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AHHOTALMUA

AHTpOIIOTEHHAsl JIESITEIbHOCTh NPOMBIIUICHHO PAa3BUTBIX CTPaH MPHUBOIUT K 3arpsi3HEHUIO, MOYBBI
TSOKETBIMU METAJIJIAMU, KOTOPBIE aKKyMYJIUPYIOTCS B TKaHSAX OpraHn3Ma M o0JIafaloT HeHPOTOKCHIECKUM
neiictueM. C y4€TOM OCTPON 3KOJOTHYECKOH MPOOIIEMBI HAKOTUICHHSI B TIOYBE TSKENBIX METANIOB U MX
TOKCHUYHOCTH JUIsI 4YEJIOBEKa IIeNbI0 HCCICNOBAHUS ObUI aHalmW3 aKTyaJlbHbIX/ HAyYHBIX AAaHHBIX O
MATOJIOTUYECKOM BO3ACHCTBUU MX HA HEPBHYIO TKaHb. ISl TOCTHXKEHUSI TOCTaBIEHHOH Lieu 00paboTaHbI
JIOKa3aTeJIbHbIE HAYYHBIE CTAThU PEIEBAHTHBIX OTKPBITBHIX 0a3 AaHHBIX 3ad10ocienHue nath jeT. CoriacHo
Hay4YHbIM JaHHBIM, KagMHH, XpOM, CBHHEL M PTYThb CUHTAIOTCS, HaMOOJe€ pacnpoCTpaHEHHBIMU
METaJllIaMH, KOTOPBIE 3arps3HAIOT IMOYBY W OKA3bIBAIOT HEHMPOTOKCHYECKOE” NEHCTBUE. TOKCHMYHOCTH
TSOKENBIX METANIOB B HEPBHOM TKaHU pealu3yeTcd 4Yepe3 MHOMXKECTBEHHBIE MEXaHU3MBI, BKIJIIOYas
HapyleHUe KIETOYHOI0 LHMKJIA, METa0OIMYECKHX IMPOLECCOB M LEIOCTHOCTH IeMaTo3HIE()anndeckoro
Oaprepa. OTH BO3IEHCTBUS MPUBOJAT K JIETeHEPATHBHBIM H3MEHEHUSIM CTPYKTYP IEHTPabHOW HEPBHOM
cucteMbl. Kangmuii, CBHHEN, pPTYTh H XpPOM BMEIIMBAIOTCA /B pPAa3BUTHE HEPBHOW CHCTEMBI U
(yHKIMOHUPOBaHKE, BbI3bIBAsI HeHpOoTOKcHYecKHe 3(p(eKThI, BIUIOTH O JIETAIBHBIX UCXOIO0B IPH OCTPBIX
oTpaBieHUsAX. CKPUHMHIOBOE BBISBICHHE COLMAJIBHBIX) I'PYNIl MOBBIIICHHOTO PHCKA OTPaBJICHUS
METaJUlaMH M TEpBUYHAs NPOQUIAKTHKA B 3KOJOTMYECKH HEONIaronmpusATHBIX palOHAX SIBISIOTCS
1es1ecoo0pa3HbIMU MepaMu B 00pb0e ¢ MpoOIeMO BIMSHNS 3arpsA3HEHHON THKETBIMU METAIIIaMU TIOYBbI
1 MX HETaTUBHOT'O BIUSHUS HA OPraHu3M.
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Anthropogenic activities of industrialized countries lead to soil contamination with heavy metals, which
accumulate in body tissues and have a high neurotoxicity. Given the acute environmental issue of
accumulation of heavy metals in the soil and their toxicity to humans, the aim of the study was to analyse
current scientific data on their pathological effects on the nervous tissue. To achieve this goal, evidence-
based scientific articles from relevant open databases over the past five years have been processed.
According to scientific data, cadmium, chromium, lead, and mercury are considered the most common
metals that pollute the soil and have neurotoxicity. The toxicity of heavy metals in nervous tissue
manifests through various mechanisms, such as disruption to the cell cycle and metabolic processes, as
well as impairment to the integrity of the blood-brain barrier. These effects result in degenerative changes
to the structures of the central nervous system. Cadmium, lead, mercury and chromium can interfere with
the development and functioning of the nervous system, resulting in neurotoxic effects that can be fatal in
cases of acute poisoning. Screening, identification of social groups at increased risk of metal peisoning
and primary prevention in ecologically unfavourable areas are appropriate measures to combat the
problem of the impact of soil contaminated with heavy metals and their negative impact on the body.
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INTRODUCTION

