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Аbstract
Thyroid diseases arise from both internal and external factors. Changing environmental and radia-

tion conditions are increasing their prevalence and altering thyroid disease patterns. This review highlights 
current insights into how environmental influences affect thyroid structure and function, outlining recent 
discoveries, mechanisms, and areas needing further research.

The purpose of the study. To review scientific literature that investigates the effects of adverse indus-
trial environmental factors on thyroid gland function.

Materials and Methods. A search for relevant studies was conducted in electronic databases, includ-
ing PubMed, Web of Science, and Scopus, using specific terms and keywords. Only original observational 
studies examining the impact of harmful environmental factors on the development of thyroid pathology 
were included.

Results. High levels of heavy metals (Pb, Hg, Cd, As) are linked to increased thyroid cancer risk. 
In oil and gas regions, children exhibit elevated levels of manganese, boron, vanadium, and silicon in their 
hair, which can interfere with iodine uptake and lead to iodine deficiency. Cadmium lowers thyroid-stimu-
lating hormone, contributing to hyperthyroidism. Radiation-exposed areas (e.g., Chernobyl, Semipalatinsk) 
show more nodules and autoimmune thyroiditis. Fine particles (PM2.5, PM10) increase the risk of thyroid 
cancer, and prenatal air pollution affects newborn T4 levels. Organic and inorganic pollutants disrupt thy-
roid hormone production and promote cancer.

Conclusion. Environmental contaminants, including heavy metals, radiation exposure, industrial 
residues and pollutants, and endocrine-disrupting chemicals, play a significant role in the occurrence and 
progression of thyroid disorders. The rise in chronic diseases, including thyroid pathologies, serves as a 
marker of environmental pollution. Further research is needed to explore the mechanisms by which envi-
ronmental factors affect thyroid function. It is essential to develop prevention and monitoring strategies, 
particularly in environmentally unfavorable regions. 
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Introduction
In recent decades, developed countries have 

increasingly raised concerns about the negative im-
pact of environmental contamination by metals, as 
well as deficiencies in essential chemical elements. 
These issues are associated with changes in popula-
tion dietary patterns, environmental and industrial 
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factors, changes in life expectancy and morbidity 
patterns, and high levels of pharmaceutical burden. 
Understanding the impact of environmental factors 
and contaminants on thyroid function is crucial for 
developing effective preventive measures and poli-
cies that ensure proper development and maintain 
healthy metabolism in future generations, as well 
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as for preventing thyroid diseases and cancer in 
adults and elderly populations. Despite the diminu-
tive size of the thyroid gland, its malfunction can 
disrupt a multitude of metabolic processes and ex-
ert a profound impact on the well-being of nearly 
all bodily organ systems. The range of thyroid ail-
ments spans from subtle structural alterations to 
severe functional and morphological irregularities, 
the latter frequently compromising patients’ qual-
ity of life and, in certain instances, their life ex-
pectancy [1-3]. Thyroid disease is a very common 
condition that influences the entire human body, 
including cognitive function and mental health. As 
a result, thyroid disease has been associated with 
multiple neuropsychiatric conditions. Thyroid hor-
mones lay a crucial role in the functioning of the 
nervous, reproductive, and cardiovascular systems 
in both children and adults [4-6].

Environmental factors, including climate 
change, pollution, dietary changes, and exposure 
to chemicals, have been recognized as impacting 
thyroid function and health. Thyroid disorders and 
cancer have increased in the last decade, the latter 
increasing by 1.1 % annually, suggesting that envi-
ronmental contaminants must play a role [7]. Glob-
al warming changes thyroid function, and living in 
both iodine-poor areas and volcanic regions can 
represent a threat to thyroid function and can favor 
cancers because of low iodine intake and exposure 
to heavy metals and radon [7-9]. High concentra-
tions of nitrate and nitrite in water and soil also 
negatively impact thyroid function [10]. Air pollu-
tion, particularly particulate matter in outdoor air, 
can worsen thyroid function and can be carcino-
genic [11]. Environmental exposure to endocrine-
disrupting chemicals can alter thyroid function in 
various ways, as some chemicals can mimic and/or 
disrupt thyroid hormone synthesis, release, and ac-
tion on target tissues, including bisphenols, phthal-
ates, perchlorate, and per- and polyfluoroalkyl sub-
stances [12].

The purpose of the study was to review 
scientific literature that investigates the effects of 
adverse industrial environmental factors on thyroid 
gland function.

Materials and Methods
A search for relevant studies was conducted 

in electronic databases, including PubMed, Web 
of Science, and Scopus, using specific terms and 
keywords. Only original observational studies ex-

amining the impact of harmful environmental fac-
tors on the development of thyroid pathology were 
included.

Results
Many factors, endogenous and exogenous, 

influence the development of thyroid diseases. The 
constantly changing ecological and radiological 
situation contributes to the increasing incidence of 
thyroid diseases and alters the structure of thyroid 
pathology [13]. The combined impact of anthropo-
genic and geochemical factors continuously dete-
riorates medical and demographic indicators, in-
creasing chronic diseases and thyroid gland pathol-
ogy [14]. Environmental factors are determinants 
for the appearance of autoimmune thyroid diseases 
in susceptible subjects. Increased iodine intake, se-
lenium, and vitamin D deficiency, exposure to ra-
diation from nuclear fallout or due to medical radia-
tion, are environmental factors increasing autoim-
mune thyroid diseases [15;16]. 

