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ABSTRACT. Aim of the Research. To generalize modern literature data on the toxicity of thallium compounds (TI*), the mechanisms of
their toxic effects and to analyze the prevalence of acute TI+ poisonings in recent years abroad and in Ukraine. Compare the features of
the clinical manifestations and outcome of TI* intoxications with the dose received and the content of TI* in biological media.

Methods and Materials. A scientific analysis of literature data and our own observations on the prevalence, characteristics of clinical
manifestations and outcomes of acute poisoning with thallium compounds was carried out.

Results. An increase in the prevalence of single and group cases of acute Tl poisoning in recent years both abroad and in Ukraine has
been revealed. It was established that among the clinical manifestations of TI* poisoning, neurological disorders, gastrointestinal and der-
matological symptoms predominate, the severity of which in most cases depends on the content of TI* in biological media, mainly in urine
and nails.

Conclusions. Diagnosis of acute TI* poisoning in most cases is delayed or posthumous. When combining previous gastrointestinal and
dermatological disorders with painful paresthesias and ascending sensory and motor disorders of innervation in the lower and upper
extremities, it is necessary to conduct a chemical-analytical determination of Tl in the patient’s biological media to exclude or confirm

intoxication.
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Introduction. Thallium (TI) is a silver-white
metal. Its main compounds are thallium sul-
fate, thallium acetate, thallium iodide, thalli-
um bromide, thallium oxide, thallium hydrox-
ide, thallium fluoride, thallium carbonate,
thallium nitrate.

Thallium and its compounds (TI") are
widely used in various industries. Thallium is
used in some alloys, for example, acid-resis-
tant, in the form of an amalgam in the manu-
facture of thermometers. The addition of small
amounts of thallium can significantly reduce
the consumption of expensive materials.
Thallium is widely used in the production of
new semiconductor materials with changing
properties, for photo-resistance, photocells
with great sensitivity. Thallium metal is added
to alloys with other substances for the manu-
facture of phototriodes, for doping germani-
um, silicon, etc. TI" compounds are widely
used in the nuclear industry as activators of
luminescent alkali-halide crystals, in various
types of scintillation counters. In electrical
engineering, thallium is used for the calibra-
tion of spectral instruments, for the produc-
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tion of electrodeless discharge lamps, and for
the manufacture of thermometers. The instru-
mentation also uses the radioactive isotope Tl —
T1204 used as a permanent source of beta radi-
ation.

TI* salts are widely used for growing crys-
tals, which find a wide variety of applications:
in optics, TIBr — T1J crystals are used as prisms
and lenses of infrared spectroscopy, infrared
achromatic lenses, and as lens elements for
microscope lenses. T1 alloys have high antifric-
tion properties and high corrosion resistance.
In geology, thallium is a part of a special
reagent — «Clerici solution» — liquid organic
compound with a density of 4.2 g/cm?, yellow,
easily decomposed in the light (to determine
the presence of non-ferrous metals) [1, 2, 3].

Until the 80s, thallium salts were widely
used in agriculture as rodenticides and insecti-
cides, in the treatment of grain (seed stock), as
well as in dermatology as a part of means for
hair removal and treatment of dermatomy-
coses.

In Ukraine, Tl compounds were banned as
rodenticides, insecticides and depilators back
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in the 80s, however, in recent years, the sale of
thallium sulfate in bulk and retail from China
has been actively advertised on the Internet,
which has led to an increase in criminal
episodes, both oral and inhaled acute poisoning
with this compound.

Thallium compounds are colorless, tasteless
and odorless, very toxic (hazard class 1) and
have a sufficiently high-water solubility, which
is why they are often used for criminal purpos-
es. With increased availability, thallium com-
pounds are more often used for suicidal pur-
poses, and poisoning occurs with accidental
use. The ability of T1* salts to penetrate the res-
piratory system, intact skin and mucous mem-
branes contributes to the occurrence of indus-
trial poisoning when working with the specified
substance without observing safety require-
ments and hygiene regulations [1—4]. In addi-
tion, the potential environmental risk of thalli-
um intoxication in geochemical provinces with
an increased content of its compounds in soil
or water has been described [4, 9]. Thus, the
potential health risk of thallium during flower-
ing of cabbage and lettuce in some provinces of
China has been described [6].

It should be noted the clinical picture of acute
or subacute poisoning with TI"™ compounds —
specific characteristic symptoms (alopecia, etc.)
appear late, and therefore patients often die
without an accurate diagnosis of thallium poi-
soning (most often they are admitted to the hos-
pital with suspected encephalomyelitis of viral or
bacterial nature), less often — with a suspicion of
foodborne toxicosis) [1, 2, 3, 4, 10], diabetic
neuropathy, Guillain-Barre syndrome and oth-
ers|1,2,3,4,9].

Unfortunately, the untimely establishment of
an accurate diagnosis has led to the development
of a number of deaths in patients in our country
in recent years. And later, the diagnosis of TI*
poisoning and the delayed use of antidotes in
surviving patients was accompanied by the for-
mation of gross neurological disorders, followed
by severe disability. The diagnostics of unusual
poisoning with TI* sulfate during inhalation was
particularly difficult. In the literature, there is
practically no description of the features of the
clinic of inhalation poisoning with TI™ com-
pounds. This necessitated updating information
on TI* toxicity and analysis of modern scientific
and methodological approaches to the diagnosis
of acute and subacute oral and especially inhala-
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tion poisoning with compounds of this metal in
order to increase the level of information among
toxicologists and medical practitioners of other
specialties.

Aim. To generalize modern literature data on
the toxicity of thallium compounds (T1+), the
mechanisms of their toxic effects and to ana-
lyze the prevalence of acute TI+ poisonings in
recent years abroad and in Ukraine. Compare
the features of the clinical manifestations and
outcome of TI+ intoxications with the dose
received and the content of Tl+ in biological
media.

