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Formulation of the problem. Almost all types of human 
economic activity are associated with the generation of 
waste. Every year, the number of landfills increases, and 
the problem of environmental pollution with garbage does 
not lose its relevance. Secondary processing of waste, or 
recycling, allows not only to free up space in landfills, but 
also to attract the received raw materials for the manufac-
ture of new goods. Its main advantages are the saving of 
natural resources and financial benefit.

When studying the aspect of the influence of the activ-
ities of enterprises on secondary processing of waste, the 
terms of decomposition of materials should be taken into 
account:

• paper – from several months to 2 years;
• food leftovers – from 2 to 6 months;
• metal (depending on the type) – from 10 to 500 years;
• plastic (depending on the type) – from 100 to  

1000 years;
• glass – more than 1000 years.
All this, without further use and destruction, will accu-

mulate in huge quantities for a long time, causing damage 
to the environment. The landfills themselves pose a seri-
ous threat to humans, as they are located in the open air 
and are subject to external influences. This leads to the 
release of toxic substances into the atmosphere, soil and 
groundwater.

Recycling of waste makes it possible to significantly 
improve the ecology of the planet, reduce production costs, 
at the same time make a large profit and get the opportunity 
to reduce the prices of goods. And in addition, we will be 
able to maintain the balance of the natural recovery of the 
earth's resources. If we do not start sorting waste and do 
not reuse it today, then in a couple of decades our planet 
will turn into one big landfill.

Analysis of recent research and publications. In 
Ukraine, waste processing is understood as the imple-
mentation of any technological operations associated with 
changing the physical, chemical, or biological properties of 
waste, with the aim of preparing it for environmentally safe 
storage, transportation, disposal [11]. That is, processing 
is a preparatory stage for carrying out further operations, 

in particular utilization (use of waste as secondary material 
or energy resources, incineration for the purpose of gen-
erating thermal or electrical energy) or disposal (carrying 
out operations with waste that do not lead to their use as 
secondary material or energy resources, in particular bur-
ial, incineration without production of thermal or electrical 
energy, etc.). As we can see, the legislative understanding 
of the concept of recycling in Ukraine and in the EU coun-
tries is somewhat different.

In 2020, about 52 million m3 or about 10 million tons of 
household waste was generated in Ukraine (without tak-
ing into account data from the Republic of Crimea and the 
city of Sevastopol). Of these, only about 6.6% of household 
waste was processed and disposed of, of which: 2.48% 
was incinerated and 4.18% went to collection points for 
secondary raw materials and waste processing plants, all 
the rest were buried or taken to spontaneous landfills.

Compared to EU countries, the Ukrainian indicator of 
the level of SHW recycling is impressively low [12]. Unlike 
European countries, where a significant part of waste is 
subject to secondary processing, in Ukraine the effective-
ness of the application of recycling methods is at the stage 
of study. That is, as a matter of fact, we do not have an 
industry for processing and disposal of waste [13].

In order to efficiently process waste, it needs to be sorted 
into fractions and preferably at the place of their generation. 
The cheapest method of sorting is sorting by place of for-
mation, that is, separate collection. At the same time, there 
is practically no culture of separate collection of household 
waste among the population in Ukraine. Similar systems 
are implemented so sporadically that their practical benefit 
is close to zero [20]. According to various data, the service 
for separate collection of household waste is introduced in 
800 to 1.200 settlements out of almost 30.000, and a quar-
ter of the population is not covered by centralized house-
hold waste removal services at all [14].

The sorting of solid waste in Ukraine is provided by 
25 waste sorting lines [16] that operate in Vinnytsia, the 
town of Murovani Kurylivtsi (Vinnytsia region), the vil-
lages of Bryshche (Volyn region), Dnipro, Kramatorsk 
(Donetsk region), Zaporizhzhia, Kropyvnytskyi, the city of 
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Chervonohrady, and the village of Yelihovychi (Lviv region), 
the villages of Abrykosove and Dobrozhanov (Odesa 
region), the villages of Plebanivka (Ternopil region), Sumy, 
Chernivtsi. There are also garbage sorting lines in Bila 
Tserkva, Obukhiv, Bucha, Irpen, Volodarka of the Kyiv 
region and in Kyiv (6 sorting lines) [4]. At the same time, the 
total share of sorted waste is very low. Thus, in 2021, only 
4.2% of household waste went to recycling centers and 
waste processing plants [17].

Not only the lack of technology, but also legislative 
inconsistency hinders the proper processing of waste. 
Only on September 22, 2016, the processing and disposal 
of household waste was included in the types of activities 
that are subject to licensing [8]. On 05/25/2017, the licens-
ing conditions for conducting household waste processing 
business activities were approved [3]. And only on October 
27, 2017, the procedure for forming and setting the tariff for 
household waste processing services was approved [20].