Iodine deficiency remains a major public 
health problem in many parts of the world, espe-
cially in areas where naturally low iodine levels in 
the environment, including soil and water, result 
in reduced iodine intake from daily food products. 
Long-term iodine deficiency leads to the formation 
of iodine deficiency disorders such as diffuse and 
nodular/multinodular goiter, thyrotoxicosis on the 
background of nodular thyroid pathology, congeni-
tal hypothyroidism, mental and physical retarda-
tion of children, and miscarriage [17-19]. The de-
scription of cretinism in areas with severe iodine 
deficiency provided the first historical evidence of 
the consequences of abnormalities in maternal thy-
roid function in pregnancy. The important role of 
maternal thyroid hormones in fetal brain develop-
ment was further substantiated by the paucity of 
neurological symptoms in children with congeni-
tal hypothyroidism who received prompt treatment 
immediately after birth and by the measurement of 
thyroxine (T4) in cord blood from newborns who 
were unable to synthesize thyroid hormones due to 
a defect in organification [20]. The presence of en-
demic goiter in pregnant women has a pronounced 
negative impact on the thyroid function of new-
borns [21; 22]. Conversely, areas with sufficient 
or excessive iodine intake are particularly associ-
ated with autoimmune thyroid pathologies (such 
as Hashimoto’s thyroiditis and Graves’ disease), as 
well as the development of diffuse goiter [17]. 
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Iodine deficiency occurs when there is an in-
sufficient intake of iodine-containing foods, the pres-
ence of substances in food that inhibit iodine absorp-
tion (such as bromine, fluorine, and chlorine), the 
use of certain medications (including lithium salts, 
sulfonamides, and excessive calcium supplements), 
increased radiation levels, and environmental pollu-
tion. An imbalance of several trace elements, such 
as zinc, selenium, cobalt, manganese, and copper, 
can exacerbate iodine deficiency even under normal 
iodine intake. Antithyroid (goitrogenic) effects are 
caused by iodine antagonists – fluorine, lithium, ar-
senic, mercury, antimony, and sulfur-containing or-
ganic compounds of humic acid [23]. 

In a cross-sectional observational study 
in Shaanxi Province (China), the relationship be-
tween selenium status, dietary factors, and patho-
logical thyroid conditions was investigated. In the 
adequate-selenium county, the prevalence of patho-
logical thyroid disorders (subclinical hypothyroid-
ism, hypothyroidism, AT, and enlarged thyroid) 
was significantly lower than in the low-selenium 
county [15]. A paper by Esposito D, et al. evalu-
ated the real efficacy of selenium supplementation 
in Hashimoto’s thyroiditis by measuring thyroid-
stimulating hormone, thyroid hormones, thyroid 
peroxidase antibodies, and thyroglobulin antibod-
ies levels, as well as thyroid echogenicity after 6 
months of L-selenomethionine treatment [24].

Adverse technogenic factors have a predom-
inant influence on the elemental status of popula-
tions working in hazardous industries or living near 
industrial enterprises, leading to maladaptation and 
a reduction in the functional reserves of the popu-
lation, including due to trace element imbalances 
[25]. Results have also been obtained proving the 
impact of oil and gas extraction on the severity of 
iodine deficiency conditions in children. It has been 
noted that in regions with oil and gas industries, the 
content of manganese, boron, vanadium, and sili-
con in children’s hair is much higher than in areas 
with favorable conditions. These elements can act 
as competitors to iodine in forming vital chemical 
bonds in the child’s body [26].

Heavy metals and thyroid dysfunction. Hu-
mans are exposed to a significant number of chemi-
cals that are suspected of disrupting hormone ho-
meostasis. Hence, in recent decades, there has been 
a growing interest in endocrine-disrupting chemi-
cals. Recent studies have pointed to the important 

role of environmental factors, especially heavy 
metals, in promoting thyroid cancer incidence. 
Water, soil, and atmosphere are vehicles that may 
be enriched with heavy metals due to their prox-
imity to sources, including natural emissions (non-
anthropogenic) and pollution secondary to human 
activities (anthropogenic). Industry, agriculture, 
and technology are activities associated with higher 
exposure to heavy metals [27].

Many potentially hazardous chemical ele-
ments for human health (As, Cd, Hg, Pb, Ni, V) en-
ter the human environment in large quantities from 
industrial sources and vehicle emissions (Pb, Pt, 
Sn, etc.). Additionally, toxic metals such as arsenic, 
mercury, and cadmium are components of herbi-
cides, pesticides, and chemical fertilizers. In this re-
gard, an important aspect of the endemic problem is 
its combined variant (iodine deficiency in the body 
and the influence of xenobiotics – environmental 
stressors), which manifests as a mutual exacerba-
tion effect. This does not exclude the possibility 
of the formation of an endemic solely due to the 
increased presence of xenobiotics in the environ-
ment. As, Br, Cd, Hg, Mn, Se, and Sn showed sig-
nificantly higher concentrations in the thyroid than 
in the other tissues. In particular, cadmium, mer-
cury, arsenic, lead, manganese, and zinc exhibit the 
capacity of EDCs to disrupt the hormonal system, 
as well as act as carcinogens, promoting malignant 
transformation. In this context, arsenic, beryllium, 
cadmium, chromium, hydrargyrum, and nickel are 
identified as either definite or probable carcinogens 
(class 1) according to the International Agency for 
Research on Cancer (IARC, December 2022). In 
the volcanic area, where the thyroid cancer inci-
dence is doubled, many metals such as As, B, Cd, 
Hg, Mn, Mo, Pd, Se, U, V, and W (Tungsten) were 
significantly increased by three- to 50-fold in both 
water and lichens, documenting metal pollution in 
the environment. A higher risk of thyroid carcino-
mas was particularly observed in various volcanic 
areas around the world, including Hawaii, Iceland, 
French Polynesia, and Sicily in Italy. The increased 
content of heavy metals in soil and, consequently, in 
plants grown in these areas, as well as atmospheric 
pollutants (CO2, sulfur, and chlorine compounds) 
or other potential thyroid disruptors contained in 
waters such as fluorine, sulfur, and selenium, could 
be responsible for the higher incidence of thyroid 
tumors [28-32]. 
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Cd is known to act as a thyroid disruptor and 
carcinogen in humans. This widespread toxic metal 
has been shown to disrupt thyroid function and act as 
a carcinogen in both animals and humans [33]. The 
primary accumulation sites for Cd are the liver, kid-
neys, and muscles. Additionally, the thyroid gland 
may also serve as a site for Cd deposition, owing to 
the presence of cysteine-rich proteins called metallo-
thioneins, which bind to Cd and act as a powerful 
intracellular detoxifier of the metal [34].