Methods and Materials. A scientific analysis
of literature data and our own observations on
the prevalence, characteristics of clinical man-
ifestations and outcomes of acute poisoning
with thallium compounds was carried out.

Results. Routes of entry and elimination of
thallium from the body.Soluble TI™ salts are
absorbed both by ingestion (within 2—3 hours),
and by parenteral administration, through
intact skin, and also by inhalation [1, 2, 3]. At
the same time, well-soluble TI* salts (sulfate,
acetate, carbonate) are more rapidly absorbed
in the intestine than less soluble (sulfite and
iodide). After oral administration of thallium
sulfate, it can be detected in feces and urine
within one hour. After TI* enters the body by
any means, it is rapidly distributed by
hematogenous route over almost all tissues. [1,
2, 9]. In the early stages, higher TI* concentra-
tions are found in the liver, kidneys, brain,
peripheral nerves, heart, and testicles [11]. In
rat brain tissue, from the 5th to the 20th day
after exposure to T1", its content in the cortex
is lower than in the hypothalamus [11, 12].

In humans and animals, T1* is not metabo-
lized and excreted mainly by the kidneys with
urine (up to 70%) and feces, as well as with
saliva, sweat, tears, and breast milk [12, 13].
The half-life of TI" from the human body
depends on the dose, age, and kidney function
and ranges from 4 to 30 days, and an increased
concentration can be observed up to several
months [1, 11, 12]. When exposed to large
doses, elevated concentrations of thallium in
the blood and urine are detected within a few
months, since it accumulates in the bones and
is slowly excreted, especially in cases of
impaired renal function [1, 11].

A lethal outcome is noted when 10-15 mg of
soluble thallium salt per 1 kg of body weight is
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consumed, but lethal outcomes are also
described at lower doses [1, 4]. A dose of 1 g of
thallium salts is absolutely lethal. The normal
content of thallium in the blood should not
exceed 2 pg / 1, in the urine — 200 pg/l
A concentration in the blood of more than
100 pg/1, in the urine — more than 200 ug /1is
considered toxic.

The main mechanisms of the toxic effect of
thallium compounds. By the general nature of
the action, TI" refers to poisons that affect the
central and peripheral nervous systems, liver,
gastrointestinal tract and kidneys. In addition,
thallium and its salts have a mutagenic, car-
cinogenic, teratogenic and embryotoxic effect
[1, 4, 13]. The exact mechanisms of T1* toxic-
ity have not yet been disclosed [1, 3, 4]. It is
known that thallium compounds bind SH-
groups on mitochondrial membranes and dis-
rupt the Na™ -K™ pump, interactions with Na*
-K* -ATPase, the affinity of which is 10 times
greater than that of potassium [1, 3, 4, 22].
Inactivation of sulthydryl groups that regulate
the permeability of mitochondrial membranes
leads to an excessive flow of water into the
mitochondria and their swelling. It was shown
that the ATP content in the liver and kidneys
of mice after injection of thallium sulfate at a
dose of 25 mg / kg increased almost 2 times,
but after 20 hours it decreased to normal.
Moreover, the activity of the enzyme Na* -K*
-ATPase of the liver and kidneys initially
decreased and then significantly increased,
remaining at an elevated level for 240 hours,
which reflects the damaging effect of TI™ on
the liver and kidney parenchyma [18].

There is an ionic similarity in the com-
pounds of thallium and potassium, they can be
in a state of biological interaction, and TI" is
many times more active than potassium, there-
fore, it replaces potassium and competes with
it for a place in biological membranes, many
enzymes [1, 3, 4, 12]. Potassium infusion
increases the renal clearance of TI' and its
removal from tissues, but this opinion is not
unambiguous. An increase in the potassium
content in the rat diet leads to an increase in
LDy, TI* [1].

The toxic effects of TI* in both animals and
humans are predominantly characterized by its
neurotoxic effect that occurs already on the
first day, in particular in the form of a change
in behavior: drowsiness or agitation up to
delirium. Lesions of the central and peripheral
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nervous systems are observed for 2-3 days,
which intensify after a few days and are char-
acterized by damage to the cranial nerves, cor-
tex, subcortical structures (accumulating in
the hippocampus, cerebellum, striatum, hypo-
thalamus and peripheral nerves) [1-4]. At high
doses of TI*, these changes with simultaneous
damage to the liver, heart, and kidneys in a
person lead to death in 4-7 days, most often
without an accurate diagnosis.

The mechanisms of neurotoxicity of T1" are
still unclear [1, 19]. In recent years, evidence
has emerged that the neurotoxic effects of TI*
are associated with mitochondrial dysfunction,
activation of lipid peroxidation, and inhibition
of Na* / K* -ATPase activity [1, 4, 14, 15, 17—
22, 26]. These effects were also detected on
synaptosomal mitochondrial crude P2 frac-
tions of rat brain under the influence of T1* (5-
250 uM) for 30 minutes, and the optimal con-
centration for their detection is 5 uM TI* [19].
The authors note that the basis of the neurotox-
ic effect of TI™ is mitochondrial dysfunction
with a decrease in mitochondrial recovery
capacity and the formation of energy deficien-
cy, oxidative stress and a decrease in the activity
of Na* / K* -ATPase. To a large extent, neuro-
toxicity of thallium is caused by the appearance
of excessive excitability of nerve cells when it
acts on the brain of rats [20]. Using NMDA
receptor antagonists (N-Methyl-D-Aspartate
Receptor), it was possible to identify the gluta-
matergic component in TI* — induced toxicity,
especially when exposed to high doses (32 mg / kg)
[26]. The authors showed the modulating effect
of glutamate (NMDA receptors) on the distri-
bution of TI" in different brain structures, and
also revealed that the preliminary effect of an
NMDA receptor antagonist — MK-801 helps
to reduce T1"hyperlocation in brain structures
and the severity of thallium-induced oxidative
stress (decrease in ATP production) Strong
depletion of the main antioxidant — glu-
tathione in the brain structures was also found,
especially 7 days after exposure to T1* [26].