On November 8, 2017, the Government of Ukraine 
approved the National Waste Management Strategy 
in Ukraine until 2030, which is based on the following 
principles:

−	 hierarchy of waste management, which provides 
for actions related to waste management in the following 
sequence: prevention of waste generation, preparation 
for reuse without preliminary treatment, waste process-
ing, other types of utilization, including the use of waste as 
secondary energy resources, removal (landfill) only in the 
absence of an opportunity to complete the previous steps 
of the hierarchy;

−	 the transition to a closed cycle economy, which 
assumes that the volume of products, materials and 
resources is used in the economy as long as possible and 
the generation of waste is minimized;

−	 proximity, which provides for the reduction of poten-
tial risks from waste pollution by processing them as close 
as possible to the sources of generation;

−	 a warning, which, in the presence of evidence of an 
environmental risk, appropriate precautionary measures 
should be taken;

−	 joint responsibility, participation of state authorities, 
local self-government bodies, business entities, as well as 
the public when making decisions regarding the achieve-
ment of environmental policy goals;

−	 extended responsibility of the manufacturer, which 
provides for the responsibility of manufacturers and import-
ers of products for accepting returned products and waste 
left after their use, as well as further waste management;

−	 self-sufficiency, which involves the creation of an 
integrated and adequate mayor networks of waste disposal 
and disposal facilities, which will enable the state or region 
to ensure independent disposal and disposal of its own 
waste [2].

It should be noted that Ukraine should continue to 
integrate and adapt EU waste management legislation in 
accordance with the Association Agreement with the EU. 
And it is also necessary to adopt and implement a num-
ber of legislative norms that will allow the introduction of 
complex waste processing. In particular, we are talking 
about waste processing as a separate industry and creat-

ing conditions for attracting investments that will allow the 
construction of waste processing facilities [4].

The purpose of the article is to study the impact of a 
secondary waste processing enterprise on the environment.

Research materials and methods. Our research was 
conducted on the example of a secondary waste process-
ing enterprise located in the city of Vinnytsia, LLC «Podilska 
Sich». The main activity of the limited liability company 
«Podilska Sich» is: collection of safe waste. 

Soils were collected from the sites of the «Podilska 
Sich» enterprise on the territory of the enterprise itself and 
beyond, using the envelope method from each site sep-
arately, and the samples were sent to the laboratory for 
determination of heavy metals in them. 

Laboratory studies to determine the content of heavy 
metals in the soil were carried out in a certified and accred-
ited laboratory – the Scientific and Measuring Agrochemical 
Laboratory of the Vinnytsia National Agrarian University. 

Observations, records and measurements were carried 
out according to generally accepted methods: 

−	 soil samples were taken from the 0–20 cm layer in 
accordance with SSU ISO 10381–1:2004; 

−	 determination of the content of mobile forms of 
heavy metals (Pb, Cd, Zn, Cu) – after extraction with an 
acetate-ammonium buffer solution pH 4.8 by the method 
of atomic absorption spectrophotometry in accordance with 
SSU 4770. 

Atomic absorption spectral analysis is a method of analy-
sis that is carried out based on the selective absorption of light 
by atoms of a substance converted into an atomic gaseous 
state. Radiation from a light source, passing through vapors 
of a substance at frequencies that coincide with the frequency 
of transition of an electron from the main level to the one clos-
est to it, is absorbed (resonance line), and its concentration 
in the sample is determined by the degree of weakening of 
the intensity of the spectral lines of the studied element. The 
intensity of light absorption by the atomic absorption method 
is determined by the Bouguer-Lambert-Behr law:

D = lg(I0/I) = klC                               (1)

where D – the optical density (absorption); I0 – the out-
put intensity of the exciting light; I – the intensity of the light 
that passed through the sample; k – absorption coefficient; 
l – the thickness of the absorption layer; C – the concen-
tration of the element to be determined. The absorption 
coefficient k, which is proportional to the probability of a 
resonance transition, does not depend on temperature. 

A temperature of ~2000–3000 °C is required for sam-
ple atomization. In this temperature range, flame atomizers 
are used, electrothermal atomizers, but most often – flame 
atomizers that work on a mixture of acetylene and nitrous 
oxide. In this temperature range, more than 90% of atoms 
are not in an excited state, so other atoms and molecules 
cannot affect the absorption coefficient. This fact, along 
with the small number of absorption lines, determines the 
high selectivity of this method. The light source emits a line 
spectrum that contains the required line of the element to 
be determined. 

Lamps with a hollow cathode, electrodeless gas dis-
charge lamps, and a tunable laser are used as radiation 
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sources. A significant disadvantage of the atomic absorp-
tion method, compared to the atomic emission spectral 
analysis method, is the impossibility of simultaneous detec-
tion of several elements in the sample and the need for their 
sequential determination. The method of atomic absorption 
analysis, compared to other methods of atomic spectral 
analysis, is much simpler and allows determining up to 
70 elements with a sensitivity of  ~10-4–10–9% of the mass 
of not only low but also high concentrations in samples. 
Today, the method is considered one of the most selective, 
express, productive, accurate and, at the same time, rela-
tively cheap methods.

