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Legalization of low-tetrahydrocannabinol-high-cannabidiol

OPEN aACCESS cannabis plants is gaining momentum due to growing demand
for these products. In some countries, the testing of cannabis and
products containing it is a legal requirement: cannabis is identified,
@ @ the amount of tetrahydrocannabinol or cannabidiol and their
precursor acids is assessed. Current research requires more sensitive

and reliable analytical methods for accurate identification and

quantification of cannabis components. This article purpose is to

review the latest advances in the scientific literature on the isolation

and analysis of cannabis and cannabis-containing products in the

context of forensic science. Research methods included analysis of

information on this topic using search engines, including Google,

Google Scholar, Web of Science, PubMed, and ScienceDirect. Search

requests took into account scientific, analytical and statistical

reports in the field of forensic research. Since the forensic expert

must be well-versed in modern trends in the analysis of prohibited

substances and use the latest data from the analytical and forensic

literature in his work, such information will help them choose

research methods, taking into account the actual resources and

equipment of forensic laboratories. According to the article purpose,

advantages and disadvantages of existing methods of extraction

and analysis of objects containing cannabis for identification,
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quantification, profiling and age estimation of cannabis are

considered.
Keywords:

cannabis;

phytocannabinoids;  extraction;

identification; quantitative definition; gas chromatography; liquid
chromatography; nuclear magnetic resonance method; methods of
vibrational spectroscopy.

Research Problem Formulation

Illegal circulation of mnarcotic drugs,
psychotropic substances, their analogues
and precursors is one of the leading
social problems. Cannabis remains
the most widely used illicit substance.
Cultivation and production of hemp
covers all regions of the world, the main
emphasis is on achieving a high content of
tetrahydrocannabinol (hereinafter referred
to as THC) in plants. According to the
report of the European Monitoring Centre
for Drugs and Drug Addiction (EMCDDA))
for 2023, in the countries of the European
Union in 2021, the average THC content
in herbal cannabis was 9.5 %, in cannabis
resin - 20 % *.

Cannabis regulation is increasingly
confronted with new forms and ways of
its use. Currently, cannabis products are
represented by substances with a high
THC content or contain cannabidiol
(hereinafter referred to as CBD) against
the background of low levels of THC in oils
or tinctures. These products are used in
food production (such as pastries, candies,
chocolate, marmalade, potato chips, pies,
soups, drinks of various colors and flavors),
as well as in electronic cigarettes and

vaping liquids. Traditional cannabis resin
is increasingly found in loose form, and
there are known cases of cannabis resin
being produced from plant material with
a high CBD content.

The increase in the number of such
materials and their various characteristics
requires forensic experts to revise analysis
methods of in order to prevent unreliable
results. In addition, forensic experts (in
particular, in EU countries) often have to
not only detect, but quantify low levels
of THC, differentiate its isomers, in
particular  delta-9-tetrahydrocannabinol
(hereinafter referred to as A9-THC) and
delta-8-tetrahydrocannabinol (hereinafter
referred to as A8-THC), as well as to identify
other cannabinoids present. Solving such
a large number of analytical problems
requires reliable, reproducible and
sensitive analytical methods. At the same
time, the lack of reference materials for A9-
THC, its isomers and other cannabinoids
is hindering quality results of forensic
laboratories.

Plants of the Cannabis genus contain
approximately 500 compounds, of
which more than 144 are classified as
phytocannabinoids (natural cannabinoids),
while others are represented by flavonoids,

1 European Drug Report 2023: Trends and Developments. Lisbon : EMCDDA, 2023. URL: https://
www.emcdda.europa.eu/index_en (date accessed: 25.09.2023).
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fatty acids, and phenols. Among the
chemical components, the most famous
in plants of the genus Cannabis, THC and
CBD are distinguished. Due to complexity
of terpenophenolic composition of plants
and the investigated matrix, for example,
products containing cannabis extracts,
their analysis and quantification require
the use of multi-step sample preparation
protocols with subsequent validation of
each new method that will be implemented
in the laboratory.

This topic is relevant for Ukraine,
as cannabis and products containing
cannabis are actively promoted on the
market of recreational products. The
speed of spread of these substances
(against the fact that their psychoactivity
is not always known, insufficient research
and lack of control) gives them the
status of high social danger and requires
further research, which is already being
conducted in EU countries.

Article Purpose

Review of the latest advances of scientific
literature on  isolation and analysis
of cannabis and cannabis-containing
products in a forensic context. Since the
forensic expert must be well-versed in
modern trends in the analysis of prohibited
substances and use the latest data from
the analytical and forensic literature
in his work, such information will help
them choose research methods, taking
into account the actual resources and
equipment of forensic laboratories.

Research Methods

Research on information according to
the topic in question was carried out by
studying search engines, in particular
Google, Google Scholar, Web of Science,
PubMed, ScienceDirect. Search requests
took into account scientific, analytical and
statistical reports in the field of forensic
research.

Analysis of Essential Researches
and Publications

Analysis of the special scientific literature
of recent years indicates an active
interest in the analysis of the complex
matrix of cannabis plants. Many studies
are aimed at studying the processes of
phytocannabinoid extraction for further
analysis. A study by G. Micalizzi and
colleagues of the properties of solvents
(methanol, ethanol, acetone, hexane)
demonstrated that ethanol exhibits the best
extraction properties against cannabinoid
acids in their decarboxylated forms; on the
other hand, the use of hexane reduces the
extraction results of cannabinoids 2.

N. Christinatetal. studied the properties
of a mixture of water and acetonitrile as
extraction reagents for the determination
of various types of cannabinoids in samples
of hempseed oil, milk, various beverages
and food®. In other similar studies,
isopropanol was recognized as the most
effective extractant (compared to methanol
and acetonitrile) during the extraction

2 Micalizzi G., Vento F., Alibrando F., Donnarumma D., Dugo P., Mondello L. Cannabis Sativa
L.: A comprehensive review on the analytical methodologies for cannabinoids and terpenes
characterization. Journal of Chromatography A. 2021. Jan 25:1637:461864. DOI: 10.1016/j.chro-

ma.2020.461864 (date accessed: 27.09.2023).

3 Christinat N., Savoy M.-C., Mottier P. Development, Validation and Application of a LC-MS/
MS Method for Quantification of 15 Cannabinoids in Food. Food Chemistry. 2020. Vol. 318.
Art. 126469. DOI: 10.1016/j.foodchem.2020.126469 (date accessed: 27.09.2023).
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of the phytocannabinoid composition of
hemp seeds *.

