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Dynamics of changes in cadmium levels in environmental
objects and its impact on the bio-elemental composition of
living organisms

Dindamica das mudangas nos niveis de cidmio em objetos ambientais e seu impacto na
composicdo bioelementar dos organismos vivos
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Abstract

As a result of intensive anthropogenic impact in the biosphere there is a rapid process of accumulation of heavy
metal salts. They have led to the aggravation of problems associated with the pollution of ecosystems and basic food
products of plant and animal origin. Environmental pollution by these compounds is caused by their persistence
in environmental objects, migration ability, accumulation by plants. This contributes to their accumulation in
the human environment. A number of studies have shown that heavy metals have mutagenic, toxic effects and
affect the intensity of biochemical processes. Therefore, the presence of heavy metals in the environment is
extremely undesirable. Moreover, the ecological state of the environment is directly related to changes in the
human internal environment. Deficiency or excess of certain bioelements in soils and drinking water or non-
compliance with its stable chemical composition causes the development of dysmicroelementosis. The ecological
situation of the Carpathian region is closely related to the state of soils and water resources. In this regard, it is
advisable to study and control the level of cadmium compounds in the environment of the region. The study of
the effect of cadmium intoxication on the macro- and microelement composition of the brain and myocardium
of experimental animals is also worthwhile. Materials and methods. Soils and drinking water of the plain, foothill
and mountainous zones of the region, as well as organs and tissues of experimental animals served as the object
of research. Cadmium levels in drinking water and myocardial tissues and brain of experimental animals have
been measured by atomic absorption spectroscopy. Results and discussion. The study of soils in the Prykarpattia
region has revealed an increase in the toxic element cadmium. Its content is 1.1-1.5 times higher than background
levels. The analysis of drinking water allowed to establish that a significant number of people living in the plain
and foothill zone of the region consume water with a high content of cadmium. The main stages of cadmium
intake and accumulation in plants have been analyzed. Significant disorders in the body of experimental animals
under conditions of excessive intake of cadmium compounds have been revealed. It was accompanied by the
accumulation of cadmium in the myocardium and brain, on the background of redistribution of vital macronutrients
calcium and magnesium along with micronutrients copper and zinc. Thus, excessive intake of cadmium salts
causes the development of dysmicroelementosis, which is accompanied by a violation of the homeostasis of a
living organism. It is suggested to conduct continuous monitoring of the level of toxicants in the ecosystem as an
integral component of environmental monitoring.
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Resumo

Como consequéncia do intenso impacto antrépico na biosfera, um rapido processo de acimulo de sais de metais
pesados ocorre. Esse processo tem é um agravante para os problemas associados a polui¢ao dos ecossistemas e dos
produtos alimentares basicos de origem vegetal e animal. A polui¢do ambiental por esses compostos é causada por
sua persisténcia em objetos ambientais, capacidade de migragdo, acimulo pelas plantas. Isso contribui para o seu
actmulo no ambiente humano. Varios estudos mostraram que os metais pesados tém efeitos mutagénicos, téxicos
e afetam a intensidade dos processos bioquimicos. Portanto, a presenca de metais pesados no meio ambiente é
extremamente indesejavel. Além disso, o estado ecolégico do meio ambiente esta diretamente relacionado as
mudangcas no ambiente interno humano. A deficiéncia ou excesso de certos bioelementos nos solos e na dgua potavel
ou 0 ndo cumprimento de sua composi¢ao quimica estavel provoca o desenvolvimento da dismicroelementose.
A situacdo ecolégica da regido dos Carpatos esta intimamente relacionada com o estado dos solos e dos recursos
hidricos. Nesse sentido, é aconselhavel estudar e controlar o nivel de compostos de cidmio no ambiente da regido.
O estudo do efeito da intoxicagdo por cidmio na composi¢do de macro e microelementos do cérebro e miocardio de
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individuos experimentais também devem ser analisados. Solos e 4gua potavel das zonas plana, sopé e montanhosa
da regido, bem como 6rgdos e tecidos de individuos experimentais serviram de objeto de pesquisa. Os niveis de
cadmio na dgua potavel e nos tecidos do miocardio e cérebro de individuos experimentais foram medidos por
espectroscopia de absor¢do atdmica. Nesse sentido, o estudo dos solos da regido de Prykarpattia revelou um
aumento do elemento téxico cadmio. Seu contetddo é 1,1-1,5 vezes maior que os niveis de fundo. A analise da dgua
potavel permitiu constatar que um nimero significativo de pessoas residentes na zona de planicie e sopé da regido
consome agua com elevado teor de cadmio. As principais etapas da ingestao e acimulo de cidmio nas plantas foram
analisadas. Distarbios significativos no corpo de individuos experimentais sob condi¢des de ingestdo excessiva de
compostos de cadmio foram revelados, acompanhados pelo acimulo desse elemento no miocardio e no cérebro,
no contexto da redistribuicdo dos macronutrientes clcio e magnésio, juntamente com os micronutrientes cobre e
zinco. Assim, a ingestdo excessiva de sais de cidmio causa o desenvolvimento de dismicroelementose acompanhada
por uma violagdo da homeostase de um organismo vivo. Sugere-se a realizagdo de monitoramento continuo do
nivel de t6xicos no ecossistema como um componente integral do monitoramento ambiental.

