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ABSTRACT. The Aim of the Research. Based on an analytical review of literature data, to identify a group of highly toxic chemicals which
over the past decades are most often used in deliberate criminal and suicidal incidents, sabotage and terrorist act; the traffic, storage, use
and disposal of which must be especially carefully monitored by law enforcement agencies.
Materials and Methods. An analytical review of scientific publications was carried out using the abstract databases of scientific libraries
Pub Med, Medline and text databases of scientific publishing houses Elsevier, Pub Med, Central, BMJ group as well as other VIP data-
bases. Methods of systemic, comparative, and content analysis were used.
Results and Conclusions. The scientific publications on hazardous highly toxic chemicals, which over the past quarter century are most
often used in the world, notably in deliberate criminal and suicidal incidents, sabotage, and terrorist acts, are being analysed. It was found
that these chemicals mainly include ricin, thallium compounds, organophosphorus compounds, as well as chemical warfare agents,
arsenic and its compounds, cyanides, and inorganic water-soluble mercury compounds (mercury bichloride, sodium merthiolate), as well
as paraquat and diquat pesticides. Based on the analysis of their toxicity, clinical and morphological expression of intoxication with var-
ious routes of entry into the body, the need to include them in the List of Highly Hazardous Chemicals, whose traffic, storage, use, and
disposal require stricter control of law enforcement agencies, is justified. The first part of this article presents ricin, thallium compounds,
organophosphorus compounds, and chemical warfare agents.
Key Words: hazardous highly toxic chemicals, ricin, thallium compounds, organophosphorus compounds.
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Introduction. An important factor in social
and economic relations in the use of hazardous
chemicals is the creation and functioning of
mechanisms for restraining and legal regula-
tion of their traffic, as well as the determina-
tion of punitive measures in case of violation of
established norms and rules.

In previous publications we focused on this
issue and described the consequences of dereg-
ulation of legislation in the handling of toxic
substances [3], which arose due to the intensi-
fication of European integration processes in
Ukraine, in more detail. To deepen the coop-
eration with international organizations for the
development of small and medium-sized busi-
nesses and industry, Ukraine has undertaken to
bring the legislation of Ukraine in line with the
requirements of the European Union’s legisla-
tion, in particular on energy efficiency and
cleaner production. In this regard and in order
to implement the Plan, the Government of
Ukraine adopted Resolution №405 of Septem-
ber 3, 2014 “On invalidating certain resolutions
of the Cabinet of Ministers of Ukraine” [7],
where, among others, the Resolution of the

Cabinet of Ministers of Ukraine of June 20,
1995 №440 (hereinafter – Resolution №440),
which approved the Procedure to obtain a per-
mit for the production, storage, transportation,
use, burial, destruction and disposal of toxic
substances, including products of biotechnolo-
gy and other biological agents; and which con-
tained the List of poisonous substances, includ-
ing products of biotechnology and other bio-
logical agents, the production, storage, trans-
portation, use, burial, destruction and disposal
of which are carried out with a permit (here-
inafter referred to as the List) [8].

This List significantly simplified and legally
guaranteed the powers of law enforcement
agencies and expert institutions that docu-
mented crimes related to violation of the rules
for handling toxic substances. But after the
invalidation of this List, unfortunately, the
positions, priorities, and advantages in the
activities of lawyers were strengthened, namely
concerning lawyers participating in the pre-
trial investigation, as well as during judicial
consideration of criminal proceedings, pro-
tecting persons who negligently handle or ille-



gally use poisonous substances, which are
undoubtedly a source of public danger, threat
to human health and life. But, regrettably,
there is no legislative definition of the term for
such a threat in the legal field.

This circumstance practically casts doubt
on the legitimacy of the activities of the pre-
trial investigation bodies to document crimes
related to the traffic of toxic substances. This
fact gives bonuses to the suspect’s defence side.
In the case of bringing criminal proceedings to
trial, which happens extremely rarely, their
work is reduced to nothing due to the lack of a
judicial perspective, because social, economic,
and legal relations in this area are uncertain
and disordered. Currently, the Cabinet of
Ministers of Ukraine is considering the “List
of toxic substances, including products of
biotechnology and other biological agents”
under №27421/10/1-18, which includes 485
names of chemicals and their compounds.
They must be subject to appropriate regulatory
control, in particular at the stages of entry into
the country, both legal and illegal production,
manufacture, shipment, storage, transporta-
tion, use, destruction, and disposal in accor-
dance with EU legislation. Along with an
extended list of hazardous chemicals in each
country (including the post-Soviet countries),
it has been legislatively approved a list of 6–7
highly toxic hazardous chemical compounds,
which over the past 25 years are most often
used in the world in criminal and suicidal inci-
dents, sabotage, and terrorist acts, and that
require stricter regulatory control. The danger
lies in the fact that these highly hazardous
chemicals enter the country not so much
through the customs border as through smug-
gling. They are disseminated through adver-
tisements on the Internet and often manufac-
tured in illegal laboratories.

Analysis of foreign and Ukrainian literature
has shown that during this time, in criminal and
suicidal incidents, sabotage and terrorist acts, the
following chemicals are mainly used; they are
ricin, thallium, organophosphorus compounds
(Ops) and chemical warfare agents (CWA),
cyanides, pesticides paraquat and diquat, arsenic
and inorganic mercury compounds (mercury
bichloride, sodium merthiolate).

The Aim of the research. Based on an ana-
lytical review of literature data, to identify a
group of highly toxic chemicals which over the
past decades are most often used in criminal

and suicidal incidents, sabotage, and terrorist
acts in the world; the traffic, storage, use and
disposal of which require particularly strict
control of law enforcement agencies.

Materials and Methods. An analytical
review of scientific publications was carried
out using the abstract databases of scientific
libraries Pub Med, Medline and text databases
of scientific publishing houses Elsevier, Pub
Med, Central, BMJ group as well as other VIP
databases. Methods of systemic, comparative,
and content analysis were used.

Results and Conclusions
1. Ricin. Ricin is found in the seeds of the

castor-oil plant (Ricinus communis, R. com-
munis) and is one of the most highly toxic sub-
stances. Castor-oil plant grows widely in trop-
ical regions and has been cultivated since
ancient times to produce castor oil as a laxative
and fuel for oil lamps [9, 10]. Currently, cas-
tor-oil plant is used in medicine for the devel-
opment of anticancer drugs, in the production
of laxative from castor oil, as well as for cos-
metics, paints, oils and other industrial prod-
ucts [9, 10, 11]. The main producers of castor
beans are China, India, Bangladesh, and the
USA, where they are widely used to obtain
castor oil. There is no ricin in the oil itself; the
technology of its production includes inactiva-
tion of the toxin by heating.

Purified ricin is a white, odourless powder
that is highly soluble in water and retains toxic
properties over a wide range of PH. In aqueous
solutions, ricin is inactivated at a temperature
of 80°C within an hour; in dry form, it is more
stable [10, 11, 12].