Human economic and industrial activity has.resulted in an ecological crisis, a significant manifestation of
which is the adverse impact on the health of the population [1]. A significant environmental and global
public health concern has been identified in numerous countries, pertaining to the contamination of
ecosystems by toxic metals [2]. Consequently, anthropogenic alterations in the biosphere give rise to the
prevailing concern of sustaining health and augmenting human life expectancy within contemporary
contexts [3]. It is imperative,to comprehend the aetiological causes and patterns of the pathological effects
of chemical soil pollution with ;heavy metals on human health, in order to prevent potential negative
processes that may result'in specific syndromes and diseases.

The principal anthropogenic pollutants of the environment and soil are heavy metals, which poisoned the
third most significant’number of individuals after pesticide and nitrate poisoning, as indicated in the work
by X. Shen et al=[4].“The anthropogenic accumulation of heavy metals can be attributed to various factors,
including metallurgical and energy production, transport pollution, corrosion of technical structures,
mining, and inefficient waste disposal [5]. The primary entry point of heavy metals into the environment is
through dust.and its deposits on the soil and leaves, that is, in the form of dry deposits.

The presence of heavy metals in the soil has a dual meaning: as trace elements, they are necessary for the
course” of'physiological processes in the biosphere, but at the same time, they are toxic at elevated
concentrations, which negatively affects the health of humans and animals [6]. The presence of heavy
metal molecules has been observed at all levels of the ecological pyramid, thereby intensifying the
problem of their impact on the body and emphasising the necessity for rapid identification of their
aetiological interactions. This is particularly crucial with regard to the capacity for accumulation and the
long-term consequences. Despite the natural presence of heavy metals in the earth's crust and soil, the
anthropogenic activity of modern realities, according to Z. Rahman and V.P. Singh, for example, mining,
electroplating, smelting, household and allied industries lead to abundant environmental pollution and
human exposure to toxic metals [7]. Each type of heavy metal has its own unique characteristics in terms
of its physiological effects; however, according to the research conducted by M. Zaynab et al., the
presence of high concentrations of these metals can have a deleterious effect on the gastrointestinal tract,
cardiovascular, endocrine, nervous and reproductive systems [8].
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Initially, heavy metals released from contaminated soil into the human body accumulate in tissues and
organs, gradually reaching a certain threshold level within the body. At this point, pathological disorders
are initiated, which include changes in the activity of enzyme systems, metabolic processes,
immunological reactions, and disruption of the activity of the main organocomplexes [9]. At the
subsequent stage of influence on the body, symptoms of a specific disease emerge, unfolding into the
clinical picture of the disease. Recent research by W. Ahmad et al. revealed that the oxidative breakdown
of biological macronutrients is associated with the binding of heavy metals to cellular components in the
form of structural proteins, enzymes and nucleic acids. This, in turn, is associated with the pathology of
their functioning [10].
Chronic exposure to heavy metals has been demonstrated to have severe consequences, including
carcinogenic induction of cell metaplasia and negative effects on the cardiovascular, central and peripheral
nervous systems [11]. The nervous system plays a pivotal role in regulating the somatic and vegetative
innervation of all internal organs. Additionally, it is responsible for the control and conscious functions of
the physical and psychoemotional sphere. Consequently, studying its tendency to the.negative chronic
influence of the soil is of paramount importance. The violation of the organs and structures ofithe central
nervous system (CNS) has been demonstrated to result in a complex disruptionof the  endocrine,
autonomic, metabolic and other areas of the body.
A number of epidemiological and experimental studies demonstrate a significant link/between exposure to
heavy metals in soil and neurotoxicity. Many neurodegenerative diseases, including“Alzheimer's disease,
Parkinson's disease, amyotrophic lateral sclerosis, multiple sclerosis and attention deficit hyperactivity
disorder, are caused by heavy metal toxicity [12]. The neurotoxicity of’heavy metals has been shown to be
associated with epigenetic changes related to histone modifications. Heavy:metals alter gene transcription,
leading to neurological and neurodevelopmental disorders [13]. Furthermore, heavy metals have been
shown to disrupt protein folding mechanisms, thereby increasing.the risk' of neurodegenerative diseases in
exposed populations. This process is increasingly recognised .as a critical factor in the development and
progression of neurodegenerative diseases such as Alzheimer's.and Parkinson's [14]. Glial cells are
particularly susceptible to metal-induced neurotoxicity. The accumulation of heavy metals in the brain
contributes to the activation of microglia, triggering inflammatory responses that may coincide with other
mechanisms of neurotoxicity, causing changes in/ synaptic transmission, cognitive impairment, and
neuronal damage [15]. Furthermore, exposure to_heavy metals such as cadmium and mercury can lead to
adverse neurocognitive outcomes in adults via various pathways [16]. Moreover, exposure to multiple
heavy metals increases this risk more than exposure‘to individual heavy metals does [17].
Considering the acute environmental problem-of soil pollution with heavy metals and their diverse
negative impact on human health, the purpose of this work was to conduct a comprehensive analysis of the
latest scientific data on the effect of heavy,metals on the human nervous system.