V. Brighenti and colleagues compared
extraction methods, their parameters
and solvents, studying the composition of
cannabinoids in cannabis flowers; dynamic
maceration in ethanol at room temperature
demonstrated the highest efficiency for
the further study of the total amount of
cannabinoids, as well as their neutral and
acidic forms °.

Investigating the effect of extraction
conditions on the release of cannabinoids
and cannabis flowers, E. M. Mudge et al
demonstrated that ultrasonic extraction
was more effective than shaking, but that
enhanced sonication for 15 minutes caused
some cannabinoid degradation °.

The  advantages of microwave
extraction for decarboxylated forms of

cannabinoids were noted by D. de Vita and
her colleagues ’.

L. J. Rovetto and N. V. Aieta developed
asupercritical fluid extraction strategy with
pulsating carbon dioxide and ethanol as
co-solvents, which increased the extraction
rate and total cannabinoid yield, reduced
solvent consumption and analysis time;
this method proved useful for extracting
total THC or CBD in neutral and acidic
forms .

M. A. ElSohly and C. Cuttler report
a tendency to increase THC concentration
in hemp plants from 10-14% ° to 20% ™.
Quantification of cannabis is usually
performed using gas chromatography (GC)
with a flame ionization detector (GC-FID),
as noted in G. R. Borges et al %

V. Cardenia and his colleagues
compared the methods of GC-FID and

4

10

11

Chang Ch.-W., Tung Ch.-W., Tsai Ch.-Ch., Wu Yu-T., Hsu M.-Ch. Determination of Cannabinoids
in Hemp Nut Products in Taiwan by HPLC-MS/MS Coupled with Chemometric Analysis: Quality
Evaluation and a Pilot Human Study. Drug Testing and Analysis. 2017. No. 9. Pp. 888—897. DOI:
10.1002/dta.2062 (date accessed: 29.09.2023).

Brighenti V., Pellati F., Steinbach M., Maran D., Benvenuti S. Development of a New Extraction
Technique and HPLC Method for the Analysis of Non-Psychoactive Cannabinoids in Fibre-Type
Cannabis Sativa L. (Hemp). Journal of Pharmaceutical and Biomedical Analysis. 2017. Vol. 143.
Pp. 228—236. DOI: 10.1016/j.jpba.2017.05.049 (date accessed: 21.09.2023).

Mudge E. M., Murch S. J., Brown P. N. Leaner and Greener Analysis of Cannabinoids. Analytical
and Bioanalytical Chemistry. 2017. Vol. 409. Pp. 3153—3163. DOI: 10.1007/s00216-017-0256-3 (date
accessed: 22.09.2023).

De Vita D., Madia V. N., Tudino V., Saccoliti F., De Leo A., Messore A., Roscilli P., Botto A.,
Pindinello I., Santilli G. et al. Comparison of Different Methods for the Extraction of Can-
nabinoids from Cannabis. Natural Product Research. 2019. Vol. 34 (20). Pp. 2952—2958. DOI:
10.1080/14786419.2019.1601194 (date accessed: 23.09.2023).

Rovetto L. J., Aieta N. V. Supercritical Carbon Dioxide Extraction of Cannabinoids from Can-
nabis Sativa L. The Journal of Supercritical Fluids. 2017. Vol. 129. Pp. 16—27. DOI: 10.1016/j.
supflu.2017.03.014 (date accessed: 22.09.2023).

ElSohly M. A., Chandra S., Radwan M., Majumdar Ch. G., Church J. C. A Comprehensive Review
of Cannabis Potency in the United States in the Last Decade. Biological Psychiatry: Cognitive Neu-
roscience and Neuroimaging. 2021. Vol. 6. No. 6. Pp. 603—606. DOI: 10.1016/j.bpsc.2020.12.016
(date accessed: 22.09.2023).

Cuttler C., LaFrance E. M., Stueber A. Acute effects of high-potency cannabis flower and canna-
bis concentrates on everyday life memory and decision making. Scientific Reports. 2021. Vol. 11.
No. 1. Art. 13784. DOI: 10.1038/s41598-021-93198-5 (date accessed: 24.09.2023).

Borges G. R., Birk L., Scheid C., Morés L., Carasek E., Kitamura R. O. S., Roveri F. L. et al. Sim-
ple and Straightforward Analysis of Cannabinoids in Medicinal Products by Fast-GC-FID. Fo-
rensic Toxicology. 2020. Vol. 38. Pp. 531—535. DOI: 10.1007/s11419-020-00522-1 (date accessed:
22.09.2023).
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gas chromatography with a mass detector
(hereinafter referred to as GC-MS), showed
the interchangeability of detectors in the
case of the study of cannabis and products
containing it, and developed a GC-MS
method for the quantitative determination
of cannabinoids , approved for use in
European countries, on a quadrupole GC-
MS with electron impact ionization 2.

C. Citti and colleagues noted that
the GC-MS method for quantification
requires the use of expensive deuterated
standards, which are not available for
all cannabinoids®. L. A. Ciolino and
her colleagues recommend using N,O-
bis(trimethylsilyl)trifluoroacetamide
for the derivatization process that
occurs during the identification of
phytocannabinoid acids *. G. R. Borges
and his co-authors compared several
chromatographic methods using A9-
THC as an example and determined
a significant amount of A8-THC and
cannabinol (hereinafter referred to as
CBN), which are known products of the
breakdown of A9-THC and are present in

the GC chromatograms, in contrast to the
results obtained by the methods of high-
performance Liquid chromatography-
mass spectrometry (hereinafter referred
to as HPLC) *, nuclear magnetic
resonance (hereinafter referred to as
hereinafter referred to as) and thin-layer
chromatography (hereinafter referred to
asTLC). M. M. Delgado-Povedano, together
with co-authors, described a method
for research on extracts of plants of the
genus Cannabis using quadrupole time-
of-flight mass detectors in combination
with GC for non-polar compounds or
the method of liquid chromatography
(hereinafter referred to as LC) for more
polar cannabinoids and their acids *.

L. Calvi and colleagues evaluated the
potential of HPLC with an Orbitrap detector
forthe study of cannabinoidsin commercial
cannabis extracts and investigated the
degradation of these extracts under
different storage conditions .