Palavras-chave: dgua, solo, plantas, cidmio, microelementos.

1. Introduction

Due to the intensive industrial development, the
increase in the number of vehicles, the widespread use
of agrochemicals and mineral fertilizers, the biosphere
is experiencing a rapid process of accumulation of heavy
metal salts. This has led to the aggravation of problems
associated with the pollution of ecosystems and basic
food products of plant and animal origin.

Heavy metals (HM) are one of the largest toxicants
of anthropogenic genesis. Soil occupies a special place
in the biosphere among all geophysical environments.
It provides biological productivity and is subject to the
greatest anthropogenic impact, as it is one of the links
in the migration of pollutants (Hutsol, 2020). One of the
most harmful toxicants is cadmium. The main sources of
soil contamination with cadmium are identified as metal
processing industry wastes, irrigation of agricultural land
with wastewater and application of its sediments to the
soil as fertilizers and the use of mineral and organic
fertilizers, industrial emissions into the atmosphere from
heavy industry, fuel combustion products (Makarenko
and Pliatsuk, 2022).

Among the measures that should ensure the protection
of human health and the environment from anthropogenic
metals, an important place is occupied by control over the
level of metal content in soil, water, human and animal
organisms.

2. Literature Review

Heavy metals, unlike organic pollutants, do not
decompose, but change from one form to another.
In particular, they are part of salts, oxides and organometallic
compounds, so this is what determines the danger of
their release into the environment (Shevchuk et al., 2021).
Phosphorus and complex fertilizers play a significant role
in soil pollution (Bondareva et al., 2021; Kolosova et al.,
2020). It is established that with excessive application of
superphosphate to the soil, the content of cadmium in
vegetable products increases by 4 times compared to the
control (Ulianych et al., 2020). With mineral fertilizers, 3-4 g/
ha of cadmium is annually applied to the soil, sometimes
this value can reach 10 g/ha (Mazur and Hutsol, 2022).
Uncontrolled application of fertilizers can lead to soil
contamination, from where these toxicants, due to the
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processes of migration and translocation, enter surface
and groundwater, and with them into the organisms of
plants and animals. The high level of anthropogenic soil
pollution causes the increased content of toxicants in
water bodies. Heavy metals coming from the water source
can accumulate in plants to levels that cause phytotoxicity
(Haider et al., 2021). They are resistant to degradation in
natural conditions, can accumulate in aquatic flora and fauna
(Nedjimi, 2021), enter the food chain and adversely affect
the physiological functions of human organs and tissues.
The presence of cadmium in drinking water, even in small
amounts, requires special attention, as it is characterized by
high toxicity and cumulative, carcinogenic and mutagenic
properties (Zemlianyi et al., 2021; Slobodian and Hutyi,
2020). A feature of the harmful effects of cadmium is its rapid
absorption by the body and slow excretion (Kalinin et al.,
2019). From literature sources (Xu et al., 2021; Ma et al.,
2021) it is known that cadmium accumulates in a number
of organs and tissues, mainly in the kidneys, liver, bones,
lungs, disrupts metabolic processes and physiological
functions, is an antagonist of a number of vital macro- and
microelements. The toxic effect of cadmium is to impair
oxygen transport to tissues, resulting in inhibition of
tissue respiration by binding sulfhydryl groups of enzymes
(Ma et al.,, 2021; Zoroddu et al., 2019). In this regard, it is
advisable to study the brain, as the most sensitive organ to
oxygen deficiency, and the myocardium. It is an important
organ that stimulates blood transport through the vessels
of the body, providing nutrition and respiration of tissues
of living organisms. At the same time, it is known that
cadmium damage causes the development of hypertension,
coronary heart disease, bronchitis, pharyngitis and other
respiratory diseases (Wang et al., 2020; Dtugaszek, 2019).
However, the bioelemental composition of the myocardium
and brain under conditions of cadmium chloride intake
remains poorly studied. It is important for understanding
their influence on the course of metabolic processes in
living organisms.

