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ABSTRACT

Aim: To analyze modern threats of the use of chemical warfare agents on the line of contact during the full-scale invasion into Ukraine.

Materials and Methods: The study was carried out with the use of theoretical methods (information retrieval, analytical, descriptive, generalization, system
analysis and information synthesis) and the construction of trends with the identification of the coefficient of determination.

Results: Most of damage cases of the military men of the Armed Forces of Ukraine were caused by the enemy’s use of such groups of chemical warfare agents
with anirritating effect as lacrimators and sternites, more specifically K-51 grenades with chloropicrin (PS) and 2-chlorobenzalmalononitrile (CS), RGR grenade
with 2-chlorobenzalmalononitrile (CS) and RG-Vo (862-3-23) grenades with chloroacetophenone (CN).

Conclusions: 2698 cases of damage by chemical warfare agents of irritant action were detected among the military men of the Armed Forces of Ukraine, and
every month during 2024, more and more injuries were detected among the military men of the Armed Forces of Ukraine (715 cases in May 2024 compared to
444 cases in April 2024), which indicates that a stable upward trend towards a wider trend is emerging deliberate use of chemical warfare agents, the coefficient
of determination of R2 of which was high and amounted to 0,9577, and which continues to grow steadily.
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INTRODUCTION

Chemical warfare agents (CWA) with asphyxiating and
irritating effects, such as chemical weapons, were first
used during the First World War. In total, from April 1915
to November 1918 inclusive, more than 50 German
gas attacks were carried out. During the same period,
in opposition to the German troops, 150 British and
20 French gas launches were carried out. On May 15,
1916, French troops resorted to the use of artillery with
amixture of phosgene with tin tetrachloride and arsenic
trichloride, chloropicrin, as well as a mixture of hydro-
cyanic acid with arsenic trichloride, tin tetrachloride in
chloroform (a form of vensenite). Mustard gas was first
used as a cutaneous blister chemical agent by Germany
on July 12,1917 near Ypres (Belgium) [1].

Chemical warfare agents were regularly used in the
1980s during the Iran-lraq war. According to various
estimates, 5% of Iran’s total losses, which amounted
to approximately 45 000 people, can be classified as
chemical weapons. Libya was suspected of involving
chemicals during the invasion of Chad in 1986.

On January 16, 2015, during the anti-terrorist opera-
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tion in eastern Ukraine, illegal armed groups used tear
gas and chemical grenades against the defenders of
the Donetsk airport.

The use of chemical weapons by the Syrian Armed
Forces on April 4, 2017, when an air strike was carried
out on the city of Khan Sheikhoun (ldlib province,
Syria) caused a significant resonance in the world. The
ammunition contained a nerve agent (most likely sarin).
About 100 people died (including 20 children and 17
women), and more than 300 people were poisoned of
varying degrees of severity [2].

According to the most common toxicological clas-
sification, according to the nature of their effect on
the human body, CWA are divided into nerve agents
(sarin, soman, VX gases, etc.), cutaneous abscesses
(mustard gas, nitrogenous mustard gas, lewisite, etc.),
general poisonous (hydrocyanic acid, chlorocyanin),
asphyxiating (phosgene, diphosgene, etc.), irritant
(chloroacetophenone (CN), 2-chlorobenzalmalono-
nitrile (CS), dibenzoxazepine (CR), adamsite (DM)),
psychotomimetic (psychochemical) (Bi-Z (BZ), lysergic
acid diethylamide) [3].
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AIM

Analysis of modern threats of the use of chemical war-
fare agents on the line of contact during the full-scale
invasion into Ukraine.

MATERIALS AND METHODS

The study was carried out with the use of theoretical
methods (information retrieval, analytical, descriptive,
generalization, system analysis and information synthe-
sis) and the construction of trends with the estimation
of the determination coefficient.

The study was carried out in accordance with the
principles of bioethics and legislative norms and
requirements for biomedical research, namely: the
Helsinki Declaration (2000), the Constitution of Ukraine
(1996), the Fundamentals of the Legislation of Ukraine
on Health Care (1992), as well as the Law of Ukraine
“On Information”(1992) (as amended as of 21.03.2023).

