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Introduction. Despite restrictions on the use of thallium compounds in the agricultural sector, the 

problem of thallium poisoning remains acute due to extensive human activity. The release of thallium 
into ecosystems as a result of industrial use of the element leads to its persistent bioaccumulation in food 
chains and cases of serious poisoning.  

The main material. Thallium is a trace element in the periodic table, located in the 6th period, 
Group III (or Group 13 according to the current IUPAC classification), with atomic number 81; it is char-
acterized by high toxicity, significant reactivity, and high bioavailability [1, p. 1; 2, p. 1; 3, p. 1]. The ele-
ment dissolves rapidly in water and acids, after which it exhibits two oxidation states, Tl⁺ and Tl³⁺. The 
first form is considered the most dangerous due to its ionic radius, which is close to that of K⁺ (0.176 nm 
for Tl⁺ and 0.160 nm for K⁺), and its identical valence (+1). These properties lead to rapid accumulation 
of the toxin by cells [1, p. 1-3; 2, p. 1; 3, p. 1-2].   

The highest concentrations of thallium are found in crookesite, lorandite, hutchinsonite, and 
vrbaite, but on an industrial scale, it is obtained during the processing of non-ferrous metal ores. After 
the element was discovered in 1861, it was used in pesticides and therapeutic agents for tuberculosis, 
malaria, syphilis, gonorrhea, ringworm, and other conditions. Over time, these uses were banned in many 
countries around the world. Today, the element is still found in diagnostic agents, used in the creation of 
costume jewelry, green fireworks, optical technologies, measuring instruments (scintimeters), and pho-
tovoltaic cells, and is employed in the gravitational enrichment of minerals [1, p. 2; 2, p. 1-3; 3, p. 2]. 

Tl2O is released into the Earth’s atmosphere as a result of the metallurgical industry, volcanic erup-
tions, and soil erosion. It is estimated that approximately 5 tons of thallium enter ecosystems annually 
due to human activities. The highest concentrations of this toxin are found in urban areas and industrial 
regions. The deposition of thallium compounds or sediment leads to excessive bioaccumulation of the 
element in organisms of the hydrosphere and lithosphere. It is important to note that Tl+ ions are the 
most common form in ecosystems due to their thermal stability. The food chain, starting with producers, 
is considered the typical mechanism for the transfer of the element to higher trophic levels [1, p. 2-3; 2, 
p. 2;]. For example, crops grown on polluted land can lead to thallium poisoning in humans [1, p. 3]. 

Thallium enters the body through ingestion, percutaneous absorption, inhalation, and other routes. 
It typically occurs in the form of salts (Tl2SO4), oxides (Tl2O, Tl2O3), or hydroxides (TlOH).  The lethal dose 
of the element is 10–15 mg/kg, and with chronic exposure, it is 0.1–100 mg/kg. The body may be more 
sensitive to thallium due to age, physical characteristics, and other factors [1, p. 3; 2, p. 1-3; 3, p. 3; 4, p. 
30]. In many cases, the toxin is successfully absorbed by the body. This process is most effective when the 
compounds come into contact with mucous membranes: between 80% and 100% of the thallium is ab-
sorbed [2, p. 3; 3, p. 3; 4, p. 30; 5, p. 115]. A key characteristic of the substance in the context of poisoning 
is the striking similarity of its physical and chemical properties to those of potassium. Tl+ effectively re-
places K+ in the sodium-potassium ATPase mechanism, exhibiting an affinity for the pump that is many 
times higher than that of potassium. At this stage, the imbalance of particles causes depolarization of 
the cell membrane and disrupts the ionic balance, particularly that of Ca2+. The element has a similar 
effect on mitochondria: by penetrating transport systems similar to the sodium-potassium pump, thal-
lium causes a decrease in mitochondrial membrane potential. The mitochondria swell and become vacu-
olated [1, p. 4-5; 2, p. 7-8; 3, p. 2-3; 4, p. 31; 5, p. 114]. It is important to note that thallium is capable of 
forming complexes with sulfhydryl groups (-SH, which are characteristic of certain proteins and mem-
brane components), thanks to its empty d-orbital [1, p. 4; 2, p. 7; 4, p. 31; 5, p. 114]. Inside the cells, the 
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toxin inhibits cysteine-containing pyruvate kinase and pyruvate dehydrogenase, disrupting energy me-
tabolism [1, p. 4; 2, p. 7; 3, p. 3; 4, p. 31-32; 5, p. 114]. When Tl+ interacts with glutathione, the latter is 
inactivated, leading to an excess of reactive oxygen species, such as the superoxide radical O•-

2 and the 
hydroxyl radical OH• (oxidative stress) [1, p. 4; 2, p. 8; 4, p. 31-32; 5, p. 114]. In addition, contact between 
the toxin and phospholipid anions leads to disruption of the function of membrane receptors, enzymes, 
and channels. Researchers also report that the ribosomal complex is destroyed under the influence of Tl+ 
[5, p. 114]. The combination of structural and metabolic abnormalities leads to the release of apoptotic 
factors, such as cytochrome C [1, p. 4]. 

Exposure to a toxin typically triggers neurological symptoms within 2 to 5 days, especially in cases 
of chronic poisoning [2, p. 5; 3, p. 5; 4, p. 33; 5, p. 115]. In the early stages, peripheral neuropathy is 
observed: weakness, pain, paresthesia, and hyporeflexia, primarily in the lower extremities. The upper 
body is affected only over time [2, p. 5-6; 3, p. 5; 4, p. 33; 5, p. 115]. Sometimes the cranial nerves (pairs 
2, 3, 4, and 6) are damaged, causing the person to suffer from ptosis, nystagmus, ophthalmoplegia, am-
blyopia, and optic nerve atrophy [3, p. 5; 4, p. 34; 5, p. 116]. Equally characteristic are changes in mental 
health and circadian rhythms. Insomnia, anxiety, apathy, impaired emotional self-regulation, depression, 
delirium, psychosis, and hallucinations may develop [2, p. 6; 3, p. 5; 4, p. 33-34; 5, p. 116]. Depending on 
the amount of thallium absorbed by the body, choreoathetosis, ataxia, and amnesia may occur [2, p. 6; 
3, p. 5; 5, p. 116]. 

Conclusions. The toxic effects of thallium are based on its physical and chemical similarity to po-
tassium: Tl easily penetrates cells and triggers a cascade of destructive processes. These include mito-
chondrial damage and the inhibition of energy metabolism enzymes and glutathione. For the nervous 
system, this has fatal consequences, manifesting as acute neuropathies and cognitive-psychiatric disor-
ders. Its high bioavailability and potential for bioaccumulation in tissues make thallium one of the most 
dangerous toxins of our time. 
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