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Introduction. The intensification of anthro-

The high energy potential of organic waste allows its use in bio-
conversion technologies, where waste from one production cycle is a
raw material for further production to produce environmentally friendly
fertilizers, energy carriers and feed additives.

The article presents the results of experimental studies on the envi-
ronmental efficiency of vermiculture on organic waste from livestock,
crop production, gardening and forestry under anthropogenic load.

It is proved that due to the biological characteristics of vermicul-
ture, which allows to consume a large amount of organic residues,
enrich them with its own microflora, enzymes, biologically active
substances and release them as processed products (coprolites), this
technology to some extent solves the problems of balanced nature
management.

It has been determined that in the conditions of intensification of
production processes, secondary organic raw materials contain a num-
ber of pollutants - heavy metals and toxic metals that can accumulate in
coprolites (vermicompost).

An approach is proposed that solves the problem of pollutant migra-
tion and involves the introduction of 3% zeolite from the Sokyrnytsia
deposit in the Transcarpathian region into the vermiculture substrate.

Experimental and analytical determination of the environmental ef-
ficiency of the proposed approach has shown that its practical applica-
tion in solving the problems of balanced nature management allows to
reduce the accumulation of Plumbum by 13.6 % and Cadmium by 22.6
% in vermicompost, which improves the quality of this organic fer-
tilizer and creates prerequisites for obtaining environmentally friendly
products.

Key words: ecology, biotechnology, organic waste, red California
worm hybrid, bioconversion, natural minerals, minimization of envi-
ronmental pollution, sustainable environmental management.

have changed the approach to the use of plant res-

pogenic activity leads to the generation of organic
waste from livestock, crop production, gardening
and forestry [1-4]. Traditional methods of manag-
ing such waste do not provide for the full use of
the potential of organic raw materials and lead to
the migration of pollutants in the biosphere [5-7].

The reduction in the number of livestock and
the expansion of grain, corn and sunflower crops
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idues in the agricultural sector. Previously, crop
residues were almost entirely used for livestock
production, but now they are left on fields as fer-
tilizer or burned together with stubble. Therefore,
crop by-products are becoming increasingly im-
portant in balanced nature management [8].

Waste from horticulture and forestry is a renew-
able organic raw material that accumulates annually


https://orcid.org/0000-0002-3403-3535
https://orcid.org/0000-0002-2699-3974
https://orcid.org/0000-0001-5462-508X
https://orcid.org/0000-0002-7813-6798
https://orcid.org/0000-0002-5678-9624
https://orcid.org/0000-0003-4233-3893

tvppt.btsau.edu.ua

Texnonoeisn supobnuymesa i nepepobru npodykyii meapunnuymea, 2023, Ne 2

and can be used to produce fertilizers. The amount
of waste of the lignified part of the phytomass of
green spaces is systematically generated during the
maintenance of green spaces by municipal enter-
prises when carrying out maintenance felling (clar-
ification, clearing, thinning), sanitary felling (selec-
tive, fully sanitary, reforestation), felling associated
with the reconstruction of low-value young trees
and derivative stands, cutting of knots and parts of
live lower branches, fire protection felling, main-
tenance of undergrowth and undergrowth, elimina-
tion of clutter, and crown pruning of urban trees
and shrubs. The largest volumes of wood waste are
generated by forest parks and forestry enterprises,
some of which can be converted into fertilizer in-
stead of being taken to landfills [9].

The most common method of managing waste
from livestock farms and complexes is to use it
as organic fertilizer in agroecosystems. However,
from an environmental point of view, this meth-
od has disadvantages and leads to environmental
pollution with heavy metals, pathogens and toxic
metals [10-14].

One of the indicators of anthropogenic pres-
sure on environmental components is the amount
of production and consumption waste generated
and accumulated in a certain territory (region).
The processes of generation and accumulation of
various wastes pose a threat to the state of all envi-
ronmental components. The generation and, espe-
cially, accumulation of production and consump-
tion waste inevitably leads to soil contamination.
The problem of inefficient waste management is
typical for the regions of Ukraine [15].