RESULTS

As of the beginning of large-scale aggression against
Ukraine on February 24, 2022 until January 2024,
according to the General Staff of the Armed Forces of
Ukraine, more than 626 cases of the use of ammunition
with toxic chemicals by the invaders were recorded
[4]. In addition, such cases are becoming more and
more frequent. Thus, during January 2024, the defense

forces of Ukraine recorded 229 cases [5], and during
February 2024 - 250 cases of the use of poisonous
substances by the invaders, of which 244 cases of the
use of aerosol grenades containing irritating CWA,
that is, the vast majority of them [6]. During March
2024, 371 cases of the use of chemical munitions
were recorded [7]. During April 2024, 444 cases were
recorded. And already in May 2024, 715 cases of the
use of ammunition containing dangerous chemicals
were documented, which was 271 cases more than
in April. From the above data, it follows that there is
a clear trend towards an increase in the number of
cases of the use of CWA. After calculating the trend
and estimating the determination coefficient, it was
found that the trend is reliable, since the coefficient
of determination R?is in the range from 0,8 to 1,0 and
is 0,9577, which is a very high value (Fig. 1). In total,
from February 2022 to May 24, 2024, 2698 cases of the
use of toxic chemicals by the enemy were recorded in
Ukraine [8]. During this period, 1385 cases of appeals
of servicemen of the Armed Forces of Ukraine to med-
ical institutions with symptoms of chemical damage
of varying degrees of severity were recorded, of which
only in May - 21 cases [8].

From December 2022 to May 2024, there were re-
peatedly used chemical grenades K-51,RGR and RG-VO
chemical grenades (862-3-23) against the positions of
our troops (Fig. 2) in the areas of deployment of units
of troops (forces) of the Armed Forces of Ukraine near

Fig. 1. The trend of the use of chemical warfare agents against military men of the Armed Forces of Ukraine for the period January-May 2024,

line, trend equation and coefficient of determination.
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and in settlements, including Mariupol, Klishchiivka,
Kurdyumivka, Avdiivka, Novokalynove, Lastochkyne,
Pervomaiske, Maryinka [9].

The body of the K-51 grenade is made of hard plastic,
the bottom is metal. After inflammation, a reaction
occurs, as a result of which the pressure inside the case
increases and the bottom is squeezed out, spraying
the chemical. As for the content of K-51 grenades,
there are two versions of them: garnets containing
chloropicrin and 2-chlorobenzalmalononitrile (CS), as
well as indoors the effect of the grenade extends to
an area of up to 400 square meters. [9].

An irritant hand grenade (RGR) is a 60 mm aerosol
hand grenade containing chlorobenzalmalononitrile
(CS) [10].

It is reported that in December 2023, the enemy’s
use of a new type of special RG-VO gas grenades con-
taining CWA chloroacetophenone (CN) was detected
for the first time. The substance chloroacetophenone
(CN) is prohibited for use as a chemical warfare agent
in accordance with the Geneva Protocol, approved by
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Fig. 2. Grenades K-51 (A),
RGR (B) and RG-Vo (C).

Fig. 3. Erythematous spots
on the surface of the skin of
affected military men.

the UN General Assembly in 1969, based on the results
of its use during the Vietnam War [11].

Thus, most of the cases of damage to the military
men of the Armed Forces of Ukraine were caused by
the enemy’s use of irritating weapons such as lacrima-
tors and sternites.

Delivery to the contact line and drops of K-51 and
RG-VO chemical grenades were carried out mainly by
enemy unmanned aerial vehicles.

Conventionally, gas grenades K-51, RGR and RG-Vo
are non-lethal means. At the same time, chloroace-
tophenone (CN) at a concentration of 0,85 mg/l and
exposure for 10 minutes leads to the development of
toxic pulmonary edema with fatal outcome.