In a number of studies, it was found that
exposure to TI* stimulates massive swelling
with subsequent destruction of intracellular
and mitochondrial membranes due to an
increase in the concentration of calcium ions
with a simultaneous sharp decrease in potassi-
um in the cells, as well as associated with ATP
deficiency, inhibition of SH-groups, activation
of lipid peroxidation, and violation of oxida-
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tive phosphorylation with the formation of
energy deficiency [1, 21—24]. Loss of ATP and
energy deficiency in turn lead to disruption of
the operation of ion pumps, to depolarization
of cell and mitochondrial membranes,
depending on the voltage of NM DA receptors,
which makes neurons more vulnerable to basal
levels of glutamate and is one of the causes of
cell death [26]. Ca,, overload caused by exces-
sive activation of NMDA receptors (a subtype
of glutamate receptors) also leads to cellular
disorders, including changes in signaling path-
ways, in the formation of mitochondrial dys-
function, metabolic and morphological disor-
ders and activation of apoptosis [26].
Mitochondrial dysfunction and excessive
intake of CA,; into cells cause a decrease in
protein synthesis and disaggregation of polyri-
bosomes of the liver and other organs [19—24].
It is known that ribosome biogenesis is a com-
plex process and is important for cell growth
and proliferation processes. TI* reduces ribo-
somal subunits in a dose-dependent manner,
alters pRNK processing, localization and the
number of important nuclear proteins, and
blocks the process of exporting preribosomes.
In turn, disturbances in the synthesis of ribo-
somes cause stress in the nuclear structures,
which leads to a stop of the cell cycle and
apoptosis.

In the mechanism of TI" toxicity, an impor-
tant role is also given to metabolic disorders of
riboflavin, with which it forms insoluble com-
plexes with the formation of subsequent
riboflavin deficiency [1—4]. In addition, TI*
causes the development of normochromic
anemia. A decrease in the number of red blood
cells with tallotoxicosis is accompanied by a
decrease in their acid resistance and an
increase in their decay. At the same time, they
increase the level of 2,3-diphosphoglyceric
acid, which reduces the affinity of hemoglobin
for oxygen, which contributes to the formation
of tissue hypoxia. TI™ along with specific clini-
cal manifestations leads to a pronounced cyto-
toxic effect [22]: when analyzing the blood of
patients, in addition to normochromic ane-
mia, a cytolytic syndrome of liver damage with
an increased content of ALT, AST and biliru-
bin, as well as an increase in the blood of crea-
tinine, urea of cortisol, which indicates a vio-
lation functions of the liver, kidneys and adre-
nal glands [1—4, 36—44]. An increased ability
of blood mononuclear cells to generate nitric
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oxide in blood serum was detected, during
incubation of diluted blood an increased con-
tent of tumor necrosis factor a was found, and
an increased expression of heat shock protein
of 70 Da, especially its inducible form, was
found in blood mononuclear cells [22—24].
The latter circumstance is a consequence of
denaturation changes in cell proteins and acti-
vation of free radical reactions [19, 22, 24].

The mechanisms of the toxic effect of TI*
on skin cells are also quite complex.
Histological studies in patients with T1" intox-
ication reveal parakeratosis, focal epidermal
necrosis. It has been shown that TI* can alter
the usual epidermal keratinization program,
inhibit cell proliferation, especially follicular
melanocytes, which contributes to its high
affinity for melanin. Thallium disrupts ker-
atinocyte differentiation, inhibits mitochondr-
ial activity in the hair (especially in the hair
follicle cells), linking SH-groups of enzymes
[1—4]. The key symptoms that make TI* poi-
soning suspected are alopecia (mainly in the
parietooccipital region), loss of eyelashes and
medial-lateral areas of the eyebrows [1—4, 27—
33]. There is a fusiform swelling close to the
root area of the hair, a significant amount of
black pigment in the roots, the disappearance
of the root sheath.

Since the effect of TI™ on humans through
natural, professional, intentional, and random
sources is a growing problem for human
health, the mechanisms of formation of its
neurotoxic and other adverse effects require
further study to develop new diagnostic meth-
ods and rational therapy.

The study of acute T1* toxicity showed that
the frequency and severity of the pathophysio-
logical and pathomorphological manifesta-
tions of the toxic effects of TI™ in experimental
animals depend on the dose, the route of entry
into the body, on the chemical properties of T1
salts, especially their degree of water solubility
and to a lesser extent on gender and age [1, 4,
40, 47]. In acute oral exposure to TI* nitrate
and sulfate in rats at doses of 10-20 mg / kg,
LOAEL was established at 15 mg / kg TI™,
while the main demonstrations of the toxic
effect are shortness of breath, tousled hair, sali-
vation and lacrimation, agitation, at autopsy —
increase in the absolute weight of the kidneys
and adrenal glands, micro bleeding in the
brain, liver and kidneys, death within 1 day.
After a single intraperitoneal injection of a
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solution of TI* acetate in newborn rats, neu-
romyopathy was morphologically revealed
after 8 and 50 days [47]. On the 8th day, the
number of large and medium-sized fibers in
the fibular nerve slightly decreased and signs of
degeneration of the myelin sheaths along the
axon appeared. In both the nervous and mus-
cle tissue, interstitial edema was detected. In
addition, signs of focal necrosis and minor
hemorrhages were found in the muscle, and
the muscle fibers themselves had myopathic
changes with abnormal nucleoli and transverse
striation that disappeared in many places.
There were signs of fibrosis in some foci of
necrosis. A number of authors [1, 4, 47] note
degenerative changes in experimental animals
under the influence of TI* not only in nerve
cells of the brain and in peripheral nerves, but
also in hepatocytes, in the renal tubules, as well
as in the cranial nerves, especially the visual
and facial.