The molecular weight of ricin is 60–65 kDa.
Ricin, like cholera and pertussis toxins, is a
binary toxin. It belongs to the A-B family,
which has two functionally different polypep-
tide chains A and B. Chain A is ricin A toxin or
RTA; it has a molecular weight of 32 kDa, and
chain B, known as ricin B toxin or RTB, has a
molecular weight of 34 kDa [9, 10, 25]. Chains
A and B are linked by a disulphide bond. The
amount of ricin toxin and its isoforms depends
on the castor-oil plant variety, its maturity, and
growing conditions. The best-known isoforms
of ricin toxin include R. Communis agglutinin
(RCA), ricin D (RTD) and ricin E (RTE).
Agglutinin R. Communis binds to erythrocytes
and causes their agglutination and haemolysis
[9, 10, 11]. The subunits of ricin A and B, as
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such, are not toxic, the toxic effect is present
only when the two subunits interact in the ricin
molecule. The B-chain is a lectin that binds to
galactose on the surface of the target cell, caus-
ing endocytosis and the penetration of the
ricin molecule into the cell [9, 10, 11]. From
the early endosome, the B-chain of ricin pro-
motes penetration into the trans-Golgi net-
work (Fig. 1) [11]. In turn, the A-subunit of
ricin is a highly effective N-glycosidase. Its
action is aimed at inactivating a specific ade-
nine base (A4324) near the 3-end of 28S ribo-
somal RNA. One ricin A-subunit is capable of
inactivating about 1500 ribosomes per minute,
because of which the aminoacyl-transport
RNA does not bind to the truncated 28S ribo-
somal RNA, protein synthesis in the cell stops
and the mechanism of premature apoptosis
starts [10, 11, 12, 15], which causes direct
cytotoxic act.

Lethal doses of ricin depend on the method
of administration into the animal’s body, on
the type of animal, on the degree of purifica-
tion of ricin, on the conditions of its storage
and the presence of isoforms in the prepara-
tion. LD50 of fine aerosol of purified ricin
(aerosol particle size 1–5 microns) for rats in
the range of 4,54–12,7 mg min/m3 (LD50 3,7–
9,8 mg/kg) [13, 14]. Lethal doses of ricin in
case of inhalation injury for rhesus monkeys
and African green monkeys were 15,0 and 5,8
mg/kg [14]. The minimum inhalation lethal
dose of a fine aerosol of ricin for humans is
about 4 mg/kg [14, 26]. In case of enteral poi-
soning for humans, the LD50 of ricin is 1–
20 mg/kg [10, 11, 12]. A decrease in the toxic-
ity of ricin when it enters the body through the
gastrointestinal tract is due to its inactivation
by gastric juice and pancreatic enzymes.
Poisoning symptoms and cause of death
depend on the site of application of the toxin
[9-22]. The clinical and paraclinical manifes-
tations of ricin toxicity in animals depend on
the route of administration. Intramuscular
injections cause severe localized pain, tissue
hardening at the injection site with necrosis of
muscles and regional lymph nodes, followed
by the formation of systemic lesions in a dose-
dependent manner. At high doses, damage to
the liver, kidneys, gastrointestinal tract, car-
diovascular system is formed with the develop-
ment of collapse and death [9, 10, 15-17].

The inhalation effect of ricin causes in ani-
mals (mice, rabbits, primates) the formation of
respiratory distress syndrome with damage to
the bronchi and lungs with severe shortness of
breath. At high doses, noncardiogenic pul-
monary edema and death due to hypoxemia
occur within hours. [10, 11, 13, 14, 19]. The
pathological picture is characterized by signif-
icant vascular permeability, perivascular pul-
monary edema, filling of the alveoli with exu-
date with a high content of pro-inflammatory
cytokines and hyaluronidase. In addition,
there is a significant violation of microcircula-
tion and thrombus formation. Within a few
hours after inhalation of ricin, animals develop
an increase in extravascular fluid in the lungs
and alveolar edema. Immunochemical studies
have shown that inhaled ricin binds to ciliated
cells, alveolar macrophages, and alveolar pari-
etal cells of the airways [27], with crude ricin
causing greater and more varied disorders [9,
10, 13, 14]. The inhalation effect of ricin on
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Fig. 1. The mechanism of toxic action of ricin. After

the interaction of the B-subunit of ricin with galac-

tose or N-Acetylgalactosamine on the cell surface,

the toxin molecule undergoes endocytosis (1, 2).

Most of the ricin molecules are released back to the

cell surface through the mechanism of exocytosis (3).

If the vesicles fuse with lysosomes, then ricin is

destroyed by the proteolysis mechanism (4). Some

of the vesicles containing ricin fuse with the trans-

Golgi network (TGN) (5), from there they can also

be removed to the cell surface (6). The toxic effect of

ricin occurs when its molecule breaks down into

subunits, then the A-subunit penetrates the TGN

membrane and enters the cytosol (7), where it catal-

yses the depurination of ribosomes, stopping protein

synthesis. (Bigalke H, Rummel A, 2005) [11].



non-human primates has shown that its
inhalation toxicity has a dose-dependent pre-
clinical period of 2–24 hours. In the clinical
period, animals have shortness of breath, a
progressive decrease in motor activity and
anorexia. In 6–48 hours after inhalation of
ricin, the animals died from pulmonary failure
and pulmonary heart disease. The rate of death
of animals also depended on the inhaled dose.
Pathomorphologically, the dead monkeys
revealed purulent-fibrinous pneumonia, the
lungs were not collapsed, but heavy, of dense
elastic consistency, covered with liquid. The
visceral pleura is covered with a fibrin film.
There is serous fluid with fibrin filaments in
the pleural cavity. Massive haemorrhages and
necrotic changes were observed on the surface
of the lungs. Morphologically, purulent fibrous
alveolitis with infiltration by neutrophils, lym-
phocytes and macrophages took place in the
lung tissue. Terminal bronchioles are necrotic
and “swollen” by migration of eosinophils,
erythrocytes, macrophages, and deposition of
fibrin strands. In several monkeys, adrenocor-
tical necrosis was found. 

After oral administration of ricin, the ani-
mals had dose-dependent haemorrhagic and
necrotic disorders in the gastrointestinal tract,
toxic damage to the liver, kidneys, and spleen.
Animals die at high doses within 12–48 hours
from hepatorenal syndrome. Pathomorpholo-
gically there are multiple haemorrhages and
foci of necrosis in the gastrointestinal tract,
mesentery, liver, kidneys, lymph nodes and
ascites. 

Acute ricin poisoning in humans, including
by castor-oil plant seeds, was quite common in
the last century. More than 1000 cases of delib-
erate and suicidal poisoning were described [9-
28], but in recent decades they have also been
recorded. The clinical picture of ricin intoxi-
cation is a manifestation of local and resorptive
action, which are based on cytotoxic and cyto-
static effects, a violation of metabolic process-
es in cells into which this substance penetrates
[9, 10, 11, 28]. The clinical manifestations of
intoxication depend primarily on the dose of
ricin and the route of administration into the
body; its estimated lethal dose for humans
when taken orally is approximately 0,3 mg/kg
(about 20 mg). When a fine aerosol is inhaled,
its toxicity is much higher, the minimum
inhalation lethal dose of ricin for humans is
close to 40 mg/kg. Ricin is not toxic through

intact skin [9-16, 23, 24, 27, 28]. Ricin easily
penetrates by inhalation through the cells of
the alveolar-capillary barrier of the broncho-
pulmonary system, somewhat less through the
mucous membrane of the gastrointestinal tract
when administered orally. Once in the blood,
the substance is distributed in the body, quickly
fixed on the surface of erythrocytes, endothe-
lial cells of various organs and tissues. Within a
few hours after eating ricin or castor-oil plant
seeds (castor beans), a poisoned person devel-
ops nausea, vomiting, abdominal pain, bouts
of intestinal colic, then profuse diarrhoea with
blood, often bleeding from the anus. These
manifestations are joined by anuria, convul-
sions, pupillary dilation, an increase in body
temperature to 40–41°C, headache, increased
thirst, cyanosis of the skin. They are joined by
icterus, anuria, vascular collapse, and shock.
Death occurs within a few hours at high doses,
but more often after 2–4 days [9-16, 27, 28].