The use of chemical grenades by the enemy, which
leads to the release of CWA, temporarily deprives
military men of the opportunity to return fire, forces
them to leave shelter and move to open “smoke-free”
areas of the terrain, which makes them easy targets for
enemy lethal weapons. After contact with gas, a per-
son begins to have watery eyes, shortness of breath,
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Fig. 4. Patient Sh., 46 y.o. Subtotal pulmonitis, pulmonary failure 1.

cough, sinuses fill with mucus, vomiting is possible,
etc. The effect intensifies with every minute a person
stays in the toxic cloud.

The clinical picture of sternite lesions in military
personnel was differentiated by three degrees of
severity of the lesion. In the case of mild damage, the
following manifestations were observed: slight irrita-
tion of the mucous membrane of the upper respira-
tory tract, moderate cough, burning pain in the nasal
passages, pharynx, symptoms of tracheal irritation,
pain behind the sternum, feeling of tightness in the
chest, hyperemia of the mucous membranes. During
the moderate degree of damage, severe symptoms of
irritation of the mucous membranes, involvement of
the middle parts of the respiratory tract in the process,
headache, earache, excessive rhinorrhea, dry cough,
sneezing, salivation, nausea, vomiting were observed.
With a severe degree of damage, there were such
symptoms as damage to all parts of the respiratory
tract, unbearable pain behind the sternum, reflex
violation of the mechanics and rhythm of breathing,
cardiac disorders (bradycardia, increased blood pres-
sure, slowing and pathological rhythms of breathing,
up to its stop — apnea).

The clinical picture of lesions with lacrimators was
manifested in all patients by sharp irritation of the
conjunctiva and cornea of the eyes, 5-10 seconds af-
ter the lesion, severe pain and heartburnin the eyes,
lacrimation, photophobia and headache began.
Also, lacrimator injuries were classified according
to three degrees of lesion severity. With a mild de-
gree of damage, the following manifestations were

Fig. 5. Patient R., 31y.0. Total pulmonitis, pulmonary edema, pulmonary
failure IIl.

observed: slight burning pain in the eyes, moderate
lacrimation, slight conjunctival hyperemia, and no
irritation of the respiratory tract. During the mod-
erate degree of damage, conjunctivitis and spasm
of the eyelids, photophobia, excessive lacrimation,
pain in the orbits were sharply expressed. During
the severe degree of damage, symptoms of general
toxicity increased, heartburn in the throat, rhinor-
rhea and wet cough, severe headaches, dizziness,
nausea, vomiting, and general weakness appeared.
As a rule, the effect of irritating warfare agents was
short-lived. When exiting the “wave of poisonous
smoke”, the phenomena of irritation in the first 15-
20 minutes persisted or even increased, and then
gradually decreased over the course of 1-2 hours
and disappeared altogether.

The clinical picture in CS lesions was manifested
by severe inflammation of the conjunctiva, eye pain,
excessive lacrimation, and blepharospasm. Affected
military men complained of a burning sore throat,
severe cough, respiratory contamination, tightness,
tenderness, and then chest pain. Breathing became
arrhythmic, the victims became anxious, irritable,
intimidated, prone to panic, itching of the skin, burn-
ing pains, erythematous spots on the surface of the
skin, there could be chemical burns of the skin of the
second degree. The action of CN caused severe irrita-
tion of the nerve endings of the mucous membranes
of the eyes, skin, mucous membranes of the mouth
and nose, intense blepharospasm; eye pain with
lacrimation (temporary blindness may be observed),
difficulty breathing; redness of the skin, burning pain
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of the affected area. Affected military men also report
heartburn and pain in the mouth and throat. Short-
term reflex bradycardia was observed.

When CS came into contact with the skin in military
personnel, skin reactions were noted: mainly erythema
of the skin of the face and hands with an edematous
component, cases of allergic contact sensitization with
erythematous spots and vesicular skin rashes were
also noted (Fig. 3).