To assess the degree of danger of a pollutant element, 
we used the hazard ratio of the pollutant element – the 
ratio between the concentration of the pollutant in the soil 
and their maximum permissible concentration. It is used to 
assess the degree of danger of a polluting element. Under 
normal conditions, the hazard ratio should be less than or 
equal to 1. It is determined by the formula: 

          HR= Сi/(MPCi )≥ 1                         (2)

where Ci is the concentration of the i-th pollutant, mg/
kg; MPCi is the maximum permissible concentration of that 
pollutant, mg/kg.

Research results. The company «Podilska Sich» LLC 
was founded with the aim of solving one of the most global 
problems of today – the preservation of natural resources 
and the improvement of the ecological situation in Ukraine 
due to the implementation of the best world experience in 
waste management, stable collection of recyclable materi-
als and disposal of hazardous waste.

The company is an active member of the All-Ukrainian 
Production and Environmental Association «UkrVtorma», 
which includes about 100 specialized procurement and pro-
cessing enterprises located throughout Ukraine.

The Eco-Service company has many years of experi-
ence in the field of purchasing secondary raw materials: 
waste paper, glass containers and broken glass, polyeth-
ylene film, PET bottles, plastic, scrap metal, PVC waste.

Our highly qualified specialists have been providing a 
full range of licensed hazardous waste disposal services for 
more than five years in a row, in accordance with modern 
standards and requirements in the field of environmental 
protection.

The company's goal: to preserve natural resources and 
improve the environmental situation in Ukraine through the 
implementation of the best global experience in waste man-
agement, deep sorting of garbage, comprehensive environ-
mental awareness and the use of innovative resource and 
energy saving technologies.

Tasks of the company: 
−	 to create better conditions for the client, so that recy-

cling is accessible and beneficial to everyone;
−	 ensure prompt and systematic removal of recycla-

bles by own transport;
−	 to introduce innovative technologies for the elimina-

tion of landfills and the complete abandonment of the sys-
tem of waste disposal at landfills;

−	 to provide large-scale environmental education 
among the population;

−	 teach everyone who wants to properly sort waste 
and hand over recyclables;

−	 to be a reliable, experienced and open company in 
its field.

Activities:
−	 collection of safe waste;
−	 mechanical processing of metal products;
−	 conducting investigations;
−	 wholesale trade in metals and metal ores;
−	 wholesale trade in waste and scrap;
−	 collection of hazardous waste;
−	 processing and removal of safe waste;
−	 processing and removal of hazardous waste;
−	 sawmill and planing production;
−	 production of wooden building structures and car-

pentry products;
−	 production of wooden containers;
−	 production of wood products;
−	 production of paper and cardboard;
−	 production of rubber products;
−	 production of other plastic products;
−	 forging, stamping, minting; powder metallurgy.
Studies of the impact of the enterprise «Podilska Sich» 

on the environment, including on soils and the content of 
toxic elements in them, were conducted at three exper-
imental sites located within 500 m of the enterprise and 
directly on its territory (Fig. 1).

 Fig. 1. Sampling of soil

Characteristics of research sites: 
−	 soil sampling № 1 was carried out on the territory of 

the enterprise itself; 
−	 soil sampling № 2 was carried out at a distance of 

200 m from the enterprise in the intermediate area between 
the enterprise itself and the garbage collection point; 

−	 soil sampling № 3 was carried out at a distance of 
450 m from the enterprise, on the territory of the waste 
reception point. 

Monitoring of the content of heavy metals in the soil of 
the «Podilska Sich»enterprise is shown in Table 1.

The results of the research showed that the content 
of Pb in the first experimental area within the limits of the 
enterprise itself was 0.31 mg/kg. Within the intermediate 
area between the enterprise itself and the waste recep-
tion point, at a distance of 200 m from the enterprise, the 
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concentration of Pb in the soil increased and amounted to 
0.94 mg/kg. At a distance of 450 m from the enterprise, 
within the waste reception point, the content of Pb in the 
soil decreased to 0.76 mg/kg. That is, significant changes 
in the concentration of Pb in the soil were detected at site 
№ 2, which is not part of the location of the enterprise, but 
is intermediate, this is due to the fact that this site is part of 
a road where intensive traffic is carried out every day.

The study of Cd concentration at the first experimental 
site within the enterprise itself was 0.03 mg/kg. Within the 
intermediate area between the enterprise itself and the waste 
reception point, at a distance of 200 m from the enterprise, 
the concentration of Cd in the soil increased and amounted 
to   0.31 mg/kg. At a distance of 450 m from the enterprise, 
within the limits of the waste reception point, the Cd con-
tent in the soil decreased to 0.09 mg/kg. That is, significant 
changes in the concentration of Cd in the soil were detected 
at site № 1, which is not part of the location of the enterprise, 
but is intermediate. The accumulation of a higher concentra-
tion of Cd is also caused by the location of this site.