The literature describes the murder of the
Bulgarian dissident Georgiy Markov in
London in 1978. Probably a 1,7 mm bullet,
which contained about 500 mg of ricin, was
fired into his thigh with an umbrella. Markov
almost immediately felt a local pain in his
thigh, in the area where the bullet had hit. After
10–15 hours, his temperature rose sharply,
nausea and vomiting appeared. On the second
day after the shot, he was taken to the hospital
in serious condition with a high fever, tachycar-
dia, enlarged painful lymph nodes, and vomit-
ing blood. On the third day, leucocytosis up to
32200/mm3, icterus, anuria, vascular collapse,
tachycardia appeared, the ECG revealed a
complete atrioventricular blockade. By the end
of the third day, Markov died [9, 10, 29].

Ricin poisoning can be suspected based on
clinical signs namely nausea, abdominal pain,
bloody diarrhoea, disseminated internal vascu-
lar coagulation with the formation of hepato-
cellular, renal, and cardiovascular collapse.
Damage due to the action of ricin aerosol can
be assumed in the case 1) if after a few hours
the patients had haemorrhagic phenomena in
the retina, signs of progressive pulmonary
pathology i.e. shortness of breath, haemopty-
sis, detection of bilateral large infiltrates,
pleurisy, and increasing pulmonary edema on
radiographs; 2) if the pathology in the section
due to the action of a fine aerosol is detected;
3) if the epidemiology of a point source of a
localized lesion is established [9, 10, 25, 30].
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To confirm ricin intoxication, at least 24 hours
after the incident, is possibly by ELISA. The
ELISA sensitivity for ricin is 1 ng/ml when
determining the toxin in a buffer solution,
bronchial lavage, blood serum and urine [31].

Because of its high toxicity and ease of
manufacture, the US Department of War con-
sidered ricin as a potential weapon as early as
1918 and named it “compound W”. The “W
bomb” was developed in Great Britain and the
USA and was tested during the Second World
War, but it was never officially used [9, 32]. The
authors also report on recent attempts to assas-
sinate US presidents and a senator by sending
envelopes containing ricin powder [9, 32, 33].

The risk of bioterrorism with the use of such
a highly toxic substance as ricin remains, and
there are still no effective treatments, the toxin
acts quickly and irrevocably. Therefore, vacci-
nation of high-risk groups as a preventive
measure is an important protective strategy [9,
10, 26-28, 32]. Effective vaccines containing
anti-ricin monoclonal antibodies have been
developed [9, 10, 25-28, 32-36]. In recent
years, considering the powerful cytotoxic and
cytostatic effects of ricin, its modified toxin
has been used to develop chemotherapeutic
agents for the treatment of cancer.

It should be noted that in developed coun-
tries, the handling, storage and use of such a
highly toxic hazardous substance as ricin is
subject to special control.

2. Thallium and its compounds. Thallium
(Tl) and its compounds (Tl+) are still widely
used in various industries. Thus, in the electri-
cal industry they are used in the manufacture
of selenium rectifiers, calibrated spectral
instruments, as well as in the production of
electrodeless discharge lamps. In the nuclear
industry, Tl+ is used as an activator of lumines-
cent alkali halide crystals, in scintillation
counters. Tl alloys have high antifriction prop-
erties and high corrosion resistance. Tl+ is used
in geology for growing crystals, and formic-
malonic acid Tl is а part of a special reagent,
namely “Clerici solution”, which is used in
geology to determine the presence of non-fer-
rous metals [37-41].

In instrument engineering, individual Tl+ is
used as a source of β-radiation. Tl+ is actively
used in the production of optical lenses and
other optical elements, as well as new semi-
conductor materials with varying conductivity
properties and in the production of paints and

jewellery. Until 1970s-1985s, Tl compounds
were widely used in various countries, in par-
ticular in Ukraine, in agriculture as rodenti-
cides, insecticides to disinfect grain (seed-
stock), in dermatology as part of means for
hair removal in the treatment of mycoses of the
scalp [37-43].

Thallium was first discovered in 1861.
William Crookes, while burning dust in a sul-
furic acid industrial plant, noticed a bright
green spectral band which quickly disap-
peared. The new element was named thallium
(from the Greek – “Talos” green shoot) [37].

The main compounds of thallium are thalli-
um sulphate, thallium acetate, thallium
iodide, thallium bromide, thallium oxide,
thallium hydroxide, thallium fluoride, thalli-
um carbonate, thallium malonate, thallium
nitrate. Most of the Tl compounds are classi-
fied as highly toxic substances of the 1st class of
hazard. Their toxicity increases with increas-
ing solubility in water. Soluble salts of Tl are
absorbed both when taken orally (within 2–3
hours) and when administered parenterally,
through intact skin and the broncho-pul-
monary system when inhaled. At the same
time, highly soluble Tl+ salts (sulphate,
acetate, carbonate) are absorbed faster in the
intestine than less soluble salts (sulphide and
iodide). After oral ingestion of thallium sul-
phate, it can be detected in faeces and urine
within one hour. In the early stages, large Tl
concentrations are found in the liver, kidneys,
brain, peripheral nerves, heart, and testes [45].
In humans and animals, Tl+ is excreted mainly
by the kidneys with urine (up to 70%) and fae-
ces, as well as with saliva, sweat, tears, and
breast milk [46]. The elimination half-life from
the human body depends on the Tl+ dose, age,
and renal function and ranges from 4 to 30
days, but an increased concentration can be
observed for several months [45, 46].

The lethal dose for humans is 10–15 mg of
soluble Tl salt per 1 kg of body weight (about 1
g for a person weighing 70 kg). However, death
can occur at lower doses (9–8 mg/kg) [52].
Normally, the Tl content in blood should not
exceed 2 mg/l, in urine – from 1,5 to 10 and
even 200 mg/l, according to various authors
[37-42, 47, 48, 51].