It should be noted that high concentrations of CS
and/or CN can cause serious respiratory symptoms
such as reactive airway dysfunction syndrome (com-
promised lung syndrome). Affected military men ex-
perienced cough, chest pain, sputum secretion, and in
some cases, hemoptysis, difficulty breathing, and nasal
discharge, sometimes lasting weeks after the injury.
X-ray examination of the lungs revealed the following
radiological signs: infiltration of lung tissue, consoli-
dated rounded foci (destruction cannot be ruled out),
decreased pneumatization due to infiltrative changes,
etc. X-ray of the chest organs of the affected military
men is shown in Fig. 4 and Fig. 5.

DISCUSSION

The cardiovascular response of the patients affect-
ed by CS and CN was characterized, as a rule, by a
change in heart rhythm and an increase in systolic
and diastolic blood pressure. In addition to the direct
impact of CWA, significant neuropsychic overload
of frontline fighters during hostilities can cause not
only a significant increase in the incidence of arterial
hypertension, but also lead to a significant “rejuve-
nation” of this disease in the future [12].

The basic level of medical care includes limiting
contact with the CWA as soon as possible (putting on
a gas mask, leaving the affected area), using a smoke
mixture (ficillin) (an ampoule of the drug in a braid is
opened and placed under the mask of the gas mask).
The smoke mixture has the following composition:
chloroform - 40,0; ethyl alcohol - 40,0; ether - 20,0;
ammonia — 5 drops. Available in ampoules in a braid
of 1,0 [13]. Outside the lesion, rinse the mouth, nose,
throat, rinse the eyes and exposed skin with clean water,
saline, or 2% sodium bicarbonate solution outside the
lesion. The main thing in providing assistance to victims
is self-help and mutual aid, as well as the provision of
first aid by combat medics of the units, which requires
careful training of personnel [14].

As a rule, with mild and moderate injuries, military
personnel are not subject to evacuation outside the
military area. Most of the victims can be returned to
combat capability in a short time — within 1-2 days.

2190

At the same time, in case of severe lesions of the eyes
and respiratory tract, evacuation is carried out first [15].
When providing first aid, the gas mask is removed,
the smoke mixture is reused (if necessary), in case of
severe pain, analgesics are administered, the eyes,
oral cavity, and skin are washed with plenty of warm
running water (with the exception of capsaicin le-
sions), saline, 2% sodium bicarbonate solution.

The first level of medical care (first aid) includes the
administration of metamizole sodium 50% - 2,0 ml, ke-
torolac 30 mg - 1,0 ml, butorphanol tartrate 0,2%-1,0
mlintramuscularly; rinsing the eyes, mouth, skin with
2% sodium bicarbonate solution, dripping with 2%
novocaine, 1% atropine or 0,5% dicaine for eye pain,
applying antibacterial ointment behind the eyelid,
gastric lavage and prescribing antacids (if necessary).

All victims of irritants, in the absence of other signs
of damage, are classified as lightly affected and, as a
rule, do not need to be evacuated to the next stage.

The second level of medical care (qualified medical
care) involves complete sanitization with a change
of uniforms, pathogenetic and symptomatic thera-
py. Treatment of bronchospasm, acute respiratory
distress syndrome and pneumonia is carried out
according to general principles.

The third level of medical care (specialized medical
care) consists in the continuation of previous mea-
sures, prevention and treatment of complications.
Bronchospasm, pneumonia, and, in severe cases,
pulmonary edema and acute distress syndrome are
treated [16].

CONCLUSIONS

1. Asaresult of the full-scale armed aggression against
Ukraine, 2698 cases of damage by chemical warfare
agents of irritant action were detected among the
military men of the Armed Forces of Ukraine, and
every month during 2024, more and more injuries
were detected among the military men of the Armed
Forces of Ukraine (715 cases in May 2024 compared
to 444 cases in April 2024), which indicates that a
stable upward trend towards a wider trend is emerg-
ing deliberate use of chemical warfare agents, the
coefficient of determination of R? of which was high
and amounted to 0,9577, and which continues to
grow steadily.

2. Injuries to military men of the Armed Forces of
Ukraine by chemical warfare agents of irritating
effect, in most cases, were of mild and moderate
severity. Medical care was provided, in most cases,
on the spot, as a rule, they did not need to be evac-
uated to higher stages of medical evacuation.
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