N. Christinat et al. tested a variety
of edible products sold in the EU for the
presence and quantitative content of

12

13

14

15

16

17

Cardenia V., Toschi T. G., Scappini S., Rubino R. C., Rodriguez-Estrada M. T. Development and
Validation of a Fast Gas Chromatography/Mass Spectrometry Method for the Determination of
Cannabinoids in Cannabis Sativa L. Journal of Food and Drug Analysis. 2018. Vol. 26 (4). Pp. 1283—
1292. DOI: 10.1016/j.jfda.2018.06.001 (date accessed: 25.09.2023).

Citti C., Russo F., Sgro S., Gallo A., Zanotto A., Forni F., Vandelli M. A., Lagana A., Montone C. M.,
Gigli G., Cannazza G. Pitfalls in the analysis of phytocannabinoids in cannabis inflorescence.
Analytical and Bioanalytical Chemistry. 2020. Vol. 412. No. 17. Art. 4009—4022. DOI: 10.1007/
s00216-020-02554-3 (date accessed: 25.09.2023).

Ciolino L. A., Ranieri T. L., Taylor A. M. Commercial cannabis consumer products part 1: GC-
MS qualitative analysis of cannabis cannabinoids. Forensic Science International. 2018. Vol. 289.
Pp. 429—437. DOI: 10.1016/j.forsciint.2018.05.032 (date accessed: 24.09.2023).

Borges G. R., Birk L., Scheid C., Morés L., Carasek E., Kitamura R. O. S., Roveri F. L. et al. Op. cit.
DOI: 10.1007/s11419-020-00522-1 (date accessed: 28.09.2023).

Delgado-Povedano M. M., Sanchez-Carnerero Callado C., Priego-Capote F., Ferreiro-Vera C. Un-
targeted Characterization of Extracts from Cannabis Sativa L. Cultivars by Gas and Liquid Chro-
matography Coupled to Mass Spectrometry in High Resolution Mode. Talanta. 2020. Vol. 208.
Art. 120384. DOI: 10.1016/j.talanta.2019.120384 (date accessed: 27.09.2023).

Calvi L., Pentimalli D., Panseri S., Giupponi L., Gelmini F., Beretta G., Vitali D., Bruno M.,
Zilio E., Pavlovic R., Giorgi A. Comprehensive Quality Evaluation of Medical Cannabis Sativa L.
Inflorescence and Macerated Oils Based on HS-SPME Coupled to GC-MS and LC-HRMS (g-ex-
active Orbitrap’) Approach. Journal of Pharmaceutical and Biomedical Analysis. 2018. Vol. 150.
Pp. 208—219. DOI: 10.1016/j.jpba.2017.11.073 (date accessed: 28.09.2023).
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cannabinoids using ultra-efficient liquid
chromatography with a hybrid triple
quadrupole-linear ion trap. Studies have
shown that the concentration of CBD in the
milk of cows fed with hemp reaches 10 mg/
kg. In their studies, the authors also noted
the excess of permissible levels of toxicity
and concentration of THC in some products
containing cannabis extract 5.

G. R. Borges and colleagues developed
a fast (5 minutes) method of high-
performance liquid chromatography in
combination with a diode detector for
the quantitative determination of THC
without loss of resolution of the main
cannabinoids ¥.

Application of liquid chromatography
method with ultraviolet detection to classify
cannabis samples in order to distinguish
them into recreational and fibrous, was
proposed by M. Mandrioli et al ».

M. Deville and her colleagues noted
the existence of a significant metabolic
difference between plants grown indoors
and outdoors: outdoor cultivars had
significantly higher concentrations of THC,
CBD, and CBN 2.,

G. Stefkov and his co-authors
investigated  phytocannabinoids from
plants of the genus Cannabis using UV
detection®. At the same time, a team of
Italian researchers published a report
on the difficulties of joint elution of
cannabinoid peaks and their low sensitivity
to UV radiation, which makes it difficult
to quantify THC and CBD during one
analytical cycle ».

C. Duchateau and colleagues described
the difficulties of identifying and
distinguishing between legal and illegal
(legal and illegal) cannabis inflorescences
encountered by law enforcement agencies
in the field (outside laboratories), and
developed an innovative approach to
the classification of cannabis samples
(in accordance with European and Swiss
laws) using stationary and portable near-
infrared (hereinafter referred to as NIR)
analyzers and chemometric methods for
determining the concentration of THC on
GC-FID *.

C. Sanchez-Carnerero Callado and co-
authors reported obtaining acceptable
prognostic results in the estimation of

18 Christinat N., Savoy M.-C., Mottier P. Op. cit. DOI: 10.1016/j.foodchem.2020.126469 (date ac-

cessed: 27.09.2023).

19 BorgesG. R., Birk L., Scheid C., Morés L., Carasek E., Kitamura R. O. S., Roveri F. L. et al. Op. cit.

20

21

22

23

24

DOI: 10.1007/s11419-020-00522-1 (date accessed: 28.09.2023).

Mandrioli M., Tura M., Scotti S., Toschi T. G. Fast Detection of 10 Cannabinoids by RP-HPLC-
UV Method in Cannabis sativa L. Molecules. 2019. Is. 24. No. 11. Art. 2113. DOI: 10.3390/
molecules24112113 (date accessed: 10.10.2023).

Deville M., Dubois N., Denooz R., Charlier C. Validation of an UHPLC/DAD Method for the Deter-
mination of Cannabinoids in Seized Materials: Analysis of 213 Samples Sold in Belgian CBD shops.
Forensic Science International. 2020. Vol. 310. Art. 110234. DOI: 10.1016/j.forsciint.2020.110234
(date accessed: 06.10.2023).

Stefkov G., Cvetkovikj Karanfilova I., Stoilkovska Gjorgievska V., Trajkovska A., Geskovski N.,
Karapandzova M., Kulevanova S. Analytical Techniques for Phytocannabinoid Profiling of Can-
nabis and Cannabis-Based Products — A Comprehensive Review. Molecules. 2022. Vol. 27. Is. 3.
Art. 975. DOI: 10.3390/molecules27030975 (date accessed: 11.10.2023).