Since the beginning of the 20th century,
highly toxic Tl+ compounds have been one of
the main causes of single and group accidental,
intentional, and suicidal acute poisoning,
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which in 15–25% of cases are fatal to this day
[37-43, 44-52]. Due to their widespread use in
agriculture, medicine, cosmetology, and other
industries, these compounds were quite avail-
able. But because of the high toxicity and
potential health risks, Tl (Tl+) compounds
since 1975–1985 were banned or significantly
restricted for use in agriculture, as well as in
the medical field in most developed countries,
including post-Soviet countries, and it con-
tributed to some decline in the number of
acute poisoning. However, it should be noted
that the production and use of highly toxic Tl+

compounds in agriculture as insecticides, and
especially rodenticides, have been preserved in
most of the countries of southern Asia [37-39].
In connection with the expansion of the
Internet in the 2000s and especially over the
past 20 years, the availability of Tl compounds
and the spread of acute Tl+ poisoning [37-42,
45, 46, 52-61, 68-71] again increased in all
countries, including in Ukraine [48, 50]. This
became possible due to the placement of
advertisements for retail and wholesale trade of
Tl+ from China and other countries on the
Internet. It again increased its availability [48,
50]. In several countries, both single and group
cases of intentional (criminal), accidental and
suicidal acute poisoning with Tl compounds
has become more frequent [38-42, 45, 48-61,
68-71]. So, A. Livanov and co-authors [61]
describe acute oral group severe Tl+ poisoning
of a criminal nature in Russia in Yaroslavl 
(14 people), Moscow (8 people), St. Petersburg 
(5 people). L. Zavaliy et al. [39] describe 
44 cases of acute oral poisoning with Tl+ at a
plant in Taganrog, while admitting a criminal
oral route of ingestion of Tl+ with drinking
water from an office cooler. Accidental and
deliberate poisoning with Tl+ during the use of
narcotic drugs in Iran, especially those con-
taining opium, and which come from
Afghanistan, when thallium or lead com-
pounds are added to drugs for weight gain or
deliberately, have been described [78, 79].

The increase of the development of both
individual and group cases of acute oral and
inhalation Tl+ poisoning of an accidental and
criminal nature in Ukraine in recent years was
described by us in previous issues of the journal
[48, 50, 64-67]. Attention was focused on
modern concepts of the mechanisms of toxic
action of Tl+, on clinical performance, on
diagnosis of acute poisoning, on dynamics of

thallium content in biological media (blood,
urine, hair, and nails) of patients with oral and
inhalation acute poisoning with thallium com-
pounds, which were under our supervision. It
has been shown that in Ukraine in recent years
the emergence and development of acute oral
poisoning with Tl+, including the severe form,
has become more frequent, and an unusual
group case of acute inhalation poisoning with
thallium sulphate vapor has been recorded.

The most famous case of group oral poison-
ing with Tl+ was a criminal incident in March
1987 in one of the Kyiv schools, where the
dishwasher Ivanyutina Tamara, because of
personal hostility, decided to poison the cook
and added Clerici solution (the most highly
toxic thallium compound) to the food left after
lunch. This tragic story has been widely cov-
ered in the press and on television [64-67], a
documentary series “Poisonous School” [67]
was shown on one of the TV channels.
Unfortunately, later 13 people (schoolchildren
and several teachers) came to the canteen and
were fed a poisoned lunch. A few hours later,
everyone started vomiting, had intense abdomi-
nal pain, diarrhoea, chills, fever, pain in the
muscles of the extremities. Patients with sus-
pected food intoxication were admitted to the
intensive care unit. Symptoms during hospital-
ization were agitation, facial flushing, fever,
nausea, vomiting, intense abdominal pain, diar-
rhoea, generalized muscle pain, excruciating
painful paraesthesia in the hands and feet, con-
vulsions. Two schoolchildren and two teachers
died in the first day from growing pulmonary
heart disease, the other 9 people continued
treatment for food toxic infection in intensive
care. On the 4-8th day, intense hair loss began,
Tl+ poisoning was suspected, the Tl+ content in
the blood serum of 9 patients ranged from 4660
to 22840 mg/l. Also Tl+ poisoning was con-
firmed during exhumation in the school’s dieti-
cian, who died two weeks prior to the incident,
allegedly of cardiovascular disease. The investi-
gation established that for 11 years Ivanyutina
and her sister poisoned 40 people with Tl+, of
which 13 poisonings were fatal (she was sen-
tenced to death) [64-67]. 

In recent years, we have observed 3 cases of
severe oral Tl+ poisoning, of which 2 are of a
criminal nature and 1 because of the accidental
use of a thallium sulphate solution, allegedly
prepared for deratization. In all three cases,
the disease began with abdominal pain, nau-
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sea, vomiting, diarrhoea, fever, intense muscle
pain in the extremities, excruciating paraes-
thesia in the hands and feet, and cramps in the
limbs. After 5–8 days, all three victims devel-
oped alopecia, mainly in the parieto-occipital
region, pyoderma on the face, cracks in the
corners of the mouth, hyperkeratosis on hands
and feet, weakness in the extremities. After 8–
10 days, dysarthria, ataxia, flaccid paresis of
the upper and especially lower extremities,
decreased activity of the tendon reflexes of the
hands, disappearance of the knee, Achilles and
abdominal reflexes appeared. Two of them had
a decrease in visual acuity, speech impairment.
In all three cases, there was a significant
hypotrophy of the muscles of the legs, thighs,
shoulders and forearms, dysfunction of the
pelvic organs. In two patients, Tl in urine was
determined 10–14 days after the onset of the
disease and amounted to 2840 and 2160 mg/l,
respectively. In the third patient, Tl+ intoxica-
tion was suspected only after a month, the Tl
content in the urine during this period was
1425 mg/l. First two patients had neurological
symptoms which increased for 1 year and then
stabilized with the preservation of
encephalomyelopolyradiculoneuropathy with
weakness in the arms and flaccid paresis of the
lower extremities, with severe ataxia and the
ability to move only in a wheelchair during 3
years of monitoring. Complex therapy with the
inclusion of the antidote Ferrocin helped to
reduce the Tl content in urine to 100–120
mg/l. Within a month, no regression of neuro-
logical disorders was observed; decreased
vision, depression, cognitive impairment pro-
gressed; and pelvic organ dysfunction persist-
ed. After severe alopecia in 4–6 months in all
three cases, thick hair grew. In the third
patient, neurological symptoms increased up
to 6–8 months, then after a long rehabilitation
they slightly decreased. At control after 1-year,
flaccid paresis of the lower extremities, ataxia
remained, but the patient began to move slow-
ly with the help of crutches. All three patients
were assigned to 1 group of disability. During
electroneuromyography, signs of significant
motor-sensory polyneuropathy of an axonal
nature were found. It should be noted that the
first two patients were diagnosed with thallium
toxicosis after 10–14 days, and timely antidote
therapy with ferrocin was performed, a
decrease in the level of Tl+ in the urine was
revealed, but there was practically no regres-

sion of neurological symptoms. In the third
patient, thallium toxicosis was established only
a month later, and before that he was treated in
various clinics in Kiev with a diagnosis of
polyneuropathy of unknown aetiology with the
appointment of hormones, antibiotics, and
plasmapheresis (№ 5). The antidote ferrocin
was prescribed to him a month later, when Tl+

in urine was 1425 mg/l; after treatment with
the inclusion of ferrocin, Tl+ in urine dropped
to 116 mg/l, after a year the patient began to
move with the help of crutches. If after a
month the level of Tl+ in urine was 1425 mg/l,
then it can be assumed that in the acute period
its level was significantly higher. In addition,
he received specific therapy a month later, but
the regression of neurological disorders was
more noticeable compared to the first two
cases.

