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PeecTpauis cy6 ekTa y cipepi ApykoBaHux mMefia: PilleHHst HauioHansHOT paau Ykpaiiu 3 nutaHb TenebaveHHs
i pa,qlomosneHHﬂ No 1553 Big 09.05.2024 poky. lneHTudikaTtop megia R30-04609.
XKypHan skntodeHnii go MNepeniky HaykoBMx haxoBux BUAAHb YkpaiHu (kaTteropis «b») 3i cneuiansHocTen
101 «Ekonoris», 201 «ArpoHomisy, 202 «3axucT i kKapaHTUH pocnuHy BignosiaHo Ao Hakady MOH Ykpainu
Big 26.11.2020 Ne 1471 (nopatok 3); 3i cneuiansHocTen 051 «EkoHomikay, 203 «CagiBHMLTBO, NNOA0OBOYIBHULTBO
Ta BUHOrpazapcTBo» BignosiaHo Ao Hakazy MOH Ykpainu Big 25.10.2023 Ne 1309 (nopatok 4).

PekomeHpoBaHo [0 ApyKy BueHoto pagoto IHCTUTYTY KniMaTUyYHO OpiEHTOBAHOrO CinbecbKkoro rocnogapctea HAAH
(npotokon Ne 10 Big 30 kBiTHS 2024 poky).

PEOAKLIAHA KONEIA:
FonoBHUM pepakTop:

BoxeroBa Paica AHaToniiBHa — JOKTOp CinbCbKorocnogapcbkunx Hayk, npodecop, akagemik HauioHansHoi akagemii arpapHux Hayk Ykpainu,
3acny>XeHWiA [isiv Hayku i TexHikv YkpaiHu, AupekTop, IHCTUTYT KniMaTuyHO OPIEHTOBAHOrO CinlbCbKOro rocnopapcTea HauioHanbHoi akagemii
arpapHux Hayk YkpaiHu;

YUneHu peaakuinHoi konerii:

AHTOLlEeHKOBa BitaniHa BonoaumupiBHa — JOKTOP €KOHOMIYHUX HayK, AOLEHT, AOLEHT kadenpu rnobanbHoi ekoHoMiku, [epxaBHuii Gio-
TEXHOSOTIYHWUIA YHIBEPCUTET;
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[Oomapaubkui €BreHin OnekcaHAPOBUY — [OKTOP CiflbCbKOrOCNOAApPChKMX Hayk, AOLEHT, npodecop kadedpu pocrnvMHHMUTBA Ta cago-
BO-MapKOBOro rocnogapcTea, MykonaiBCbKuii HaLiOHaNbHWIA arpapHUin YHIBEPCUTET;

€ropoBa TeTsiHa MuxainniBHa — JOKTOP CiNbCbKOrOCMOAAPCLKMX HayK, FONIOBHUIA HAyKOBWIA CniBPOBITHUK, AOLEHT kadbeapu ekororii, IHcTuTyT
capiBHMUTBa HauioHanbHOT akagemii arpapHux Hayk YkpaiHu;
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Formulation of the problem. Aimost 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 m® 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;

- awarning, 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 =1Ig(l,/l) = kIC (1)

where D — the optical density (absorption); |, — the out-
put intensity of the exciting light; | — the intensity of the light
that passed through the sample; k — absorption coefficient;
| — 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



ArpapHi iHHoBauii. 2024. Ne 24

Meniopauisi, 3emnepob6cmeo, poc/IUHHUYMEO

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“-10"°% 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= Ci/(MPCi )= 1 )

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 «UkrVtormay,
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;

- tointroduce 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).

\
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Fig. 1. Sampling of soil

Characteristics of research sites:

- soil sampling Ne 1 was carried out on the territory of
the enterprise itself;

- soil sampling Ne 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 Ne 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

9
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Table 1
Monitoring the content of heavy metals in the soil of the enterprise «Podilska Sich»
Heavy metals, mg/kg
Pb Cd Zn Cu
Experimental sites —% - _ _

LR g LR g ER g ER g

28 = 28 = 28 = 28 =
Ne1 0.31 6.0 0.03 0.7 1.01 23.0 0.21 55.0
Ne2 0.94 6.0 0.31 0.7 2.08 23.0 1.41 55.0
Ne3 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

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
Ne 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 Ne 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 soll
decreased to 0.97 mg/kg. Again, an intense increase in the
concentration of Cu can be seen in experimental site Ne 2,
in principle the same as the previous elements.

Experimental site Ne 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 Ne 2 is located in the intermediate ter-
ritory directly from the enterprise to site Ne 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 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 6.0 0.31 0.05
Cd 0.7 0.03 0.04
Zn molkg 23.0 1.01 0.04
Cu 55.0 0.21 0.003

10
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Fig. 2. Intensity of accumulation of heavy metals on the territory of the enterprise «Podilska Sich»

at experimental site Ne1

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 6.0 0.94 0.15
Cd 0.7 0.31 0.44
Zn mg/kg 23.0 2.08 0.09
Cu 55.0 1.4 0.02

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 Ne 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).

100% -

90% -

80% -

70% -

uCu

60% -

=Zn

50% -

uCd

40% -

uPb

30% -

20% -

10% -

0% -
Actual content, mg/kg

MPC

Fig. 3. Intensity of accumulation of heavy metals at experimental site Ne 2, which is the median
between the enterprise and the waste reception point
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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 6.0 0.76 0.12
Cd markg 0.7 0.09 0.12
Zn 23.0 1.93 0.08
Cu 55.0 0.97 0.01

100% +
90% -
80% -

70% -

uCu

60% -

50% 1 1,93

mCd

40% -

30% -

mPb

20% -
10% -
0% -

L

Actual content, mg/kg

MPC

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

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.
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Alieksieiev 0.0., Vradii O.l, Kravtsov D.S.
Environmentalassessmentofthe 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 Znin 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
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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.

