepTH3a.
1972. Brim. 9. C. 361—365 ; Byparo 0. 1. K 0co6eHHOCTSIM HEKOTOPHIX (PU3UKO-XUMUYECKUX
CBOMCTB MOP(OJOTMYECKH CXOZHBIX BOJOC JKMUBOTHBIX IIPU CyAeOHO-MEeAUITMHCKOM
9KCIIepPTH3e UX BUAOBOM NIPUHAAJEKHOCTH (KOMILIEKCHOE MUKPO(DOTOMETPUIECKOE,
creKTpodoTOMETpPUUECKOe,  abCOPOIMOHHO-CIIeKTporpaduIeckoe  SKCIIEPHUMEHTATIbHOE
HcCiIeloBaHMe) © AUC. ... KaHZ. MeZ. HayK. Bapuays, 1977. 168 c. ; Kanioka O. }0. MeTogu4Hi
0COGIMBOCTI JOCTi/KeHHS IIepexiZfHOro BoIoccs Iica cBificbkoro. Teopis ma npakmuka cy0ogoi
excnepmu3u i kpuminaaicmuku. 2020. Ne 22. C. 340—347. DOI: 10.32353/khrife.2.2020.27 (date
accessed: 03.06.2022) ; Kucun M. B., Bynsimesa JI. K., MamoTiok M. JI., Pazopenosa O. U.
BoJIOCHI JKMBOTHBIX KaK 00beKT Cye6HO0-0110I0TUeCKOM 9KCIIEPTU3H : yueb. 10cob. MocKkBa,
1984. 115 c. ; JIykomceka O. B. Mopdonoriuni ocobnuBocTi Bosoccst cobak mopizg Yorkshire
Terrier, West Highland White Terrier, Airedale Terrier Ta Australian Terrier / Biosnoeiuui
docailscennss — 2021 : 36. Hayk. up. Kurtomup, 2021. C. 93—96 ; Wandhare P. P., Bhosale M. S.
Trichology: a Science of Hair Examination in Identification of Dog Breeds. International Jour-
nal of Applied and Pure Science and Agriculture (IJAPSA). 2017. Vol. 03. Is. 6. Pp. 61—66. DOI:
10.22623/1JAPSA.2017.3055.FZ1ES (date accessed: 03.06.2022) ; Tridico S. R. Examination,
Analysis, and Application of Hair in Forensic Science — Animal Hair. Forensic science review. 01
Jan, 2005. Vol. 17. Is. 1. P. 17—28.
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the facts of the presence or condition of
animal hair and the circumstances of
availability to be established. Determining
the information essence and value of
information generated from the results of
hair research is the result of comparing
research data with other circums\tances
established in the case °.

Article Purpose

Justify  possibilities of  identifying
taxonomic affiliation of animal hair using
instrumental and microscopic methods, in
particular, scanning electron microscope.

Main Content Presentation

The main tasks of the research on objects
of biological origin are diagnostic and
identification.

Diagnostic tasks (in the case when
the carrier of information is the animal
hair) are, in particular, determination
of whether the hair belongs to a certain
animal within a specific classification
system (family, genus, species). The basis
of most diagnostic studies are natural or
artificial classification systems.

Identification tasks are to establish
identity of compared objects (a hair
belongs to a certain animal, a fragment
of fur is separated from a certain collar,
etc.); determination of the belonging of
the compared objects to an animal of the
same taxon, so-called common generic
belonging; clarification of the general
group belonging of the compared objects.

Thus, while examination of objects of
biological origin, it is often necessary to
compare animal hair found at the crime
scene with samples taken from persons
suspected of murder, rape, theft of animals,
wool or fur products, etc.

In the practice of morphological
research on animal hair, it is often
necessary to establish its belonging to
a certain species or a larger taxonomic unit
(kind, family). Despite a significant number
of works covering this field of knowledge,
forensic scientists and biologists still
experience some difficulties while relevant
examinations.

Currently, morphological methods of
animal hair research are the main ones
while forensic examination of such objects.
Analysis of specifics of hair structure
remains crucial for identifying their
taxonomic and group affiliation.

For identifying taxon of animal hair,
available methods are used, that involve
(along with the rest of the research)
treating the hair with a hot lye solution in
order to obtain core discs, by which taxon
of the animal can be identified.

Unfortunately, it is sometimes quite
difficult to determine taxonomic affiliation
ofhair using this method, since similarity of
morphological structure of the hair of some
animals makes it difficult to differentiate
them. In addition, for the study of downy
hair, which is often found in expert
practice, the morphological method is not
enough, because it is common knowledge
that core itself most often has a specific
composition for a specific taxon. It is
necessary to note clear inadequacy of using
in expert practice only morphological tests
of modified animal hair that was subject to
certain technological processing (fur).

Therefore, it is not always possible to
use generally accepted methods of analysis
to solve the problems of forensic biological
research of animal hair that is why
development of new methods of research
of biological materials is urgent. One of
these methods is determining content of
elements in biological objects.

5 Kwucua M. B.,, Murpuuer B. C. CyzebHO-Ouosornyeckas 3KCIEPTH3a BOJOC >KMBOTHBIX:
MeTOAUYeCKoe Iocobue A 9KCIIePTOB, cieZoBaTenel 1 cyzei. Mocksa, 1996. 136 c.