Three cases of the development of acute
inhalation poisoning with Tl+ vapors in car
drivers are of particular interest. Their car was
being repaired in the courtyard of a private
person who had several dogs that disturbed
neighbours. Probably one of them decided to
kill the dogs and threw the poisoned porridge
over the fence. The porridge got into the car
and through the open hood on the engine. The
owner wiped the outside of the car, and his 
23-year-old son started working on it. After
1,5–2 days, he developed an intense burning
sensation in the throat, along the trachea,
behind the sternum, in the diaphragm, short-
ness of breath, intense pain in the muscles of
the extremities, periarticular tissues, painful
paraesthesia in the fingers and toes, abdominal
pain, severe weakness in the legs. At first, the
patient was treated with suspicion of neuroin-
fection, after the onset of alopecia, acute Tl+

poisoning was laboratory confirmed and the
victim was transferred to an emergency hospi-
tal. With an increase in pulmonary heart dis-
ease, the patient died at the end of the summer
of 2018 with a diagnosis of acute Tl+ poison-
ing, however, the relationship between the
development of intoxication and driving a car
was not established. After the death of the
young man, his 42-year-old father and 48-
year-old partner periodically began to work on
this car. In November 2018, with the onset of
cold weather, they began to turn on the air
conditioner to heat the car interior, after which
they felt a burning sensation in the throat,
along the trachea, behind the sternum, then
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both developed intense muscle pain, paraes-
thesia in the fingers and toes, and weakness in
the legs, alopecia began to develop.

The father of the deceased young man was
in the autumn of 2018 admitted to the toxicol-
ogy department of the emergency hospital in
Kyiv, where he was treated for 1,5 months with
a diagnosis of acute poisoning with Tl+ salts,
second-third degree encephalopolyradicu-
loneuropathy syndrome, first-second degree
toxic hepatitis. A week later, with similar com-
plaints, his partner for work on this car entered
the same department, who was treated for 20
days with a diagnosis of acute poisoning with
thallium salts, second-degree polyradicu-
loneuropathy syndrome, first-second degree
toxic hepatitis. In both patients, when exam-
ined in our Scientific Centre, the Tl+ level in
the hair was more than 10 times higher than
the norm, and in the urine – 320–280 mg/l.
After complex detoxification therapy with
haemodialysis, a course of antidote therapy
with ferrocin, nootropics, analgesics, anticon-
vulsants, antioxidants, B vitamins, PP vitamin,
and the patients’ condition improved, there
was a significant regression of neurological dis-
orders, chest pains and muscle pains disap-
peared, hair loss stopped. The chemical and
toxicological assessment of the Tl+ content in
the hair and nails of patients, carried out in our
Scientific Centre 2,5 months after acute poi-
soning, found the following Tl+ content in one
patient, namely in the hair – 800 mg/kg, in the
nails – 2230 mg/kg, in the skin epithelium –
190 mg/kg. In another patient with more sig-
nificant neurological disorders, the Tl+ level
was higher, namely in the hair – 3980 mg/kg,
in the nails – 9080 mg/kg, in the skin epitheli-
um – 620 mg/kg, which indicates a certain
dependence of the severity of clinical manifes-
tations on the content of Tl+ in biological
media, mainly in urine and nails. It should be
noted that 2,5 months after the poisoning,
high levels of Tl+ were in the hair and especial-
ly in the nails of the patients. A year later,
peripheral polyneuropathy, mild ataxia, tremor
of the fingers of outstretched arms, hyporeflex-
ia, and depression persisted.

Unfortunately, the chemical and toxicolog-
ical assessment of the surfaces of the car, on
which all three victims worked, was carried out
at the Scientific Centre only six months after
the first of three cases of acute Tl+ poisoning
occurred. Extraction was carried out with 5%

HCl sections of artificial leather from the front
seats and floor mats. In 3 samples taken from
the seats six months later, rather high concen-
trations of Tl+ were revealed, up to 68060 mg
per 30 ml of extract (or 2269 mg/ml). Tl+ con-
centrations in the extracts were slightly lower
in samples from carpets lying on the floor of
the cabin. Considering the pollution of the
interior of the car with Tl+, which apparently
was more significant six months ago, acute
poisoning with Tl+ probably arose by inhala-
tion. In addition the clinical manifestations in
the last two patients appeared already at the
onset of cold weather, in early November,
when the car windows were closed, and interi-
or heating was switched on. It should be noted
that the Research Centre conducted a study of
the Tl+ content in bio-samples of an exhumed
corpse of a man who died in 2019 from a neu-
rological pathology of unclear aetiology (at the
insistence of relatives, poisoning was suspected).
In biopsies of the skin area of an exhumed
corpse, the Tl+ level reached 8000 mg/kg, and
in cut nails 9000 mg/kg, which made it possi-
ble to establish that the cause of his death was
also Tl+ poisoning.

The described cases of Tl+ intoxication
indicate that the availability of purchasing its
compounds on the Internet contributes to the
growth of acute poisoning among the popula-
tion, in addition, it cannot be ruled out that in
many cases patients died before an accurate
diagnosis was established.

Group Tl+ poisoning of a criminal nature
has also become more frequent in Japan [72,
73, 77], China [58, 62, 64, 75, 76] and in many
other countries [40-46, 52, 55, 58-60]. Several
works describe terrorist incidents of acute
group poisoning associated with the consump-
tion of food contaminated with Tl+, for exam-
ple, of alcohol in Iraq [59], of sweets in Syria
[60].

The mechanism of the toxic action of Tl+

was summarized by us in the previous issues of
the journal [48, 50]. The toxicity of Tl+ is
based on its ionic similarity to potassium, what
is more thallium compounds are almost 10 times
more active than potassium, therefore they
replace potassium and compete with it for a
place in mitochondrial and other cell mem-
branes, numerous enzymes; they interact with
Na+/K+-adenosine triphosphatase, causing
energy deficiency and activation of lipid per-
oxidation. These processes are facilitated by
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the blockade of SH-groups, an increase in the
concentration of intracellular calcium, an
increase in the glutamatergic component in
Tl+-induced toxicity in the structures of the
brain, as well as an increase in the excitability
of nerve cells with the formation of degenera-
tive disorders in them.

At the same time, riboflavin insufficiency is
formed, which, along with the high affinity of
Tl+ with melanin, disrupts the process of epi-
dermal keratinization, suppresses cell prolifer-
ation, especially of follicular melanocytes, and
causes the development of one of the syn-
dromes specific for Tl+ poisoning, namely
alopecia.

The clinical manifestations of Tl+ poisoning
in the first hours and days are quite nonspecif-
ic, however, a combination of several symp-
toms and syndromes, as well as the sequence of
their development, should make the doctor
suspect acute poisoning with this dangerous
substance and begin a chemical and toxicolog-
ical examination. The sequence of develop-
ment of the main symptoms of Tl+ intoxica-
tion was substantiated by us in the previous
issues of the journal [48, 50]:

– during the first hours of Tl+ poisoning,
gastrointestinal disorders are most often
observed, accompanied by intense pain in the
abdomen, often intestinal colic, as with lead
intoxication, nausea, vomiting, diarrhoea,
anorexia, imitating the picture of food poison-
ing, less often constipation, bloating. However,
it should be noted that these gastrointestinal
disorders precede or are combined with excru-
ciating paraesthesia in the fingers and toes,

intense bursting pains in the soles of the feet,
convulsions, increasing tremor, and at high
doses precede or are combined with mental
disorders, sleep disturbances, headache, disor-
ders of cranial nerves with a decrease in
corneal and pharyngeal reflexes, as well as with
an increase in body temperature to 37,6–38° C;
in addition, in the first hours, especially when
exposed to large doses, the urine acquires a
greenish colour;