MATERIALS AND METHODS

In order to analyse modern scientific data on the relationship between soil contamination with heavy
metals and their influence on possible complications in the work of organs and structures of the central
and peripheral nervous system, a systematic analysis of scientific publications in the fields of ecology,
geology, neurology,daboratory diagnostics, epidemiology, internal and social medicine is required. For the
selection of data for the purpose of subsequent analysis and consecration, a number of publications were
selected that.were published by relevant and reliable periodicals with a high impact factor. The database of
processed (articles, statistical data, clinical recommendations and literature reviews was based on the
principle oftusing advanced and evidence-based data that reflect the results of long-term studies and
observations of various cases from practical medicine: for patients with chronic forms of complications as
a result of heavy metal poisoning, with pathologies of the central or peripheral nervous systems due to
chronic exposure to heavy metals, and patients with industrial exposure to heavy metals (metal exposure
as an occupational hazard). The latest meta-analyses have also been included, which covered large cohorts
of patients in the projection from 3 to 5 years of follow-up with different options for complicating the
functionality of the nervous system to analyse the features of chronicity or clearance of heavy metal
accumulation processes in the body.

To study scientific data, the work includes medical publications for the period from 2019 to 2024 in
specialized and relevant publications. The literature search was conducted using the keywords “heavy
metals” and “heavy metal” and “cadmium” and “chromium” and “lead” and “mercury” and “soil
pollution” and “neurotoxicity” and “nervous system” in PubMed, Scopus, Google Scholar, and Web of
Science databases (Figure 1).
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In the majority of cases, material from open databases of relevant scientific data was utilized. During the
course of the work, the researcher-author of the work was identified, that is to say, an authorized entry and
search on academic search platforms were used. The utilization of scientific databases facilitates the
exclusion of results from the same scientists, related works, outdated data, and expedites the process of
verifying the citation and impact factor of the work and the publication itself. In addition to the
implementation of a filter for the robot by publication date, a number of keywords were also utilized
during the search process. This approach enabled the exclusion of robots that addressed the influence of
other elements of contaminated soil, or other target organs and body systems that were not pertinent to the
subject of this work. Additionally, scientific works that addressed short-term medical observations were
excluded. In addition to scientific articles, the work includes an analysis of the latest recommendations of
the World Health Organization (WHO) and world associations in the field of prevention of the
anthropogenic impact of hazardous elements on the human nervous system. It also includes, a
recommendation regarding the early detection, diagnosis, and prevention of heavy metal accumulation.