47


https://doi.org/10.32353/khrife.2.2022.04

Theory and Practice of Forensic Science and Criminalistics. Issue 2 (27)

ISSN 1993-0917 e-ISSN 2708-5171

https://khrife-journal.org/index.php/journal

Recently, we have observed an
increase in interest in the study of the
content of macro- and microelements
in the human body in normal conditions
and in the presence of pathological
conditions. They are necessary for
almost all the most important life
processes, as well as for the normal
course of many metabolic reactions and
the implementation of physiological
functions °. However, in forensic biology
(in contrast to medicine), the study and
use of this knowledge remains limited
and not in sufficient demand. According
to modern concepts, the elemental
composition of hair reflects the condition
of humans and animals better than other
bioindicator systems. In addition, the
use of special hair research methods
makes it possible to detect elements and
substances a long time later (after days,
weeks, years). A valuable characteristic
of hair as an object of research is its
resistance to influence of natural factors.
In connection with the above, there is
a need to apply new methods of animal
hair research in order to reveal additional
identification and diagnostic signs.

Following issues may be asked for
forensic biological examination:

+  “Does presented object-carrier
contain objects of animal origin, in
particular hair?”;

*  «Are the detected objects animal
hair?»;

+  “If detected objects are animal hair,
what is its taxonomic affiliation?”;

+  “Does detected animal hair come
from the animal hair or from a fur
product?”;

« “Is the object exposed to
specific factors of the external
environment?”;

+  “Do hair found on the -carrier
object and hair of a certain
animal (animal hair product) have
a common generic (taxonomic) or
group affiliation?”;

+  “To what breed of animal does the
detected hair belong? Is it the same
as the hair taken as a sample?”;

+  “From what part of the animal
body does the detected hair come
from?”;

+  “Does detected hair belong to this
particular person?” etc.’

One of the traditional methods of hair
research is the macroscopic method. In
addition, the color, shape and length of
the hair are determined. To determine

6 MeguuHa Giosoris : mizpydHuK / 3a pea. B. II. Ilimaxka, 0. I. Baxxopu. Binuuris, 2004. 656 c. ;

M’acoezoB B. B. BMicT Makpo-iMikpoeseMeHTiB BOpraHax Ta TKAHUHAX Iy PiB, TOKCUKOBAHUX
CUHTE30BaHUMMU ITOBEPXHEBO-aKTUBHUMU PEYOBUHAMU. BYKOBUHCHKUIL MeOUYHUI BICHUK.
2000. T. 4. Ne 3. C. 206—212 ; Illax6a3or B. I, I'puroposa U. A., Hocarenko II. E. Orenxka
COCTOSTHUS 3/[0POBbsI HACEJIEHU C UCII0JIb30BAHNEM HOBBIX 6M0DU3NIECKUX HHTErPATbHBIX
MeTOoZ0B. Meduyunckas IK0A02Us, eUuUeHd Npou3soiCcmeeHHOl U OKpyicaloueli cpedul : PETUOH.
Hay4.-lpakT. KoH}. Xapbkos, 1995. T. 2. C. 136—138 ; Aggett P. J. Physiology and metabo-
lism of essential trace elements: An outline. Clinics in Endocrinology and Metabolism. 1985.
Vol. 14. Is. 3. Pp. 513—543. DOI: 10.1016/s0300-595x(85)80005-0 (date accessed: 03.06.2022) ;
Frieden E. A. Survey of the Essential Biochemical Elements / Biochemistry of the Essential
Ultratrace Elements. N. Y. ; L., 1984. Pp. 1—16 ; Matsumoto K., Inagaki T., Hirunuma R., Eno-
moto S., Endo K. Contents and uptake rates of Mn, Fe, Co, Zn, and Se in Se-deficient rat liver
cell fractions. Analytical Sciences. 2001. Vol. 17. Is. 5. Pp. 587—591. DOI: 10.2116/analsci.17.587
(date accessed: 03.06.2022).

OCHOBY CyZI0BOT €KCIIEPTU3U: HABYAIbHUH TOCIGHUK /15t HaxiBLIiB, IKi MAIOTh HAMIp OTpUMAaTH
abo migTBepAuTH KBasidikarito cyzoBoro ekcuepra / aBr.-yriai.: JI. M. lonoBueHko, A. 1. JIoso-
BuH, E. B. CimakoBa-EdpemsaH Ta iH. Xapkis, 2016. 928 c.
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the hair color, it is washed in warm water
with soap and degrease with ether. For
measuring the length, a ruler is placed
on the hair and carefully straightened. By
shape, hair is divided into straight, arc-
shaped, wavy, curly. The shape of the hair
is determined by studying each individual
hair.

One of the main methods for solving
issues of forensic biological examination
is microscopic examination. Hair is
an epidermal keratinized formation
containing a root part, fixed in the skin
at an angle to the surface and a stem
part (shaft). The root of the hair ends
with a thickening (hair follicle) and the
peripheral end (shaft) ends with a tip of
various shapes (needle-shaped, in the
form of a broom, etc.).