The results of the research showed that the Zn con-
tent at the first experimental site within the enterprise was  
1.01 mg/kg. Within the intermediate area between the 
enterprise itself and the waste reception point, at a distance 
of 200 m from the enterprise, the concentration of Zn in the 
soil increased and amounted to 2.08 mg/kg. At a distance of 
450 m from the enterprise, within the waste reception point, 
the content of Zn in the soil decreased and amounted to 
1.93 mg/kg. There were no significant changes in the con-
centration of Zn in the soil of the experimental plots.

Studies have shown that the content of Cu in the first test 
area within the enterprise itself was 0.21 mg/kg. Within the 
intermediate area between the enterprise itself and the waste 
reception point, at a distance of 200 m from the enterprise, 
the concentration of Cu in the soil increased and amounted 
to 1.4 mg/kg. At a distance of 450 m from the enterprise, 

within the waste reception point, the content of Cu in the soil 
decreased to 0.97 mg/kg. Again, an intense increase in the 
concentration of Cu can be seen in experimental site № 2, 
in principle the same as the previous elements.

Experimental site № 1 has the lowest indicators of the 
content of heavy metals in the soil. The intensity of accu-
mulation of heavy metals on the territory of the enterprise 
«Podilska Sich» is shown in Table 2. 

The concentration of Pb on the territory of the enterprise 
does not exceed the state standards and is 0.31 mg/kg with 
a limit of 6.0 mg/kg, which is 19.3 times lower than the limit. 

We calculated the hazard ratio of heavy metals in the 
soil on the territory of the enterprise «Podilska Sich». It is 
calculated as the ratio of the actual heavy metal content in 
the soil to the maximum permissible concentration of this 
metal. If the hazard ratio is less than one, this indicates safe 
environmental conditions. The smaller the danger coeffi-
cient, the better the situation is created. The hazard ratio of 
Pb was 0.05. This indicates safe environmental conditions 
in the soil for Pb on the territory of the enterprise. 

In the studied area, no excess of Cd pollution was found 
relative to MPC, as its concentration was 23.3 times lower 
than the maximum permissible concentration. The hazard 
ratio was 0.04 (Fig. 2).

On the territory of the enterprise, no exceedance of the 
maximum permissible concentration of Zn was detected – 
1.01 mg/kg at a limit of 23 mg/kg, i.e. 22.7 times less than 
the norm. The hazard ratio of Zn in the soil was 0.04. The 
content of Cu was 0.21 mg/kg in the first experimental area, 
which is 261.2 times lower than the maximum permissible 
concentration. The hazard ratio was 0.003.

Experimental site № 2 is located in the intermediate ter-
ritory directly from the enterprise to site № 3 of the waste 
reception point at a distance of 200 m from the enterprise. 
The intensity of accumulation of heavy metals in the soil in 
this area is shown in Table 3. 

Table 1
Monitoring the content of heavy metals in the soil of the enterprise «Podilska Sich»

Experimental sites

Heavy metals, mg/kg

Pb Cd Zn Cu
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№1 0.31 6.0 0.03 0.7 1.01 23.0 0.21 55.0
№2 0.94 6.0 0.31 0.7 2.08 23.0 1.41 55.0
№3 0.76 6.0 0.09 0.7 1.93 23.0 0.97 55.0
Average 0.67 6.0 0.37 0.7 1.67 23.0 1.93 55.0

Table 2
The intensity of the accumulation of heavy metals in the soil on the territory of the enterprise «Podilska Sich»

Indicator Units of measurement MPC Actual content Hazard ratio
Pb

mg/kg

6.0 0.31 0.05
Cd 0.7 0.03 0.04
Zn 23.0 1.01 0.04
Cu 55.0 0.21 0.003
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The hazard ratio of Pb in the soil of the experimental 
site, located 200 m from the enterprise at an intermediate 
location to the waste reception point, was 0.15, which is a 
safe indicator. The hazard ratio of Cd – 0.44, Zn – 0.09 and 
Cu – 0.02 are also safe.

Indicators of the content of heavy metals in the inter-
mediate experimental area correspond to state regulations 
and are shown in Fig. 3.

The content of Pb, Cd, Zn and Cu in the soil did not 
exceed the MPC. Although it was the highest in the territo-
ries we studied.

The results of the conducted research are shown in 
Table 4 at experimental site № 3, where waste is directly 
accepted at a distance of 450 m from the enterprise itself. 

The hazard ratio of Pb in the soil area of the waste 
reception point was 0.12, Cd – 0.12, Zn – 0.08 and Cu – 
0.01. In all cases, it is significantly less than one, which 
indicates environmentally safe conditions.