RESULTS AND DISCUSSION

Given the prevalence of heavy metals in the biosphere, as a result of various anthropogenic activities in
agricultural, household, medical, industrial and technological sectors, there is an grgent need to address
the critical question of their pathological accumulation and impact on the statesof various human organ
systems. It has been established that the manifestation of high toxicity «of heavy metals in the body is
contingent on a number of factors, including the source of pollution and.the’patient's anamnestic data [18].
The factors to be considered include the chemical composition of the compound, the dosage, the duration
of exposure, the route of exposure, and the amount of accumulated metal [19]. In the context of patient
care, a number of factors have been identified as being of particular importance in determining the
severity and sensitivity of pathological manifestations. These include age, gender, genetic predisposition,
state and nutritional value, the work of biorhythms, the presence of toxic working conditions and
background diseases. Heavy metals, including lead, tin, arsenic, cadmium, and mercury, are frequently
employed in industrial processes. According to recent studies, cadmium, chromium, lead, and mercury are
considered priority metals that are prevalent in contaminated,soil and pose a direct threat to the human
nervous system due to their proven toxicity [20].,The toxicity of these heavy metal compounds is
measured by systemic toxicants in order to=determine the degree of impact on the victim and to assess
possible damage to organ systems.

According to S.C. Alvarez et al., heavy metal compounds do not undergo metabolic changes in body
tissues, which leads to their direct accumulation in the course of chronic exposure, that is,
bioaccumulation as a result of transdermal or parenteral intake into the body due to soil contamination
[21]. As posited by L. Chen et al., the toxicity of heavy metals and their ions is also associated with their
solubility in aqueous solutions [22]. The ingestion of contaminated soil containing water and heavy metals
can result in the inhibition of vital enzymes present within the bloodstream, thus inducing a state of
functional incapacitation that can ultimately culminate in death. Consequently, even negligible quantities
of these substances can result in substantial physiological consequences. In addition to intensive
bioaccumulation, heavy metals are characterised by the absence of biodegradation, that is, they can not be
destroyed, neutralised or removed from the body in full [23]. The bioaccumulation of heavy metals in the
tissues of the victim is exacerbated in cases of ingestion of animal products that have been exposed to and
accumulated heavy metals in contaminated soil. Consequently, in such a scenario, the concentration of
metals in foodstuffs may increase exponentially, reaching levels 100,000 times higher than those found in
soil,. This has'been linked to the development of various pathologies, including those affecting the nervous
system, asywell as carcinogenesis [24].

CADMIUM

Cadmium is utilised in various types of household batteries, plastic products, industrial pigments, and
metal structures. It is also widely employed in electroplating, as referenced by M. Wang et al. [25].
Furthermore, it has been determined that coal and mineral solutions in soils also contain cadmium. In the
latest recommendations of the International Agency for Research on Cancer and WHO, cadmium
compounds are classified as a group of carcinogens of the first degree [26]. Fertilizers represent the
primary source of soil contamination with cadmium, which is introduced into the composition of plants
consumed by humans. It has been established that an additional source of cadmium in the soil is
combustion products, with large forest fires being a significant contributor to this phenomenon. The
content of cadmium in wood ash varies from 2 to 32 mg per kg, and in straw ash it is more than 9 mg per
kg [27]. Given the predominance of alkaline properties in the ash, the cadmium present in its composition