Citti C., Russo F., Sgro S., Gallo A., Zanotto A., Forni F., Vandelli M. A., Lagana A., Montone C. M.,
Gigli G., Cannazza G. Op. cit. DOI: 10.1007/s00216-020-02554-3 (date accessed: 07.10.2023).
Duchateau C., Kauffmann J.-M., Canfyn M., Stévigny C., De Braekeleer K., Deconinck E. Dis-
crimination of legal and illegal Cannabis spp. according to European legislation using near infra-
red spectroscopy and chemometrics. Drug Testing and Analysis. 2020. Vol. 12. No. 9. Pp. 1309—
1319. DOI: 10.1002/dta.2865 (date accessed: 12.10.2023).
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cannabinoid concentration using NIR and
NIR with Fourier transformation and the
use of mathematical and statistical models:
in their opinion, this analytical method
simplifies the estimation of the quantitative
content of cannabinoids in plants of the
genus Cannabis compared to traditional
GC method ».

L. Sanchez and colleagues used Raman
spectroscopy to investigate cannabis
with high CBD content, achieving 100 %
accuracy through the use of chemometric
methods *.

J. A. de Leite and her colleagues noted
difficulty of isolating cannabinoids from
a complex plant matrix using the NMR
method: they used preparative high-
pressure liquid chromatography to isolate
and purify the samples %

C. Citti %, G. Stefkov ? and J. A. de
Leite * in their research papers described
the use of the NMR method for qualitative
and quantitative research of cannabis
components.

Chemometric analysis for estimating
the age of herbal cannabis was used by
K. C. Mariotti and co-authors®. G. R. Borges
and his co-authors used chemometric
methods to differentiate the fibrous and
recreational types of cannabis *. A. Slosse
processed data during cannabis profiling
using chemometric methods *.

Main Content Presentation
Development of analytical methods for

the identification and quantification of
cannabinoidsinvarious matricesisaspecial

25 Sanchez-Carnerero Callado C., Nuflez-Sanchez N., Casano S., Ferreiro-Vera C. The potential of
near infrared spectroscopy to estimate the content of cannabinoids in Cannabis sativa L.: A com-
parative study. Talanta. 2018. Vol. 90. No. 1. Pp. 147—157. DOI: 10.1016/j.talanta.2018.07.085 (date

accessed: 11.10.2023).

26 Sanchez L., Filter C., Baltensperger D., Kurouski D. Confirmatory non-invasive and non-destruc-
tive differentiation between hemp and cannabis using a hand-held Raman spectrometer. Royal
Society of Chemistry Advances. 2020. Vol. 10. Is. 6. Pp. 3212—3216. DOI: 10.1039/CO9RA08225E (date

accessed: 11.10.2023).

27 De Leite J. A., de Oliveira M. V. L., Conti R., de S. Borges W., Rosa Th. R., Filgueiras P. R., Lacer-
da Jr. V., Roméio W., Neto A. C. Extraction and isolation of cannabinoids from marijuana seizures
and characterization by 1H NMR allied to chemometric tools. Science & Justice. 2018. Vol. 58.
Is. 5. Pp. 355—365. DOI: 10.1016/j.scijus.2018.06.005 (date accessed: 01.10.2023).

28 Citti C., Russo F., Sgro S., Gallo A., Zanotto A., Forni F., Vandelli M. A., Lagana A., Montone C. M.,
Gigli G., Cannazza G. Op. cit. DOI: 10.1007/s00216-020-02554-3 (date accessed: 07.10.2023).

29 Stefkov G., Cvetkovikj Karanfilova I., Stoilkovska Gjorgievska V., Trajkovska A., Geskovski N.,
Karapandzova M., Kulevanova S. Op. cit. DOI: 10.3390/molecules27030975 (date accessed:

11.10.2023).

30 De Leite J. A., de Oliveira M. V. L., Conti R., de S. Borges W., Rosa Th. R., Filgueiras P. R.,
Lacerda Jr. V., Romdo W., Neto A. C. Op. cit. DOI: 10.1016/j.scijus.2018.06.005 (date accessed:

12.10.2023).

31 Mariotti K. C., Marcelo M. C. A., Ortiz R. S., Borille B. T., dos Reis M., Fett M. S., Ferrdo M. F.,
Limberger R. P. Seized Cannabis Seeds Cultivated in Greenhouse: A Chemical Study by Gas
Hromatography-Mass Spectrometry and Chemometric Analysis. Science & Justice. 2016.
Vol. 56. Pp. 35—41. DOI: 10.1016/j.scijus.2015.09.002 (date accessed: 10.10.2023).

32 Borges G. R., Birk L., Scheid C., Morés L., Carasek E., Kitamura R. O. S., Roveri F. L. et al. Op. cit.
DOI: 10.1007/s11419-020-00522-1 (date accessed: 28.09.2023).

33 Slosse A., Van Durme F., Samyn N., Mangelings D., Vander Heyden Yv. Gas Chromatographic
Fingerprint Analysis for the Comparison of Seized Cannabis Samples. Molecules. 2021. Vol. 26.
Is. 21. Art. 6643. DOT: 10.3390/molecules26216643 (date accessed: 10.10.2023).
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challenge. In nature, THC is found in plants
of the genus Cannabis, it is considered the
main psychoactive component of cannabis.
The tetrahydrocannabinol term includes all
stereochemical variants unless otherwise
specified. For forensic investigations,
the following components of cannabis
are important: tetrahydrocannabinolic
acid (hereinafter referred to as THCA),
CBN, CBD, cannabigerol, cannabivarin,
cannabichromene (hereinafter referred to
as CBQ).

THC, CBD and CBC are the main
phytocannabinoid components of
cannabis. In fresh biomass, approximately
95% of these components exist in the
form of starting compounds: THCA,
cannabidiolic acid (hereinafter referred
to as CBDA) and cannabichromic acid.
All of them are formed as a result of the
enzymatic catalysis of cannabigerolic acid.
The corresponding THC, CBD and CBC are
formed by light and heat decarboxylation.

Decarboxylation rarely comes to an
end, so both forms remain present in the
matrix. CBN is a product of unnatural
decomposition of THC, therefore, when
processing cannabis and  products
containing it, it is necessary to take into
account factors that affect the stability
of cannabinoids and the consequences
of sample storage conditions, laboratory
analysis and interpretation of results (such
as decarboxylation of THCA, oxidation
of THC to CBN, CBD to THC isomers,
isomerization of A9-THC in A8-THC).

Decarboxylation of THCA to form THC
occurs during harvesting and drying of
hemp, heating of the sample, for example,
during smoking, under the influence of
light, and during chemical research. Under
similar conditions, THC can independently
turn into CBN. Therefore, the correct

storage of samples and products containing
hemp, as well as the choice of appropriate
methods for their chemical analysis, are of
crucial importance.