The aim of the research is to carry out a comparative
analysis of the level of cadmium compounds in soils
and water bodies of different geographical zones of the
Prykarpattia region, as well as to study the effect of cadmium
intoxication on the macro- and microelement composition
of the brain and myocardium in experimental animals.
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3. Materials and Methods

Soils and drinking water of the plain, foothill and
mountain zones of the region, as well as experimental
animals were the object of research. The selection of soil
and water study sites was carried out taking into account
the altitude, seasonal changes, peculiarities of water supply
sources and relative distance from the pollution sources.
Soil and water samples were taken once in spring and
autumn. The methodology of soil and water sampling,
their preparation for analysis, transportation and storage
was carried out in accordance the State Standardization
System (Solovei et al., 2005; DsanPiN, 2023). The study of
samples for cadmium content was carried out according
to DSTU 4770.3:2007 of the State Standardization System.
Soil quality. Determination of the content of mobile
cadmium compounds in soil in buffered ammonium acetate
extract with pH 4.8 by atomic absorption spectroscopy
(Lypka et al., 2009). Cadmium levels in drinking water
and myocardial tissues and brain of experimental animals
were determined with the help of atomic absorption
spectroscopy (Chmylenko and Derkach, 2002).

Experimental studies were conducted on laboratory
animals - white outbred sexually mature male rats weighing
180-220 g. The maintenance of animals, their nutrition
and manipulations were carried out in compliance with
ethical and legal norms and requirements for scientific and
biochemical research: Annex 4 to the “Rules for conducting
work using experimental animals”, approved by the order
of the Ministry of Health of Ukraine N° 755 of 12.08.1997.
“On measures to further improve the organization of forms
of work using experimental animals” and the provisions of
the “General principles of experiments on animals”, adopted
by the First National Congress on Bioethics); according
to the Law of Ukraine N°® 3447-1V “On the protection of
animals from cruel treatment” of 21.02.2006; European
convention for the protection of vertebrate animals used for
experimental and other scientific purpose: Council of Europe
18.03.1986. - Strasbourg (Ukraine, 2010; Dobrelia, 2010).

Models of toxic damage to animals were intoxication
with cadmium chloride. It was injected intramuscularly
at a dose of 1.2 mg/kg (in saline) of animal body weight
(1/10 LD,,) (Trakhtenberh et al., 2017) once a day for
10 days. Control animals were simultaneously injected
with an appropriate amount of 0.9% sodium chloride
solution. Brain and myocardial homogenates were used
for the study (Melnychuk et al., 2012). The obtained
results were subjected to statistical analysis according to
the generally accepted method (Maiboroda, 2018) using
Student’s t-test (Statistica 8).

4. Results

The ecological situation of the Prykarpattia region is
closely related to the state of soils and water resources.
In this regard, it is advisable to study and control the level of
cadmium compounds in the region’s environmental objects.

The study of the content of toxic element cadmium in
the soils of the Prykarpattia region allowed establishing
that its level in the soils of the plain zone and foothill
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zone significantly increases in autumn and is respectively:
0.19 mg/kg and 0.10 mg/kg. In the soils of the mountainous
zone, the cadmium content was at the level of 0.06-0.16 mg/
kg. The tendency to increase the level of this toxicant was
observed in autumn and spring (see Figure 1).

In order to assess the degree of soil contamination with
cadmium, the actual concentrations of the element in
the studied samples were compared with the maximum
permitted concentration (MPC) and the background indicator.
The analysis of the obtained data indicates that the level of
cadmium in the soils of the Prykarpattia region did not exceed
the MPC. However, attention should be paid to the increase
of cadmium above the background level by 1.1-1.5 times
in autumn in mountainous and plain zones (see Figure 1).

It is known from the literature (Shumyhai et al.,
2021) that due to the migration ability, heavy metals are
concentrated in water bodies. Therefore, it is important to
study and control the level of cadmium in drinking water
in different geographical zones of the Prykarpattia region.

The study of the level of toxic element cadmium in
the drinking water of the Prykarpattia region allowed it
to establish that its content exceeds the MPC in the areas
of the plain zone by 1.6-2 times during all periods of
observation. Analysis of the cadmium content in drinking
water from the sources of the foothill zone showed a
significant increase of this trace element by 1.3-1.9 times
above the MPC, in the water of the mountainous zone it
did not exceed the maximum permitted values. Thus, in
the drinking water of the plain and foothill zones, there
is an intensive increase of cadmium in quantities that
significantly exceed the maximum permitted level, which
poses a real threat to the existence of living organisms.

Among heavy metals, cadmium is extremely toxic
to plants and is considered one of the most dangerous
elements entering the environment, even at low
concentrations (Hrynova and Kryshtop, 2021). Once in the
soil, cadmium is absorbed by the root system of plants,
to a lesser extent - through leaves (Anas et al., 2020),
accumulates in them and can enter the body of animals and
humans through food chains (see Figure 2). Such results
prompt the study of the effect of cadmium intoxication
on the body of experimental animals.

The studies of calcium content allowed to establish
that under conditions of cadmium intoxication in the
brain of experimental animals the level of this element
significantly decreased on the 14th and 28th day by 5 and
7.8 times, respectively, while in the myocardium a decrease
by 3 times on the 14th day and an increase by 2.6 times

0,2

o Cd, mg/kg
0 r

Summer e Pi:?;uzns:m Mounali):nnfs Zone

Figure 1. Dynamics of seasonal changes of cadmium level in soils.
Note: MPC for cadmium - 0.7 mg/kg, background value - 0.136 mg/kg.
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on the 28th day was observed compared to the control
group of animals (Table 1).

