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Abstract. The causes and sources of pollution of the natural environment
with heavy metals are analyzed in the study. Basic information on
indicators of environmental pollution with toxic metals was presented.
When assessing the state of the natural environment, the author emphasizes
the need to take into account that the intake of heavy metals is caused by
both natural sources and anthropogenic impact. The study provides a
review of scientific sources devoted to analytical methods for determining
the content of heavy metals in biological media. Within the framework of
the study, the author substantiated the conclusion that it is necessary to
modernize methods for determining the content of heavy metals in
biological media, given that it is possible to assess the level of the content
and the adverse effects of heavy metals on the human body only with
accurate quantitative indicators of the background content of elements in
biological media. In addition, characteristics of the microelement
composition of the environment for the region under study are subject to
mandatory registration. The author emphasizes the need to develop
methodological approaches and establish the background regional levels of
metal content in biological media.

1 Introduction
Metals with a density greater than 5g/cm3 are classified as heavy. Heavy metals are
found naturally in rocks, soil, plants and animals in the form of minerals, water-soluble
ions, salts and gases. These metals can also bind with organic and inorganic molecules, or
bind to suspended finest particles in the atmosphere. Heavy metals never disappear in the
natural flux of elements, but can change the chemical form in which they occur.
Heavy metals are released into the atmosphere with emissions or wastewater from three
main sources: fossil fuel combustion, non-ferrous metal production and waste incineration.
However, heavy metals also enter the atmosphere and water bodies through natural
processes such as volcanic eruptions.
In terms of environmental protection, the most problematic heavy metals are mercury
(Hg), lead (Pb) and cadmium (Cd). Besides the fact that heavy metals are toxic to living
organisms, many of them, such as copper (Cu), zinc (Zn) and iron (Fe), are also essential
trace elements for plants and animals. Some metals are found in particularly toxic forms,
even in relatively small quantities, and pose a threat to human and animal health.
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The urgency of the problem of environmental pollution with heavy metals is explained,
first of all, by the wide spectrum of their action on the human body. Heavy metals affect
almost all systems of the body, providing toxic, allergic, carcinogenic, gonadotropic effects.
As already noted, some inorganic ions are absolutely essential for normal metabolism, such
as sodium, potassium, zinc, selenium, and iodine. Others (mercury, cadmium, lead) do not
perform any functions and, on the contrary, have a toxic effect when accumulated in high
concentrations.
The object of the research is the impact of heavy metals on the human body.
The subject of the research is scientific literature on the problems of assessing the
impact of heavy metals on the human body.
The aim of the research is to study the results of domestic and foreign studies in the
field of assessing the impact of heavy metals on the human body.
Research objectives: 1) characterization of sources and causes of pollution of the
environment with heavy metals; 2) study of the toxic effects of metal compounds on the
human body; 3) a review of scientific literature devoted to the analysis of methods for
detecting heavy metals in biological media.

2 Sources and causes of environmental pollution with heavy
metals
The most powerful sources of harmful emissions containing heavy metals are metallurgical
enterprises specializing in the smelting and processing of non-ferrous metals, for example,
the concentration of lead, cadmium and other metals increases hundreds of times in the
areas adjacent to such enterprises, while the average area of influence of such industrial
production is up to 1000 km2 [1].
Energy providers are also emitters of huge amounts of heavy metal waste.
Another source of heavy metal pollution is the exhaust gases of cars, with which a
significant amount of lead gets into the environment and soil. Road traffic pollution is one
of the most dangerous, it affects the content of heavy metals in the soil not only near cities,
but also wherever transport routes pass.
Some ameliorants, for example, some soil structure formers, instead of improving arable
land and stimulating plant growth, enrich the soil with lead, copper, bismuth, etc.
Thus, when assessing the state of the natural environment, it is necessary to take into
account that the intake of heavy metals is caused by both natural sources and anthropogenic
impact. Air pollution occurs mainly during the combustion of coal and other fossil fuels, in
the smelting of iron and non-ferrous metals. Some trace elements, especially Se, Au, Pb,
Sn, Cd, Bi, and Te, can be more than 1000 times their natural concentration in air. In
general, elements that form volatile compounds or are part of fine particles during coal
combustion and other industrial processes can be more easily released into the atmosphere.
Natural sources include aeolian dust, volcanic eruptions, evaporation from the surface of
the water, and some others. Atmospheric deposition of trace elements, mainly heavy
metals, are involved in the pollution of all other components of the biosphere - water, soil
and vegetation [2].