There are three layers in hair:

1) core, or brain substance that is located

2) cortical substance containing cells
stretched along the hair. They contain

a pigment that determines hair color;

3) cuticle that is surface layer of thin
cells located in the form of scales (tiles)
along the entire hair shaft. Cuticle
scales can vary in size, shape, and
location in the hair in different animal
species. Furthermore, the shape, size
and location of the cuticle scales can
vary according to the length of the hair.
For example, the hair of mammals is
divided into several types: guides of the 1st-
3rd order, spiny hair of the 1st-4th order,
downy hair of the 1st-4th order, vibrissae.
Currently, methods of microscopic
analysis of hair based on the features of
the cuticle and core have been developed,
which make it possible to determine
whether an animal belongs to a specific
group, for which specialists use catalogs

of photos of the hair of these animals
(standards). However, these methods are
not applicable when the required standard
is missing from the catalog.

Recently, researchers often turn to
highly informative methods ® (for example,

in the central part of the hair and
contains one or more rows of cells.
The core of the hair is made up of
cells, which size and shape of differ in
different animals. In thin hair, the core
can be missing;

8 E.g.: Bamanwok 0. B., ITegau A. [I., Iknapcekui B. I. CkaHyBaIbHUH TesleBi3iHHUNI ONTUIHUH
yabprpadioseToBU MIKPOCKON /IS AOCTIpKeHHs GionorivHmx Mikpoob’ekriB. Bicnuk Hauyio-
HAAbLHO20 YHigepcumemy «JIvgiscvka noaimextika». 2009. Ne 645 : PazgioeseKTpOHIKa Ta TeIeKo-
myHikanii. C. 243—252. URL: https://ena.lpnu.ua/bitstream/nth/2513/1/38.pdf (date accessed:
03.06.2022) ; ACTV B A.1.1-9-94. MeToz eneKTpOHHOI MiKpockomii maTepianiB. TepmiHu Ta
BU3HAYEHHH : 3aTB. HaKa30M MiHOyzapxiTekTypu YKpainu Big 12.04.1994 p. Ne 83. YnHHUH Bif
01.10.1994. URL: http://online.budstandart.com/ua/catalog/doc-page.html?id_doc=5031 (date
accessed: 03.06.2022) ; Kodaros A. B., Kobunsiacskuii O. JI., laBugosa O. O. Kpuminanictuuse
JociipreHHs 6iooriaHNUX 06°EKTIB : MeTo. pek. Kuis, 2011. 48 c. (Cepis «KpumiHamicTuuHe 3a-
GesnevyenHs») ; Yepenus B. T., BacuibeB M. A. MeTob! v IpUOOPEI 11 aHATN3A IOBEPXHOCTH
MaTepHuasoB : CIIPaBOYHUK. Kues, 1982. 400 c. ; Ayache J., Beaunier L., Boumendil J., Ehret G.,
Laub D. Sample Preparation. Handbook for Transmission Electron Microscopy : Methodology.
New York, 2010. 338 p. DOI: 10.1007/978-0-387-98182-6 (date accessed: 03.06.2022) ; ly6poBCh-
kal. M., Byrenko T. L., 'purop’esaI. B. IlepeBaru i MOXJIMBOCTI aTOMHO-a06COPOLIFHOI CIIEKTPO-
doTomeTpii Ta 1a3epHOI Mac-CIIEKTPOMETPil IPK KOHTPOJII eIeMEeHTHOI'0 CKJIAZy ITIOPOIIKOBUX
MatepianiB. Bichux Yepkacvkozo JepicagHoeo mexHonoeiunozo yHigepcumermy. 2004. Ne 2. C. 96—
100 ; 3asines [I. M., IIpuctyna B. B. MOXXIHMBOCTI Ta ITepCIIEKTHUBY 3aCTOCYBAHHS €JeKTPOHHOI
MiKpOCKOIIii 3 peHTreHO(IyOPeClleHTHUM eHeproAUCIIepCifHUM MiKpoaHalIi3oM B CyZOBiH
excrieptusi. Kpuminasicmuka i cydoea excrepmu3a : MDKBIZOM. HayK.-MeTOZ. 30., IIPUCBSY.
105-pi4. 3acHYB. cyZA. ekcnept. B Vkpaini. 2018. Bum. 63. 4. 1. C. 357—371. URL: https://digest.
kndise.gov.ua/wp-content/uploads/2019/03/40.pdf (date accessed: 03.06.2022) ; Ilpyauyc I. H.,
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nuclear-physical methods of elemental
analysis), which provide information
about the content of the most important
bioactive macro- and microelements
in biological objects of various levels
of organization. These methods are
characterized by high accuracy.

The main advantages of nuclear

physics methods (compared with
traditional chemical and biophysical
methods):

« high absolute sensitivity (mcg/g),
which allows to analyze even
a very small amount of substance;

« ability to determine a significant
number of elements at the same
time;

« high sensitivity to concentration

(up to 1 mcg);

+ ability to analyze both thin layers

ofthe substance and bulk samples;

+  ability to conduct non-destructive

analysis;

« speed of obtaining information

(up to 10 minutes per target);

« automation of measurements and

processing of results.

For carrying out research using the
above-mentioned methods, researchers
chose animal hair that is most often found
in practice of forensic biologists, as well
as human hair.