Calcium metabolism is closely related to magnesium
metabolism. Determination of Mg content in the brain and
myocardium of experimental animals (Table 1) showed a
clear tendency to accumulation of this element: starting
from the 1st day, the level of Mg increased in the brain -
3.2 times, in the myocardium - 2 times compared to the
control values. The maximum increase of magnesium ions
was observed on day 14 in the brain (p<0.001) - 6 times
and in the myocardium (p<0.01) - 3 times compared to
the control group of animals.

The study of the essential trace element copper allowed
an establishment of a decrease of this indicator in the
brain (p<0.001) by 20% in the late period of the study
compared to the control group. Regarding the level of Cu
in the myocardium (Table 1), it is necessary to note an
increase in the 1st day of intoxication by 33%, followed
by a decrease in its concentration to the level of control
animals on the 28th day.

Regarding the concentration of zinc, (p<0.001) a 2-fold
increase in the early and late periods in the myocardium
compared to the control group of animals has been
observed. In the brain on the 1st day (p<0.01) the zinc

| Plant-based mechanism |-— ~ Amelioration of CD I—-;'Micmbe-based mecham'sml

+ Phytohormones production |
» Exopolysaccharide production
= Phosphate solubilization

» Nutrients assimilation

* Siderophore production

* ACC deaminase

| Cd toxicity cause I""

+ Nutrients limitation
» Growth retardation
» Biomass reduction
» Impending in photosynthesis’

|

Fl-teration of phytohormone
«Activate defense-related genes
tAntioxidaie enzymes

Metal transporters

Figure 2. Accumulation and effect of Cd?* ions in plant organisms (Shahid et al., 2019).

Table 1. Dynamics of changes in the content of elements in the studied organs and tissues under conditions of cadmium intoxication

(M £ m, n=10).

Organs and tissues under investigation

Groups of animals
Brain

Myocardium

Brain Myocardium

Calcium, mg/g ash

Magnesium, mg/g ash

Control 1,96 £0,31 0,69 +0,12 1,08+0,15 0,62+ 0,08
1st day 2,62 0,83 0,41 £0,10* 3,49 +0,94* 1,26+ 0,32*
14th day 0,37 £ 0,05* 0,22 £0,06* 6,49 £ 0,74* 1,88+ 0,62**
28th day 0,25 +0,06* 1,83 £0,14* 2,51 0,24 1,67 £0,68*
Copper, mg/g ash Zinc, mg/g ash

Control 0,16 £ 0,01 0,24+ 0,06 0,78+ 0,21 0,56+ 0,16
1st day 0,18+ 0,04 0,32+0,04 0,36+ 0,15** 1,09+ 0,29**
14th day 0,17+ 0,05 0,22+ 0,05 1,73£0,13* 0,63+0,18
28th day 0,12+ 0,01* 0,24+ 0,06 0,94 +0,20 1,32+ 0,28"

Note: reliability of the difference in data compared to the control group of animals. * - p<0.001. ** - p<0.01.
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content decreased by 2 times, on the 14th day (p<0.001)
this indicator increased by 2 times, and at the end of the
experiment it was within the control group of animals.
When administering cadmium chloride, we found a
statistically significant (p<0.001) increase in its concentration
in the studied organs and tissues. In particular, starting
from the 1st day of observation and until the end of the
experiment, the cadmium content increased in the brain
(p<0.01) - by 60% on the 14th day, in the myocardium
(p<0.001) - by 40-42 times, during the entire study period
compared to the control group of animals (Figure 3).

5. Discussion

Ensuring environmental stability is possible taking
into account all natural and anthropogenic factors that
affect the ecological potential of the Prykarpattia region,
and subsequently the health of the population. Therefore,
it is important to have information on the level of toxic
elements, in particular cadmium in soils and water bodies
of the region, which allows us to understand their impact on
living organisms. In addition, their content in soils and water
correlates with their content in biological environments of
humans and animals, that is, it may indicate pathological
conditions. Soils are the main depositing medium where
metals can enter with precipitation and water. Soil
conditions should be considered as an integral indicator
of the environmental pollution process.

The study of cadmium content in the soils of the region
is not accidental, as the authors argue (Krushelnytska and
Boholiubov, 2021; Davydiuk et al., 2022) that the excessive
intake of heavy metals, in particular cadmium, is due to
the location of sources of pollution with this metal in the
Prykarpattia region, in particular Burshtyn TES; “Oriana”
potash plant, Kalush mine; PJSC Ivano-Frankivskcement.