Examination of the soil on the territory of the waste 
reception point did not show an excess of the maximum 
permissible concentrations (Fig. 4).
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Fig. 2. Intensity of accumulation of heavy metals on the territory of the enterprise «Podilska Sich»  
at experimental site №1

Table 3
The intensity of the accumulation of heavy metals in the soil in the territory of the intermediate section between 
the enterprise «Podilska Sich» and the waste reception point
Indicator Units of measurement MPC Actual content Hazard ratio
Pb

mg/kg

6.0 0.94 0.15
Cd 0.7 0.31 0.44
Zn 23.0 2.08 0.09
Cu 55.0 1.4 0.02
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Fig. 3. Intensity of accumulation of heavy metals at experimental site № 2, which is the median  
between the enterprise and the waste reception point
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Soil studies showed the absence of toxic soil contam-
ination. The concentration of Pb and Cd is 7.89 and 7.77 
times lower than the MPC, respectively. The content of Zn 
and Cu also did not exceed the standards and were 11.9 
and 56.7 times lower than the MPC, respectively. 

Conclusions. Studies have established the absence 
of toxic soil contamination. The concentration of heavy 
metals Pb, Cd, Zn, and Cu was below the MPC, which 
indicates that the enterprise «Podilska Sich» LLC for the 
processing of secondary waste does not harm the envi-
ronment. The highest content of heavy metals was deter-
mined in the intermediate section between the enterprise 
and the point of reception of secondary raw materials, but 
at the same time the indicators did not exceed the MPC. 
The objective reason for the increase in the concentration 
of heavy metals in this area is the proximity of the highway, 
which is a direct source of heavy metal contamination of 
the soil. The indicator of the hazard ratio in the studied 
territories did not exceed 1, therefore, this ecotoxicological 
assessment of the soils of «Podilska Sich» LLP confirms 
the safety of the work of enterprises processing secondary 
waste.

BIBLIOGRAPHY:
1.	 Анісімова Г.В. Статистичне дослідження екологічної 

складової сталого розвитку регіону. Вісник ЖДТУ. 
2011. №2 (56). С. 194–199. 

2.	 Семенов В.Ф., Михайлюк О.Л., Галушкіна Т.П. 
Екологічний менеджмент: навч. посіб. К.: Центр 
навчальної літератури. 2004. 408 с. 

3.	 Стратегія соціально-економічного розвитку 
Вінницької області «Нова Вінниччина – 2023». 
URL: http://www.state-gov.sumy.ua/docs/ nova_
sumscina_2015.html (дата звернення 18.09.2023 р.).

4.	 Бровдій В.М., Гаца О.О. Екологічні проблеми України. 
К.: НПУ ім. М.П. Драгоманова. 2000. 111 с. 

5.	 Міністерство екології та природних ресурсів України. 
URL: http://www.menr. gov.ua/ 

6.	 Ігнатенко О.П. Економіко-екологічні аспекти рециклу 
вторресурсів з твердих побутових відходів. Екологія 
і ресурси. 2003. № 4. С. 115−120. 

7.	 Злобін Ю.А., Кочубей Н.В. Загальна екологія. Суми: 
ВТД «Університетська книга». 2003. 416 с. 

8.	 Фоменко О.О., Маслова В.С., Фесенко А.М., 
Рідний Р.В. Комплексна переробка твердих побуто-
вих відходів – раціональний шлях для вирішення 
екологічних проблем. Інженерія природокористу-
вання. 2017. № 1(7). С. 126−130. 

9.	 Бойчук Ю.Д., Солошенко Е.М., Бугай О.Л. Екологія 
і охорона навколишнього середовища. Суми: ВТД 
«Університетська книга», 2003. 284 с.

10.	Білявський Г.О., Бутченко Л.І., Навроцький В.М. 
Основи екології. К.: Лібра, 2002. 352 с. 

11.	Мусієнко М.М., Серебряков В.В., Брайон О.В. 
Екологія, охорона природи. К.: «Знання». 2002. 
550 с. 

12.	Паламаренко Я.В. Переробка відходів сільсько-
господарських виробництв як інноваційний орієнтир 
розвитку АПК: екологічний, соціальний та економіч-
ний вектор. Наук.-практ. конф. "Сільські території 
України: стан і перспективи розвитку", 16-17 трав. 
2019. Львів, 2019. 3 с.

13.	Гончарук І.В. Ефективність виробництва біогазу з 
вторинних ресурсів. Наук.-практ. конф. "Сільські 
території України: стан і перспективи розвитку", 
16-17 трав. 2019. Львів, 2019. 3 с.

14.	Токарчук Д.М. Handling of agricultural waste 
in Ukraine: modern state and prospects. Наук.-
практ. конф. "Сільські території України: стан і 

Table 4
The intensity of the accumulation of heavy metals in the soil on the territory of the waste reception point of the 
enterprise «Podilska Sich»

Indicator Units of measurement MPC Actual content Hazard ratio
Pb

mg/kg

6.0 0.76 0.12
Cd 0.7 0.09 0.12
Zn 23.0 1.93 0.08
Cu 55.0 0.97 0.01

 

0,76
6

0,09

0,7

1,93

0,97

55

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

Actual content, mg/kg MPC

Cu

Zn

Cd

Pb

Fig. 4. Intensity of accumulation of heavy metals at experimental site No. 3, which is a waste reception point



13

Меліорація, землеробство, рослинництвоАграрні інновації. 2024. № 24

перспективи розвитку", 16-17 трав. 2019. Львів,  
2019. 3 с.