Preparation of hair samples for
research using the gamma activation
method does not require the use of
many chemical reagents, long time, etc.
compared to the preparation of these
objects for other types of analysis. Thus,
for gamma-activation analysis, hair
samples were processed according to the
P. J. Barlow method: they were washed

twice with distilled water, followed by
treatment with a mixture of ethanol and
diethyl ether (1:1), dried at a temperature
of 250 °C, weighed on an analytical
balance and packed in aluminum foil. For
the gamma activation analysis, the weight
of the hair sample was approximately
0.5 g (the weight of the sample may be
less). The sample was placed in foil and
reweighed. All packages were numbered
and placed in a common foil pencil case
that was placed under the beam of a linear
electron accelerator.

Irradiation was carried out on a linear
electron accelerator with a beam of
bremsstrahlung gamma rays with an
energy of 24 MeV and a current of 700 pA.
The sample activation time was 3 days.
Upon completion of the activation, the
samples were removed from the pencil
case and successively transferred to
the detector, which registers the given
activity. We used a Ge(Li) detector with
a volume of 50 cm?, manufactured at the
Kharkiv Physical and National Science
Center Kharkiv Institute of Physics and
Technology (KIPT), the resolution of
which was 2.8 keV (on the 1333 keV line).

The detector was connected to the AI-
1024 pulse amplitude analyzer. Calibration
of the energy scale of the spectrometer
was performed using a set of sample
spectrometric sources (OSGI, kit Ne 69).
To measure the activity of the samples,
they were sequentially installed on the
end of the cover of the cryostat, behind
which was the Ge(Li) detector. In the
process of measuring the above activity,
the stability of the position of the channel
(energy) of the gamma spectrometer was
monitored. The spectrum acquisition

Mxnapcekuii B. 1., [legan A. [l. CkaHy04YNI ONTUIHUE MIKPOCKOII /JIs KIiHi4HOT 1abopaTop-
HOI giarHocTukU. IIpukaadua padioenekmponika. Cman i nepcnekmugu possumky MP®’2008 :
Te3u Aoml. 3-ro MixHap. pagioenexTp. dopymy (Xapkis, 23—25.10.2008). Xapkis, 2008. T. 4.

C.127—-131.
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time ranged from 10 min to 5 h
(depending on the activity of the sample).
The resulting spectrum was processed
on an amplitude analyzer. The absolute
values of concentrations of macro- and
microelements were determined using
standard samples. The detection limit of
the elements was 10—10~" % by mass.

oo+
1000 7

As a research result, approximately 30
spectra of hair samples were obtained, in
which the following main elements were
detected: Ca, Na, Mn, Cr, Zn, Pb, Sr, Nj,
Zr, I (Figs. 1-3). It seems possible to detect
more elements, provided that the period
of start of registration on the detector is
reduced.

0 800 900

{200 {500 {00

Fig. 1. Spectrum of domestic dog hair
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Fig. 2. Spectrum of domestic cat hair
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Fig. 3. Spectrum of domestic goat hair
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The analysis of obtained results
by absolute value, taking into account
root mean square deviations, shows
that there are certain differences in the
content of macro- and microelements
between families and genera of animals.
Quantitative characteristics of the detected
elements in the samples make it possible
to detect interfamilial and intergeneric
differences using correlation analysis.

In addition to the research on
animal hair by the gamma-activation
method, a priority and powerful
direction is research using scanning
electron microscopy that is based on the
registration of analytical signals arising
from the interaction of a focused beam
of accelerated electrons (electron probe)
with the object surface under research.

Scanning  electron  microscopes
(hereinafter referred to as SEM) are
actively used in various fields of materials
science, as they have (due to the physical
principles of image formation) a number
of significant advantages over any optical
microscopes. These advantages include:

« magnification up to 1000000x,

that is fundamentally unattainable
for Bright-field microscopy (BF);

+ significantdepth of focus makingit

possible to research relief specifics
of volumetric samples (surfaces
of fractures, mechanical traces
of contact interaction, individual
hair samples, microparticles of
various morphological structures,
etc.);

« ability to receive images with

phase contrast of multiphase
objects.

While interaction of accelerated
electrons with the substance atoms of the
sample under research, we observe the
following main physical effects:
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secondary electron emission, i.e.,
release of electrons beyond the
electron shells of the atoms of
a substance due to the acquisition
of additional energy, exceeding the
binding energy, from the electrons
of the primary beam. Secondary
electrons (hereinafter referred
to as SE) are low-energy, and
the intensity of their formation
depends mostly on the angle of
contact of the electron probe
with the surface of the sample.
Therefore, images in secondary
electrons have a maximum depth
of field;

elastic reflection of primary
electrons by atoms of the substance
under study at angles of =90° to
the surface of the sample. Such
electrons are called backscattered
electrons (hereinafter referred to
as BSE). Probability of occurrence
of elastic reflection is proportional
to the atomic density in the area
of interaction of the substance
of the object with the primary
electron beam. Accordingly, their
registration makes it possible to
obtain phase-contrast images;
X-ray fluorescence is producing
electromagnetic radiation with
defined energies (wavelengths)
that correspond to energy
differences between the internal
electron shells of the atoms of
the sample substance (due to the
transition of electrons to positions
on lower shells, released in the
process of interaction with the
primary beam). Determining
the numerical values of these
energies  (wavelengths) and
the intensity of corresponding
fluorescence maxima is a tool for
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establishing the qualitative and

relative quantitative elemental
composition of the research
object;