– for 2–10 days, neurological disorders
progress, tremor, ataxia increase; pain in the
extremities increases, especially in the area of
the calf muscles and muscles of the inner
thigh, acquiring signs of neuropathic; muscle
atrophy appears, mainly in the area of the
upper shoulder girdle, legs and thighs; dys-
function of cranial nerves increases, paralysis
of the facial nerve, ptosis, diplopia, retrobulbar
neuritis, visual impairment are possible. If in
the first 2–3 days tendon reflexes persist, then
later they disappear, at high doses flaccid
paralysis, tetraparesis, dysfunction of the
pelvic organs appear, as well as dysfunctions of
the heart and kidneys join, often death occurs
from pulmonary heart disease;

– after 7–14 days, the surviving patients
develop alopecia, mainly in the parietal and
temporal areas of the head (Fig. 2), the hair-
covering also disappears in the axillary and
pubic areas, the medial and lateral third of the
eyebrows; peeling of the skin, hyperkeratosis of
the palms and soles, cracks in the corners of
the mouth, brown pigmentation, deposition of
dark pigment on the skin around the hair folli-
cles, pyoderma (pustular rashes and small
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boils, especially on the face, less often on the
chest and back) develop; the growth of nails
sharply slows down; they fade, turn yellow,
horizontal tortuosity appears with white trans-
verse stripes (Mees stripes, Fig. 3).

Unfortunately, in most of the described
cases of acute Tl+ poisoning, the diagnosis is
made late, most often after 1–2 weeks, when
alopecia appears, often after 1,5–2 months.
Because of this, the prescription of the antidote
ferrocin (Prussian blue) and extracorporeal
detoxification are postponed, as a result, severe
disorders of central and peripheral nervous sys-
tem are formed with the development of paresis
and paralysis, which leads to disability. This
paper does not consider a case of chemical
exogenous intoxication in Chernivtsi in 1988,
the most likely cause of which could be the
ingestion of thallium into the body by its inhala-
tion in an ultra-micro-dispersed (nano-) state.

Considering the presented literature data
and the results of our own studies of the high
toxicity of thallium compounds, their avail-
ability via the Internet, untimely establishment
of an accurate diagnosis and frequent disability
or death in the development of acute poison-
ing, the need for special control over the traffic
of Tl+, its storage, use and disposal is justified.

3. Cholinesterase inhibitors. Currently,
organophosphorus compounds (OPs) are
widely used all over the world in the chemical
industry as solvents and plasticizers, in agricul-
ture as insecticides and acaricides, in the phar-
maceutical industry as medicines, in the mili-
tary industry as chemical warfare agents. In the
last two decades, in many countries of the
world, the widespread use of OPs has become
one of the causes of acute and chronic poison-

ing (occupational, domestic, suicidal, and
criminal) [80-87]. According to the WHO, 3
million people are registered annually in the
world who has suffered OP poisoning, while
for 200,000 people the poisoning had fatal
consequences [88, 89]. In addition, the growth
in the activity of international terrorism
increases the risk of using both known
organophosphate toxic substances and new
compounds with an unknown chemical struc-
ture, which requires emergency medical care,
accurate diagnosis, effective treatment, and
prediction of the consequences of intoxica-
tion, as well as scientific development of
strategies for effective health protection of
people in the case of the use of OPs [90-93].

The scale of the threat of terrorism is evi-
denced by cases of poisoning in the cities of
Matsumoto (1994), Tokyo (1995), Amman
(1997), New York (2001), Moscow (1997,
2002, 2003), etc. In recent decades, mass ter-
rorism has grown into international terrorism.
Transnational terrorist groups, in particular
Aum Shinrikyo, Al-Qaeda and others, which
have the ability to use any methods of mass ter-
rorism to destroy people, animals, vegetation,
material values [94], as well as terrorist acts of
individual criminal elements or intelligence
services, in particular in Salisbury (2018) and
Tyumen (2020), with unknown highly toxic
OPs, such as Novichok, are widely known.

Among organophosphate substances that
can quickly cause acute poisoning with a lethal
outcome, an important place is occupied by
cholinesterase blockers, including chemical
warfare agents such as sarin, soman, tabun, 
V-gases, which can fall into the hands of ter-
rorists by seizing their storage facilities or dam-
age to storage areas due to hostilities, or while
disposing. In addition, the use of chemicals
intended for other purposes (industrial chemi-
cals, pesticides, etc.), which are more avail-
able, is not excluded. The use of modern
knowledge, training, technical support, and
financial capabilities of a subject who acts as a
terrorist does not exclude the synthesis of toxic
substances in clandestine laboratories [94, 95].

Substances with anticholinesterase action,
in addition to OPs, include substances of very
different chemical structures and with very dif-
ferent biological properties. More than half of
anticholinesterase substances (depending on
the functional chemical group that determines
their anticholinesterase properties) are divided
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into 4 main groups: quaternary ammonium
compounds, carbamic acid esters (urethane
and carbamates), organophosphates and oth-
ers. Other substances, such as narcotics,
strychnine, curare-mimetic and locally irritat-
ing substances, nitrogen mustard gas, and oth-
ers, can also have a significant anti-
cholinesterase effect. However, they exert this
effect only in relatively high concentrations,
and therefore the ability to suppress the activi-
ty of cholinesterase is not decisive for the
mechanisms of biological action [96-99].

Most anticholinesterase compounds have
high physiological activity, and therefore many
of them (eserine, neostigmine, phosphacol,
armine, pyridostigmine, etc.) are used in med-
ical practice for the treatment of diseases, and
some are in service as highly toxic warfare toxic
neuroparalytic substances (tabun, sarin,
soman, V-gases). Currently, organophosphate
pesticides and carbamic acid derivatives make
up a significant part of the range of compounds
that are widely used in agriculture, forestry,
and animal husbandry as active insecticides
and acaricides [98] and therefore are widely
available to the population.

The mechanism of reactions of OPs with
cholinesterase, cholinergic receptors (CR),
the dependence of their effect on the body on
the structure are described in detail in many
works by Aldridg W.N. (1950, 1981), Brain A.
(1964, 1976), Fukuto T. (1972), Casida J.E.
(1973), Golikov S.N. (1970, 1972, 1973), Eto M.
(1974), Narahashi T. (1976) and others, and
are summarized in publications [98, 100-104].
It has been proven that during the interaction
of OP with cholinesterase, the esterase centre
is strongly bound to the phosphoric acid
residue, which leads to the formation of a
phosphorylated enzyme, extremely resistant to
hydrolysis, capable of reacting with acetyl-
choline (ACh) molecules due to the loss of its
main catalytic function. As a result of
cholinesterase inactivation, acetylcholine is
accumulated in cholinergic synapses, hyper-
stimulation of receptors, impaired passage,
and blockade of nerve impulses through the
synaptic membrane appear, that leads to dis-
ruption of the activity of the central and
peripheral nervous system, other vital organs,
and subsequently to death. Inhibition of
cholinesterase is the main mechanism of the
toxic action of OPs. However, since
cholinesterase and cholinergic receptors have

much in common in their structure, so their
interaction not only with the enzyme, but also
with cholinergic receptors may have a certain
value in the mechanism of action of anti-
cholinesterase compounds. At the same time,
some OPs (phosphacol, diisopropyl fluo-
rophosphate (DFP), parathion, armine, etc.)
can exhibit both stimulation and blocking
effects on cholinergic receptors [98, 105-107].