15.	Пришляк Н.В. Institutional basics of waste management 
for agricultural enterprises. Наук.-практ. конф. 
"Сільські території України: стан і перспективи роз-
витку", 16-17 трав. 2019. Львів, 2019. 3 с.

16.	Гончарук І.В., Вовк В.Ю. Понятійний апарат катего-
рії сільськогосподарські відходи, їх класифікація та 
перспективи подальшого використання для вироб-
ництва біоенергії. Економіка, фінанси, менеджмент: 
актуальні питання науки і практики. 2020. № 3 
(53). С. 23–38.

17.	Tокарчук Д.М. Управління ефективним використан-
ням сільськогосподарських відходів для виробництва 
біогазу. Облік і фінанси. №3(81). 2018. С. 133–139.

18.	Honcharuk I. Use of Wastes of the Livestock Industry 
as a Possibility for Increasing the Efficiency of AIC and 
Eeplenishing the energy Balance. Visegrad Journal 
on Bioeconomy and Sustainable Development. 2020.  
vol. 9. № 1. P. 9–14.

19.	Ткачук О.П., Гусак С.В. Особливості накопичення 
відходів та шляхи їх переробки у Вінницькій області. 
Вісник Дніпропетровського державного аграрно-е-
кономічного університету. № 1. 2014. С. 106–109.

20.	Honcharuk I., Tokarchuk D., Gontaruk Y., 
Hreshchuk H. Bioenergy recycling of household solid 
waste as a direction for ensuring sustainable 
development of rural areas. Polityka Energetyczna – 
Energy Policy Journal. 2023. Vol. 26, Issue. 1. P. 23–42. 
DOI: 10.33223/epj/161467

REFERENCES:
1.	 Anisimova, H.V. (2011). Statystychne doslidzhen-

nia ekolohichnoi skladovoi staloho rozvytku rehionu 
[Statistical study of the ecological component of 
sustainable development of the region]. Visnyk 
ZhDTU – Bulletin of the Zhytomyr State Technical University,  
2 (56), 194–199 [in Ukrainian]. 

2.	 Semenov, V.F., Mykhailiuk, O.L., & Halushkina, T.P. 
(2004). Ekolohichnyi menedzhment: navch. posib. 
[Environmental management: education. manual]. Kyiv: 
Tsentr navchalnoi literatury – Center for Educational 
Literature, 408 p. [in Ukrainian].

3.	 Stratehiia sotsialno-ekonomichnoho rozvytku Vinnytskoi 
oblasti «Nova Vinnychchyna – 2023» [Strategy of 
socio-economic development of Vinnytsia region «New 
Vinnytsia – 2023»]. URL: http://www.state-gov.sumy.
ua/docs/ nova_sumscina_2015.html (data zvernennia 
18.09.2023) [in Ukrainian].

4.	 Brovdii, V.M., & Hatsa, O.O. (2000). Ekolohichni prob-
lemy Ukrainy [Environmental problems of Ukraine]. 
Kyiv: NPU im. M.P. Drahomanova, 111 p. [in Ukrainian].

5.	 Ministerstvo ekolohii ta pryrodnykh resursiv Ukrainy 
[Ministry of Ecology and Natural Resources of Ukraine]. 
URL: http://www.menr. gov.ua/ (data zvernennia 
18.03.2024) [in Ukrainian].

6.	 Ihnatenko, O.P. (2003). Ekonomiko-ekolohichni aspekty 
retsyklu vtorresursiv z tverdykh pobutovykh vidkhodiv 
[Economic and ecological aspects of recycling secondary 
resources from solid household waste]. Ekolohiia i resursy – 
Ecology and resources, 4, 115−120 [in Ukrainian]. 

7.	 Zlobin, Yu.A., & Kochubei, N.V. (2003). Zahalna 
ekolohiia – General ecology. Sumy: VTD «Universytetska 
knyha», 416 s. [in Ukrainian]. 

8.	 Fomenko, O.O., Maslova, V.S., Fesenko, A.M., & 
Ridnyi, R.V. (2017). Kompleksna pererobka tverdykh 
pobutovykh vidkhodiv – ratsionalnyi shliakh dlia vyr-
ishennia ekolohichnykh problem [Comprehensive pro-
cessing of solid household waste is a rational way to 
solve environmental problems]. Inzheneriia pryrodoko-
rystuvannia – Nature management engineering, 1(7), 
126−130 [in Ukrainian]. 

9.	 Boichuk, Yu.D., Soloshenko, E.M., & Buhai, O.L. 
(2003). Ekolohiia i okhorona navkolyshnoho seredovy-
shcha [Ecology and environmental protection]. Sumy: 
VTD «Universytetska knyha», 284 s. [in Ukrainian]. 

10.	Biliavskyi, H.O., Butchenko, L.I., & Navrotskyi, V.M. 
(2002). Osnovy ekolohii – Principles of Ecology. Kyiv: 
Libra, 352 s. [in Ukrainian]. 