Our soil analysis has shown an increase in cadmium
levels in soils of different geographical zones of the
region. The increase in cadmium levels in soils can be
caused by anthropogenic emissions from enterprises,
waste from livestock farms, agricultural activities, the use

12
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of pesticides, and vehicle emissions (Kasiianchuk, 2020;
Boichuk et al., 2021).

Along with this, soil pollution is a source of surface
and groundwater pollution. Water and salts dissolved in
it play an integral role in ensuring the constancy of the
internal environment of the body. The content of chemical
elements in water depends on many factors, among which
the main place belongs to human activity. At the same
time, it was found that in the drinking water of the plain
and foothill zone the level of cadmium exceeded the
maximum permissible level. According to the literature
(Bondareva et al., 2021; Kolosova et al., 2020; Mazur and
Hutsol, 2022), the increase in cadmium levels may be due
to the pollution of water bodies by industrial and domestic
wastes with organic and mineral fertilizers, especially
phosphate fertilizers.

The analysis of drinking water allowed us to determine
that a significant number of people living in the plain
and foothill zone consume water with a high content
of cadmium. It leads to an increase in the effect of this
toxicant on living organisms.

Pollution with heavy metal salts reduces plant
productivity, disrupts natural phytocoenosis, causes
destruction of the assimilative potential of phytomass,
leads to disruption of organogenesis processes in the form
of specific changes in plants and worsens the quality of
agricultural products (Zhao et al., 2021). It is known from
scientific sources (Haider et al., 2021) that plants growing
in soil contaminated with cadmium are the main source
of cadmium intake into the human body.

Assessment of cadmium levels in environmental objects
and understanding of the mechanisms of its impact on
living organisms is crucial for the prevention of a number
of pathologies. In particular, the data obtained served as
a basis for studying the effect of cadmium salts on the
macro- and microelement composition of the body of
experimental animals.

It is known from the literature about the antagonistic
properties of cadmium ions in relation to such
macroelements as calcium and magnesium and essential
trace elements zinc and copper. Therefore, it is important to

Myocardium

M Control
M 14th day

H 1st day
M 28th day

Figure 3. Dynamics of changes in the level of Cadmium in the studied organs and tissues under conditions of cadmium intoxication, pg/g ash.
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study the distribution of these elements in various organs
and tissues in the dynamics of cadmium intoxication.

The obtained results showed that under cadmium
intoxication in the body of experimental animals there
are changes in the level of macronutrients - calcium and
magnesium. In particular, there is a decrease in the level of
calcium in the brain on the 14th and 28th day - 5-7.8 times,
myocardium on the 1st and 14th day - 3 times, respectively,
followed by an increase on the 28th day compared to the
control group. At the same time, the level of magnesium in
the brain and myocardium significantly increased during
the entire observation period.

Analysis of the level of copper showed a decrease in the
brain on the 28th day by - 20%; in the myocardium, the
level of copper increased on the 1st day by 33%. However,
at the end of the experiment it did not exceed the value
of control animals.

The study of zinc levels showed that this indicator
increased most of all on the 14th day in the brain by 2 times
compared to the control values. In the myocardium, the
zinc content was higher than in control animals during
the entire observation period.

The conducted studies allowed to establish that
in animals affected by cadmium chloride there was a
significant violation of the level of macroelements such
as Ca, Mg, and essential trace elements Zn and Cu.

Such changes in the level of essential macro- and
microelements occurred against the background of
accumulation of cadmium in these organs. Its level
increased in the brain - by 60% on day 14, in the myocardium
- by 40-42 times compared to the control group of animals.

The results obtained are consistent with the literature
data. In case of violation of physiological levels of metals in
tissues and organs, competition for chemical active groups
and catalytic centers in macromolecules with changes in
their structure and functions is possible (Renu et al., 2021;
Hill and Gailer, 2020). On the other hand, changes in the
level of macro- and microelements can be considered as
an adaptive reaction - the body’s response to the intake of
cadmium ions. Cadmium accumulation can be explained
by the disruption of metallothionein proteins, which are
able to influence the metabolism of this element. Thus, the
excessive intake of cadmium salts causes the development of
dysmicroelementosis, which is accompanied by a violation
of the homeostasis of essential macro- and microelements.
At the same time, the disturbance of homeostasis of such
elements causes changes in the biochemical functions of
many enzymes that contribute to the initiation of cascade
reactions, which leads to the development of oxidative
stress, impaired energy supply, signal transduction, etc.

6. Conclusions

1. Significant differences in the content of cadmium in
soils and water of the plain, foothill and mountain
zones of the Prykarpattia region were established. In
particular, an increase of cadmium in soils of plain and
mountainous zones of the region has been noted.

2. The increase of cadmium concentration in water
exceeding the maximum permitted levels is observed
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in plain and foothill areas with intensive development

of agriculture and industry, and the minimum level is

in mountainous areas.