formation of Auger electrons.
While ionization of the inner
atomic shells, there is a possibility
of the atom returning to its ground
state without emitting a quantum
of energy. In this case, excess
energy is transferred to one of
the electrons of the atom that as
a result, leaves its boundaries. The
numerical value of the energy of
such an electron does not depend
on the energy of the primary
electron, but is determined by the
structure of the electron shells.
This phenomenon is the basis
of Auger electron spectroscopy
(AES);
cathodoluminescence is emer-
gence of electromagnetic radiation
in the visible, ultraviolet, and
infrared ranges due to multiple
ionization of target atoms under
the action of an electron beam.
The study of cathodoluminescence
is used in scientific research in the
field of solid state physics.
Furthermore, informative analytical
signals use the current of absorbed
electrons and the current of electrons that
have passed through the sample.
Secondary electrons (SE) are registered
mainly by the Evergarth-Thornleydetector,
a scintillation type detector. Secondary
electrons emitted by the sample surface
have negligible energy (< 50 eV), so they are
attracted (if they enter the detection zone)
by the electric field of the detector, where
they are accelerated and collide with the
surface of the phosphor, causing a flash
of light. The optical signal is registered
by a photoelectric multiplier (hereinafter
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referred to as a photomultiplier). The
electrical signal from the photomultiplier
is amplified and, after digital processing,
converted into a gray level on the
electronic image. The process occurs in
correlation with the coordinate position
of the primary beam at a certain point on
the surface of the object, thanks to which
a relief image of the scanned surface is
formed. Backscattered electrons have
a much higher energy, so they are not
captured by the detector field and they
practically do not affect the formation of

the image.

Both scintillation and semiconductor
detectors are used to register
backscattered electrons: reflected

electrons (BSE). Semiconductor detectors
are usually builtaccording tothe scheme of
a semiconductor diode, which additionally
has, in addition to p- and n-conductivity
zones, a zone of its own conductivity
(depleted of charge carriers). If an ionizing
particle (in particular, electron with
sufficient energy) enters this zone, carriers
of electric charge are formed in so-called
electron-hole pairs that are registered in
the form of an electric current pulse.

X-ray fluorescence is registered
by two types of detectors — a cooled
semiconductor  detector, which, in
combination with an electronic analytical
signal processing circuit, simultaneously
registers the characteristic maxima of
X-ray fluorescence energies of the atoms
of the substance of the object in the full
energy range available for registration
(Energy Dispersive X-ray Fluorescence
(EDXRF).

Detectors by wavelengths use the
phenomenon of X-ray diffraction on single
crystals.

Theuseof SEMmakesitpossibletostudy
the surfaces of both objects of significant
linear dimensions and microparticles in
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a wide range of magnifications (from 10x
to more than 200,000x). In addition, it
is possible to provide a resolution of up
to 10 m. Therefore, without significant
reconfiguration of the device, it is possible
to quickly obtain a general overview image
of the surface and select the appropriate
areas for detailing at the maximum
possible magnifications.

Significant depth of focus makes it
possible to obtain detailed images of
various surfaces with developed relief
(namely: cracks, traces of mechanical

damage, morphological features
of periodically reproduced surface
structures).

BSE detection provides the ability
to form a contrast depending on the
distribution of phase components that
vary in chemical composition, on the
surface of the test sample.

The corresponding images obtained
using the Tescan Vega3 microscope are
indicated in Figures 4 and 5.

b b

WD: 15.99 mm

Fig. 4. Animal down hair
(magnification 1190x1190)

View field: 232 ym
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e

WD: 15.98 mm
Det: SE

SEM MAG: 3.33 kx | Date(m/dly): 02/12/18

View field: 83.0 ym

Performance in nanospace

Fig. 5. Detailed image of the figure of the
animal’s down hair cuticle (magnification
3330%)

Conclusions

Thus, wusing a scanning electron
microscope, biologists can study the
surfaces of both objects of animal
origin of significant linear dimensions
and microparticles in a wide range of
magnifications (from 10x to more than
200,000%). In addition, it is possible to
provide a resolution of up to 10 m.

Without major adjustments to the
instrument, you can get a general overview
of the surface and select the appropriate
areas for detailing at the maximum
possible  magnifications.  Significant
depth of field makes it possible to obtain
detailed images of various surfaces with
developed relief (such as: cracks, traces
of mechanical damage, morphological
specifics of periodically reproduced
surface structures).

BSE detection provides the ability
to form a contrast depending on the
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distribution of phase components that vary
in chemical composition, on the surface of
the test sample.

The proposed methods for researching
animal hair will significantly enrich
the possibilities of examination of the
specified objects: it will make it possible
to reduce the time and increase the
accuracy of conducting such studies, as
well as to supplement illustrative material
(for example, microphotographs of hair
cuticles of various types of animals, which
are often encountered while forensic
researches).

Use of modern research methods makes
it possible to identify additional objective
criteria in the case of a comparative
research on animal hair that will contribute
to solving a larger range of issues while
forensic biological examination.