Important factor in determining
total THC content is also the stability of
cannabinoids in the studied object. Based
on the THC and CBN content, the age
of a particular cannabis sample can be
determined, so comparative analysis is
usually impractical three months after
material extraction.

Cannabis resin is wusually in the
form of large, dense blocks; the degree
of decarboxylation and degradation of
cannabinoids, and therefore the profiles
of cannabinoids, differ in different parts
of such blocks due to different exposure to
light and heat (cannabis resin is sensitive to
heat and light during storage).

CBN and A8THC have recently
received increasing attention: A8-THC,
which is a secondary component naturally
occurring in the Cannabis plant, has been
found as a major component in vaping
liquids, chewing gum and tinctures.

In addition to A8THC, THC
isomers such as delta-6a- and delta-10a-
tetrahydrocannabinol have been found in
vaping liquids 3.

For routine analysis (identification and
quantification) of cannabis samples and
products containing it, it is important to use
representative material. General aspects
of representative sampling of narcotic
substances for analysis are presented
in the European Network of Forensic
Institutes (ENFSI) Narcotics Working Group
Guidelines on Sampling of Illicit Drugs for
Quantitative Analysis.

It is important to maintain the best
storage conditions for the herb, including
a dark place at -20 °C, as THC at this stage

34 European Drug Report 2023 ... . URL: https://www.emcdda. europa.eu/index_en (date accessed:

25.09.2023).
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is still sensitive to air and UV (light) that
can cause THC to oxidize to CBN. Fresh
plant material should be stored in paper
bags, as polymer packaging can cause
decomposition and the appearance of mold
due to the high moisture content.

Samples must be dried. There are
different approaches to drying Cannabis
plants, for example, at temperatures below
70 °C to constant weight and a moisture
content of 8% to 13% %, or at 40 °C in an
oven for 12 hours *. The dried material has
a heterogeneous composition: it should be
crushed. Grinding helps to release the oily
resin containing cannabinoids, terpenes
and other secondary plant metabolites,
increases the surface area and increases
the extraction efficiency .

Homogenization of plantcannabisisnot
required for qualitative chromatographic
analysis when using plant parts with the
highest THC levels. Drying cannabis resin
is not necessary. However, due to the
nature of the matrix, the grinding process
is complicated, and freezing the samples
can facilitate grinding with a mortar and
pestle .

Objects in the form of food, beverages,
or supplements require preparation

for a specific analytical method before
analytical testing. For research on of liquid
samples containing cannabinoids, they are
mixed with a selected solvent, homogenized
and (if necessary) decarboxylated *. This
method of sample preparation is simple
and straightforward, but can lead to
overloading of the analyzer and unreliable
results.

The extraction procedure is an
important step in the preparation of
samples containing cannabis. Extraction
of samples should be simple, selective
and reproducible ®. Depending on the
lipophilicity of the extracted cannabis
components, solvents from polar to non-
polar are used *. Non-polar solvents
(hexane, petroleum ether) extract neutral
cannabinoids well, but acidic cannabinoids
(for example, THCA) poorly. Therefore, the
extracts obtained in this way do not satisfy
the requirements of quantitative THCA
analysis the sum of THC and THCA. To
extract acidic cannabinoids, polar solvents
are used (isopropyl alcohol, ethanol,
methanol, mixtures of methanol with
chloroform and acetonitrile) *.

Common methods are liquid-liquid
extraction, which is used to extract
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bioactive substances from oils or other
liquids containing CBD, and solid-liquid
extraction, where an organic solvent is
added to the plant material .

In addition to the solvent type, total
cannabinoid yield is affected by the number
of consecutive extractions, particle size,
and temperature. Extraction at elevated
temperatures causes the decarboxylation
of cannabinoid acids to neutral
compounds, which distorts the results for
each cannabinoid present, so extraction
methods using ultrasound, microwave
radiation, pressurized liquid extraction
and supercritical liquid extraction are
recommended *.

The choice of appropriate method
for research on cannabis and products
containing it depends on the goals of the
analysis, the characteristics of the objects
and the analytical requirements (qualitative
and/or quantitative data, determination
of low levels of A9-THC, differentiation
of A9-THC isomers, detection of other
cannabinoids present in the sample).

Thin-layer chromatography is often
used for the initial qualitative screening of
cannabinoids: it is a simple and affordable
method for pre-screening for the presence
of acidic and neutral cannabinoids.

GC is a rapid method with excellent
resolution properties used for the analysis
of cannabinoids in plant materials and
biological matrices. However, due to
the thermolability of acidic forms of
phytocannabinoids, this method does not
work for the identification of cannabinoid
acids (THCA and CBDA), since their

decarboxylation occurs in the high-
temperature injector of gas chromatograph.

Indefaultofspecificlegal requirements,
it is established practice to determine the
total THC content, as this best reflects the
pharmacological activity of the material,
but even then, elevated temperatures may
lead to THC decomposition (to CBN). For
non-smoking products containing THC,
THC and THCA should be identified and
quantified separately. THC, like cannabis,
unlike THCA, is subject to international
control. Total THC findings are common
practice when the material is intended for
smoking, as this process converts THCA to
THC. In test materials that are not heated
during use, THC does not convert to THC
(e.g. in foodstuffs) and should therefore be
identified and described separately.

In order to preserve the acid structure
and evaluate all cannabis components
separately, derivatization is carried out
before starting the research, which
helps to obtain a more detailed profile of
cannabinoids (although this procedure
lengthenssample preparationandincreases
analysis cost). There can be difficulty in
achieving complete derivatization, leading
to inaccurate results due to the possibility
of thermal degradation of cannabinoids in
the injection port and column.

Despite the above issues, GC method
remains useful for the analysis of
cannabinoids. The most common detectors
for GC analysis of cannabinoids are mass
spectrometric (MS) and flame ionization
(FID) detectors. The gold standard for
identification is the GC-MS method, which

43 Deidda R., Dispas A., De Bleye Ch., Hubert Ph., Ziemons E. Critical review on recent trends in
cannabinoid determination on cannabis herbal samples: From chromatographic to vibration-
al spectroscopic techniques. Analytica Chimica Acta. 2021. May 29:1209:339184. DOI: 10.1016/].
aca.2021.339184 (date accessed: 10.10.2023) ; Valizadehderakhshan M., Shahbazi A., Kazem-Ros-
tami M., Todd M. S., Bhowmik A., Wang L. Extraction of Cannabinoids from Cannabis sativa L.
(Hemp) — Review. Agriculture. 2021. Vol. 11. Is. 5. Art. 384. DOI: 10.3390/agriculture11050384

(date accessed: 11.10.2023).