Clinic of acute oral and inhalation poisoning
with thallium compounds in humans in the acute
and distant period and modern principles of
their diagnosis. Over the past 25 years, in many
countries of the world, including Ukraine, the
frequency of TI* poisoning has increased with
random, suicidal use, and especially group
poisoning in criminal incidents [23—46]. G.A.
Livanov et al. [46] describe acute oral group
severe T1™ poisoning in Russia in the city of
Yaroslavl (14 people), Moscow (8 people), St.
Petersburg (5 people) of a criminal
nature.Poisoning at TI™ concentrations in the
urine of 1800—2440 ug / 1 in the victims 2—3
weeks after the onset of intoxication symp-
toms, the authors regarded as severe, at con-
centrations of 324—1690 ng / I — as moderate
and below 300 pg /1 — as mild form (permissi-
ble average level of TI* in urine as determined
by atomic absorption spectrophotometry is 1.7
pg /1). Di Candia D. et al. [24] describe 8 cases
of thallium sulfate poisoning in one family,
while the TI* concentrations in the victims’
blood after a week were more than 1000 pg / 1.
L.B. Zavaliy et al. [28] describe 44 cases of oral
acute TI™ poisoning at a plant in Taganrog
(probably of a criminal nature). All patients
were examined at the Moscow Research
Institute of Emergency Medicine and 69 days
after the onset of poisoning symptoms in
7 patients, the Tl level in the blood averaged
13.7 ug / 1, in the urine — 95.64 ng / 1 — their
clinical condition was regarded as moderate

CLINICAL TOXICOLOGY

UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 1/2020

severity. In the remaining patients, the Tl level
in the blood averaged 2.1 pg / 1, in the urine —
17.39 ug /1 and their poisoning was regarded as
mild. In two patients, the TI" content in the
blood was 24.05 and 19.4 pg / 1, in the urine —
356.1 and 102.9 pg / 1, respectively. It is note-
worthy that patients were admitted to the clinic
69 days after the onset of intoxication symp-
toms, while they noted pain and weakness in
the arms and legs, general weakness, fatigue,
memory impairment, impaired gait, numbness
in the fingers and toes. During hospitalization,
coordinating (n = 22), sensitive (n = 16),
motor disorders (n = 22), impaired CN func-
tion (n = 12), hand tremor (n =9), and neuro-
logical disorders in such a long period were
revealed correlated with thallium level in
urine.

In works where patients were observed on
the first day after TI* poisoning, the majority of
authors noted the appearance of abdominal
pain, up to intestinal colic and the appearance
of green urine in the first hours of intoxication,
as well as anorexia, gastroenteritis with diar-
rhea, less often with constipation, fever [1—4,
27—46]. After 8-40 hours, disorders of the
nervous system occur — excitement or drowsi-
ness, insomnia, anxiety, severe weakness, mus-
cle pain, very painful paresthesia in the hands
and feet, especially in the sole, ataxia, trembling
throughout the body, tremor of the fingers,
cramps, in severe cases — coma. Mental disor-
ders can occur — depression, hallucinations,
agitation, up to acute confusional state [1—4,
10—13, 16, 27—44]. When exposed to large
doses of TI* after 5-6 days, respiratory and cir-
culatory disorders join in, which increase and
end in death 7-10 days after poisoning, but
often 3—5 days, usually without an accurate
diagnosis. In surviving patients, neurological
disorders in the form of intense headache, atax-
ia, tremors, excruciating neuropathic pains and
paresthesia in the hands and feet, in the muscles
of the legs with the formation of myoneuropa-
thy increase. At the same time, neuropathies of
the cranial nerves are formed with the forma-
tion of ptosis, nystagmus, paresis of the facial
nerve, strabismus, often paresis of the optic
nerve with the development of retrobulbar neu-
ritis with loss of vision. In more severe cases,
encephalo-myelo-radiculo-neuropathy is
formed with severe ataxia, with paresis of the
upper and lower extremities, often with
impaired vision and speech [1—4, 27—46]. Most
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patients develop toxic hepatitis with cytolytic
syndrome with increased levels of ALT, AST,
GGT, toxic nephropathy with hyperprotein-
uria, increased levels of blood creatinine and
urea [27—46].

Usually, diffuse alopecia develops after 8—
14 days, mainly in the parietal-occipital area,
less often in the temporal areas.Alopecia is usu-
ally preceded by brown pigmentation of the
scalp, the accumulation of black pigment at the
root of the hair. At the same time, there is eye-
brow loss, more in the medial and lateral third,
and eyelash loss, as well as a decrease in hairline
on the legs, in men — on the chest. The appear-
ance of transverse white Muehrcke's lines on
the nails is formed. At the same time, skin
manifestations in the form of peeling, cracks in
the corners of the mouth, severe hyperkeratosis
of the palms and soles, stomatitis, glossitis,
pustular rashes on the face, conjunctivitis
appear. Skin manifestations are associated with
the formation of riboflavin deficiency during
TI" poisoning, with impaired protein synthesis,
and suppression of immune responses [1—4].If
skin manifestations and alopecia regress after
1.5—2 months, neurological disorders last for a
long time — for several months and years, often
leading to severe disability due to the develop-
ment of tetraparesis, ataxia, visual and speech
impairment, as well as mental disorders. If the
clinic of acute oral poisoning with T1" salts has
been described quite well, then there are prac-
tically no descriptions of the clinical manifesta-
tions of acute inhalation poisoning with TI".

