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THE ROLE OF HEAVY METALS IN BIOLOGICAL ORGANISMS AND THEIR
NEGATIVE IMPACT IN CASE OF MAN-MADE POLLUTION
Hryhoriev Yu.V., Masalitina H.I., Katkovnikova L.A., PhD, associated professor
Ukrainian State University of Railway Transport

Heavy metals play a dual role in living organisms. In low concentrations, they are
components of biologically active substances that regulate the normal course of vital processes.
The increase in harmless concentrations of heavy metals as a result of man-made pollution leads to
negative and even catastrophic consequences for living beings. In nature, heavy metals occur as
minerals, salts, oxides, and sulfides [1]. In small quantities, some of them are vital for the
functioning of organisms, as they are part of enzymes, coenzymes and other biologically active
substances. However, the modern era of intensive industrialization is accompanied by a significant
increase in the concentration of heavy metals in the environment. This leads to their excessive
content in living organisms, which disrupts metabolic processes and causes toxic effects. Thus,
heavy metals play a dual role in living systems: on the one hand, they are necessary in microdoses,
and on the other hand, they can become dangerous toxicants when thresholds are exceeded. The
heavy metals that perform vital functions in organisms include iron (Fe), zinc (Zn), copper (Cu),
manganese (Mn), molybdenum (Mo), cobalt (Co), and selenium (Se).

They are involved in the regulation of numerous physiological processes. Iron is a
component of hemoglobin and myoglobin, and ensures oxygen transport in tissues. Zinc is an
integral part of more than 300 enzymes necessary for the synthesis of proteins, DNA and RNA.
Copper is involved in the processes of respiration, collagen synthesis, pigmentation and protection
against free radicals. Manganese is essential for the metabolism of amino acids, cholesterol and
carbohydrates. Cobalt is an essential component of vitamin B12, which is important for
hematopoiesis. Molybdenum activates enzymes responsible for the metabolism of sulfur, nitrogen,
and purines [2]. Selenium is a component of glutathione peroxidase, an enzyme of antioxidant cell
protection. These elements enter the body in trace amounts with food, water, and air. The body has
special mechanisms to regulate their absorption, distribution, accumulation and excretion, which
ensures homeostasis. However, the balance is easily disturbed in conditions of excessive intake of
metals from the polluted environment.

A significant increase in the concentration of heavy metals in the environment is due to
human activity. The main sources of man-made pollution include: metallurgical industry (mining
and processing of ores, smelting, casting); emissions from thermal power plants and coal
combustion; production of batteries, paints, electronics, fertilizers and pesticides; motor vehicles,
including lead from fuel (in countries where leaded gasoline is still used); improper waste
management, burial of industrial and household waste; and irrigation of agricultural land with
contaminated water. As a result, heavy metals get into the air, soil, surface and groundwater, where
they accumulate and eventually enter the food chain. Excessive heavy metals in cells and tissues
cause damage to cellular structures, disruption of enzyme systems, changes in membrane potential,
inhibition of energy metabolism, and stimulation of oxidative stress. Cadmium (Cd) blocks
enzymes containing sulthydryl groups, disrupting calcium metabolism and causing osteoporosis.
Mercury (Hg) binds to proteins in the central nervous system, causing neurological disorders. Lead
(Pb) causes anemia, kidney and brain disorders, especially in children. Arsenic (As) is carcinogenic
in chronic doses. Nickel (Ni) can cause allergic reactions and respiratory system disorders. Many
heavy metals have a long half-life and the ability to accumulate, making them particularly
dangerous even at low chronic doses.

The highest risk of heavy metal intake in the human body is associated with the consumption
of contaminated food (vegetables, fruits, fish, meat), drinking water, and inhalation of dust and
aerosols. Long-term exposure to toxic metals leads to the development of chronic diseases: renal
failure, cancer, cardiovascular diseases, neurodegenerative processes, decreased immunity, and

231



Cexuis 2: TexniuHi HAyKH

reproductive disorders. Children, pregnant women, the elderly, and people with chronic diseases
are particularly sensitive to the effects of heavy metals. The results of food safety monitoring in
recent years have shown that from 0.80 to 3.82 % of food samples in Ukraine exceeded the hygienic
standards for lead content; 0.60 to 4.68 % for mercury content; 1.09 to 1.75 % for cadmium content
[1]. Up to 10% of food samples contain salts of heavy metals, and half of them in doses exceeding
the maximum permissible concentrations (MPC). Due to the danger of exposure to the human body,
the content of such metals as lead, cadmium, mercury, copper, zinc, tin, and arsenic in plant
materials is standardized [2,3].

Nitrates are part of mineral fertilizers and are also a natural component of plant-based foods.
Nitrates enter plants from the soil. The concentration of nitrates in food depends mainly on the
uncontrolled use of nitrogen fertilizers. The main source of nitrates in raw materials and food, in
addition to nitrogen-containing compounds, is nitrate food additives, which are introduced into
meat products to improve their nutritional characteristics and inhibit microorganisms [4].In
Ukraine, almost a sixth of agricultural fruit and vegetable products contain nitrates in doses that
exceed the maximum permissible level. First of all, excessive nitrate content in food contributes to
the development of cancer and allergic diseases [5].

Technological processing of agricultural products is of great importance for reducing
nitrates. For example, washing dill, lettuce, parsley and other green crops reduces the amount of
nitrates by 20%, and after a two-hour soak in water by 30-60% [6]. Boiling potatoes, beets, and
carrots until they are ready (after peeling and washing) can significantly reduce the concentration
of these substances. Intensive environmental pollution is largely a result of unsustainable
agricultural production. Each year, 193 thousand tons of Fluorine, 1.6 thousand tons of Zinc, 620
thousand tons of Copper and 622 tons of Potassium are applied to agricultural land with mineral
fertilizers. Toxic substances contained in mineral fertilizers, chemical ameliorants and pesticides
penetrate human bodies, causing diseases. Every year, 500 thousand to 2 million cases of pesticide
poisoning are registered worldwide, most of which occur in rural areas.
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