Okonorus genoseka | EKologiya cheloveka (Human Ecology)
O630p | REVIEW
DOI: XXXXXXXXXXXX
EDN: XXXXX
is insoluble in water and does not effectively penetrate plant tissue. However, according to the studies of
M. Rizwan et al., cadmium has been found to accumulate in the soil, and in the case of fermentation, it
becomes available for absorption by plants [28]. It has been demonstrated that cadmium can gradually
accumulate within the human body. Furthermore, cadmium, in conjunction with zinc, has been observed
to permeate into seawater through a network of surface and ground soils. Despite the existence of reports
concerning the reduction of cadmium emissions into the soil in various industrialised countries by J. Wu et
al., the issue remains a source of concern, particularly with regard to its carcinogenic effects on workers in
agriculture and metallurgy, as well as on individuals residing in areas with soil contaminated with
cadmium [29].
For a considerable period, the impact of cadmium on the human body was confined to research
investigating its accumulation in the nephrons of the kidneys, specifically in the epithelial cells of the
proximal tubules and in the bone tissue, which was characterised by pathological alterations!in the
homeostasis of the mineralisation of lamellar bone tissue [30]. Recent scientific studies conducted onlarge
groups of patients have demonstrated statistically significant effects of cadmium on nervous tissue, in both
central and peripheral nervous system structures. This conclusion is supported by the research'of‘R. Zhou
et al. [31]. Firstly, these are studies with an evidence-based process of cadmium accumulation in brain
tissues, which is also associated with a violation of the blood-brain barrier, (BBB) during the
bioaccumulation of cadmium compounds in soft tissues. The pathology of the BBB during chronic
accumulation of cadmium has been shown to be pathophysiologically associated with a violation of the
oxidative-antioxidant homeostasis of the capillary system of the CNS, which leads to the development of
oxidative stress [32]. Conversely, acute cadmium intoxication has beenyobserved to exhibit its maximum
concentrations in structures of the nervous system not encircled by the BBB, namely the epiphysis and
meninges, as previously documented by J.J.V. Branca et al. [33].. The degree of BBB resistance to the
penetration of cadmium and its compounds is also contingent on the patient's medical history, namely their
age, comorbidities, and alcohol and smoking abuse [34].
According to current statistics, the concentration of cadmiumuin the blood and urine of residents of
developed countries with a developed industrial infrastructure varies from 0.005 to 7.01 pg/L and from
0.04 to 14 ng/g, respectively [35]. The neurotoxic effects,of cadmium involve the initiation of tissue
oxidative stress (with a predominance of oxidants),.affecting the activity of enzymes critical for neuronal
function and intercellular homeostasis in the brain. This impacts the cell cycle and the programmed death
of neurons and neuroglia [36, 37]. According to J.J. Branca et al. [38], cadmium in nervous tissue acts as
an initiator of neuronal cell cycle completion by:blocking the proliferation of protoplasmic and fibrocytic
astrocytes, causing apoptosis and necrosis ofumultipolar brain neurons. This effect on the cell cycle is
evidenced by altered intracellular’ calcium ‘ion levels, increased reactive oxygen species secretion,
increased caspase immunoreactivity/andjincreased expression of apoptotic factors. Recent studies by VY.
Ge et al. demonstrate that cadmium can’disrupt the formation of the neuronal cytoskeleton by inhibiting
the expression of proteins responsible for assembling and organising cytoplasmic neurofilaments. These
neurofilaments are marker organelles specific to neurons [39].
During cadmium-induced“oxidative stress, elevated levels of malondialdehyde, nitric oxide and oxidised
glutathione are detected. . Another mechanism of cadmium'’s neurotoxic effects is explained by the impact
of its compounds on the activity of calcium adenosine triphosphatase and calcium-magnesium adenosine
triphosphatase [40].The consequences of this deactivation are displayed by a decrease in the level of
calcium ions, which play a role in synaptic communication in all types of synapse in the central nervous
system (CNS). Thus, cadmium's effect on nervous tissue is manifested through various mechanisms that
disrupt the cell.cycle and intracellular metabolism, resulting in premature degenerative processes.

LEAD

DiseaSes associated with lead accumulation are called saturnism. Lead is a highly toxic heavy metal with
cumulative properties that mainly affect the human nervous system [41]. The metal content of fruits and
vegetables contaminated with lead can increase by more than tenfold compared to the natural level in
uncontaminated soil. Lead is present in small amounts in almost all plant crops, but its concentration is
especially high when these crops are grown in lead-contaminated soil. Scientific data shows that high
concentrations of lead in cereal grains, legumes and other food products are highly toxic to humans and
negatively impact the yield of field crops. Lead itself worsens the physicochemical parameters and
organisation of the soil's microbial environment [42]. The gastrointestinal and nervous systems are the
primary target organs for exposure to lead in the home [43]. In terms of its effect on the central nervous
system, lead exhibits pronounced neurotoxicity, which is manifested by impaired neurophysiological
function and presents symptomatically as mental disorders and neurocognitive syndromes [42].
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It has been proven that children’s bodies are more susceptible to the neurotoxic effects of lead and its
compounds than adults'. A study by V. I. Naranjo et al. on pediatric patients showed that children are still
exposed to lead despite widespread community and health system awareness of its toxicity in different
countries [44]. The authors demonstrate that, even in children with blood lead levels below the toxic
threshold, specific therapy should be administered to prevent negative consequences for the central
nervous system (CNS). The N-methyl-D-aspartate receptor plays a role in the maturation of brain neurons
and their functional plasticity, processes that occur during the first three months of human prenatal
development. Lead inhibits this receptor, leading to the interruption of the long-term potentiation of
learned skills and memory abilities. Lead can also penetrate the blood-brain barrier (BBB), inhibiting the
activity of endotheliocytes in the BBB system. Histocytological effects of lead disrupt normal nervous
system development processes in both the prenatal and childhood periods. These disorders include
disruption to signalling, growth and differentiation factors during the proliferation and differentiation, of
CNS multipolar neurons; impaired formation of synaptic connections due to reduced neurocyte_production
of sialic acid; and violations to the chronological sequence of glial cell differentiation.” The
pharmacological effects of lead poisoning are manifested by lead replacing calcium, and=initiating
disturbances in calmodulin cascades [45]. Lead also blocks the secretion of neurotransmitters from the
presynaptic membrane into the synaptic cleft, thereby disrupting the GABAergie, dopaminergic and
cholinergic systems of the central nervous system (CNS). Inside the cytoplasm, lead/blocks the release of
calcium ions from both the cell's cytoplasmic contents and the mitochondria themselves. This leads to the
accumulation of reactive oxygen species, the activation of mitochondrial lysis; and the initiation of
programmed processes of apoptosis or necrosis [45].