The study found that elevated blood Cd 
levels were linked to lower TSH levels, indicating 
that this inverse relationship may point to thyroid 
dysfunction caused by Cd exposure. Higher Cd 
levels were observed to be associated with lower 
TSH levels and higher risk of thyroid dysfunc-
tion. In contrast, urinary Cd levels correlated with 
higher T3 and T4 levels but did not affect thyroid-
stimulating hormon levels, which may indicate 
secondary hyperthyroidism. When comparing 
blood and urine Cd levels, urine Cd reflects the to-
tal body burden, whereas blood Cd levels indicate 
more recent exposures [35; 36]. Based on these 
findings, we can hypothesize that thyroid hormone 
levels are closely related to total Cd body burden, 
while changes in TSH levels are more indicative 
of recent Cd exposure.

In a study analyzing NHANES data from 
2007 to 2010 [37], Luo and Hendryx found that the 
effect of Cd exposure on the thyroid axis may differ 
between sexes. They observed a positive correla-
tion between Cd exposure and log-Tg in both gen-
ders, while the correlation between Cd exposure 
and total T3 levels was only significant in males. 
These gender differences are not easily explained 
and may be due to variations in toxicokinetics and 
hormonal differences between males and females, 
which likely influence the observed outcomes. 
Studies by Rosati et al. [38] and Jurdziak et al. [39] 
have highlighted the impact of occupational Cd ex-
posure. An outdoor study involving 277 individuals 
of both genders exposed to urban pollutants found a 
negative correlation between urinary Cd levels and 
free T3 and T4 levels, and a positive correlation be-
tween urinary Cd levels and TSH levels, suggesting 
that occupational exposure to the low Cd concen-
trations found in urban air can affect thyroid func-
tion [38]. In another study, workers occupationally 
exposed to Pb, Cd, and arsenic also confirmed that 
higher blood Cd concentrations amplify the risk of 

abnormal thyroid hormonal function, as evaluated 
by elevated TSH levels [39].  

Recent human studies have investigated the 
potential role of Cd in autoimmune thyroid diseas-
es. A study based on the 2014 SPECT-China sur-
vey, which involved 5,628 Chinese adults, revealed 
a link between blood Cd levels and antibodies to 
thyroid proteins, as well as thyroid dysfunction, as 
indicated by total T3, total T4, and TSH levels [40]. 
Moreover, a cross-sectional case-control study ex-
amining the levels of certain essential elements, 
toxic metals, and metalloids (including Cd) in the 
blood of 22 women found that patients with Hashi-
moto’s thyroiditis and overt hypothyroidism had 
higher Cd levels compared to 55 healthy women 
[41]. A study conducted on three-year-old children 
living near an informal e-waste recycling area in 
China assessed the impact of thyroid disruption 
on their mental development, focusing on the role 
of Cd and Pb blood levels in these processes [42]. 
Significantly higher blood levels of Cd and Pb, as 
well as higher FT4 and TSH concentrations, and re-
duced cognitive and language scores were observed 
in children residing near an e-waste area compared 
to the reference group. 

Thyroid cancer has become the 9th most 
common cancer (5th in women, 16th in men) [43; 
44], and if current trends continue, it could become 
the 4th most common cancer by 2030 [45]. Recent 
evidence suggests that Cd may contribute to thy-
roid cancer development due to its endocrine-dis-
rupting properties [46]. As highlighted in a recent 
review by Vigneri et al. [27], epidemiological stud-
ies have shown a higher incidence of thyroid cancer 
in volcanic regions affected by non-anthropogenic 
heavy metal pollution, with Cd being one of the key 
contributors. Furthermore, analysis of Cd concen-
trations in autopsy samples from retired Idrija resi-
dents and mercury mine workers revealed unusually 
high levels of Cd in the kidney cortex and thyroid 
glands, suggesting potential bioaccumulation in the 
thyroid. The study found that higher Cd levels in 
tissues were linked to more advanced stages of thy-
roid cancer. Chronic accumulation of Cd in thyroid 
tissue was identified as one of the contributing fac-
tors to the progression of thyroid cancer [47,48].

Studies have shown that mercury (here-
inafter – Hg) can accumulate in the thyroid gland 
among occupational workers and surrounding resi-
dents, particularly in those population groups that 
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consume large amounts of fish from polluted res-
ervoirs, leading to altered levels of T3 and T4 and 
disrupting the body’s metabolic balance. In addi-
tion, mercury exposure has been associated with 
an increased incidence of thyroid autoimmunity, 
particularly Hashimoto’s thyroiditis [47]. Chung 
et al. [48] examined 92 Korean women undergoing 
thyroidectomy to evaluate the association between 
blood and tissue levels of heavy metals and differ-
ent stages of thyroid cancer. The available evidence 
demonstrated that Hg vapor exposure may affect 
thyroid function in chlor-alkali workers [49]. 