44 Delgado-Povedano M. M., Sanchez-Carnerero Callado C., Priego-Capote F., Ferreiro-Vera C. Op.
cit. DOI: 10.1016/j.talanta.2019.120384 (date accessed: 09.10.2023).
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uses electron ionization, which provides a
high level of fragmentation of compounds
together with the use of commercial and
proprietary libraries for the qualification
of cannabis products. There is no
such possibility in GC-FID *, since the
identification of substances depends on the
retention time, and reference standards
are used to identify components. At the
same time, GC-FID offers a simple and
relatively economical detection method
with high resolution and a wider linear
dynamic range, which ensures accurate
quantification of cannabinoids “.

For accurate identification and
quantification of the most common
cannabinoids (A9-THC, A8-THC, CBD, CBC,
cannabicyclol and their acid precursors
that have the same molecular weight and
identical mass fragments) during testing
using mass spectrometric detectors, it is
necessary to carefully choose an initial

chromatographic  separation  method
combined with sensitive detection
methods.

Liquid chromatography (hereinafter
referred to as LC) is an advanced method for
separating complex cannabinoid samples.
The main methods used for this are HPLC
and ultra-efficient LC.

Advantages of LC compared to GC:
reduced separation time and the ability
to analyze all cannabinoids directly,
including acid precursors, bypassing the
derivatization process. The use of this
method is not accompanied by heating of
the samples, therefore decarboxylation
of natural acids does not occur. This
ensures the preservation of the authentic
composition and allows detection of acids
and their corresponding neutral forms,
which contributes to a more complete
profile .

Diode array detectors and UV detectors
are often used in conjunction with HPLC to
quantify cannabinoids in complex extracts
of Cannabis plants, simple and relatively
inexpensive methods that provide accurate
results. Diode array detectors have the
advantage of simultaneously measuring
a wide range of wavelengths (compared
to UV scanning, which uses one fixed
wavelength per cycle). Published HPLC
analytical methods are fully * or partially *
validated for various matrices ** and meet
the requirements of the international
standard ISO/IEC 17025 *!, that stipulates
general requirements for testing and
calibration laboratories. However, the
authors note different values of detection

45 Slosse A., Van Durme F., Samyn N., Mangelings D., Vander Heyden Yv. Op. cit. DOI: 10.3390/

molecules26216643 (date accessed: 09.10.2023).

46 Stefkov G., Cvetkovikj Karanfilova I., Stoilkovska Gjorgievska V., Trajkovska A., Geskovski N.,
Karapandzova M., Kulevanova S. Op. cit. DOI: 10.3390/molecules27030975 (date accessed:

12.10.2023).

47 Micalizzi G., Vento F., Alibrando F., Donnarumma D., Dugo P., Mondello L. Op. cit. DOI: 10.1016/j.
chroma.2020.461864 (date accessed: 11.10.2023).
48 Mudge E. M., Murch S. J., Brown P. N. Op. cit. DOI: 10.1007/s00216-017-0256-3 (date accessed:

13.10.2023).

49 Brighenti V., Pellati F., Steinbach M., Maran D., Benvenuti S. Op. cit. DOI: 10.1016/j.

jpba.2017.05.049 (date accessed: 13.10.2023).

50 Deville M., Dubois N., Denooz R., Charlier C. Op. cit. DOI: 10.1016/j.forsciint.2020.110234 (date

accessed: 13.10.2023).

51 ZICTY EN ISO/IEC 17025:2019 3arayjpHi BUMOIM ZO KOMIIETEHTHOCTi BHIIPOOYBaJbHUX Ta
KanibpyBanpHuX saboparopiit (EN ISO/IEC 17025:2017, IDT; ISO/IEC 17025:2017, IDT) : 3aTB.
HakaszoM JIT «VkpHIHII» Big 23.12.2019 p. Ne 483 [Quuuuii 3 01.01.2021]. URL: https://online.
budstandart.com/ua/catalog/doc-page.html?id_doc=88724 (date accessed: 12.10.2023).
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levels, quantification, linear range, and
repeatability due to matrix, instrument,
and detector design properties.

Lack of selectivity of diode-array
detectors when analyzing complex
matrices of cannabinoid extracts, where
other cannabinoid-absorbing compounds
at the detection wavelength may co-elute
with the same retention time and distort
analytical results, has prompted the
scientific community to investigate more
sensitive and specific MS detectors.

LC-MS is the preferred method for
cannabinoid analysis using ionization
modes  (electrospray ionization or
atmospheric pressure chemical ionization).
Cannabinoids can be analyzed in any type
of mass detector because they contain
ionized hydroxyl and carboxyl groups. Most
of these mass detectors and their combined
systems have been successfully used to
determine cannabinoids in cannabis plant
material *.

A time-of-flight mass detector (alone
or in combination with a quadrupole) is
used to identify and quantify cannabinoid
compounds in complex plant mixtures and
matrices: such as food products containing
cannabis (e.g. cannabis chocolate) *.

Because the mass-to-charge ratio
of cannabinoids and the nature of
fragmentation are similar, experts use
a dual approach to their quantification:
chromatographic separation using a diode
detector combined with quadrupole

quantitative analysis. Two separate LC-
MS instruments can be used in research
to effectively identify and quantify all
cannabinoids in their extracts.

Triple quadrupole mass detector is
particularly useful for the quantification
of compounds with very low cannabinoid
concentrations (e.g. hemp seed extractsand
human body fluids) in positive ionization
mode >,

Ion trap mass detectors (such as
the Orbitrap) are often combined with a
quadrupole mass detector to form a QTrap.
Detectors of this type perform multi-
stage mass spectroscopic analysis with
high resolution and selectivity. Orbitrap
type mass detectors, as well as LC with
triple quadrupole mass spectrometer
(LC-QqQ), are wused to study products
with low cannabinoid content (food and
beverages) *.

In order to meet the high demand for
the analysis of cannabis and products
containing it, today special analytical tools
are being developed to test such samples.
For example, an HPLC analyzer from
Shimazu is already available, designed
exclusively for the quantification of
cannabinoid content, which comes with
a column, mobile phase and standard
material and does not require laborious
method development.