Sources of heavy metals in ecosystems in-
clude volcanic emissions, weathering and leach-
ing of rocks, mining, fuel combustion, industrial
and municipal waste, air emissions and waste-
water pollution from the metallurgical, chemical
and electrical industries. All of this, as well as the
use of metal-containing pesticides and fertilizers,
and runoff from contaminated soil, leads to con-
tamination of food, feed and drinking water. It is
important to note that the accumulation of heavy
metals by ecosystem components is the result of
rapid industrial development of society, increased
chemicalization of agriculture and the use of met-
al-containing household products [15].

Once they enter ecosystems, heavy metals are
constantly moving, changing from one form to an-
other. The following systems of heavy metal trans-
location (transition) are distinguished: air to soil,
soil to water, soil to plant, soil to plant to animal,
soil to animal to plant to human, and soil to plant
to human [15].

The constant intake of heavy metals into the
soil leads to the formation of zones of increased

environmental toxicity. Within these zones, the
nature of element migration and some soil geo-
chemical parameters change. The interaction of
metals with soil is based on sorption, precipita-
tion-dissolution, complexation and salt formation
reactions. The speed and direction of the transfor-
mation processes depend on the reaction of the en-
vironment, the particle size distribution of the soil
and the humus content [15].

The existence of negative consequences of hu-
man economic activity has forced scientists to pay
considerable attention to their study, predicting
the consequences of anthropogenic impact on na-
ture and taking into account the findings in man-
agement decisions [19].

The main objective of sustainable environ-
mental management as a scientific field is to orga-
nize and control the use of natural resources and
environmental components (minerals, surface and
groundwater, seawater, ocean water, air, soil, etc.),
assess the levels of harmful impact of anthropo-
genic loads on them, and develop scientifically
based recommendations for environmental pro-
tection and restoration measures [19].

The study of possible ways of balanced use of
vermiculture biotechnology in the management
of organic substrates obtained under conditions
of anthropogenic pressure on the environment is
of priority importance. The issue of biotransfor-
mation of organic waste from livestock, crop pro-
duction, horticulture and forestry, generated un-
der conditions of intensification of anthropogenic
pressure on ecosystems, is not fully understood.
This situation calls for the development of safe
technologies and production facilities. Using the
achievements of science, technological progress
should be organized in such a way that production
waste does not pollute the environment but is re-
introduced into the production cycle as secondary
raw materials [7].

Problem statement and analysis of recent
research. Vermiculture is the cultivation of spe-
cialized worm species (biological name Eisenia
foetida) under artificial conditions on various or-
ganic substrates. Vermiculture can be thought of
as a complex biocenotic community limited to a
specific habitat within a cultural landscape. Earth-
worms are the largest representatives of inverte-
brates that make up the soil macrofauna. They
account for at least half of the total soil biomass.
Their population density reaches an average of
120 individuals/m2, and their biomass is 50 g/m2
(with a body weight of 0.5—1.5 g per worm). In fa-
vorable periods, the density of earthworms in the
soil can reach 400—600 individuals/m2. This area
of bioconversion has emerged due to the search
for alternative farming methods for agroecology
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that minimise environmental pollution by various
organic wastes and ensure the cultivation of agri-
cultural products free of harmful substances based
on the use of biohumus and provide for the ratio-
nal use of natural resources [4].

The results of the analytical search indicate
that worms can accumulate heavy metals and met-
al toxicants. Studies conducted over a period of
thirteen months have shown that populations of
L. rubellus and A. caliginosa can be indicators of
anthropogenic pressure on natural ecosystems and
can be used to monitor the relative degree of metal
pollution in different areas [23].

It has been reported that vermiculture on or-
ganic substrates (manure biomass, gardening
waste) with heavy metal content above the max-
imum permissible concentration should be grown
with the addition of 2 % lime by weight of the
substrate. First of all, prepare a substrate of the
following composition: plant residues; rotted saw-
dust; tree leaves; peat; lime (up to 2% by weight of
the substrate). The substrate should be fermented
for at least 3 months, 3—5 months in winter. The
substrate can be stored for 8—10 months at a hu-
midity of 70-80 % [4].