Exposure to high levels of manganese 
(hereinafter – Mn), either from environmental or 
occupational sources, causes a neurodegenera-
tive condition like idiopathic Parkinson’s disease, 
known as manganism. Both manganism and Par-
kinson’s disease are characterized by alterations in 
dopamine and its metabolites, which are capable of 
inhibiting TSH secretion. Dopamine and dopami-
nergic receptors are crucial for neurodevelopment 
and TSH modulation. This suggests that excessive 
Mn exposure during pregnancy may lead to altered 
neurodevelopmental outcomes due to the dysregu-
lation of dopaminergic control over TSH and thy-
roid hormone levels [50]. Research has shown that 
abnormal thyroid hormone levels resulting from 
high Mn exposure during pregnancy are linked to 
adverse neurodevelopmental consequences [51].

Of the inorganic forms of arsenic (herein-
after – As), arsenate is the most toxic to endocrine 
glands. Moreover, a methylated arsenic compound 
(dimethyl arsenic acid) has been shown to promote 
carcinogenesis in various organs of rats, including 
the thyroid [52]. In a volcanic area of French Poly-
nesia, where thyroid cancer rates are high, the risk 
of developing papillary thyroid cancer rises by 30 
% for every 1 µg/d/kg increase in As intake, even 
though the intake remains within the levels recom-
mended by the WHO. However, this increase in 
thyroid cancer risk was especially pronounced in 
individuals with first-degree relatives who had a 
history of cancer [53], suggesting that As may act 
as a cocarcinogen, amplifying the effect in those 
with genetic susceptibility.

High blood lead levels are associated with 
elevated TSH levels in individuals with occupa-
tional lead exposure [54]. Li and his colleagues 
investigated 96 cases of papillary thyroid carcino-
ma, 10 cases of nodular goiter, and seven cases of 

thyroid adenomas in Chinese patients with various 
thyroid disorders to assess the relationship between 
lead (hereinafter – Pb) and thyroid function. The 
study measured T3, FT3, FT4, TSH, and serum 
lead levels, finding that lead concentrations were 
significantly higher in thyroid adenomas and lower 
in nodular goiters compared to PTCs. Even after 
sex stratification, the disparity increases among 
women. According to the study, lead could have 
various etiological effects on thyroid conditions, 
including thyroid cancer [55].

Shen et al. observed elevated copper (Cu) 
levels and reduced selenium (hereinafter – Se) and 
magnesium (hereinafter – Mg) levels in patients 
with thyroid cancer compared to healthy controls 
[56]. Similarly, Gumulec et al. reported significant-
ly decreased zinc (hereinafter – Zn) levels in the 
thyroid tissue of thyroid cancer patients compared 
to controls [57]. The potential causal link between 
metals and thyroid cancer is further supported by 
the impact of the heavy metal copper on BRAFV600E 

mutation-driven carcinogenesis [58; 59].
All vanadium compounds are toxic [60]. 

Some researchers have associated vanadium with 
thyroid cancer. In their study, Fallahi et al. exam-
ined the effects of V2O5 on the proliferation and 
chemokine release of healthy thyrocytes. They dis-
covered that V2O5 can stimulate the secretion of T-
helper 1 chemokines, such as interferon and tumor 
necrosis factor, and enhance the impact of these 
chemokines in the thyroid [61].

Effects of Particulate Matter Exposure on 
Thyroid Function. Giannoula et al. demonstrated in 
an ecological study that specific components of air 
pollution could contribute to an increased incidence 
of thyroid cancer [62]. It has also been reported that 
elevated levels of PM2.5 and PM10 (which serve as 
indicators of air pollution) are carcinogenic to hu-
mans and harmful to the endocrine system [63]. 
Cong reported a positive correlation between expo-
sure to ambient air pollution from waste gas emis-
sions and an increased incidence of thyroid cancer 
[64]. Research has shown that prenatal exposure to 
PM2.5  and PM10  air pollution was associated with 
higher newborn total T4 concentrations [65,66]. 
Howe et al. identified pregnancy months 3 to 7 as 
critical windows for PM2.5 exposure and months 
1 to 8 for PM10 exposure, both of which were as-
sociated with higher levels of thyroxine [65]. Irizar 
et al. also proposed that exposure to PM2.5 during 
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pregnancy was positively associated with TT4 lev-
els in newborns. Specifically, TT4 levels measured 
three days after birth increased by 0.206 μg/dl for 
every 1 μg/m3  increase in PM2.5 exposure during 
pregnancy [66].

Research conducted in the US [67] and 
Brazil [68] has highlighted an association between 
particulate matter and the onset of thyroid cancer. 
Specifically, a 10 μg/m³ increase in PM2.5 concen-
trations over periods of 12, 24, and 36 months was 
associated with a higher likelihood of developing 
Papillary Thyroid Carcinoma (hereinafter – PTC), 
with the risk increasing as the duration of exposure 
increased. Additionally, a study involving 550,000 
patients in China found that emissions from indus-
trial waste gases, mainly consisting of particulate 
matter, sulfur dioxide, and nitrogen dioxide, were 
correlated with a higher incidence of thyroid cancer 
[69].

Exposure to pesticides and the risk of thy-
roid disease. Studies have indicated that early 
pesticide exposure may impact thyroid hormone 
levels in newborns, increasing the risk of develop-
ing thyroid tumors in adulthood [70]. Studies have 
investigated the link between pesticides and thy-
roid cancer. Furthermore, pesticides disrupt thyroid 
function through several mechanisms, including in-
hibiting iodine uptake, enhancing the clearance of 
thyroid hormones, interfering with the activities of 
iodothyronine deiodinase and thyroid peroxidase, 
hindering cellular uptake of thyroid hormones, and 
modifying thyroid gene expression. Consequently, 
alterations in thyroid hormone function can result 
in abnormal proliferation of thyroid tissue, leading 
to oncogenesis [71].