MERCURY

Mercury is present in almost all human foods, ranging from 1 to 50 micrograms per kilogram of body
weight. Levels may be higher in marine products [46]. This metal'is found in soil and water contaminated
with heavy metals and can be converted into methylmercury:by, microorganisms. Methylmercury and
mercuric chloride are highly carcinogenic factors, as evidenced by H. Kim et al. [47]. When mercury-
contaminated food is consumed, mercury is easily absorbed, by enterocytes, and almost 100% of ingested
mercury is deposited in cells and not excreted. Thesnervous:system is sensitive to all types of mercury
because of its high neurotoxicity. Once consumed, mercury first forms complexes with the sulfhydryl
groups of blood plasma proteins and tissues before\being transported through cell plasma membranes to
target organs. More than 12% of the mercury mass.entering the body settles in brain tissues, with smaller
amounts settling in hepatocytes in the liver and epithelial cells in the nephrons of the kidneys. According
to L. Yang et al., the classic symptoms of organic mercury poisoning include depressive disorder,
headaches, limb tremors, memory problems, gastrointestinal disorders (e.g. diarrhea and nausea), skin
rashes, weakness and high blood pressure. Anthropogenic activities directly or indirectly pollute the soil
with three types of mercury: elemental, inorganic, and organic [48].

Methylmercury is extremely toxie-to most bodily tissues and can easily penetrate three-dimensional cell
membranes. This has beensproven by many studies, including those by L.C. Abbott and F. Nigussie [49].
Biochemical manifestations' of mercury toxicity include blocking sulfhydryl-containing enzymes of
cellular metabolism ncreased circulation of reactive oxygen species, oxidative stress and disruption to the
intracellular functioning of calcium ions. The latter is similar to the action of lead inside the cells of target
organs. As intracellular calcium ions perform many important functions in both synaptic transmission and
neuronal functien, disturbances to intracellular calcium levels are the main mechanism that explains
mercury neurotoxicity. These changes include the inhibition of the ability of cells to use calcium from
intracellular=stores, violations of the physical properties of calcium penetration through specific
transmembrane channels in the plasma membrane, and changes in protein phosphorylation processes.
Oxidative stress due to mercury poisoning can affect the viability of nervous system cells directly or
indirectly by disturbing intracellular calcium homeostasis.

Methylmercury has a high degree of similarity to thiol groups in body cells. Consequently, intoxication
during the prenatal differentiation of neuroblasts and late neurulation leads to the aberrant migration of
stem cells and the disorganisation of the developing brain's neocortex. According to scientific theories
published by S. Yawei et al. [50] and S. T. Zulaikhah et al. [51] but not yet studied in humans,
methylmercury disrupts genetic sequences that control the normal neurulation process in the first trimester
of pregnancy. This alters cellular signalling factors for neuroblastic migration, leading to dysplasia and
abnormal cortical and myeloarchitectonics. Among these signalling pathways, the Notch receptor stands
out as being sensitive to the effects of mercury even at threshold concentrations, as proven in experimental
animals [52]. J.G. Dérea's work shows that the neurotoxicity of methylmercury is associated with the
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inhibition of cytoplasmic microtubule polymerisation, which in turn blocks cell migration and the cell
cycle with division, since formation of the mitotic spindle for cell division is impossible [53].