There are substances among OPs with vary-
ing degrees of toxicity. According to toxicity,
OPs are divided into:

1. Potent toxic substances (LD50 – 10–
50 mg/kg) such as thiophos, mercaptophos,
O-methyl-O-ethyl-O-(4-nitrophenyl)thio-
phosphate.

2. Highly toxic substances (LD50 – 50–
200 mg/kg) - demeton-S-methyl, O,O-dimethyl-
S-(N-methylcarbamido-methyl)dithiophos-
phate, DDVP, Bazudin, antio, cidial, O,O-
dimethyl-S-phthalimidomethyldithiophos-
phate, benzofosfatum.

3. Moderately toxic substances (LD50 –
200–1000 mg/kg) – metrifonate, O,O-dime-
thyl-O-(3-methyl-4-nitrophenyl)thiophos-
phate, O,O-dimethyl-S-(1,2-dicarbeth-oxyethyl)
dithiophosphate, trichlorometaphos-3, sayfos.

4. Low-toxic substances (LD50 – more than
1000 mg/kg) – vinyl phosphate, bromophos,
abate, cyanox, valekson, demufos.

A separate group includes chemical warfare
agents (LD50 less than 10 mg/kg) – sarin,
soman, VX [93, 108-110].

Depending on the dose received in the body,
signs of OPs intoxication can develop immedi-
ately or after several hours. For more lipophilic
compounds that require metabolic activation,
symptoms of intoxication develop slowly and
may persist for several days. Depending on the
structure of the substance, the rate and direc-
tion of metabolism, the severity of certain dis-
orders on the part of the central nervous sys-
tem may change.

In acute intoxication with OPs, the symp-
toms of cholinergic crisis include muscarinic
effects (nausea, vomiting, diarrhoea, convul-
sions, urinary incontinence, miosis, bronchor-
rhea, bronchoconstriction, respiratory dis-
tress, salivation and lacrimation, hypotension,
bradycardia, arrhythmia); nicotine effects
(muscle weakness, tremor, paresis of the
diaphragm, hypertension, tachycardia, mydri-
asis) changes in the central nervous system
(anxiety, agitation, headache, dizziness, atax-
ia, memory loss, convulsions, coma).
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The first signs of cholinergic symptoms
appear when the activity of acetyl-
cholinesterase in the blood decreases by 50%,
suppression of the enzyme activity by 75%
leads to a severe degree of intoxication and is
an indicator of danger, requiring urgent meas-
ures to eliminate the effect of the substance
[87, 98].

A dose-response relationship is common in
the action of many OPs, both in acute and
chronic exposure. With an increase in the dose
of the administered substance, the effect is
enhanced regardless of the route of entry into
the body. The severity of inhibition with the
administration of the same doses depends on
the species and individual sensitivity of the
organism. Substances with a high anti-
cholinesterase effect in vitro exhibit toxic
effects in the first hours after administration of
the substance. For substances with less signifi-
cant anticholinesterase properties in vitro, as
well as substances that require preliminary acti-
vation (thionophosphates), toxic effects and
anticholinesterase effects appear at later date.

Since OPs selectively block cholinesterase
in all cholinergic structures (M and H-cholin-
ergic systems), almost all physiological systems
and organs can be involved in the pathological
process. At the same time, changes in the
activity of the central and peripheral nervous
systems, as well as, consequently, impaired res-
piration and cardiac activity have a decisive
influence on the consequences of poisoning.

It should be noted that changes in higher
nervous activity may be one of the early signs
of the effect of OPs on the body. Poisons such
as sarin, soman, dichlorvos, parathion and
others, when administered even in small doses
from 0,1 to 0,3 LD50, affect the regularity and
reproduction of involuntary innate reactions
(perception of auditory and visual stimuli,
water, and food consumption) [111]. The
development of clonic-tonic seizures in acute
poisoning with OPs (phosphacol, diisopropyl
fluorophosphate (DFP), sarin, tabun,
parathion, DDVP, hostakvik and others) may
indicate the involvement of the spinal cord in
the pathological process. It should also be
noted that OPs with a significant anti-
cholinesterase effect (I50 = 1×10-7-1×10-9 M)
are strong miotics. Miosis can serve as a crite-
rion for the severity of the patient’s condition.
In severe poisoning, “pinpoint” pupils persist
for a long time, there is no reaction to light,

and vertical and horizontal nystagmus is noted
[108].

Noncholinergic mechanisms are manifest-
ed mainly upon repeated intakes of small doses
of agents capable of causing significant cholin-
ergic reactions, and usually play a large role in
the action of less toxic OPs, which include
many pesticides [98].

Several OPs of various structures, namely
phosphates, phosphonates, amidophosphates,
can cause a long-term neurotoxic action. 
This effect manifests itself after a latent period
(14–21 days, and sometimes several years after
acute poisoning) and is characterized by the
occurrence of ataxia, muscle weakness, paresis
and paralysis of the extremities, demyelination
of the fibres of the pathways of the spinal cord
and peripheral nerves. The classic OPs that
have a long-term neurotoxic action are tricresyl
phosphate (TOCP) and leptophos. Currently,
more than 40,000 cases of paresis and paralysis
in humans have been described due to the
action of OPs (TOCP, mipafox, leptophos,
chlorpyrifos, metrifonate, etc.) [112-116]. The
mechanism of long-term neurotoxic action
causes by OPs is not fully understood.
Phosphorylation of a protein that belongs to car-
boxylesterases and is called neurotoxic esterase
(EC 3.1.1.5, NTE) is an important pathogenetic
link in disorders [112, 113, 117, 118]. Remote
neuropathies arise only in the case of the influ-
ence of such OPs, which suppress NTE by 70–
80%, and the development of long-term neu-
rotoxic action is associated not only with sup-
pression of NTE, but also with its subsequent
“aging” [119]. Recently, studies of the struc-
ture of the NTE and its functional role have
continued. Some signs of homology of NTE
with Ca-independent phospholipase A was
found. It has been shown that for OPs, which
cause long-term neurotoxic action, inhibition
of NTEs is accompanied by disruption of
membrane phospholipid homeostasis, which
leads to damage to axonal transport [118]. The
role of NTEs in the hydrolysis of lysophospa-
tidylcholine and the participation of lipases in the
detoxification of some OPs is discussed [120].

It is likely that the chemical agent Novi-
chok, which in recent years has been used as a
means of poisoning people, can also be attrib-
uted to the substances that produce long-term
neurotoxic action.

According to the data available on the
Internet, the poisonous substance “Novichok”
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(https://m.pikabu.ru/story/otravlyayushchee_
veshchestvo_quotnovichokquot_5778177) in
its structure and mechanism of action refers to
organophosphates of nerve-paralytic action,
and in terms of toxicity is 5-8 times higher than
a well-known chemical warfare agent VX.
According to the mechanism of action, a series
of toxic substances called “Novichok” are irre-
versible inhibitors of acetylcholinesterase.
Little is known about the symptoms of poison-
ing with “Novichok”, it is believed that the
clinical picture of poisoning is the same as in
the case of damage caused by conventional
nerve agent warfare agents such as sarin,
soman, VX, etc. However, there are differ-
ences, which lie in the fact that the damage
caused by these substances was virtually incur-
able. People who at one time were exposed to
this substance became disabled, that is, dis-
abled due to the development of paralysis and
damage to internal organs. These phenomena
appear delayed after poisoning with certain
organophosphates, they are characteristic of
long-term neurotoxic action, unfortunately,
they are practically not treated by known
means.