3 The influence of heavy metals on the human body
It is important to emphasize that the toxicity of inorganic ions depends on many factors,
including age, sex, physiological state of the body, the presence of concomitant diseases, as
well as the route of entry and dose. Thus, children are at a greater risk of lead poisoning
than adults, which is associated with more intense absorption of this heavy metal in the

2

E3S Web of Conferences 244, 01006 (2021)
EMMFT-2020

https://doi.org/10.1051/e3sconf/202124401006

intestines and greater vulnerability of the nervous system in childhood. Elemental mercury
does not have any toxic effect when it enters the gastrointestinal tract or intact skin, but it
can cause multiple organ failure in the case of inhalation.
The main sources of entry of heavy metals and trace elements are food and water,
inhaled air, and, in some cases, drugs.
Most often, cases of poisoning with heavy metals and microelements are recorded at
work. One of the most striking manifestations of the toxic effects of metal compounds on
the body is the so-called metal fever. This flu-like condition occurs as a result of acute
upper respiratory tract exposure to heavy metal oxide vapors and is most commonly seen in
metal mining and processing workers. The most common cause of “metal fever” is
poisoning with oxides of zinc, magnesium, cobalt and copper.
Nowadays, an extensive scientific base has been formed on the symptomatology of
clinical manifestations under the influence of heavy metals, and the factors of ecologically
caused diseases of the population are presented. The effects of heavy metals on the human
body have been studied in detail in numerous studies. These consequences are different.
Central and peripheral nervous system damage is a common symptom of aluminum,
arsenic, lead, mercury and copper poisoning. A number of scientific works have studied in
detail the pathology of the nervous system in acute oral poisoning with thallium salts [3]. It
is pertinent to note that few clinical cases of thallium poisoning are described in the world
literature [4,5-8]. At present, based on single precedents, it is difficult to form a unified idea
of the damage features, since patients are not comparable in age, the route of entry of the
poison into the body, the timing and severity of poisoning, the level of thallium in
biological media. In addition, several systems are involved in the pathological process,
early symptoms are nonspecific, and characteristic signs appear late [9].
The suppression of the hematopoietic function is observed in case of poisoning with
arsenic and lead, the excretory function - with arsenic, cadmium, chromium, selenium, lead,
mercury. Damage to the mucous membranes of the gastrointestinal tract is typical in case of
alimentary poisoning with cobalt, copper, iron, zinc and selenium, lung tissue damage - in
case of inhalation poisoning with compounds of nickel, aluminum, manganese and mercury
[10,11-13].
Thus, the active production of chemical products that enter the natural environment is
harmful to the human body. As a result, the immunobiological reactivity of urban residents,
including the child population, changes. A large number of studies have described the
disorders of the main regulatory systems of the body as a result of exposure to heavy
metals. This contributes to a massive increase in morbidity, genetic disorders and other
changes, which in scientific research are called ecological pathology [14,15].
Despite the large number of scientific studies in this area, the most difficult issues to
date are the issues of clinical and laboratory diagnostics of diseases caused by exposure to
heavy metals associated with the general symptoms of many diseases. In addition, in a
number of dissertation studies, the need to improve the methods of identification and
quantitative determination of metals in the study of objects of biological origin is noted
[16].