BcTaHOB/IEHHS TAKCOHOMIYHOT
HAaJIE;KHOCTI BOJIOCCS TBAPHUH
3a I0NOMOTr 00 iHCTPYMEeHTaIbHUX
i MiKPOCKOIIIYHHX METO/iB

Japuca Jlepeua, Oaexcandp Bop3sos,
®aopin Pycimopiy

Posznanymo nazaaviy nompeby 8 pospo-
bnenHi memoduku 04 8CMAHO6AEHH MAK-
COHOMIYHOL HA/eHCHOCTL 8010CCA MEAPUH 34
Jdonomo2010 CyHacHux Memodié JocAi0NceHH
(susenenns dodamkosux 06 €KMUBHUX KPU-
mepiig y pasi NopieHANbHO20 00CAIONHEHHA
peqosux 00ka3i8 — B040CCSA MBAPUH), U0
Cnpusie po3s’a3anHio 0iAvloz0 KoAd Nu-
mauv, nocmagaeHux nid 4ac NpusHa4eHHs
cy0ogo-6ionoziunoi  excnepmusu. Asmopu
MAAU HA Memi 00SPYHIMY8amu MONCAUBICTIL
8CMAHOBACHHS TMAKCOHOMIYHOL HANRHCHOCT
80/10CCsL MBAPUH 3a JOTIOMO2010 THCTPYMEH-
MAAbHUX | MIKPOCKONIMHUX Memodig — 30-
Kpema, CKaHy8anbHO20 eeKMpPOHH020 MIKpPO-
ckona, aKuil dae amozy excnepmam-6ionozam
8uUBYAMI N06epXHI 00°€kmi8 MEAPUHHO20
N0X00%#eHH s AK SHAUHUX ATHITHUX pO3MIpIs,

max i MIKpowacmuHoK y wupokomy diana-
30M1 npupowens (8id 10x do nonad 200 000x),
3abesneuyroul  po3diavHy 30amuicms 0o
10-9 m. OMpuUMAHHSA 3A2aAbHO20 300paAdHceH-
HS 108epXHi 1l eubip 6i0n08i0HUX OLAAHOK
0na demanizauii (3a MakcUMAanbHO MOMCAU-
8ux 30i/blUeHb) He nompebye icmomHoeo ne-
peHarawmysanus npuaady. 3Hauna eaubu-
Ha piskocmi dae Jemani3o8ani 300paxceHHs
PISHUX N08EPXOHb 13 PO3GUHEHUM PeabePoMm
(3ramu; cAidu MexXamivHUX NOUKO0OHeHb;
MOponoeiuHi  0c06AUBOCMT  NOBEPXHEBUX
CMpyKmyp, wo nepioduyHo 8i0meoproionb-
ca). Konmpacmuicmuv € pesyavmamom Oe-
TeKMY8aHHs 8100UMUX eAeKMPOHIE (3anexHc-
HO 610 po3nodiny nosepxHero 00CAI0HCYBAHO20
3paska a3o8ux KOMNOHEHMIB, WO Pi3HAMb-
€ 3a XIMIYHUM CKAadom). 3anpononosana
Memoduka 00CAiOHeHHs B8040CCS MEApUuH
CYMMEBO POIWUUPUML MOMAUBOCTL eKCnep-
MU3U 3A3HAYEHUX 00°€KMI8: 3MEHWUMb 4ac
1 30i1bWUMb MOYHICMb NPoBedeHHs ma-
Kux 00CAi0xHeHb, a makod 0acmv 3mMo2y Nno-
nogHUMU iAlocmpamugHuil mamepian (Ha-
npukaad, Mmikpogomozpagiamu Kymukyau
gonoccs 8udis MEAPUH, U0 HACmo 3ycmpiua-
10MbCs).

Karouoei caoga: sonocca meapun; ene-
MeHmHuUil ckaad eonoccs; 00’ckmu mea-
PUHHO020 NOX00XMCeHHS; CKAHYBAAbHA eNeK-
MPOHHA MIKpOCKONis; cY0080-010/10214HA
excnepmusa.

Funding

This research did not receive any specific
grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Disclaimer

The funders had no role in the study design,
data collection and analysis, decision to
publish, or preparation of the manuscript.

Contributors
The authors contributed solely to the
intellectual discussion underlying this

55


https://doi.org/10.32353/khrife.2.2022.04

Theory and Practice of Forensic Science and Criminalistics. Issue 2 (27)

ISSN 1993-0917 e-ISSN 2708-5171

https://khrife-journal.org/index.php/journal

paper, case-law exploration, writing and
editing, and accept responsibility for the
content and interpretation.

Declaration of Competing Interest

The authors state that there is no conflict
of interest on this topic, although Larysa
Derecha is a member of the journal
Advisory Board; she did not take part in
decision regarding publication and this
article is subject to a full peer review
process.

References

Aggett, P. J. (1985). Physiology and metabolism of
essential trace elements: An outline. Clinics in
Endocrinology and Metabolism. Vol. 14. Is. 3.
DOI: 10.1016/s0300-595x(85)80005-0.

Avdeeva, I. A., Vasileva, O. O. (2006). P. A.
Minakov i razvitie sudebno-meditsinskoi
ehkspertizy volos v Rossii [P. A. Mina-
kov and development of forensic medical
examination of hair in Russial. Zdorove
i obrazovanie v XXI veke : ehlektron. nauch.-
obrazovat. vestn. Ne 1. T. 8. URL: https://
cyberleninka.ru/article/n/p-a-minakov-i-
razvitie-sudebno-meditsinskoy-ekspertizy-
volos-v-rossii [in Russian].