AnekceeB 0.0., Bpagin O.l., KpaBuor [.C.
EkonoriyHa ouiHKa AgisnbHOCTI nignpMemMcTB 3 nepe-
POGKN BTOPMHHUX BigxoAdiB Ha A4OBKIiNNA

Meta ctaTTi — [ocCnigKeHHA BNnvBY NignpuemcTsa
3 nepepobkn BTOpPMHHUX BiaxodiB Ha Aoskinns. Metogu.
MeTooonoriYyHOl0  OCHOBOK  [AAHOr0  AOCHIMXKEHHSI  €:
eMnipyyHi (NonboBi E€KCMEePVMEHTU Ta CrOCTEPEXEHHS;
BUMIpPIOBAHHST MOKa3HWKIB OO’EKTY LOCHIIKEHHS;, Teope-
TWUYHI (BUCYHEHHS rinoTe3n Ta (hOpMyBaHHSI BUCHOBKIB 3a
pesynstataMmy  OOCHIMKEHb; CTATUCTUYHUIA; MaTeMaTuy-
Huin. Pesynbratu. KoHueHTpauis Baxkux metanis Pb Ta
Cd Hmxye ITOKy 7,89 T1a 7,77 pas BignosigHo. BmicT Zn Ta
Cu Takox He nepeswLLyBaB HopmaTtuBiB Ta bynm y 11,9 Ta
56,7 pa3 Hwxye [OK. Pesynbsratn gocnimjxeHb nokasanu,
wo BMicT Pb B mexax camoro nignpvemcrsa CTaHOBUB
0,31 mr/kr. B mexax npoMiXKHOT JiNsiHKM — KOHUEeHTpauis Pb
y TPYHTI 3pocna i cknana 0,94 mr/kr, y mexax nyHKTy npu-
nomy BigxoAis BMICT Pb y rpyHTi 3Hu3mBcs cknas 0,76 Mr/kr.
HocnigpxeHHsa KoHueHTpauii Cd B mexax camoro nignpuem-
ctBa ctaHoBuB 0,03 Mr/kr. B mexax NpoMidKHOT 4iNsiHKM — KOH-
ueHTpauis Cd y rpyHTi 3pocna i cknana 0,31 mr/kr. Y mexax
NyHKTY NPUINOMY BigxoAis, BMICT Cdy rpyHTi 3HN3MBCS | cknas
0,09 wmr/kr. Pesynbtat gocnigXeHb nokasanu, Lo BMICT
Zn B Mexax camoro nignpuemctea ctaHoBuB 1,01 mr/kr.
B mexax npoMiXKHOI AiNAHKM KOHUEHTpauis Zn y TrpyHTi
3pocna i cknana 2,08 Mr/kr, y mMexax NyHKTY Mpuiomy
BigXoAiB, BMICT Zn y rpyHTi 3HM3uBCS Ha 92,7 % i cknaB
1,93 mr/kr. BmicT Cu B Mexax camoro nignpMemcTBa cTaHo-
BuB 0,21 mr/kr. B mexax NpoMiKHOT AiNsiHKM KOHLEHTpaLis
Cu y rpyHTi 3pocna i cknana 1,4 Mr/kr, y Mexax nyHKTy npu-
nomy Bigxogis, BMicT Cu y rpyHTi 3HM3mBCA Ha 69,2 % i cknas
0,97 mr/kr. BUCHOBKU. [JocnigkeHHSAMW BCTaHOBIEHO Bif-
CYTHICTb TOKCUYHOrO 3abpyaHEHHS rpyHTiB. KoHUeHTpauisa
Baxkux metanis Pb, Cd, Zn ta Cu 6yna Hwkye I'OK, wo
roBopuTb NpO Te, Wwo nianpuemctso TOB «lMoginbcbka Ciux
i3 NnepepolbKN BTOPMHHUX BiOXodiB He Hece LIKOOAW HaBKO-
NNLWHBOMY cepefoBuLLYy. HanBuLLMiA BMICT BaXKKUX MeTanis
Oyro BM3HAYeHO Ha NPOMDKHIN AiNsHLUI MK NigNnpueMcTBOM
Ta NyKTOM NPUIAOMY BTOPWMHHOI CUPOBUHW, ane npu Lsomy
nokasHukn He nepeswuwyBanu [OK. O6’ekTUBHOW Npuyn-
HOO 30iNblUEHHST KOHLEHTpaLii BaXkux MmeTarniB came Ha
Ui OinsHui € HabnwXeHHA po3TallyBaHHS OO0 Hel aBTo-
A0oporu, WO € NpAMUM [XepenoM 3abpyAHEHHSA TpyHTIB
BaXXkMMK MeTanamu. MokasHuk koediuieHTy Hebe3neku Ha
JocCnigXyBaHWX TEPUTOPISiX He NepeBuLLyBaB 1, oTxe AaHa
€KOTOKCUKOroriyHa ouiHka rpyHTiB « TOB lMoaginbcebka Ciu»
nigTeepoxye 6esnevHicTb poboTu nmignpuemcTs 3 nepe-
po6KM BTOPUHHUX Bigxoais.

KnroyoBi cnoBa: gocnigHa AinsiHKa, BaXKKi MeTanu,
€KOJOrMYHUIA CTaH, rPaHMYHO-AO0MYCTMMAa KOHLEHTpaLisd,
KoedgiuieHT Hebe3neku.