Based on published data, we tried to deter-
mine the dependence of the severity of clinical
manifestations and their outcome in patients
who underwent acute oral TI™ poisoning, on
the value of the accepted dose of TI* and its
concentration in biological media (blood
serum and urine, Table 1).

Table 1 shows that there is no clear correla-
tion between the severity of clinical manifesta-
tions and the oral dose of T1", in addition, the
dose itself is always in doubt. A clear direct
relationship between the lethal outcome and
the level of TI™ in serum is not determined: the
lethal outcome was recorded at a concentra-
tion of TI" 4220 pg /1 and at 8790 pg / 1. It
should be noted that a patient with a fatal out-
come with a TI* 4220 pg / 1 level was at the age
of 80, which apparently contributed to the fatal
outcome [33]. In addition, he had a very high
concentration of TI" —21600 pg /1 in his urine.
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Surviving patients showed progression of neu-
rological and mental disorders up to a year
[34—37] with stabilization of clinical manifes-
tations in 1.0—1.5 years.

In Ukraine, in recent years, the develop-
ment of acute oral TI" poisoning has become
more common, including in severe form, as
well as an unusual group case of acute inhala-
tion poisoning with thallium sulfate vapors has
been recorded.

The most famous case of strictly group oral
poisoning of TI" was a criminal incident in
March 1987 in one of Kyiv schools, where the
dishwasher Ivanyutina Tamara decided to poi-
son the cook due to personal hostility and
added Clerici liquid (the most highly toxic
compound of thallium) to the food left over
from dinner. This tragic story was widely cov-
ered in the open press and on television [55—
58], on one of the TV channels the documen-
tary series “Otruyna Shkola” was shown [58].
Unfortunately, 13 people later came to the
dining room (schoolchildren and several
teachers), who were fed a poisoned lunch.
After a couple of hours, all 13 diners started
vomiting, had intense abdominal pain, diar-
rhea, chills, fever, muscle pain in the limbs.
Patients with suspected food intoxication were
hospitalized in the intensive care unit.
Symptoms during hospitalization included
agitation, facial flushing, fever, nausea, vomit-
ing, intense abdominal pain, diarrhea, genera-
lized muscle pain, agonizinglypainful pares-
thesia in the hands and feet, cramps. Two
schoolchildren and two teachers died on the
first day of increasing pulmonary heart failure,
the remaining 9 people continued treatment
for foodborne toxic infection in intensive care.
On day 8-10, intense hair loss began, TI* poi-
soning was suspected, the T1™ content in the
blood serum in 9 patients ranged from 4660 to
22840 pg / 1. TI"poisoning was confirmed dur-
ing the exhumation of a school nurse who died
two weeks before the incident, allegedly from
cardiovascular disease. The investigation
found that for 11 years Ivanyutina (was sen-
tenced to death) and her sister poisoned
40 people with TI*, 13 of them died [55—58].

After poisoning at school 9 survivors under-
went long-term treatment. Of these,
5 adult employees for 6 years underwent annu-
al examination and treatment at the
ECOGINTOXA clinic (now the “L.I. Med-
ved’s Research Center of Preventive
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Table 1

Comparison of the accepted dose of Tl+ and its concentrations in the blood and urine with the severity
of the clinical manifestations of acute Tl+ poisoning in patients and the outcome of intoxication

Dose of TI™ and

Authors |content in biological Clinical manifestations Outcome Age / gender
media
Drooling, runny nose, painful
paresthesia and pain in hands
Davis and feet, acute respiratory fail-
LE. et al Dose 5—10 g of ure. Morphologically: focal Lethal 19 years old,
[ 3;1 ]' " [thallium sulfate necrosis in the structures of the after 1 day male
central nervous system and
peripheral nerves, demyelination
of peripheral nerves.
Dose unknown,
TI" in the blood of . .
Sharma (8700 g /1 Confused consciousness, agita-
AN in the uriné B tion, neuropathic pain in the Lethal after 48 years old,
. t' al‘ 32] 150,000 pg / 1 arms and legs, coma, acute respi- 3 days male
' . He /L ratory failure
in the cerebrospinal
fluid — 20,000 pg /1
Roby Dose unknown,
.. . . )
DS atal TI" in 1t.)looq 4220 |Acute respiratory distress syn Lethal on the Ist day 80 years old,
133] ug /1, inurine —  |drome male
21600 pug /1
Increase in damage
Dose unknown, Excitement. intense pain and to the nervous system
Kuo H.C. [TI* in blood 2800 . p and ataxia — up to | 56 years old,
. . paresthesia in the hands and feet, .
et al. [34] |ug /1, in urine — diarrhea. alopecia a year, stabilization male
4600 pg /1 » 310P of clinical manifesta-
tions after 2 years
Progression of
) | encephalopathy and
X Copfused consciousness, halluci-| polyneuropathy up 48 years old,
Dose 1.5-2.0 g, TI" |nations, feelings of anxiety, to 6 months, male
Tsai Y.T. |in the blood depression, memory loss, facial |increased mental and 59 vears old
et al. [35] (4400 ug /1, in the |flushing, diarrhea, tachycardia, |cognitive impairment %,emale ’
urine — 3860 pg /1 |alopecia, encephalopathy, after 9 months, stabi-
peripheral neuropathy lization of clinical
manifestations after
1.5 years
Runny nose, nausea, generalized
The dose is 1.0—1.5 muscle paf, paresthesia and Progression of neuro-| 49 years old,
. dysesthesia in the hands and feet, . .
g, TI+ in the blood | . . . logical disorders up to|  female,
LuC.l et | urinary retention, hyporeflexia, .
is 950, 2050 pg / 1, . . a year, then stabiliza- | 52 years old,
al. [36] . . weakness, acneiform dermatitis, . .. .
in the urine — tion of clinical mani- male

11325, 14520 pg / 1.

alopecia (1-3 weeks). Skin nerve
biopsy: axonal degeneration,

demyelination
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Toxicology, Food and Chemical Safety”, here-
inafter referred to as the “Research Center”).
If in the first two years after poisoning there
was an increase in neurological, cognitive
impairment and ataxia, then in subsequent
years, 1 out of 5 showed stabilization of neuro-
muscular disorders, and 4 had a slow regres-
sion of encephalo-polyneuropathy.