11.	Musiienko, M.M., Serebriakov, V.V., & Braion, O.V. 
(2002). Ekolohiia, okhorona pryrody [Ecology, nature 
protection]. Kyiv: «Znannia». 550 s. [in Ukrainian].

12.	Palamarenko, Ya.V. (2019). Pererobka vidkhodiv sils-
kohospodarskykh vyrobnytstv yak innovatsiinyi oriientyr 
rozvytku APK: ekolohichnyi, sotsialnyi ta ekonomichnyi 
vector [Processing of agricultural waste as an innova-
tive reference point for the development of the agricul-
tural industry: an ecological, social and economic vec-
tor.]. Nauk.-prakt. konf. "Silski terytorii Ukrainy: stan i 
perspektyvy rozvytku" – "Rural territories of Ukraine: 
state and development prospects", 16-17 trav. 2019. 
Lviv, 3 [in Ukrainian].

13.	Honcharuk, I.V. (2019). Efektyvnist vyrobnytstva bio-
hazu z vtorynnykh resursiv [Efficiency of biogas pro-
duction from secondary resources]. Nauk.-prakt. 
konf. "Silski terytorii Ukrainy: stan i perspektyvy roz-
vytku" –"Rural territories of Ukraine: state and develop-
ment prospects", 16-17 trav. Lviv, 3 [in Ukrainian].

14.	Tokarchuk, D.M. (2019). Handling of agricultural waste 
in Ukraine: modern state and prospects. Nauk.-prakt. 
konf. "Silski terytorii Ukrainy: stan i perspektyvy roz-
vytku" – "Rural territories of Ukraine: state and develop-
ment prospects", 16-17 trav. Lviv, 3.

15.	Pryshliak, N.V. (2019). Institutional basics of waste 
management for agricultural enterprises. Nauk.-prakt. 
konf. "Silski terytorii Ukrainy: stan i perspektyvy roz-
vytku" – "Rural territories of Ukraine: state and develop-
ment prospects", 16-17 trav. Lviv, 3.

16.	Honcharuk, I.V., & Vovk, V.Iu. (2020). Poniatiinyi aparat 
katehorii silskohospodarski vidkhody, yikh klasyfikat-
siia ta perspektyvy podalshoho vykorystannia dlia 
vyrobnytstva bioenerhii [Conceptual apparatus of the 
category of agricultural waste, its classification and 
prospects for further use for bioenergy production]. 
Ekonomika, finansy, menedzhment: aktualni pytannia 
nauky i praktyky – Economics, finance, management: 
topical issues of science and practice, 3 (53), 23–38.

17.	Tokarchuk, D.M. (2018). Upravlinnia efektyvnym 
vykorystanniam silskohospodarskykh vidkhodiv dlia 
vyrobnytstva biohazu [Management of efficient use 
of agricultural waste for biogas production]. Oblik i 
finansy – Accounting and finance, 3(81), 133–139 
[in Ukrainian].

18.	Honcharuk, I. (2020). Use of Wastes of the Livestock 
Industry as a Possibility for Increasing the Efficiency of 
AIC and Eeplenishing the energy Balance. Visegrad 
Journal on Bioeconomy and Sustainable Development, 
9. 1. 9–14.



14

Меліорація, землеробство, рослинництвоАграрні інновації. 2024. № 24

19.	Tkachuk, O.P., & Husak, S.V. (2014). Osoblyvosti 
nakopychennia vidkhodiv ta shliakhy yikh pererobky u 
Vinnytskii oblasti [Peculiarities of waste accumulation 
and ways of their processing in the Vinnytsia region]. 
Visnyk Dnipropetrovskoho derzhavnoho ahrarno-eko-
nomichnoho universytetu – Bulletin of the Dnipropetrovsk 
State Agrarian and Economic University, 1, 106–109 
[in Ukrainian].

20.	Honcharuk, I., Tokarchuk, D., Gontaruk, Y., & 
Hreshchuk, H. (2023)/ Bioenergy recycling of house-
hold solid waste as a direction for ensuring sustainable 
development of rural areas. Polityka Energetyczna – 
Energy Policy Journal, 26, 1, 23–42. DOI: 10.33223/
epj/161467

Alieksieiev O.O., Vradii O.I., Kravtsov D.S. 
Environmental assessment of the activities of secondary 
waste processing enterprises