3. The literature data on the main ways of supply and
accumulation of heavy metal ions, in particular
cadmium, have been analyzed. It has been established
that cadmium accumulates mainly in the root system
of plants and partially in the aerial part. Their negative
impact on the plant organism has been described.

4. Significant disorders in the body of experimental
animals under conditions of excessive intake of
cadmium ions have been revealed. It was accompanied
by the accumulation of cadmium in the myocardium
and brain, against the background of redistribution
of vital macronutrients calcium and magnesium and
micro-elements copper and zinc. Thus, excessive
intake of cadmium salts causes the development of
dysmicroelementosis, which is accompanied by a
violation of the homeostasis of a living organism.

5. Continuous monitoring of toxicants in the ecosystem
is recommended as an important component of
environmental monitoring.

This issue requires further research to determine the
level of toxicants in the environment. Furthermore, it is
also a prerequisite for further experimental studies on the
impact of cadmium compounds on the micro-element status
of the body and ways to protect against such disorders.

References

ANAS, M., LIAO, F, VERMA, KK., SARWAR, M.A., MAHMOOD, A.,
CHEN, Z.L, LI, Q., ZENG, X.P, LIU, Y. and LI, Y.R., 2020. Fate of
nitrogen in agriculture and environment: agronomic, eco-
physiological and molecular approaches to improve nitrogen
use efficiency. Biological Research, vol. 53, no. 1, pp. 47-67. http://
dx.doi.org/10.1186/s40659-020-00312-4. PMid:33066819.

BOICHUK, B.I.A., KUZYK, A.D. and SYSA, L.V,, 2021. Assessment
of anthropogenic impact on the Prut River in the vicinity of
Yaremche by the level of bottom sediments pollution. Bulletin
of Lviv State University of Life Safety, vol. 23, pp. 5-10. http://
dx.doi.org/10.32447/20784643.23.2021.01.

BONDAREVA, 0.B., VINIUKOV, 0.0. and KONOVALENKO, L.I., 2021.
The influence of fertilizers on the content of heavy metals in soil
in an industrial region. In: Proceedings of the 7th International
Scientific and Practical Conference. Melbourne: CSIRO Publishing
House, pp. 624-627.

CHMYLENKO, F.O. and DERKACH, T.M., 2002. Methods of atomic
spectroscopy: atomic absorption spectral analysis. Dnipro: RVV DNU.

DAVYDIUK, H.V., SHKARIVSKA, L.I, KLYMENKO, LI, DOVBASH, N.I.
and DEMYANYUK, 0.S., 2022. Ecological and agrochemical
assessment of the state of agricultural landscapes of Ivano-
Frankivsk oblast. Agroecological Journal, vol. 1, no. 1, pp. 81-90.
http://dx.doi.org/10.33730/2077-4893.1.2022.255188.

DLUGASZEK, M., 2019. Studies on relationships between essential
and toxic elements in selected bodyfluids, cells and tissues.
Chemico-Biological Interactions, vol. 297, pp. 57-66. http://dx.doi.
org/10.1016/j.cbi.2018.10.011. PMid:30352203.

DOBRELIA, N.V,, 2010. The importance of standard operating
procedures in the ethical review of biomedical research involving
animals. Pharmacology and Drug Toxicology, vol. 3, pp. 77-80.

Brazilian Journal of Biology, 2024, vol. 84, 271324


https://doi.org/10.1186/s40659-020-00312-4
https://doi.org/10.1186/s40659-020-00312-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33066819&dopt=Abstract
https://doi.org/10.32447/20784643.23.2021.01
https://doi.org/10.32447/20784643.23.2021.01
https://doi.org/10.33730/2077-4893.1.2022.255188
https://doi.org/10.1016/j.cbi.2018.10.011
https://doi.org/10.1016/j.cbi.2018.10.011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30352203&dopt=Abstract

DSANPIN, 2023 [viewed 2 January 2023]. Hygienic requirements for
drinking water intended for human consumption (2.2.4-171-10)
[online]. Available from: http://online.budstandart.com/ua/
catalog/doc-page?id_doc=27272

HAIDER, EU,, LIQUN, C., COULTER, ].A., CHEEMA, S.A., WU, ]., ZHANG,
R., WENJUN, M. and FAROOQ, M., 2021. Cadmium toxicity in
plants: impacts and remediation strategies. Ecotoxicology
and Environmental Safety, vol. 211, pp. 111887. http://dx.doi.
org/10.1016/j.ecoenv.2020.111887. PMid:33450535.

HILL, A. and GAILER, J., 2020. Linking molecular targets of Cd in the
bloodstream to organ-based adverse health effects. Journal of
Inorganic Biochemistry, vol. 216, pp. 111279. PMid:33413916.

HRYNOVA, Y.H. and KRYSHTOP, Y.A., 2021. Problems of environmental
pollution by heavy metals and ways to overcome them.
Engineering of Nature Management, vol. 1, no. 19, pp. 111-119.