In recent years, we have observed 3 cases of
severe peroral TI* poisonings, of which 2 are of
a criminal nature and 1 is due to the accidental
use of a solution of thallium sulfate prepared
supposedly for deratization. In all three cases,
the disease began with abdominal pain, nau-
sea, vomiting, diarrhea, fever, intense muscle
pain in the limbs, painful paresthesia in the
hands and feet, seizures in the limbs. After 5-8
days, all three victims developed alopecia,
mainly in the parieto-occipital area, pyoderma
in the face, cracks in the corners of the mouth,
hyperkeratosis in the hands and feet, weakness
in the limbs.After 8—10 days, dysarthria, atax-
ia, flaccid paresis of the upper and especially
lower extremities appeared, decreased activity
of tendon reflexes of the hands, disappearance
of knee, Achilles and abdominal reflexes. Two
of them showed a decrease in visual acuity,
speech impairment. In all three cases, pro-
nounced hypotrophy of the muscles of the
legs, hips, shoulders and forearms, and dys-
function of the pelvic organs appeared. In two
patients, the determination of TI in urine was
performed 10—14 days after the onset of the
disease and amounted to 2840 and 2160 pg /1,
respectively. In the third patient, TI* intoxica-
tion was suspected only after a month, the T1
content in the urine during this period was
1425 pg / 1. In the first two patients, neurolog-
ical symptoms increased during the 1st year,
then stabilized while maintaining encephalo-
myelo-polyradiculoneuropathy with weakness
in the hands and flaccid paresis of the lower
extremities, with severe ataxia and the ability
to move only in a wheelchair for 3 years of
observation. Conducting complex therapy
with the inclusion of the antidote Ferracin
contributed to a decrease in the TI content in
the urine to 100—120 pg / 1. Within a month,
however, a regression of neurological disorders
was not observed, visual impairment, depres-
sion, cognitive impairment progressed, and
pelvic organ dysfunctions persisted. After
severe alopecia after 4—6 months in all three
cases, thick hair grew. In the third patient,
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neurological symptoms increased to 6—8
months, then after a long rehabilitation, it
decreased slightly. At the control after 1 year,
there was a sluggish paresis of the lower
extremities, ataxia, but the patient began to
move slowly with the help of crutches. All
three patients had a disability group I. When
conducting EMG, signs of pronounced
motor-sensory polyneuropathy of an axonal
nature were revealed. It should be noted that
tallotoxicosis was established in the first two
patients after 10—14 days, and antidotal thera-
py with Ferracin was carried out in a timely
manner, a decrease in the level of TI* in the
urine was detected, but there was practically
no regression of neurological symptoms. In a
third patient, tallotoxicosis was established
only a month later, and before that he was
treated in various clinics in Kyiv with a diagno-
sis of polyneuropathy of unknown etiology
with the prescription of hormones, antibiotics
and plasmapheresis (No. 5).The antidote
Ferracin was prescribed to him a month later,
when TI* in the urine was 1425 pg / 1, after
treatment with the inclusion of Ferracin, T1*
in the urine decreased to 116 pg /1, a year later
the patient began to move with crutches. If
after a month the level of TI* in his urine was
1425 ug / 1, then we can assume that in the
acute period his level was much higher. In
addition, he received specific therapy a month
later, nevertheless, the regression of neurologi-
cal disorders was more noticeable in compari-
son with the first two cases.

Three cases of the development of acute
inhalation poisoning by TI1* vapors in car driv-
ers are of interest. A year ago, their car was put
up for repair in the courtyard of a private indi-
vidual who kept several dogs that interfered
with the lives of neighbors. Probably, one of the
neighbors decided to kill the dogs and threw
poisoned porridge over the fence. Porridge hit
the car and because of the open hood — its
engine. The owner wiped the car from porridge
outside and his twenty-three-year-old son
began to work 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, difficulty breathing, intense
pain in the muscles of the limbs, periarticular
tissues, painful paresthesia in the fingers and
toes, stomach pains sharp weakness in the legs.
Initially, the patient was treated with suspected
neuroinfection, after the appearance of alope-
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cia, acute TI™ poisoning was laboratory-con-
firmed and the victim was transferred to the
emergency hospital. With an increase in pul-
monary heart disease, the patient died at the
end of the summer of 2018 with a diagnosis of
acute TI™ poisoning, however, a connection
between the development of intoxication and
driving was not established. After the death of
a young man, his 42-year-old father and 48-
year-old partner began to work periodically on
this car. In November 2018, when the cold
came, they began to turn on the air condition-
er to heat the inside of the car, after which they
began to notice a burning sensation in the
throat, along the trachea, behind the sternum,
then both had intense muscle pain, paresthesia
in the fingers and toes, weakness in the legs,
alopecia began to develop. The father of the
deceased young man entered the toxicology
department of the emergency hospital in Kyiv
in the fall of 2018, where he was treated for 1.5
months with a diagnosis of acute poisoning
with TI* salts, stage II-III encephalo-poli-
radiculoneuropathy syndrome, and stage I-11
toxic hepatitis. A week later, with a similar
complaint, his partner, who was treated for 20
days with a diagnosis of acute poisoning with
thallium salts, stage II polyradiculoneuropathy
syndrome, and stage I-II toxic hepatitis, was
admitted to the same department. In both
patients, when examined at the Research
Center, the level of TI* in the hair was more
than 10 times higher than normal, in the urine —
320—280 pg/ 1.