The readiness of the substrate for consumption
is determined by the ratio of carbon to nitrogen —
approximately 20 and pH 6—8. Raw vermicompost
is collected twice a year. It is then used as fertilizer
or recycled. If shredded branches are recycled, the
complete extraction of vermicompost can be car-
ried out in 1.5 years [4].

A group of researchers [17] studied the envi-
ronmental efficiency of biotransformation of fall-
en leaves in urbanized settlements using the ver-
miculture method. For the cultivation of Eisenia
foetida, a basic substrate (group BS 1) was used,
made from compost of fallen leaves from trees of
different ecological zones: conditionally ecolog-
ically clean zone of the Bryukhovychi forestry,
conditionally polluted zone within the maximum
permissible concentration (MPC) — fallen leaves
from trees of Stryi Park in Lviv (group BS II).
Lviv (group BS II); conditionally contaminated
area of the motorway with exceeded MPC — fall-
en leaves from the trees of K. Levytskoho Street,
Lviv (group BS III). When forming the vermicom-
post, the area, weight of the substrate and the num-
ber of worms were taken into account. Substrate
composition: 20 % livestock manure and 80 %
compost of fallen leaves. The effect of heavy met-
als that may be contained in leaves contaminated
with car exhaust on metabolic processes in Eisenia
foetida was determined. According to the results
of the study, it is proposed to activate bioconver-
sion by introducing a mineral feed additive — fine
zeolite flour in the amount of 6 % of the total mass
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of the culture medium by uniform mixing with the
substrate.

In experimental studies [18], it was found that
the addition of saponite to the nutrient medium
for the red California worm hybrid in the amount
of 2,4, 6, 8, 10 and 12 % of its weight increas-
es the content of Ferric, Magnesium and Zinc in
the worm biomass by 2.4-75.7, 0.7-38.1 and 1.5—
23.6 %, respectively. An increase in the concen-
tration of Copper in vermiculture was observed in
all experimental groups, except VI, and amounted
to 2.9-34.3 %. In addition, in the experimental
groups, the presence of saponite in the substrate
causes a decrease in the body of oligochaetes of
such toxicants as Cadmium and Plumbum — by
1.02-59.5 and 4.5-60.0 %, respectively.

It has been proven that the inclusion of sa-
ponite in the worms' nutrient medium at a concen-
tration of 4 % by weight of the substrate provides
an increase in biomass and the number of oligo-
chaetes — by 7.9 and 8.3 % (p<0.05), respectively,
and increases the activity of asparagine amino-
transferase in the body of oligochaetes — by 11.8—
36.9 % (p<0.05) [18].

The introduction of 4 % saponite to the sub-
strate increases the content of Fe, Mg and Mn in
vermicompost obtained from the II experimental
group-bed by 52.1-78.1, 23.5-18.3 and 98.8-99.6
%, respectively (p<0.05). In addition, a decrease
in the content of Cadmium and Plumbum was ob-
served — by 7.09-9.07 and 8.2-19.2 % [18].

However, a number of issues remain unre-
solved today regarding the study of ways to use
vermiculture biotechnology in a balanced manner
under conditions of anthropogenic pressure on the
environment [19]. The study of possible ways to
protect nature, as a set of measures aimed at elimi-
nating or mitigating the harmful effects of organic
waste from livestock, crop production, gardening
and forestry on the natural environment using ver-
miculture biotechnology, is a priority task [20-22].

Material and methods of research. The ex-
periments were conducted in the vivarium of the
Research Institute of Ecology and Biotechnology
of Bila Tserkva National Agrarian University. To
achieve this goal, a control group and four exper-
imental groups were formed in the form of a mi-
croecosystem in glass containers. They are conve-
nient because they allow observing the behaviour
of a population or its individual individuals with-
out destroying the microcosm [22].