CHROMIUM

As M. Pavesi and J.C. Moreira point out [54], chromium occurs in the biosphere in various oxidation
states, but it is trivalent and hexavalent chromium that is toxic to the human body. Sources of chromium
pollution include the combustion of oil and coal, pigment oxidisers, household fertilisers, chromium steel
and the drilling of oil wells. The effect of chromium on the human body depends on the dose size,
exposure route and duration of contact. Chromium compounds can act directly at the site of contact — this
is particularly the case with the skin — or be transported and accumulated in other tissues. Hexavalent
chromium is a global environmental pathogen that increases the risk of carcinogenesis and nervous system
pathologies due to its neurotoxicity [55]. Some studies have shown that industrial, chronic exposure to
chromium can lead to impaired olfactory function, an increased risk of motor neuron disease in’cases of
complex heavy metal poisoning, and the development of schizophrenia, particularly in individuals with a
psychiatric history, as discussed by J. Ma et al. [56]. The authors point out that high levels of chromium in
the initial stages of schizophrenia may exacerbate serotonin synthesis, thereby contributingto the disease
burden [57].

According to the work of T. Pavesi and J.C. Moreira [54], trivalent chromium circulates in soil organic
matter and in the form of oxides, hydroxides and sulphates. Studies of chromium workers, a social group
at high risk of complications due to chromium exposure, indicate that they experience regular headaches,
systemic dizziness and weakness. However, no information was found«en neurological effects [58]. There
is evidence of acute neurological complications in people with acute chremium poisoning following the
ingestion of more than 8 mg of the metal in the form of potassiumdichromate. These complications
include cerebral oedema and necrotic lesions, which can result in death. Thus, contaminated soil poses a
number of threats to human health based on the spectrum of heavy.metals which exceed threshold norms.
Given the wide range of ways in which heavy metals can enter.the human body from contaminated soil
and the increasing number of industrial and agricultural sources of soil contamination with metals, this
problem remains relevant for the healthcare systems of developed countries worldwide. Table 1
summarises the main features of the heavy metals discussed,above for the purpose of basic diagnostic
differentiation of their effects on the human nervous system.

Despite some common features in the pathephysiological effects of heavy metals on the human nervous
system — such as the development of oxidative stress in the haemocirculatory system and neuroglia, the
disruption of calcium-dependent mechanisms._ in intracellular metabolism and the blocking of synaptic
transmission in the multipolar centralinervous.system (CNS) — there are also specific features relating to
a particular type of heavy metal, givenits valency and the compounds it forms. Further research on this
issue should include studying specific regions with contaminated soil, identifying patient groups
vulnerable to metal intoxication and diagnosing background conditions that can lead to a complicated
course of events.

CONCLUSIONS

Detailed studies of (the chain-of influence and the pathogenetic cascades involved in the development of
nervous system pathologies are important for developing appropriate preventive and protective measures
against their chronic effects. Early exposure to toxic metal compounds can have negative neurological
consequences for fetal and child development. The pathophysiological effects of heavy metals on cells and
neuroglia in.the human nervous system share certain properties. These include the development of
oxidative, stress in the haemocirculatory system and neurocytes, the inhibition of calcium-dependent
mechanisms in intracellular metabolism, and the disruption of synaptic transmission in multipolar neuron
systems. However, each has specific features that facilitate a differentiated diagnosis. Primary prevention
and the identification of high-risk social groups are reasonable and cost-effective measures to combat the
impact of soil contaminated with heavy metals on critical organs and structures of the nervous system
from a public health perspective.

AOMNONHUTEJNIbHAA UH®OPMALIUA

Bxaax aBropoB. I'.A. bateipoBa — 0030p auTepaTypbl, cOOp M aHAIU3 JUTEPATYPHBIX HCTOYHHKOB,
HamnMcaHUe TEKCTa M peAakTupoBaHue cTathd; [ A. YMapoBa — 0030p nuTepaTypbl, cOOp M aHaIM3
JUTEpaTypHBIX UCTOYHHUKOB, MOATOTOBKA U HamucaHue Tekcra cratel; C.T. YpazaeBa — cOop u aHanmm3
JUTEPAaTypHBIX MCTOYHHMKOB, IOATOTOBKAa M HamMcaHWe TekcTa cratbu; A. McannamHoBa — 0030p
JUTEPATypHl, COOP M aHAJIHU3 JIUTEPATYPHBIX UCTOYHUKOB, HAMCAHUE TEKCTa U PENAaKTUPOBAHUE CTAThU;