After complex detoxification therapy with
hemodialysis, a course of antidote therapy
with Ferracin, nootropics, analgesics, anticon-
vulsants, antioxidants, B, PP vitamins, the
patients' condition improved, there was a sig-
nificant regression of neurological disorders,
pains behind the sternum, muscle pains, hair
loss stopped.

A chemical-toxicological assessment of the
TI" content in the hair and nails of patients, car-
ried out at the Research Center 2.5 months after
acute poisoning, revealed a TI™ content in one
patient of 800 pg / kg in the hair, 2230 pg / kg in
the nails, and skin epithelium — 190 pg / kg.
Another patient with more pronounced neuro-
logical impairment had higher T1* levels: in his
hair — 3980 pug / kg, in his nails — 9080 pg / kg,
in his skin epithelium — 620 pg / kg, which
indicates a certain dependence of the severity
of clinical manifestations on the content of TI*
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in biological media, mainly in urine and nails.
It should be noted that 2.5 months after poi-
soning, the highest levels of TI* were observed
in the hair and especially the nails of patients.
After a year, peripheral polyneuropathy, mild
ataxia, tremor of fingers of outstretched arms,
hyporeflexia, depression persisted.

Unfortunately, only six months after the
occurrence of the first of three cases of acute
TI* poisoning at the Research Center, a chem-
ical toxicological assessment of the interior
surfaces of the car was carried out, on which all
three victims worked. 5% HCI sections of arti-
ficial leather were extracted from the front
seats and floor mats. In 3 samples taken from
the seats after six months, fairly high concen-
trations of TI* were detected — up to 68,060 pg
per 30 ml of extract (or 2269 ug / ml). In sam-
ples from floor mats, the T1* concentrations in
the extracts were slightly lower. Given the con-
tamination of the TI" car interior, which six
months ago, presumably, was more pro-
nounced, acute TI" poisoning probably arose
by inhalation, and the clinical manifestations
in the last two patients appeared even when it
was cold, in early November, when the car
windows were closed, and interior was heated.
It should be noted that the Research Center
conducted a study of the content of TI" in bio-
logical samples of the exhumed corpse of a
man who died in 2019 from a neurological
pathology of unknown etiology (at the insis-
tence of relatives who suspected poisoning). In
the biopsy area of the skin of the exhumed
corpse, the TI" level reached 8000 pg / kg, and
in the cut nails — 9000 pg / kg, which made it
possible to establish that the cause of his death
was TI* poisoning.

The described cases of TI* intoxication
indicate that the availability of the acquisition
of its compounds on the Internet contributes
to the growth of acute poisoning among the
population, in addition, it cannot be ruled out
that in many cases patients died before an
accurate diagnosis was established.

Conclusion. Thus, according to the litera-
ture and analysis of our own observations,
acute T1* poisonings are increasingly recorded
in all countries, including Ukraine. First of all,
they are manifested by neurological, gastroin-
testinal and dermatological symptoms, and
with inhalation exposure, neurological symp-
toms and alopecia are preceded by irritation of
the upper respiratory tract, intense burning
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sensation along the trachea and behind the
sternum. We believe that any unexplained
peripheral polyneuropathy with painful pares-
thesia and muscle pain should cause a suspi-
cion of TI* intoxication. A combination of
previous gastrointestinal disorders with an
ascending nature of intense pain and sensory
disturbances in the lower and upper extremi-
ties, the development of para- or tetraparesis
even before the onset of alopecia gives reason
to suspect Tl poisoning and conduct timely
chemo-toxicological studies of patients’bio-
media. It is not possible to trace a clear con-
nection between the severity of the clinical

CLINICAL TOXICOLOGY

manifestations of T1* intoxication and the dose
received, but in most cases, the severity of neu-
rological disorders depends on the T1* content
in biological media, especially in urine and
nails. Considering that the official distribution
of thallium salts in Ukraine has been prohibit-
ed since the 80s of the last century, but there
are websites on the Internet with announce-
ments of their sale, we consider it appropriate
for law enforcement agencies of Ukraine to
block them as well as websites selling drugs or
similar to prevent criminal incidents with TI1*
poisoning, as well as the accidental or inten-
tional use of its compounds.

The autors declare that there are no conflicts of interest.
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JZH «Hayxosuii yenmp npesenmusnoi mokcukonoeii, xap4ogoi ma ximiunoi 6e3nexu
imeni axademixa JI.1. Medeeos Mmzcmepcmea 0XOPOHU 3001)03;1 Ykpainws, m. Kuis, Yxpaina
Kuigcoka micvka Kainiuna aikapus weudkoi meouunoi donomoau, m. Kuie, J/Kpama
3 lepacasna naykosa yemanosa «Haykoso-npaxmuunuii yenmp npoginakmuuroi ma Kainiunoi Me()uuunu» Jleparcasnoeo ynpagainns cnpasami,
M. Kuie, Ykpaina

PE3FOME. Mema pobomu. Y3azanenumu cyuachi aimepamypui 0ani npo mokcuunicms cnoayk manito (TIY), mexanizmu ix mok-
cuuHoi 0ii ma npoawanizyeamu nowupericms 2ocmpux ompyens TI™ 3a ocmanui poxu 3a kopoonom i 6 Yipaini. ITopignamu ocooau-
socmi Kainiunux nposeie i Hacaioku inmokcuxauiii TI™ 3 ompumarnoro dosoro i emicmom TI* 6 Giocepedosuuyax.

Mamepiaa i memoou. [Iposedero Haykosuii ananiz OaHUX Aimepamypu i 1ACHUX CHOCMeEPeXCeHb 000 NOWUPeHOCmi 0codausocmeil
KAIHIYHUX Npos8i6 | HaCAiOKIe 20CMPUX OMPYEHb CROAYKAMU MAAIH.