4 Review of scientific literature analyzing methods for the
detection of heavy metals in biological media
The allocation of this issue within the framework of the research topic is caused by a
number of circumstances. First of all, by the need to develop methods for the analysis of
biological materials, which would differ in their availability in terms of time and financial
costs, as well as efficiency - allowing the most probable determination of quantitative
indicators of the background content elements in biological media. It should be noted that
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the clinical picture of heavy metal intoxication does not have any specific signs and often
proceeds as multiple organ failure. For this reason, the main diagnostic method is the
analysis of the concentrations of toxic metals in various biological media.
In the context of the study, it is advisable to highlight several problems that occur in the
practice of developing control of the content of toxic metals in biological media. Control
allows preventing the negative impact of environmental factors associated with
environmental pollution.
The first problem is associated with an objective assessment of the actual pollution of
environmental objects. The assessment has a close relationship with the health of people
inhabiting the territory of large industrial complexes [17,18]. As part of the analysis of
studies devoted to a comprehensive assessment of the state of the environment, it is
possible to note the insufficient study of the issues of human interaction with the
environment in the ecological system “man-dose”, where a complex of factors of
anthropogenic nature affects a person [19,20].
As already emphasized, the most powerful sources of harmful emissions containing
heavy metals are: 1) metallurgical enterprises specializing in the smelting and processing of
non-ferrous metals; 2) energy enterprises; 3) road transport. As a result, the environmental
situation is very difficult in those regions where these enterprises are located. And such
factors as the movement of surface and groundwater, wind flow, contribute to the fact that
chemical compounds that daily enter the environment migrate and redistribute over
considerable distances [21]. All this makes it necessary to determine the reference limits for
the content of chemical elements in the human body in relation to the population living in
industrial regions with a difficult ecological situation.
In this regard, it should be noted that the environmental safety assessment should be
based, among other things, on the indicators of the health status of the population of
industrially developed regions [22,23]. So, for example, the ratio of the content of heavy
metals in hair was the basis for a new method for predicting the impact of atmospheric
pollution on health [24].
In this regard, the modernization of the methodological support of diagnostic studies in
a situation of negative (toxic) impact of environmental factors of low intensity on the
human body is of priority importance. Compounds of heavy metals entering the human
body by various routes (inhalation, oral, parenteral, as well as through the skin and mucous
membranes) accumulate in various tissues, causing toxic effects over time. As already
emphasized, it is difficult to clinically identify such an effect and is not always possible
[25-27]. Usually they are excreted very slowly, through the kidneys, liver, salivary and
sweat glands, mucous membranes, which is accompanied by damage to these organs. In
this case, an informative diagnostic indicator is the study of the content of chemical
elements in biological media [28,29].
Nowadays, a number of scientists are working to improve the methodology for
providing diagnostic studies to determine the concentration of heavy metals and trace
elements in biological media. In particular, in modern practice of studying biological
objects, spectrometric methods are widely used, which have positively proven themselves
due to the possibility of determining several elements in one sample. In addition, the
advantages of this method are high selectivity and sufficient sensitivity [30-32].
Domestic studies devoted to the analytical method of gas chromatography of trace
amounts of metals have been covered in print since 1970 [33–35]. Since the time of the first
interfacing of a gas chromatograph and a mass spectrometer in 1957 [36], this method has
undergone major changes and has been significantly improved. The GC/MS method allows
efficiently analyzing non-polar and low-polar substances with sufficient volatility.
Currently, the capabilities of the GC/MS method have been significantly expanded with the
advent of two-dimensional gas chromatography (GC×GC/MS) [37].
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In modern analytical practice, the following methods are used for determining the
content of heavy metals in biological media: atomic absorption spectrometry [38,39-41]
and inductively coupled plasma mass spectrometry (ICP-MS) [41-43]. The ICP-MS method
provides low detection limits for all metals and has good reproducibility. However, it
requires preliminary mineralization of blood samples using acids, which increases the
analysis time and can lead to contamination of the samples under study [43]. Nevertheless,
the ICP-MS method is optimal for elemental analysis of biological fluids, since, being
multielement, it allows tracing the mutual influence of microelements and taking into
account the synergism or antagonism of their action [44]. However, for single-element
analysis, the direct atomic absorption highly selective method based on the use of Zeeman
modulation polarization spectrometry (ZMPS) is more effective. The devices, the principles
of which are based on the use of ZMPS, allow direct analysis of biological fluids, without
preliminary decomposition of samples, which reduces the analysis time and avoids possible
systematic errors associated with both the loss of heavy metal and sample contamination
[45,46].
Metals are known to be part of the structure of biological macromolecules, ensuring
their normal functioning [47]. However, a number of metals (molybdenum, nickel, copper,
chromium, cobalt, manganese and zinc), having an effect on living organisms, reveal
mutagenic and carcinogenic activity [48]. In order to determine the mechanism of this
negative impact of the specified number of metals on the human body, numerous studies of
the effect of metals on the properties of nucleic acids have been carried out. The use of the
spectroscopic method made it possible to study the interaction of DNA with chromium and
potassium compounds. Infrared spectra of DNA films containing chromium sulfate,
chromium chloride and potassium dichromate were obtained [49].

5 Conclusion
The study found that heavy metals have a negative impact on the natural environment,
humans, animals and plants. As part of a review of the scientific literature on the subject of
the work, analytical methods for determining the content of heavy metals in biological
media were described. Nowadays, the development of affordable, easy-to-use and effective
methods for the analysis of biomaterials is one of the most pressing problems in the field of
study.
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