HUTSOL, H.V,, 2020. Assessment of the intensity of soil pollution
by heavy metals and measures to improve their quality. The
Scientific Heritage, vol. 48, pp. 3-8.

KALININ, 1.V., BOHATYRENKO, V.A. and ZABOLOTNI], Y.E.V., 2019.
Toxic effects of cadmium on the human body. Functioning of
protected areas in modern conditions. In: International Scientific
and Practical Conference 30th Anniversary of the National Park
“Synevyr”, 18-20 September 2019, Synevyr, Ukraine, pp. 237-2309.

KASIIANCHUK, D.V., 2020. Ecological and geological assessment
of the soil cover of the Ivano-Frankivsk oblast. Ecologic Science,
vol. 2, no. 29, pp. 112-118. http://dx.doi.org/10.32846/2306-
9716/2020.eco.2-29.2.18.

KOLOSOVA, LI, RUDENKO, K.M. and SHATORNA, V.E, 2020. Cadmium
- athreat to living organisms. In: 5th International Scientific and
Practical Conference. Osaka: CPN Publishing Group, pp. 433-442.

KRUSHELNYTSKA, 0.0.and BOHOLIUBOV, V.M., 2021. The impact of
Burshtyn TES on the environment. In: VII International Scientific
and Practical Conference of Students, Graduate Students and Young
Scientists “Ecology - The Philosophy of Human Existence”, 21-23
April 2021, Kyiv. Ukraine: NUBiPLocal, pp. 90-93.

LYPKA, A., LYSENKO, M. and MIROSHNYCHENKO, M., 20009. State
Standard 4770.6:2007: Soil quality - Determination of the content
of mobile copper compounds in buffered ammonium acetate
extract with pH 4.8 by atomic absorption method. Kyiv: State
Standard of Ukraine, pp. 9-18.

MA, Y., RAN, D., SHI, X,, ZHAO, H. and LIU, Z., 2021. Cadmium
toxicity: a role in bone cell function and teeth development.
The Science of the Total Environment, vol. 769, pp. 144646. http://
dx.doi.org/10.1016/j.scitotenv.2020.144646. PMid:33485206.

MAIBORODA, R., 2018. Computer statistics: professional start. Kyiv:
VPC Kyiv University, 482 p.

MAKARENKO, N. and PLIATSUK, L., 2022. Ecological consequences
of soil contamination with cadmium: sustainable development
- state and prospects. In: Ill International Scientific Symposium,
26-29January 2022, Lviv, Ukraine. Lviv: Lviv Polytecnic National
University, pp. 30-31.

MAZUR, 0.V. and HUTSOL, H.V., 2022. Intensity of accumulation
of heavy metals in soils for growing oilseeds on different
backgrounds of mineral nutrition. International scientific journal.
Grail of Science, vol. 18-19, pp. 137-139.

MELNYCHUK, D.O., MELNYCHUK, S.D., KALACHNIUK, L.H.,
SHEVRIAKOV, M.V. and KALACHNIUK, H.L,, 2012. Biochemistry:
a workshop. Kyiv: NUBiP Ukrainy, 528 p.

NEDJIMLI, B., 2021. Phytoremediation: a sustainable environmental
technology for heavy metals decontamination. SN Applied
Sciences, vol. 3, no. 3, pp. 286-306. http://dx.doi.org/10.1007/
542452-021-04301-4.

Brazilian Journal of Biology, 2024, vol. 84, 271324

Impact of accumulated cadmium in the environment on living organisms

RENU, K., CHAKRABORTY, R., MYAKALA, H., KOTI, R., FAMUREWA,
A.C,, MADHYASTHA, H., VELLINGIRI, B., GEORGE, A. and VALSALA
GOPALAKRISHNAN, A., 2021. Molecular mechanism of heavy
metals (Lead, Chromium, Arsenic, Mercury, NickelandCadmium)
induced hepatotoxicity: a review. Chemosphere, vol. 271, pp.
129735. http://dx.doi.org/10.1016/j.chemosphere.2021.129735
PMid:33736223.

SHAHID, M., JAVED, M.T., MUSHTAQ, A., AKRAM, S.M., MAHMOOD,
F., AHMED, T., NOMAN, M. and AZEEM, M. 2019. Microbe
mediated mitigation of cadmium toxicityin plants. In: M.
HASANUZZAMAN, M.N.V. PRASAD and M. FUJITA, eds. Cadmium
toxicity and tolerance in plants: from physiology to remediation.
London: Academic Press, pp. 427-449. http://dx.doi.org/10.1016/
B978-0-12-814864-8.00017-6.

SHEVCHUK, V.D., MUDRAK, H.V. and FRANCHUK, M.O., 2021.
Ecological assessment of the intensity of soil pollution by
heavy metals. Agricultural Sciences Colloquium Journal, vol.
10, no. 97, pp. 40-46.

