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Abstract. This paper describes the causes and main sources of contamination of agricultural products with
harmful substances, hazardous chemical pollutants, and the regulation of their concentration in food
products. It also discusses the main approaches to obtaining environmentally safe (organic) agricultural
products, as well as the use of modern achievements in biotechnology.
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The main task of greening agriculture is to ensure the ecological safety of
agricultural products grown in farming, that is, to guarantee that agricultural
products are harmless and safe for human health. Environmentally clean products,
during processing, must fully comply with general hygiene, technological, and
toxicological standards and must not pose any threat to human or animal life or to
the environment.

The contamination of crop yields and livestock products is directly related to
the ecotoxicological condition of agroecosystems. In particular, continuous
chemicalization of land (excessive application of fertilizers, pesticides, and
ameliorants) leads to the deterioration of the ecological and biological state of soils
and soil cover. In addition, industrial, transport, and household wastes also
contribute to the contamination of agroecosystems with various toxic chemical
elements, polychlorinated biphenyls, sulfur compounds, and heavy metals.

Among the chemical pollutants of the environment, heavy metals are the most
dangerous. These include lead, mercury, cadmium, arsenic, zinc, nickel, etc. About
90% of these elements entering the environment accumulate in the soil, from where
they enter water, plants, animals, and other food chains, ultimately reaching humans
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and accumulating in the body. Technogenic heavy metals such as Pb, Hg, Cd, As,
Zn accumulate in the environment and cause negative physiological changes in
organisms within biotopes, slowing their growth and development.

For these reasons, regulating the amount of heavy metals in soil, plants, and
agricultural products has become one of the most important tasks in agriculture.

Regulating the concentration of toxic elements in food products produced
under different farming conditions and reducing their levels in food is the only way
to protect human health. Therefore, the assessment of food and feed quality and
determining their safety for humans and livestock is carried out based on permissible
concentration (PC), permissible residue limits (PRL), or maximum permissible
levels (MPL) standards (Table 1).

Table 1
Maximum permissible concentrations of heavy metals in food products,
mg/kg (Koltsov, 1995)

Food products Pb Ca Hg Cu Zn As
Grain 0,5 (0,3) 0,1(0,03) 0,03 10,0 50,0 0,2
Buckwheat 0,5 (0,3) 0,04 0,03 15,0 50,0 0,2
Bread 0,3 0,05 0,01 5,0 25,0 0,1
Sugar 1,0 0,05 0,01 1,0 3,0 0,5
Milk 0,1(0,05) 0,03 0,05 1,0 5,0 0,05
Vegetable oil 0,1 0,05 0,03 0,5 5,0 0,1
Fresh vegetables 0,5 0,03 0,02 5,0 10,0 0,2
Meat, chicken 0,5 0,05 0,03 5,0 70,0 0,1
Eggs 0,3 0,01 0,02 3,0 50,0 0,1
Animal fat 0,1 0,03 0,03 0,5 5,0 0,1
Kidneys 1,0 1,0 0,2 20,0 100 1,0
Fresh river fish 1,0 0,2 0,6 10,0 40,0 1,0
Sea fish 1,0 0,2 0,4 10,0 40,0 5,0
Mineral water 0,1 0,01 0,005 1,0 5,0 0,1
Beverages 0,3 0,03 0,005 3,0 10,0 0,1
Infant milk food 0,05 0,02 0,005 1,0 5,0 0,05
Cereal-based food 0,1 0,02 0,01 5,0 10,0 0,1
Meat-based food 0,3 0,03 0,02 5,0 50,0 0,1
Vegetable-based food |0,3 0,02 0,01 5,0 10,0 0,2

In farming, the production of environmentally clean agricultural products
requires the timely and high-quality implementation of agrotechnical measures and
the correct use of agrochemical agents. This includes the regulated application of
mineral and organic fertilizers, timely use of biological methods, leaching of saline
soils, liming, and proper irrigation of crops. Through these practices, the
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accumulation of various harmful chemical elements in the soil and their transfer to
plants and their yields are reduced, ensuring that environmentally safe food products
reach consumers and minimizing risks to human health.

By cultivating and managing soil, humans obtain necessary food products from
its resources. The ecological purity of these products largely depends on the
ecological and biological state and amount of humus in the soil. Due to its adsorption
and absorption capacity, humus forms complexes with heavy and toxic substances,
thereby limiting their transfer into agricultural products. For example, humic acids
in soil contain about 4% humus, and this humus in one hectare of land can bind and
neutralize chemical elements such as 17,929 kg of iron, 4,500 kg of lead, 1,517 kg
of copper, 1,012 kg of zinc, and 913 kg of manganese.

In agriculture, producing environmentally safe agricultural products requires
maintaining slightly acidic, slightly alkaline, or near-neutral soil conditions. Under
such conditions, the transfer of toxic substances from soil to plants is reduced. On
the other hand, excessive soil moisture and high soil density (0.6—1.0 to 1.3—
1.8 g/cm?) accelerate the movement of heavy metals from soil to plants, resulting in
contaminated, low-quality, and non-ecologically clean products.

Thus, increasing humus content in the soil, maintaining a neutral environment,
and ensuring proper soil structure are the main foundations for guaranteeing
environmentally clean agricultural production. These principles are based on
chemical, physical, biological, and agrotechnical methods, such as soil liming, the
regulated use of potassium fertilizers and other inputs, and:

« Creating a soil environment (pH = 6—6.5) where the transfer of heavy metals
and radioactive elements from soil to crops is minimal or absent;

« Reducing the amount of toxic substances entering plants by increasing the
concentration of antagonistic elements in the soil solution (potassium, phosphorus,
calcium, etc.);

« Converting toxic substances into harmless forms by regulating soil chemical
reactions.

Such approaches make it possible to obtain environmentally clean agricultural
products. The use of biotechnology achievements in obtaining environmentally
clean products includes the application of microbiological fertilizers, the use of
processed industrial and household wastes, the development of composting
technologies from livestock waste, and the production of organic fertilizers
(biohumus). The use of these fertilizers in crop fields helps restore the biological
properties of the soil, increase its fertility, and obtain high-yielding, high-quality,
and environmentally safe products.

For example, when compost fertilizers are applied at the required rate per
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hectare during the vegetation period, production profitability increases by 13—25%,
mineral fertilizer consumption is reduced by 50-60 kg, vegetable crop yields
increase by 10-20 t/ha, grain crops by 0.5—0.8 t/ha, and potato yields by 1.5-2.0 t/ha.
At the same time, product ecological safety is ensured.

Thus, the proper implementation of all agrotechnical measures for each crop
type at a high level, scientifically based use of agrochemical substances, and
effective application of modern biotechnological advances serve as a guarantee for
obtaining environmentally clean agricultural products.
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