Dichlorodiphenyltrichloroethane (hereinaf-
ter – DDT) and its primary metabolite dichlorodi-
phenyldichloroethylene (hereinafter – p-DDE) are 
among the most extensively studied organochlorine 
pesticides (hereinafter – OCPs) known for their en-
docrine-disrupting properties. Research has shown 
that thyroid hormone synthesis can be disrupted by 
DDT and hexachlorobenzene (hereinafter – HCB) 
[72]. A recent study found a positive association 
between lindane, an OCP classified as carcinogenic 
by the IARC, and thyroid carcinogenesis [73].

Atrazine (a triazine herbicide) and Malathi-
on (an organophosphate insecticide) have been as-
sociated with an increased risk of thyroid cancer in 
individuals exposed to pesticides on farms [74]. In 

a study by Zeng et al., a significant relationship was 
observed between thyroid cancer risk and occupa-
tional exposure to biocides and pesticides among 
workers, compared to exposure to other harmful 
substances [75]. A prospective cohort study con-
ducted in Iowa and North Carolina (1993-1997 for 
enrollment and 1999-2005 for follow-up) found 
that pesticide use, including fungicide (metalaxyl) 
and the OCP lindane, was associated with increased 
hazard ratios (HR) for thyroid cancer, respectively 
exposure to Malathion, an organophosphate pes-
ticide, in the environment has been linked to an 
increased risk of thyroid cancer in females who 
work and live in agricultural areas [76]. Research 
conducted in Norway also found a positive link be-
tween chlordane and HCB serum OCP metabolites 
and the rising incidence of thyroid cancer [77].

Nitrate is a prevalent contaminant in drink-
ing water, especially in agricultural regions, where 
the use of nitrogen-based fertilizers is common. 
High amounts of nitrate might also be present in 
some fruits and vegetables [78]. Nitrogen dioxide 
(NO2), a reactive gas found in polluted air, has been 
linked to carcinogenesis. It can trigger free radical 
reactions by interacting with unsaturated fatty acids 
and promoting the autooxidation of organic com-
pounds. Chronic exposure to NO2 has been associ-
ated with an increased risk of lung cancer, with po-
tential mechanisms including genomic instability 
and thyroid hypertrophy caused by the overproduc-
tion of cellular reactive oxygen species. In addition, 
NO2 is identified as a potential endocrine disruptor. 
Previous research has shown a significant correla-
tion between higher NO2 concentrations in air pol-
lutants and an increased likelihood of developing 
primary hypothyroidism [79]. A study conducted 
in China found that increased maternal exposure to 
NO2 was associated with a higher risk of congenital 
hypothyroidism in newborns [80]. Research from 
Bulgaria, Slovakia, Germany, and the USA has 
shown links between nitrate exposure and thyroid 
function across various age groups. Some studies 
indicated that schoolchildren and pregnant wom-
en exposed to elevated nitrate levels (75 mg/L) in 
drinking water faced an elevated risk of developing 
goiter and thyroid disorders [81; 82].

Radiation and thyroid function. Ionizing 
radiation is another important environmental pol-
lutant that affects thyroid health. Exposure to ion-
izing radiation occurs through medical treatments, 
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nuclear accidents, or environmental sources. The 
association between radiation exposure and the oc-
currence of TC has been well documented. The thy-
roid tissue is sensitive to radiation. Ionizing radia-
tion proved to be carcinogenic (group 1) by IARC 
[83].

Moreover, the thyroid gland is susceptible 
to radioiodine exposure. The main fission prod-
uct of uranium and plutonium is iodine-131 (131I), 
which accounts for 3 % of all fission products. It 
is connected to nuclear energy and diagnostic and 
therapeutic processes in medicine [84]. 

Ionizing radiation, particularly from nuclear 
accidents, has been linked to a dramatic increase 
in thyroid cancer, particularly papillary thyroid car-
cinoma, the most common type of thyroid cancer. 
The Chernobyl disaster is a striking example: the 
release of radioactive iodine led to a dramatic in-
crease in the number of thyroid cancers, especially 
among children and adolescents. The prevalence 
of thyroid autoantibodies increased in children and 
adolescents exposed to radiation about 6-8 years 
after the Chernobyl accident. Thyroid peroxidase 
antibodies prevalence was higher in radiation-ex-
posed Belarusian children (6.4 % versus 2.4 % in 
unexposed children) and in adolescents exposed to 
radioactive fallout 13-15 years after the Chernob-
yl accident [85]. More than 11,000 thyroid cancer 
cases were exposed during childhood in Ukraine, 
Belarus, and Russia [86]. Importantly, PTC was 
the most common thyroid cancer type among these 
children [87].

Children in Japan were exposed to radiation 
from US atomic bombings in 1945, and teenagers 
exhibited an elevated risk of acquiring thyroid can-
cer five decades later [88; 89]. It has been estab-
lished that the rise in TC is caused by increasing 
radiation dose and exposure time [90].

The rapid development of the nuclear and 
uranium mining industries, along with the pro-
longed testing of nuclear weapons at the Semipala-
tinsk nuclear test site, introduced a vast number of 
radioactive substances into the living environment 
of Kazakhstan’s population. This resulted in radia-
tion contamination of large areas and exposure of 
the population. The residents of East Kazakhstan, 
Pavlodar, and Karaganda regions, adjacent to the 
former Semipalatinsk nuclear test site, were partic-
ularly affected by radiation exposure. The popula-
tion of the Aktobe region continues to be exposed 

to ionizing radiation due to living in areas near oil 
and gas production facilities [91; 92]. 