The purpose of the article is to study the impact of 
a secondary waste processing enterprise on the envi-
ronment. Methods. The methodological basis of this 
research is: empirical (field experiments and observa-
tions; measurement of indicators of the research object; 
theoretical (putting forward a hypothesis and forming 
conclusions based on research results; statistical; math-
ematical. Results. The concentration of heavy metals Pb 
and Cd below the maximum limit of 7.89 and 7.77 times, 
respectively. The content of Zn and Cu did not exceed the 
standards and were 11.9 and 56.7 times lower than the 
MPC. The results of the research showed that the content 
of Pb within the limits of the enterprise itself was within the 
intermediate range sites – the concentration of Pb in the 
soil increased to 0.94 mg/kg, the content of Pb in the soil 
decreased to 0.76 mg/kg. The concentration of Cd within 
the enterprise itself was 0.03 mg/kg the Cd concentration 
in the soil increased to 0.31 mg/kg, the Cd content in the 
soil decreased to 0.09 mg/kg. The results of the studies 
showed that the Zn content within the enterprise itself was 
1.01 mg/kg. Within the intermediate area, the concentra-
tion of Zn in the soil increased and amounted to 2.08 mg/kg,  
within the waste reception point, the content of Zn in the 
soil decreased by 92.7% and amounted to 1.93 mg/kg. 
The Cu content within the enterprise was 0.21 mg/kg. 
Within the intermediate area, the Cu concentration in 
the soil increased to 1.4 mg/kg, within the waste recep-
tion point, the Cu content in the soil decreased by 69.2% 
and amounted to 0.97 mg/kg. Conclusions. Studies 
have established the absence of toxic soil contamination. 
The concentration of heavy metals Pb, Cd, Zn, and Cu 
was below the MPC, which indicates that the enterprise 
"Podilska Sich" LLC for the processing of secondary waste 
does not harm the environment. The highest content of 
heavy metals was determined in the intermediate section 
between the enterprise and the point of reception of sec-
ondary raw materials, but at the same time the indicators 
did not exceed the MPC. The objective reason for the 
increase in the concentration of heavy metals in this area 
is the proximity of the highway, which is a direct source 
of heavy metal contamination of the soil. The indicator of 

the hazard ratio in the studied territories did not exceed 
1, therefore, this ecotoxicological assessment of the soils 
of «Podilska Sich» LLP confirms the safety of the work of 
enterprises processing secondary waste.

Key words: experimental site, heavy metals, environ-
mental condition, maximum permissible concentration, 
hazard ratio.

Алєксєєв О.О., Врадій О.І., Кравцов Д.С. 
Екологічна оцінка діяльності підприємств з пере-
робки вторинних відходів на довкілля

Мета статті – дослідження впливу підприємства 
з переробки вторинних відходів на довкілля. Методи. 
Методологічною основою даного дослідження є: 
емпіричні (польові експерименти та спостереження; 
вимірювання показників об’єкту дослідження; теоре-
тичні (висунення гіпотези та формування висновків за 
результатами досліджень; статистичний; математич-
ний. Результати. Концентрація важких металів Pb та 
Cd нижче ГДК у 7,89 та 7,77 раз відповідно. Вміст Zn та 
Cu також не перевищував нормативів та були у 11,9 та  
56,7 раз нижче ГДК. Результати досліджень показали, 
що вміст Pb в межах самого підприємства становив 
0,31 мг/кг. В межах проміжної ділянки – концентрація Pb 
у грунті зросла і склала 0,94 мг/кг, у межах пункту при-
йому відходів вміст Pb у грунті знизився склав 0,76 мг/кг. 
Дослідження концентрації Cd в межах самого підприєм-
ства становив 0,03 мг/кг. В межах проміжної ділянки – кон-
центрація Cd у грунті зросла і склала 0,31 мг/кг. У межах 
пункту прийому відходів, вміст Cd у грунті знизився і склав 
0,09 мг/кг. Результати досліджень показали, що вміст 
Zn в межах самого підприємства становив 1,01 мг/кг.  
В межах проміжної ділянки концентрація Zn у грунті 
зросла і склала 2,08 мг/кг, у межах пункту прийому 
відходів, вміст Zn у грунті знизився на 92,7 % і склав 
1,93 мг/кг. Вміст Cu в межах самого підприємства стано-
вив 0,21 мг/кг. В межах проміжної ділянки концентрація 
Cu у грунті зросла і склала 1,4 мг/кг, у межах пункту при-
йому відходів, вміст Cu у грунті знизився на 69,2 % і склав 
0,97 мг/кг. Висновки. Дослідженнями встановлено від-
сутність токсичного забруднення грунтів. Концентрація 
важких металів Pb, Cd, Zn та Cu була нижче ГДК, що 
говорить про те, що підприємство ТОВ «Подільська Січ» 
із переробки вторинних відходів не несе шкоди навко-
лишньому середовищу. Найвищий вміст важких металів 
було визначено на проміжній ділянці між підприємством 
та пуктом прийому вторинної сировини, але при цьому 
показники не перевищували ГДК. Об’єктивною причи-
ною збільшення концентрації важких металів саме на 
цій ділянці є наближення розташування до неї авто-
дороги, що є прямим джерелом забруднення грунтів 
важкими металами. Показник коефіцієнту небезпеки на 
досліджуваних територіях не перевищував 1, отже дана 
екотоксикологічна оцінка грунтів «ТОВ Подільська Січ» 
підтверджує безпечність роботи підприємств з пере-
робки вторинних відходів.

Ключові слова: дослідна ділянка, важкі метали, 
екологічний стан, гранично-допустима концентрація, 
коефіцієнт небезпеки.