Ayache, J., Beaunier, L., Boumendil, J., Ehret,
G., Laub, D. (2010). Sample Preparation.
Handbook  for  Transmission  Electron
Microscopy : Methodology. New York. DOI:
10.1007/978-0-387-98182-6.

Balaniuk, Yu. V., Pedan, A. D., Shkliarskyi,
V. 1. (2009). Skanuvalnyi televiziinyi
optychnyi ultrafioletovyi mikroskop dlia
doslidzhennia biolohichnykh mikroobiek-
tiv [Scanning television optical ultraviolet
microscope for research on biological
micro-objects]. Visnyk  Natsionalnoho
universytetu «Lvivska politekhnika». No 645

Radioelektronika ta telekomunikatsii.
URL: https://ena.lpnu.ua/bitstream/
nth/2513/1/38.pdf [in Ukrainian].

Bulyga, L. P. (1972). Metodika differentsialnoi
diagnostiki volos zhivotnykh blizkikh rodov
[Methods of differential diagnosis of hair
of animals of close general]. Kriminalistika
i sudebnaia ehkspertiza. Vyp. 9 [in Russian].

56

Bulyga, L. P. (1979). Issledovanie volos zhivotnykh
blizkikh rodov v praktike sudebnoi ehkspertizy
[Examination of hair of animals of close
genera in forensic science practice]: posob.
dlia ehkspert. Moskva [in Russian].

Burago, Iu. I. (1977). K osobennostiam
nekotorykh  fiziko-khimicheskikh ~ svoistv
morfologicheski skhodnykh volos
zhivotnykh pri sudebno-meditsinskoi
ehkspertize ikh vidovoi prinadlezhnosti
(kompleksnoe mikrofotometricheskoe,
spektrofotometricheskoe, absorbtsionno-
spektrograficheskoe ehksperimentalnoe
issledovanie) [Peculiarities of some physi-
cochemical properties of morphologically
similar animal hair during forensic medi-
cal examination of their species affiliation
(complex microphotometric, spectrophoto-
metric, absorption-spectrographic experi-
mental research)]: dis. ... kand. med. nauk.
Barnaul [in Russian].

Cherepin, V. T., Vasilev, M. A. (1982). Metody
i pribory dlia analiza poverkhnosti
materialov [Methods and devices for
material surface analysis] : spravochnik.
Kiev [in Russian].

Chisnikov, V. (2016). Ukrainian professor
N. A. Obolonsky - prime propagandist of
anthropometric systems A. Bertilion in the
Russian empire. Criminalistics and Forensics.
Vol. 61. URL: http://nbuv.gov.ua/UJRN/
krise_2016_61_63 [in Russian].

Dubrovska, H. M., Butenko, T. I., Hryhorieva,
H. V. (2004). Perevahy i mozhlyvosti
atomno-absorbtsiinoi  spektrofotometrii
ta lazernoi mas-spektrometrii pry kontroli
elementnoho skladu poroshkovykh
materialiv [Advantages and capabilities of
atomic absorption spectrophotometry and
laser mass spectrometry in controlling
the elemental composition of powder
materials]. Visnyk Cherkaskoho derzhavnoho
tekhnolohichnoho universytetu. Ne 2 [in
Ukrainian].

Frieden, E. A. (1984). Survey of the Essential
Biochemical Elements / Biochemistry of the
Essential Ultratrace Elements. New York.

Kaniuka, O. Yu. (2020). Methodological features
of research on a Domestic dog intermediate
hair [Morphological specifics of the hair


https://doi.org/10.1016/s0300-595x(85)80005-0
https://doi.org/10.1007/978-0-387-98182-6
https://doi.org/10.1007/978-0-387-98182-6

Larysa Derecha, Oleksandr Borzov, Florin Rusitoriu.Identifying Taxonomic Belonging of Animal
Hair Using Instrumental and Microscopic Methods. DOI: 10.32353/khrife.2.2022.04

of domestic dogs]. Theory and practice of
forensic science and criminalistics. Ne 22. DOI:
10.32353/khrife.2.2020.27 [in Ukrainian].

Kisin, M. V., Bulysheva, L. K., Mamotiuk, M. L.,
Razorenova, O. 1. (1984). Volosy zhivotnykh
kak obieekt sudebno-biologicheskoi ehkspertizy
[Animal hair as an object of forensic biolog-
ical examination]: ucheb. posob. Moskva [in
Russian].

Kisin, M. V., Mitrichev, V. S. (1996). Sudebno-
biologicheskaia ehkspertiza volos zhivotnykh:
metodicheskoe ~ posobie  dlia  ehkspertov,
sledovatelei i sudei [Forensic Biological Exa-
mination of Animal Hair: A Guide for Fo-
rensic Experts, Investigators and Judges].
Moskva [in Russian].

Kofanov, A. V., Kobylianskyi, O. L., Davydova,
0. 0. (2011). Kryminalistychne doslidzhennia
biolohichnykh obiektiv [Forensic research on
biological objects] : metod. rek. Kyiv (Seriia
«Kryminalistychne zabezpechennia») [in
Ukrainian].

Lukomska, O. V. (2021). Morfolohichni osoblyvosti
volossia sobak porid Yorkshire Terrier, West
Highland White Terrier, Airedale Terrier ta
Australian Terrier [Morphological features
of the hair of dogs of different breeds York-
shire Terrier, West Highland White Terri-
er, Airedale Terrier Ta Australian Terrier]/
Biolohichni doslidzhennia — 2021 : zb. nauk. pr.
[in Ukrainian].