The tragic feature of the Semipalatinsk re-
gion lies in the repeated acute and chronic radiation 
exposure of the population in both high and low dos-
es, the virtually complete absence of decontamina-
tion of the area, and the lack of replacement of food 
products. Zh. Espenbetova et al. examined 4,083 
people living in the Semipalatinsk region, aged 16 
to 84 years (mean age 49±2.8 years), comprising 
1,836 men and 2,247 women. Ultrasound scanning 
of the thyroid gland parenchyma revealed that dif-
fuse goiter was predominant in all age groups (39.1 
%), mostly observed in individuals under 40 years 
old. In individuals aged 40 years and above, nodu-
lar thyroid formations and autoimmune thyroiditis 
were significantly more common (28.4 % and 24.1 
%, respectively; p < 0.05). The linear parameters 
and volume of the thyroid gland in the population 
turned out to be significantly lower compared to the 
normative indicators. The decrease in the volume 
of the gland in this case can be explained by the 
long-term effects of exposure to low doses of ioniz-
ing radiation, which contribute to the development 
of progressive atrophy of the thyroid parenchyma. 
Two forms of thyroid cancer have been identified: 
follicular and papillary. At the same time, papil-
lary carcinoma was diagnosed in most cancer cases 
(81.5 %), which corresponds to the literature data. 
A study of hormonal status among the population of 
the region revealed a significant predominance of 
thyroid hypofunction, detected in 42.42 % of cases. 
A thyroid gland functional state analysis revealed a 
statistical predominance of euthyroidism in the sur-
veyed areas [93].

In addition, chronic exposure to low levels 
of radiation from environmental sources has been 
associated with an increased risk of hypothyroid-
ism, thyroid nodules, and thyroid cancer. In regions 
polluted by radionuclides and heavy metals, indi-
viduals have shown higher rates of hypothyroidism 
and other thyroid pathologies.

Uranium and thorium are the primary sourc-
es of alpha radiation, which can irradiate neighbor-
ing, closely located non-irradiated cells. This con-
tributes to an increase in intracellular energy, lead-
ing to an acceleration of metabolic processes, pri-
marily in thyroid cells, also known as thyrocytes. 
It is known that in iodine-deficient, goiter-endemic 
regions, uranium accumulates in the thyroid gland 
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in elevated amounts. According to data, the thyroid 
glands of animals from goiter-endemic areas con-
tain the highest levels of alpha-emitting nuclides 
(uranium, thorium, and their decay products) – 
up to 3.0 pCi/g (compared to 0.09–0.17 pCi/g in 
bones). This increase in thyrocyte volume leads to 
an enlargement of the thyroid gland, contributing to 
the development of goiter associated with autoim-
mune thyroiditis [94].

Studies have shown that children who con-
sumed water contaminated with radionuclides, 
such as uranium, thorium, and strontium, had a 
significantly higher incidence of autoimmune thy-
roiditis. Among children aged 12 to 16 with goi-
ter, who consumed water contaminated with highly 
toxic radionuclides, autoimmune thyroiditis was 
found in 43.5 % of cases, which is 30 times more 
frequent than in children who consumed water 
without radionuclides (1.47 %). It was shown that 
autoimmune thyroiditis was detected in all chil-
dren with thorium levels in hair above the norm. 
Uranium levels above the established norm were 
found in 97.1 % of the children, and thorium levels 
above the norm in 26.08 % of the schoolchildren. 
Among schoolchildren with uranium levels above 
0.06 µg/g and thorium levels above the norm (i.e., 
0.01 µg/g), an enlargement of the thyroid gland was 
found in all children, with autoimmune thyroiditis 
developing in 90.9 % and 100 % of the children, re-
spectively, with uranium and thorium levels above 
the norm [95]. 

Discussion
Thyroid disorders arise from a complex in-

terplay of endogenous and exogenous factors, with 
environmental exposures being particularly influ-
ential [13]. The results of our study are consistent 
with existing evidence indicating a multifactorial 
influence of environmental and geochemical fac-
tors on the development and progression of thyroid 
diseases [14-16; 23].The findings support the hy-
pothesis that both iodine deficiency and exposure to 
environmental pollutants – such as radiation, heavy 
metals (e.g., mercury, arsenic), and trace element 
imbalances – play a significant role in altering thy-
roid function [17-19]. Heavy metals such as lead, 
mercury, cadmium, and arsenic can accumulate in 
thyroid tissue, disrupt hormone regulation, and act 
as carcinogens [7-10]. In particular, cadmium dem-
onstrates a strong disruptive potential, with several 
studies reporting its association with altered levels 

of TSH, T3, and T4, as well as its accumulation in 
the thyroid gland and its carcinogenic effect [33-36; 
38-41]. 

Environmental exposure to Hg has also 
been shown to disrupt thyroid hormone homeosta-
sis, particularly among individuals consuming fish 
from contaminated waters or those with occupa-
tional exposure [47-49]. Arsenic, especially in its 
inorganic and methylated forms, has demonstrated 
carcinogenic potential in the thyroid gland and may 
act as a cocarcinogen in genetically susceptible in-
dividuals [52; 53]. Increased Pb levels have been 
associated with thyroid dysfunction and an elevated 
risk of thyroid neoplasms, as confirmed in studies 
on occupational exposure and patient tissue analy-
sis [54; 55]. Similarly, copper (hereinafter – Cu) 
and vanadium (hereinafter – V) have been impli-
cated in thyroid carcinogenesis, with Cu influenc-
ing BRAF V600E tumor progression and vanadi-
um compounds inducing inflammatory chemokine 
production in thyrocytes [56-61]. Altered concen-
trations of essential trace elements, including de-
creased selenium, magnesium, and zinc levels, 
have also been observed in thyroid cancer patients, 
further suggesting a role for trace element imbal-
ance in thyroid tumorigenesis [56-58].