High-resolution mass spectrometry
with direct real-time analysis (DART-
HRMS) is used to screen products

52 Citti C., Russo F., Sgro S., Gallo A., Zanotto A., Forni F., Vandelli M. A., Lagana A., Montone C. M.,
Gigli G., Cannazza G. Op. cit. DOI: 10.1007/s00216-020-02554-3 (date accessed: 12.10.2023).

53 McRae G., Melanson J. E. Quantitative Determination and Validation of 17 Cannabinoids in
Cannabis and Hemp Using Liquid Chromatography-Tandem Mass Spectrometry. Analytical and
Bioanalytical Chemistry. 2020. Vol. 412. No. 27. Pp. 7381—7393. DOI: 10.1007/s00216-020-02862-8

(date accessed: 12.10.2023).

54 Chang Ch.-W., Tung Ch.-W., Tsai Ch.-Ch., Wu Yu-T., Hsu M.-Ch. Op. cit. DOI: 10.1002/dta.2062

(date accessed: 29.09.2023).

55 Aizpurua-Olaizola O., Omar J., Navarro P., Olivares M., Etxebarria N., Usobiaga A. Identifica-
tion and Quantification of Cannabinoids in Cannabis Sativa L. Plants by High Performance Lig-
uid Chromatography-Mass Spectrometry. Analytical and Bioanalytical Chemistry. 2014. Vol. 406.
Pp. 7549—7560. DOI: 10.1007/s00216-014-8177-x (date accessed: 11.10.2023).

103


https://doi.org/10.32353/khrife.1.2024.06
https://doi.org/10.1007/s00216-020-02554-3
https://doi.org/10.1007/s00216-020-02862-8 
https://doi.org/10.1002/dta.2062 
https://doi.org/10.1007/s00216-014-8177-x

Theory and Practice of Forensic Science and Criminalistics. 2024. Issue 1 (34)

ISSN 1993-0917 e-ISSN 2708-5171

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

containing cannabis (eg., leaves, stems,
roots, powders, tinctures, capsules,
and other plant products) for forensic
purposes. This method makes it possible to
quickly identify the required substance in
complex matrices without pre-treatment of
samples °°.

The NMR method is a powerful tool
for the analysis of chemical compounds,
including cannabinoids. In forensic
laboratories, the NMR method is used
to identify and quantify cannabinoids in
samples of narcotic drugs and psychotropic
substances. NMR is based on the reaction
of nuclei with a magnetic field and
measures the emission of electromagnetic
signals that provide information about the
structure and amount of substances in the
sample. Derivatization is a necessary step
in the study of some samples to obtain
reliable analysis results, especially for
cannabidiol acids, which acquire a neutral
form during decarboxylation. Direct
measurement is possible for cannabis oils.
One of the main advantages of the NMR
method is that its use does not require the
use of standard samples for calibration.
This method makes it possible to quickly
and reliably determine the composition
of complex mixtures by measuring the
interactions of nuclei with a magnetic
field, which is especially important for
the study of complex substances that
contain many different compounds and
in which it is difficult to determine the

standard concentrations of each individual
component.

In recent years, methods of vibrational
spectroscopy, in particular infrared and
Raman, have been actively used to analyze
cannabis. NIR method is considered
the most common in the spectral range
of infrared spectroscopy. The main
advantages of these methods are ease of
use, speed of measurements, as well as
non-invasive and non-destructive analysis
of plant material without the need for pre-
treatment of the sample *.

The availability of portable devices
makes it possible to conduct testing outside
the laboratory . Despite the mentioned
advantages, it is worth noting the low
sensitivity of this method compared to LC
and GC. The interpretation of such spectra
requires a multidimensional analysis
of the obtained data due to a significant
amount of information *. It is worth noting
that the results of Raman spectroscopy
can be affected by molecules that cause
fluorescence (for example, chlorophyll) .

Analytical methods provide a large
and complex volume of data that requires
multidimensional analysis to obtain the
necessary information. These data can be
processed to select optimal measurement
procedures, explore patterns, or predict
certain properties. Chemometrics methods
are used to obtain the most valuable
information. Recently, for processing
complex matrices (as in the case of

56 Appley M. G., Chambers M. I., Musah R. A. Quantification of Hordenine in a Complex Plant
Matrix by Direct Analysis in Real Time-High-Resolution Mass Spectrometry: Application to the
“Plant of Concern” Sceletium Tortuosum. Drug Testing and Analysis. 2021. Vol. 14. Is. 4. Pp. 604—
612. DOI: 10.1002/dta.3193 (date accessed: 07.10.2023).

57 DeiddaR., Dispas A., De Bleye Ch., Hubert Ph., Ziemons E. Op. cit. DOI: 10.1016/j.aca.2021.339184

(date accessed: 12.10.2023).

58 Sanchez L., Filter C., Baltensperger D., Kurouski D. Op. cit. DOI: 10.1039/C9RA08225E (date ac-

cessed: 11.10.2023).

59 Citti C., Russo F., Sgro S., Gallo A., Zanotto A., Forni F., Vandelli M. A., Lagana A., Montone C. M.,
Gigli G., Cannazza G. Op. cit. DOI: 10.1007/s00216-020-02554-3 (date accessed: 12.10.2023).
60 DeiddaR., Dispas A., De Bleye Ch., Hubert Ph., Ziemons E. Op. cit. DOI: 10.1016/j.aca.2021.339184

(date accessed: 07.10.2023).
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Cannabis), chemometric tools are used,
which make it possible to obtain necessary
information from sample data .

Given that the results provided by
forensic laboratories are part of law
enforcement investigations and can be
used as evidence in court, it is important
to provide reliable and reproducible data.
To confirm the technical competence
of forensic laboratories, accredited ISO/
IEC 17025 methods should be used. The
main parameter is the measurement
uncertainty, especially for the quantitative
determination of A9-THC and other
prohibited  cannabinoids to  check
their legality (0.08% is the maximum
permissible rate of THC in vegetable raw
materials in Ukraine). This parameter
should be kept in mind as it reflects
the variance of the results and has a
significant impact on the interpretation of
the results under applicable law. Without
considering this parameter, there is a
risk of misinterpretation and wrongful
prosecution .

Analytical standards are a cornerstone
of quantitative cannabinoid analysis.
Today, there are several manufacturers
and distributors of single-component and
multi-component analytical standards
for cannabinoids: Cayman, Cerilliant,
Accu Standard, Merck, Restek (USA), LGC
Standards, Reagecon Diagnostics (EU). The
most available is an analytical standard
that contains 10 different cannabinoid
compounds. However, in order to obtain
a standard material, experts must pay

attention to the legislation that regulates
the purchase and import of such materials.