Matsumoto, K., Inagaki, T., Hirunuma, R,
Enomoto, S., Endo, K. (2001). Contents
and uptake rates of Mn, Fe, Co, Zn, and
Se in Se-deficient rat liver cell fractions.
Analytical Sciences. Vol. 17. Is. 5. DOI: 10.2116/
analsci.17.587.

Medychna biolohiia [Medical biology] (2004) :
pidruchnyk / za red. V. P. Pishaka,
Yu. I. Bazhory. Vinnytsia [in Ukrainian].

Miasoiedov, V. V. (2000). Vmist makro-
i mikroelementiv v orhanakh ta tkanynakh
shchuriv, toksykovanykh syntezovanymy
poverkhnevo-aktyvnymy rechovynamy
[Content of macro- and microelements
in organs and tissues of rats poisoned
by synthesized surfactants]. Bukovynskyi
medychnyi visnyk. T. 4. Ne 3 [in Ukrainian].

Osnovy sudovoi ekspertyzy: navchalnyi posibnyk
dlia fakhivtsiv, yaki maiut namir otrymaty

57

abo  pidtverdyty  kvalifikatsiiu  sudovoho
eksperta [Fundamentals of forensic examina-
tion: a study guide for professionals
intend to obtain or confirm of a forensic
expert qualification] (2016) / avt.-uklad.:
L. M. Holovchenko, A. I. Lozovyi, E. B. Sima-
kova-Yefremian ta in. Kharkiv [in Ukrainian)].

Prudyus, I. N., Shkliarskyi, V. I., Pedan, A. D.
(2008). Skanuiuchyi optychnyi mikroskop
dlia klinichnoi laboratornoi diahnostyky
[Scanning optical microscope for clinical
laboratory diagnostics]. Prykladna
radioelektronika. Stan i perspektyvy rozvytku
MRF2008 tezy dop. 3-ho mizhnar.
radioelektr.  forumu  (Kharkiv, 23—
25.10.2008). T. 4. Kharkiv [in Ukrainian].

Reiss, R. A. (1912). Nauchnaia tekhnika rassledo-
vaniia prestuplenii [Scientific technique for
investigating crimes] : kurs lekts. / pod red.
prof. S. N. Tregubova. Sankt-Peterburg [in
Russian].

Shakhbazov, V. G., Grigorova, I. A., Nosatenko, P.
E. (1995). Otsenka sostoianiia zdorovia nase-
leniia s ispolzovaniem novykh biofiziches-
kikh integralnykh metodov [Assessment
of health state of the population using new
biophysical integral methods]. Meditsinskaia
ehkologiia,  gigiena  proizgvodstvennoi i
okruzhaiushchei sredy : region. nauch.-prakt.
konf. Kharkov. T. 2 [in Russian].

Tridico, S. R. (2005). Examination, Analysis, and
Application of Hair in Forensic Science —
Animal Hair. Forensic science review. Vol. 17.
Is. 1.

Verkhratskyi, S. A., Zabludovskyi, P. Yu. (1991).
Istoriia medytsyny [History of Medicine] :
navch. posib. 4-te vyd., vypr. i dopov. Kyiv
[in Ukrainian].

Wandhare, P. P., Bhosale, M. S. (2017).
Trichology: a Science of Hair Examination
in Identification of Dog Breeds. International
Journal of Applied and Pure Science and
Agriculture. Vol. 03. Is. 6. DOI: 10.22623/
IJAPSA.2017.3055.FZ1ES.

Zaitsev, D. M., Prystupa, V. V. (2018). Mozhlyvosti
ta perspektyvy zastosuvannia elektronnoi
mikroskopii z renthenofluorestsentnym
enerhodyspersiinym mikroanalizom
v sudovii ekspertyzi [Possibilities and
prospects for use of electron microscopy


https://doi.org/10.32353/khrife.2.2022.04
https://doi.org/10.32353/khrife.2.2020.27
https://doi.org/10.32353/khrife.2.2020.27
https://doi.org/10.2116/analsci.17.587
https://doi.org/10.2116/analsci.17.587
https://doi.org/10.22623/IJAPSA.2017.3055.FZ1ES
https://doi.org/10.22623/IJAPSA.2017.3055.FZ1ES

Theory and Practice of Forensic Science and Criminalistics. Issue 2 (27)
ISSN 1993-0917 e-ISSN 2708-5171  https://khrife-journal.org/index.php/journal

with X-ray fluorescent energy dispersion 105-rich. zasnuv. sud. ekspert. v Ukraini.
microanalysis in  forensic  science]. Vyp. 63. Ch. 1. URL: https://digest.kndise.
Kryminalistyka i sudova ekspertyza : gov.ua/wp-content/uploads/2019/03/40.pdf
mizhvidom. nauk.-metod. zb., prysviach. [in Ukrainian].

Derecha, L., Borzov, O., Rusitoriu, F. (2022). Identifying Taxonomic Belonging of Animal
Hair Using Instrumental and Microscopic Methods. Theory and Practice of Forensic Science and
Criminalistics. Issue 2 (27). Pp. 44—58. DOI: 10.32353/khrife.2.2022.04.

58


https://doi.org/10.32353/khrife.2.2022.04