Particulate air pollution (PM2.5, PM10) in-
creases the risk of thyroid malignancy by inducing 
inflammation and oxidative stress [11; 63]. Studies 
show that long-term exposure to these particles has 
been linked to a higher incidence of papillary thy-
roid carcinoma, especially with a 10 μg/m³ increase 
in PM2.5 concentration [62–69]. Prenatal exposure 
to PM2.5 and PM10 has also been associated with 
elevated total T4 levels in newborns, particularly 
during critical windows of pregnancy [65; 66].

Adverse technogenic factors have a predom-
inant influence on the elemental status of popula-
tions working in hazardous industries or living near 
industrial enterprises, leading to maladaptation and 
a reduction in the functional reserves of the popu-
lation, including due to trace element imbalances 
[25]. Results have also been obtained proving the 
impact of oil and gas extraction on the severity of 
iodine deficiency conditions in children. It has been 
noted that in regions with oil and gas industries, the 
content of manganese, boron, vanadium, and sili-
con in children’s hair is much higher than in areas 
with favorable conditions. These elements can act 
as competitors to iodine in forming vital chemical 
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bonds in the child’s body [26].
Meanwhile, pesticides and chlorinated com-

pounds further disrupt hormone synthesis, contrib-
uting to the development of carcinogenesis. Pesti-
cides, such as DDT, lindane, atrazine, and malathi-
on, disrupt thyroid hormone synthesis and function 
through multiple mechanisms, including inhibiting 
iodine uptake and altering thyroid gene expression, 
which may lead to abnormal thyroid tissue prolifer-
ation and oncogenesis [70-77]. Additionally, nitrate 
contamination in drinking water and nitrogen diox-
ide air pollution are linked to thyroid dysfunction 
and increased risk of hypothyroidism and congeni-
tal thyroid disorders, likely due to their endocrine-
disrupting properties and promotion of oxidative 
stress [78-82].

Radiological contamination from nuclear 
accidents increases the prevalence of nodular thy-
roid disease and autoimmune thyroiditis due to the 
gland’s vulnerability to ionizing radiation [67; 85; 
87]. Our findings confirm the well-established sen-
sitivity of the thyroid gland to ionizing radiation, a 
major environmental risk factor linked to thyroid 
dysfunction and carcinogenesis [83]. Exposure to 
radioactive iodine (131I), primarily from nuclear 
accidents and medical applications, has been strong-
ly associated with increased incidence of papillary 
thyroid carcinoma, particularly in children and 
adolescents, as observed after the Chernobyl di-
saster [84-87]. Similar long-term effects have been 
reported in atomic bomb survivors, highlighting a 
dose-dependent increase in thyroid cancer risk with 
both acute and chronic radiation exposure [88-90]. 
In regions affected by nuclear testing and industrial 
pollution, such as Kazakhstan’s Semipalatinsk area, 
chronic low-dose radiation exposure has led to sig-
nificant thyroid pathology, including diffuse goiter, 
nodular formations, autoimmune thyroiditis, and a 
high prevalence of thyroid hypofunction [91-93].

Elevated radionuclide levels in drinking 
water correlate strongly with increased incidence of 
autoimmune thyroiditis and goiter among children, 
suggesting a direct link between environmental ra-
diation burden and thyroid disease prevalence [95].

In summary, these findings highlight the 
complex interplay of hormonal, molecular, and 
immune disruptions caused by environmental con-
taminants on thyroid health, particularly during 
critical developmental periods [88; 91; 92]. For 
example, prenatal exposure to pollution lowers 

neonatal thyroxine levels, with possible neurode-
velopmental effects [65; 66]. The combined effects 
of endemic iodine deficiency, goitrogens, and trace 
element imbalances emphasize the need to address 
both nutritional and environmental factors [1; 7; 
30]. Given the variability in toxicokinetics and sex-
specific responses to heavy metals, comprehensive, 
multidisciplinary research and coordinated public 
health strategies are essential to effectively prevent 
and manage thyroid diseases related to environ-
mental exposures, ultimately protecting population 
health-especially in heavily polluted and radiation-
affected areas.

Conclusion
Environmental factors, including air, soil, 

and water pollutants, climate change, endocrine 
disruptors, nutrients and food contaminants, and 
infectious agents, can significantly impact thyroid 
function. These pollutants disrupt thyroid hormone 
synthesis and regulation, metabolism, leading to 
conditions like hypothyroidism, hyperthyroidism, 
thyroid nodules, and autoimmune thyroid diseases. 
Environmental factors play a crucial role in thyroid 
development and function throughout life. Howev-
er, there is insufficient understanding, especially re-
garding childhood influences and the mechanisms 
of various pollutants. Future studies should focus 
on the role of all environmental factors on thyroid 
function starting from pregnancy, as these will 
have effects throughout life. A multidisciplinary 
approach, involving endocrinologists, epidemiolo-
gists, toxicologists, and public health experts, is 
crucial for understanding the complex relationship 
between environmental factors and thyroid disease. 
These efforts will improve the prevention, early de-
tection, and management of thyroid disorders, re-
ducing their global prevalence and severity.
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ҚАЛҚАНША БЕЗІ ПАТОЛОГИЯСЫНЫҢ ДАМУ ЖИІЛІГІНЕ ӘСЕРІ
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Аңдатпа
Қалқанша без аурулары ішкі және сыртқы факторлардың әсерінен дамиды. Қоршаған орта мен 

радиациялық жағдайлардың өзгеруі қалқанша безі ауруларының таралуы мен сипатының өзгеруіне 
әкеледі. Бұл шолу қоршаған орта әсерінің қалқанша бездің құрылымы мен қызметіне ықпалын 
көрсетіп, соңғы ғылыми жаңалықтар мен механизмдерді сипаттайды және қосымша зерттеуді қажет 
ететін бағыттарды айқындайды.