Okonorus genoseka | EKologiya cheloveka (Human Ecology)
O630p | REVIEW
DOI: XXXXXXXXXXXX
EDN: XXXXX
VY. Capcem6un, I'.E. Tackoxuna, XK. X. HUcanryxuna, E.A. YMapoB — 00630p nuteparypsl, cOOp 1 aHaIN3
JTUTEPATYPHBIX UCTOYHUKOB, HAIMMCAHWE TEKCTa M PEAAKTHPOBAHHE CTaThH. Bce aBTOPHI MOATBEPKAAIOT
COOTBETCTBHE CBOETO aBTOPCTBA MexayHapoaHeiM kpurepusm [ICMJE (Bce aBtopsl BHecn
CYIIIECTBEHHBIN BKJaX B pa3pabOTKy KOHIENIMH, MPOBEACHHUS HCCIECIOBAHUA W IMOATOTOBKY CTaThH,
MIPOWIX ¥ 0A00priIH (PHMHATBHYIO BEPCHIO TIEpe] IMyOInKaneit).
JTuyeckas 3kcnepTu3a. Henpumenumo.
Hcrounuku punancupoBanus. [lanHoe uccienoBanne ¢uHaHcupyer Komurer Haykn MwuHHCTEpCTBA
HAyKd U BeIciIero oodpasosanusi PecrnyOnuku Kaszaxcran (MPH Ne AP26199833).
PackpbiTHe HHTEpPecOB. ABTOPHI 3asBIIIIOT 00 OTCYTCTBHH OTHOIICHHUH, AEATEIHLHOCTH W MHTEPECOB 3a
MTOCITIEIHAE TPH IO/, CBSI3aHHBIX C TPETHUMU JHIAMA (KOMMEPYECKIMH U HEKOMMEPUIECKIUMH ), THTEPECHI
KOTOPBIX MOTYT OBITh 3aTPOHYTHI COACPKAHUEM CTAThHH.
OpurunaasHocTsb. [Ipy co3mannm HacTosIel paboTh aBTOPHI HE HCIIOB30BAIH PaHEe OIMyOJINKQBaHHBIE
CBelleHNUs (TEKCT, WITIOCTPALNH, JTaHHBIE).
Joctyn k gaHHbIM. PemakinmioHHas MOJWTHKA B OTHOIIEHWH COBMECTHOTO WCIOJB3QBAHHS NAHHBIX K
HacToAIIel paboTe HEe MpUMEHNMa, HOBBIE TaHHBIE He COOMpai 1 He CO3/1aBaJIH.
I'eHepaTuBHBI HMCKYCCTBeHHbIH HHTe/UIeKT. Ilpu co3maHuM HacTosAlmEed CTATbU HTEXHOJIOTHUHU
TeHepaTUBHOTO UCKYCCTBEHHOTO WHTEIJIEKTa HE MCIIOIb30BalTH.
PaccmoTtpenue u peunensupoBanne. Hacrosmas pabora momana B KypHall B HHAUIHATHBHOM TTOPSIIKE U
paccMoTpeHa 1o 00bIYHOM Tporeaype. B pereH3supoBaHiy y4acTBOBAIH JIBa BHEIIHUX pEIEH3EHTa, YICH
PEAAKIIMOHHON KOJIJIETUH ¥ HAYYHBINA PETAKTOp M3IAHMA.
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TABNALbI

Table 1. Differentiated comparison of the main manifestations of soil heavy metals on the human nervous system
Characteristics of manifestation Cadmium Lead Mercury Chromium

;r;;ltléfgcper:nnagﬁfevelopment of the nervous Possible Proven Proven Possible

Impact on the children’s body Possible Proven Proven Possible

Breach of the blood-brain barrier Present Present Present Not typical

Psychiatric disorders in metal poisoning Present Present Not typical Not typical

Disruption of synaptic transmission Not typical | Characteristically Characteristically Characteristically

Neurological symptoms Present Present Present Present

Source: compiled by the authors.
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