Morphological and chemical analytical
methods for the study of cannabis and
products containing it are usually sufficient
for its identification. However, in situations
where the sample does not have distinct
morphological characteristics of cannabis
plant material or contains low levels of
THC (for example, if it is highly fragmented
material, young seedlings, seeds, roots
or bare branches), the identification of
cannabis based on DNA analysis is more
efficient and effective for species-level
identification ®.

Conclusions

Highly professional forensic examination
of narcotic drugs, psychotropic substances
and precursors plays an important role for
judicial system in particular and society as
a whole. Most current research focuses on
the three or four major cannabinoids and
their precursor acids. With the expansion of
knowledge about other cannabinoids, the
demand for their research as additives to
many consumer goods is likely to increase,
which necessitates the development of
identification protocols and quantification
methods.

There are at least 16 to 20 different
cannabinoids that require immediate
development of procedures for their
extraction and analysis due to the fact
that interest in them as products for
consumption is growing day by day.
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Vol. 413. No. 13. Pp. 3399—3410. DOI: 10.1007/s00216-021-03283-x (date accessed: 13.10.2023).
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The present review of cannabis-
containing object analysis methods
shows that for the correct separation and
identification of phytocannabinoids from
the plant matrix and/or matrix of edible or
other cannabis-derived products, various
chromatographic methods offer different
possibilities in terms of detection limits,
linearity, reproducibility, and specificity.
They depend on particular device
parameters (type of detector, availability
of ionization, capabilities of data collection
and analysis software). Therefore, in order
to choose the most appropriate analytical
method, it is important to apply a balanced
approach, which should be based on
the volume of analysis and analytical
capabilities of a particular laboratory.

While developing analysis procedures,
it is necessary to take into account the
storage conditions and the influence
of various factors on composition of
cannabis containing objects, as well as on
the analytical research standards. This is
especially important because cannabinoids
by their nature can decompose or turn one
into the other under the influence of light,
heat, or oxidation.

With development of cannabinoid
extract analysis, it is important to
harmonize standardized research methods
that will contribute to harmonization of
testing methods and harmonization of
analytical results.

Chemometrics is becoming an
important and powerful forensic tool,
especially when it comes to cannabis
profiling or while working with
spectroscopic data, where multivariate
data analysis is commonly used.

Despite the rather complex modern
approaches to  cannabis research
procedures and products containing it, they
may not be needed for routine research.
The choice of method of and decision
on the need to apply additional methods

remains at discretion of forensic expert
and depends on availability of appropriate
laboratory equipment and legal specifics.

This list of research methods for
cannabis and cannabis containing products
is not exhaustive. Within one article, it
is impossible to cover all the analytical
methods for research on plant material
and products based on it used in forensic
research: we have focused only on the
leading ones.

AHaJi3 KaHa0icy Ta Horo NpoayKTiB
Yy KOHTEKCTi CyZI0BOi eKCIIepTU3H
Ipuna Kyuuncoka

Jlezanizayis 6UpouLy8anms pocaun pody
Cannabis i3 HU3LKUM YMIiCmoOM mempazio-
POKAHAOIHOAY 1 BUCOKUM YMICMOM KAHA-
6idiony Habupae obepmie uepe3 3pOCMAHHA
nonumy Ha ui npodykmu. Y Oesxux Kpai-
Hax mecmyeanHs Kauabicy ma npodykmis,
Wo 11020 Micmsams, € OPUOULHOIO 8UMO20T0:
kanabic i0eHmugikyoms, OUIHIOIOMb Kilb-
KiCMb Y HbOMY mempaziopokanabinony abo
Kanabidiony ma iXHIX KUCAOM-NOTepeOHUKIS.
Cyuacui docaidncenHs nompebyromo 6iaviu
wymausux i HadiliHUX aAHAATMUYHUX Memo-
die 025 mouHOl idenmucgikayii ma KiAvKic-
HO20 BU3HAHEHHS KOMTOHeHmIi8 Kanaobicy.
Mema yiei cmammi — 02420 npedcmagneHux
Y Haykosux Oxcependx OCMAHHIX JOCsieHeHb
w000 8UOKpeMAeHHA Tl AHAAI3Y KaHabicy ma
npodykmis, AKi 11020 MiCMAMb, Y KOHMeKCMmi
cydogoi excnepmu3u. Memodu docaionceHHs
Micmuau ananiz ingopmauii i3 yiei mema-
MuKu 3a 00TOMO2010 NOULYKOBUX CUCITLEM, 30-
kpema Google, Google Scholar, Web of Science,
PubMed i ScienceDirect. Ilouiykosi 3anumu
8paxogysani HAYKosl, AHAAIMUYHI ma cma-
MUCMuUYHi 38imu 8 2any3i cydogo-ekcnepmi-
HUX docaidxiceHs. Ockinvku cydosuil ekcnepm
mae 0obpe OPIEHMYBAMUCS 8 CYHACHUX TeH-
OeHUIsIX aHai3y 3a00POHEHUX PeHO8UH I No-
C/y208y8amMUCS Y C80ilL pobOMi OCMAHHIMU
JaHumu amanimu4yHoi ma cydo8o-KpuMina-
AICMUYHOL Aimepamypu, maka iHgpopmayis
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donomodtce im obupamu memoodu npogedeHHs
docnidicers, 38aKcaAOUL Ha PakmMUUHI pecyp-
cu i 001a0HaHHA CY0080-KPUMIHAAICUY-
Hux nabopamopiil. 32i0H0 3 Memoio cmamimi
posensaHymo nepesazu i HedOAIKU HASLBHUX
Memodie ekcmpazy8anHs il ananizy o6’ek-
mie, wo Micmsams karHabic, 041 i0enmudika-
Yii, KiAbKICHO20 BUSHAUEHHS, NPOPINI0BAHH
ma oyiHI8AHHS 8IKY KAHAOICY.

Kawuoei caoea: xauabic; ¢imoxaua-
0iH0i0u; excmpazyeanHs; i0eHmudikayis;
KIAbKICHe 6U3HAUEHHS; 2a3084 XPOMATMO-
epagia; pidunna xpomamoepadisa;, memod
20epH020 MAZHIMHO20 pPe30HAHCY; Memoou
KOAUBANBLHOL CTLeKMPOCKONIL.
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