Зерттеудің мақсаты. Қоршаған ортадағы қолайсыз өндірістік факторлардың қалқанша безінің 
қызметіне әсерін зерттейтін ғылыми деректерді талдау.

Материалдар мен әдістер. Іздеу PubMed, Web of Science, Scopus сынды электронды 
дерекқорларда сәйкес терминдер мен кілт сөздер арқылы жүргізілді. Зерттеуге қоршаған ортадағы 
зиянды факторлардың қалқанша безінің патологиясының пайда болуына әсерін зерттейтін түпнұсқа 
бақылау нәтижелері енгізілді.

Нәтижелер. Ауыр металдардың (Pb, Hg, Cd, As) жоғары деңгейі қалқанша без обырының даму 
қаупін арттырады. Мұнай-газ өңірлерінде балалардың шаш құрамында марганец, бор, ванадий және 
кремнийдің жоғары мөлшері анықталып, бұл йодтың сіңуін бұзып, йод тапшылығын туғызады. Кад-
мий тиреотроптық гормон деңгейін төмендетіп, гипертиреоздың дамуына ықпал етеді. Радиацияға 

stan: Fallout, public health and societal issues. Ra-
dioactivity in the Environment, 19, 241-258.
93. Espenbetova, M. Zh., Zamanbekova, Zh. K., 
et al. (2014). Condition of the thyroid gland in the 
population of areas adjacent to the former Semi-
palatinsk nuclear test site. Science and Healthcare, 
5, 28-32.
94. Malenchenko, A. F., Zlobina, L. A., & Sidorova, 
N. I. (2012). Biological action of natural uranium 
on the thyroid gland. Astrakhan Medical Journal, 
4, 174-176.
95. Toychuyeva, G. (2021). The effects of radionu-
clide factors on the development of autoimmune 
thyroiditis in senior children. Chemical Safety Sci-
ence, 5, 240-251. DOI: https://doi.org/10.25514/
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ұшыраған аймақтарда (мысалы, Чернобыль, Семей) қалқанша без түйіндерінің және аутоиммундық 
тиреоидиттің жиілігі жоғары. Ұсақ қатты бөлшектер (PM2.5, PM10) қалқанша без обырының қаупін 
арттырады, ал жүкті әйелдердің ауаның ластануына ұшырауы жаңа туған нәрестелерде Т4 деңгейінің 
өзгеруіне әкеледі. Органикалық және бейорганикалық ластағыштар қалқанша без гормондарының 
түзілуін бұзып, обыр дамуын қоздырады.

Қорытынды. Экологиялық ластаушылар, оның ішінде ауыр металдар, радиацияның әсері, 
өнеркәсіптік қалдықтар мен ластаушылар, эндокриндік жүйенің жұмысына әсер ететін химиялық 
заттар қалқанша безінің ауруларының пайда болуы мен дамуына айтарлықтай рөл атқарады.

Түйін сөздер: Қалқанша безінің дисфункциясы, эндокринді зақымдаушылар, қоршаған орта 
әсері.  

ВЛИЯНИЕ НЕБЛАГОПРИЯТНЫХ ФАКТОРОВ ОКРУЖАЮЩЕЙ СРЕДЫ НА ЧАСТОТУ 
ВОЗНИКНОВЕНИЯ ПАТОЛОГИИ ЩИТОВИДНОЙ ЖЕЛЕЗЫ СРЕДИ НАСЕЛЕНИЯ

Л. З. Назарова1, М. А. Мабрук1, Т. М. Абдирова2, М. Р. Сабри1, Н. Н. Айтамбаева2, 
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Аннотация
Заболевания щитовидной железы возникают как из-за внутренних, так и из-за внешних фак-

торов. Изменяющиеся экологические и радиационные условия способствуют росту распространен-
ности и изменению характера заболеваний щитовидной железы. В этом обзоре представлены со-
временные данные о том, как внешние воздействия влияют на структуру и функцию щитовидной 
железы, включая недавние открытия, механизмы и области, требующие дальнейших исследований.

Цель исследования. Анализ научных источников, которые рассматривают влияние неблагопри-
ятных производственных факторов окружающей среды на функционирование щитовидной железы.

Материалы и методы. Поиск исследований был проведён в электронных базах данных 
PubMed, Web of Science и Scopus с использованием соответствующих терминов и ключевых слов. 
Включены только оригинальные наблюдательные исследования, изучающие воздействие вредных 
факторов окружающей среды на возникновение патологий щитовидной железы. 

Результаты. Высокие уровни тяжёлых металлов (Pb, Hg, Cd, As) связаны с повышенным ри-
ском рака щитовидной железы. В нефтегазовых регионах у детей выявляется повышенное содер-
жание марганца, бора, ванадия и кремния в волосах, что нарушает усвоение йода и вызывает йодо-
дефицит. Кадмий снижает уровень тиреотропного гормона, способствуя развитию гипертиреоза. В 
районах, подвергшихся радиационному воздействию (например, Чернобыль, Семей), чаще наблю-
даются узловые образования и аутоиммунный тиреоидит. Мелкие твердые частицы (PM2.5, PM10) 
повышают риск рака щитовидной железы, а воздействие загрязнённого воздуха во время беремен-
ности изменяет уровень Т4 у новорождённых. 

Выводы. Экологические загрязнители, включая тяжёлые металлы, воздействие радиации, про-
мышленные отходы и загрязнители, химические вещества, нарушающие работу эндокринной систе-
мы, играют значительную роль в возникновении и прогрессировании заболеваний щитовидной же-
лезы. Рост хронических заболеваний, в том числе патологий щитовидной железы, служит маркером 
экологического загрязнения. 

Ключевые слова: дисфункция щитовидной железы, эндокринные разрушители, воздействие 
окружающей среды.
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