Pesyavmamu. Buseneno spocmanns noutupernocmi nooOuHoKUX i epynosux eunaokie zocmpux ompyens Tl 6 ocmanni poku sk 3a
Kkopoorom, mak i 6 Ykpaini. Bemaroeaeno, wjo ceped kainiunux nposisie ompyens TI™ nepesaxcaromo Hespoaoziuni nopyuenns,
WAYHKOBO-KUWKOG] Ma 0epMamoA02iuHi CUMRMOMIL, 8UPANCEHICMb AKUX NepesadicHo 3arexcums 6id emicmy TIT y biocepedosuuyi.
Bucnoexu: Iiaznocmuxa 2ocmpux ompyens TI™ y Ginvuwocmi eunadxie € 3anisminoio abo nocmepmuoro. Ilpu noconanni nonepednix
WAYHK080-KUWKOBUX [ 0epMamono2iuHux po3nadie 3 UCXIOHUMU HYMAUBUMU | PYXOBUMU NOPYUIEHHIMU IHHEPBAY T 8 HUIICHIX | 6epXHIX
KiHyigKax Heobxiono nposecmu Ximiko-mokcuxonoeiune eusnauenns T y Giocepedosuiyi X60poeo 0451 6UKAIOUEHHS IHMOKCUK AT,
Karouosi caosa: maniii, mexanizmu mokcuuroi 0ii, cocmpi ompyeHus, diaeHocmuxa.

OCTPBIE IIEPOPAJIbHBIE H HHTA/IAITHOHHBIE OTPABJIEHUA TAJUTHEM U UX OTJJATEHHHBIE IIOCJIEJCTBHA
(0630p /tumepamypbt U OanHble COOCMBEHHDIX UCCAe008aAHUIL)
I'M. banan’, A.T. 5020M0ﬂ2 ILT. XKnunvio', H.H. Bybao’, B.A. By6ano’, A.I. Kyopssuesa', B.A. Babuu’, T.B. Meumpenko'

i «Hayvmbm ueHmp npeeeﬂmuenou MOKCUK0A02UY, NULYEBOL U XUMU4ecKol 6e3onacHocmu
umenu axademuxa JI.U. Medeeds Munucmepcmea 3()pa300xpaHeHuﬂ Ykpaunor, e. Kues, Ykpauna
2KM€6L‘K0}1 20podcKan KAunUuecKkas 00abHuya ckopoil meduyuncioil nomouu, 2. Kues, .VicpauHa
S It ocydapemeerinoe HayuHoe yupedcdenue «Hayuro-npaxmuueckuii yenmp npodJu/laicmuuecxou
u Kaunuveckoll meduyunv Tocydapcmeentoeo ynpasaenus deaamu, e. Kues, Ykpauna

PE3FOME. Ileas pabomyt. O606usums cogpementvie Aumepantyphbie 0aunsie 0 moxcuunocmu coedunenuii manaus (TI7), mexanus-
MAX UX MOKCU1eCK020 0elicmeus u npoanaiu3upoeamo pacnpocmpanerHocms ocmpolx ompaenenuii TI™ 3a nocaednue 200bi 3a pybe-
acom u 6 Yipaune. Conocmasums 0cobeHHOCMU KAUHUMECKUX nposénenuil u ucxoda unmokcukayuii TI™ ¢ noaywennoii dosoil u
codepacarnuen TI* ¢ Guocpedax.

Mamepuaa u memoovt. [Iposeden Hayunblii aHAAU3 OAHHBIX AUMEPAMYPLL U COOCMBEHHBIX HAOAIOOHUI 0 PACNPOCMPAHEHHOCHIIL,
0COOEHHOCHAX KAUHUMECKUX NPOSACHUI U UCXO008 OCIMPbIX OMPABACHUL COeOUHEHUSMU MALAUS.

Pesyavmamot. Boviséaen pocm pacnpocmparnenocmu 00UHOMHbIX U 2PYRNOEbIX cayuaee ocmpbix ompaenenuii TIT 6 nocaednue 200b1
KaK 3a pybexcom, mak u 6 Ykpaune. Yemanoeneno, umo cpedu kaunuueckux nposenenuii ompasaenuii TI™ npeotnadaiom neepono-
euyecKue Hapyuleus, Hceay00HHO-KuleuHbvle U 0epMamonoeuieckue CUMnMOoMbL, BbipaANCEHHOCHb KOMOPLIX 6 D0AbULUHCMEE CAYHA-
e6 3agucum om codepycanus TI* 6 Guocpedax, npeumyuecmeento 6 moue u Ho2msx.

Buisoowt. Jluaerocmuka ocmpoix ompasaenuil TIt ¢ 6oabuuncmee cayuaes okazvieaemes 3ano30anoii uau nocmepmnoii. Ilpu cove-
MaHUU npeoulecmeyouux JHceay0oHHO-KUUEHHbIX U 0epMAMON0UHECKUX PACCMPOICIE ¢ 00Ne3HEeHHBIMU NAPeCMe3UsMU U 80CX0-
OAUUMU HYBCMBUMENbHIMU U 08UAMEAbHBIMU HAPYUICHUAMU UHHEPBAUUY 8 HUICHUX U 8EPXHUX KOHEUHOCMSAX Heo0X00uMO npose-
CMU Xumuko-anasumuueckoe onpedenetue Tl 6 6uocpedax 6016H020 045 UCKAHOUEHUS UAU NOOMBEPICOCHUS UHMOKCUKAUULL.
Karouesvte caosa: mannuii, mexanusmol MoKCu4eckoeo 0elicmeus, 0cmpble Ompagaerus, OUaeHOCMUKA.
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