SHUMYHAI, L.V., YERMISHEV, 0.V. and MANISHEVSKA, N.M.,
2021. Environmental assessment of heavy metal pollution of
groundwater in Kyiv region. Agroecological Journal, vol. 1, pp. 88-97.

SLOBODIAN, S.0. and HUTY], B.V., 2020. The state of the antioxidant
system in rats under prolonged cadmium and lead loading. Visnyk
Poltavskoi Derzhavnoi Ahrarnoi Akademii, vol. 1, pp. 196-201.

SOLOVEL, V., et al., 2005 [viewed 2 January 2023]. Soil quality.
Sampling. Kyiv. State standard of Ukraine. DSTU, vol. 4287 [online].
HALIOHAJIBHUI CTAH/IAPT YKPATHH. Available from: https://
environmentallab.com.ua/wp-content/uploads/2021/12/dstu-
4287-2004-yakist-gruntu.-vidbirannya-prob.pdf

TRAKHTENBERH, .M., LUBIANOVA, L.P., DMYTRUKHA, N.M.,
ANDRUSYSHYNA, .M. and LAHUTINA, O.S., 2017. Essays on the
toxicology of heavy metals (Issue Il - Cadmium). Kyiv: Avicenna, 83 p.

VERKHOVNA RADA OF UKRAINE, 2006 [viewed 2 January 2023].
On the protection of animals from cruelty. 21.02.2006. 3447-1V
[online]. VERKHOVNA RADA OF UKRAINE. Available from:
https://zakon.rada.gov.ua/laws/show/3447-15#Text

ULIANYCH, O.1., KUKHNIUK, O.V. and KOTSIURUBA, V.P., 2020. The
problem of heavy metal pollution of main agricultural crops in
the right-bank forest-steppe of Ukraine. In: The 6th International
Scientific and Practical Conference, Eurasian Scientific Congress.
Barcelona: Barca Academy Publishing, pp. 38-42.

WANG, C., ZHANG, R., WEI, X., LV, M. and JIANG, Z., 2020.
Metalloimmunology: themetalion-controlled immunity.
Advances in Immunology, vol. 145, pp. 187-241. http://dx.doi.
org/10.1016/bs.ai.2019.11.007. PMid:32081198.

XU, Y., MU, W,, LI, J., BA, Q. and WANG, H., 2021. Chronic cadmium
exposure at environmental-relevantlevelacceleratesthe
development of hepatotoxicity hepatocarcinogenesis. The Science
of the Total Environment, vol. 783, pp. 146958. PMid:33866181.

ZEMLIANYI, O.A., HERASYMCHUK, P.H., ZAITSEV, L.O.,
MIONCHYNSKY]I, D.O., KHARCHENKO, O.1., SAMOILENKO, LI,
ALEKSIEIENKO, V.V. and SHEMET, S.A., 2021. Multiple effects
of chronic low-dose cadmium exposure on liver, osteogenesis
and hematopoiesis in animals and humans. Ukrainian Journal
of Medicine. Biology of Sport, vol. 5, no. 33, pp. 364-400.

ZHAO, H., GUAN, ]., LIANG, Q., ZHANG, X., HU, H. and ZHANG, J.,
2021. Effects of cadmium stress on growth and physiological
characteristics of sassafras seedlings. Scientific Reports, vol. 11,
pp. 9913. PMid:33972641.

ZORODDU, M.A., AASETH, J., CRISPONI, G., MEDICI, S., PEANA, M.
and NURCHI, V.M., 2019. The essential metals for humans: a
brief overview. Journal of Inorganic Biochemistry, vol. 195, no. 6,
pp. 120-129. http://dx.doi.org/10.1016/j.jinorgbio.2019.03.013.
PMid:30939379.

717


https://doi.org/10.1016/j.ecoenv.2020.111887
https://doi.org/10.1016/j.ecoenv.2020.111887
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33450535&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33413916&dopt=Abstract
https://doi.org/10.32846/2306-9716/2020.eco.2-29.2.18
https://doi.org/10.32846/2306-9716/2020.eco.2-29.2.18
https://doi.org/10.1016/j.scitotenv.2020.144646
https://doi.org/10.1016/j.scitotenv.2020.144646
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33485206&dopt=Abstract
https://doi.org/10.1007/s42452-021-04301-4
https://doi.org/10.1007/s42452-021-04301-4
https://doi.org/10.1016/j.chemosphere.2021.129735
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33736223&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33736223&dopt=Abstract
https://doi.org/10.1016/B978-0-12-814864-8.00017-6
https://doi.org/10.1016/B978-0-12-814864-8.00017-6
https://doi.org/10.1016/bs.ai.2019.11.007
https://doi.org/10.1016/bs.ai.2019.11.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32081198&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33866181&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33972641&dopt=Abstract
https://doi.org/10.1016/j.jinorgbio.2019.03.013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30939379&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30939379&dopt=Abstract