Based on the mechanism of long-term neu-
rotoxic action of OPs, along with generally
recognized methods of treatment and antidote
therapy (reactivators of peripheral and central
action) [91, 108], in the early stages of poison-
ing, it is advisable to use hemocarboperfusion

and immunosuppressants to prevent complica-
tions and the occurrence of paresis and paraly-
sis [121-124].

Considering the high toxicity, great preva-
lence and availability of OPs, there is a high
risk of using them by criminals to poison peo-
ple, animals, and damage the environment. In
this regard, it is necessary to increase the
responsibility of those involved in the storage,
use, transportation, and disposal of these haz-
ardous substances. Such highly toxic sub-
stances as O,O-dimethyl-O-(3-methyl-4-
nitrophenyl)thiophosphate, metaphos, thio-
phos, demeton-S-methyl, O-methyl-O-ethyl-
O-(4-nitrophenyl)thiophosphate, octamethyl-
tetramide pyrophosphate, cresyl phosphate,
and chemical warfare agents require especially
strict control.

Considering the severity of injuries in acute
intoxication, high disability, the possibility of
fatal cases, it is necessary to improve an inte-
grated approach to the rapid and reliable iden-
tification of toxic substances, treatment of
acute poisoning, as well as to develop a strategy
for multi-level protection of the population
and environmental objects if OPs are used for
purposes other than intended. The preparation
of the medical service for a quick response to
terrorist acts with the use of toxic substances,
diagnostics, evacuation, and first aid is of par-
ticular relevance.
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ДО ОБҐРУНТУВАННЯ ПЕРЕЛІКУ НЕБЕЗПЕЧНИХ ВИСОКОТОКСИЧНИХ ХІМІЧНИХ РЕЧОВИН, 
ЯКІ ПІДЛЯГАЮТЬ ОСОБЛИВОМУ КОНТРОЛЮ ЩОДО ОБІГУ, ЗБЕРІГАННЯ, 

ВИКОРИСТАННЯ ТА УТИЛІЗАЦІЇ
Частина 1 (рицин, сполуки талію та фосфорорганічні сполуки)

М.Г. Проданчук1, Г.М. Балан1, О.П. Кравчук1, П.Г. Жмінько1, І.М. Максимчук2, Н.П. Чермних1

1ДП «Науковий центр превентивної токсикології, харчової та хімічної безпеки 
імені академіка Л.І. Медведя МОЗ України», м Київ, Україна

2Національна поліція України, м. Київ, Україна

РЕЗЮМЕ. Мета роботи. На підставі аналітичного огляду літературних даних виділити групу високотоксичних хімічних
речовин, котрі за останні десятиліття найчастіше використовуються в умисних кримінальних та суїцидальних інциден-
тах, диверсійних і терористичних актах, обіг, зберігання, використання та утилізацію яких потрібно особливо прискіп-
ливо контролювати правоохоронним органам.
Матеріали та методи. Аналітичний огляд наукових публікацій виконаний з використанням реферативних баз даних нау-
кових бібліотек Pub Med, Medline і текстових баз даних наукових видавництв Elsevier, Pub Med, Central, BMJ group та
інших VIP-баз даних. Використано методи системного, порівняльного та контент-аналізу.
Результати та висновки. Проаналізовано наукові публікації щодо небезпечних високотоксичних хімічних речовин, які за
останні чверть сторіччя найчастіше використовуються у світі, зокрема в умисних кримінальних та суїцидальних інциден-
тах, диверсійних і терористичних актах. Установлено, що до них переважно відносяться: рицин, сполуки талію, фосфор-
органічні сполуки та бойові отруйні речовини, миш’як і його сполуки, ціаніди та неорганічні водорозчинні сполуки ртуті
(сулема, мертіолят натрію), а також пестициди паракват і дикват. На основі аналізу їхньої токсичності, клінічних та
морфологічних проявів інтоксикації за різних шляхів надходження до організму обґрунтовано необхідність внесення їх до
Переліку особливо небезпечних хімічних речовин, обіг яких, зберігання, використання та утилізація потребують більш
жорсткого контролю правоохоронних органів. У першій частині даної статті представлені рицин, сполуки талію, фосфо-
рорганічні сполуки та бойові отруйні речовини.
Ключові слова: високотоксичні небезпечні хімічні речовини, рицин, сполуки талію, фосфорорганічні сполуки.

К ОБОСНОВАНИЮ ПЕРЕЧНЯ ОПАСНЫХ ВЫСОКОТОКСИЧНЫХ ХИМИЧЕСКИХ ВЕЩЕСТВ, ТРЕБУЮЩИХ 
ОСОБОГО КОНТРОЛЯ НАД ИХ ОБОРОТОМ, ХРАНЕНИЕМ, ИСПОЛЬЗОВАНИЕМ И УТИЛИЗАЦИЕЙ

Часть 1 (рицин, соединения таллия и фосфорорганические соединения)
Н.Г. Проданчук1, Г.М. Балан1, А.П. Кравчук1, П.Г. Жминько1, И.Н. Максимчук2, Н.П. Чермных1

1ДП «Научный центр превентивной токсикологии, пищевой и химической безопасности 
имени академика Л.И. Медведя МЗ Украины», г. Киев, Украина

2Национальная полиция Украины, г. Киев, Украина

РЕЗЮМЕ. Цель работы. На основании аналитического обзора литературных данных выделить группу высокотоксичных
химических веществ, которые за последние десятилетия чаще всего используются в преднамеренных криминальных и суи-
цидальных инцидентах, диверсионных и террористических актах, оборот, хранение, использование и утилизация которых
требуют особенно жесткого контроля правоохранительных органов.
Материалы и методы. Аналитический обзор научных публикаций выполнен с использованием реферативных баз данных
научных библиотек Pub Med, Medline и текстовых баз данных научных издательств Elsevier, Pub Med, Central, BMJ group
и других VIP-баз данных. Использованы методы системного, сравнительного и контент-анализа.
Результаты и выводы. Проанализированы научные публикации по опасным высокотоксичным химическим веществам,
которые за последние 25 лет наиболее часто используются в мире, в частности в преднамеренных  криминальных и суици-
дальных инцидентах, диверсионных и террористических актах и установлено, что к ним относятся преимущественно
рицин, соединения таллия, фосфорорганические соединения и боевые отравляющие вещества, мышьяк и его соединения,
цианиды и неорганические водорастворимые соединения ртути (сулема, мертиолят натрия), а также пестициды парак-
ват и дикват. На основе анализа их токсичности, клинических и морфологических проявлений интоксикации при различ-
ных путях поступления в организм обоснована необходимость внесения их в перечень особо опасных химических веществ,
оборот которых, хранение, использование и утилизация требуют более жесткого контроля правоохранительных органов.
В первой части данной статьи представлены рицин, соединения таллия, фосфорорганические соединения и боевые отрав-
ляющие вещества.
Ключевые слова: высокотоксичные опасные химические вещества, рицин, соединения таллия, фосфорорганические соеди-
нения.
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