The material for the study was the red Califor-
nia worm, which was used to populate microeco-
systems in the amount of 50 individuals [27]. The
substrate for its cultivation was fermented cattle
manure biomass (80 %) and 20 % fermented or-
ganic mixture of fallen leaves, dry grass and saw-
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dust. The ratio of the fermented organic mixture
was as follows: 10 % dry grass, 5 % fallen leaves
and 5% sawdust. The experimental period was
preceded by a preparatory period, during which
the conditions in the microecosystems were lev-
elled (in the control and experimental ones). Envi-
ronmental conditions in all microecosystems were
similar except for the factor under study.

According to the experimental design, zeolite
from the Sokyrnytsia deposit of the Transcarpath-
ian region was added to the vermiculture medium
in the experimental microecosystems at doses of
1.5, 3.0, 4.5 and 6.0 % by weight of the substrate
(Table 1).

Table 1 — Scheme of the experiment

Groups of mi- | Share of the studied factor in the
croecosystems nutrient medium medium
Control OS (main substrate)

Experimental:
I OS + 1.5 % zeolite
of Sokyrnytsia deposit
I OS + 3.0 % zeolite
of Sokyrnytsia deposit
I OS + 4.5 % zeolite
of Sokyrnytsia deposit
v OS + 6.0 % zeolite
of Sokyrnytsia deposit

Vermiculture was carried out at a temperature
of +20-25 °C and a substrate moisture content of
65-75 %. The experiment lasted 90 days.

The experiment lasted 90 days. At the end of
the experiment, average samples of vermicompost
were taken from each microecosystem. The sam-
ples were pre-dried and then insulated, gradual-
ly bringing the temperature to 450 °C. The metal
content in the vermicompost was determined us-
ing atomic absorption spectrophotometry on an
AAS-30 instrument.

The main research indicators were processed
biometrically. The value of the Student's proba-
bility criterion at three thresholds p<0.05; p<0.01;
p<0.001 was considered significant.

Results and discussion. The results of our re-
search indicate that during the experiment, which
lasted 90 days, the weight of vermiculture individ-
uals changed in all microecosystems.

An indicator of vermiculture growth and de-
velopment is an increase in their biomass and is
considered an informative indicator of the efficien-
cy of substrate biotransformation. The effective-
ness of reproductive capacity can be assessed by

the number of cocoons laid by the worm and the
increase in the population, which is the mechanism
that ensures the production of vermiculture bio-
mass and determines the efficiency of bioconver-
sion of organic substrate into vermicompost [27].

The analysis of the biomass growth dynamics
showed that the largest increases were observed
in the micro-ecosystem in which 3.0 % of zeolite
from the Sokyrnytsia deposit in the Zakarpattia
region was added to the organic substrate. The
difference in the weight of worms in the second
experimental group of the microecosystem com-
pared to the control group was 2.8 %. There was
also a positive trend in the number of cocoons
laid. The number of cocoons in the second experi-
mental group was 3.1 % higher than in the control
group.

Cadmium and Plumbum are toxic metals. Ac-
cording to the hygienic regulations for the permis-
sible content of chemicals in soil, approved by Or-
der of the Ministry of Health of Ukraine No. 1595
dated 14.07.2020, Plumbum (Pb), Benz(a)pyrene,
Arsenic (As), Mercury (Hg), Zinc (Zn), Molyb-
denum (Mo) and Nickel (Ni) are classified as
carcinogenic (blastomogenic) compounds by the
nature of their effects on the body. Plumbum (Pb)
and Manganese (Mn) are mutagenic substances by
the nature of their effects on the body. Mercury
(Hg), Plumbum (Pb) and Manganese (Mn) show
reproductive toxicity [26].

The results of our experimental studies (Table
2 and Table 4) show that an increase in the content
of zeolites in the substrate leads to a decrease in
the concentration of Plumbum and Cadmium in
vermicompost.

Table 2 — Plumbum content in vermicompost,
mg/kg, M+m, n=5

Groups Plumbum content,
of microecosystems mg/kg
Control 12,5+0,78
Experimental:
I 11,1£0,49
I 10,8+0,53
111 10,6+0,61
v 9,8+0,72*

Note: the difference is significant * — p<0.05; ** —
p<0.01; *** — p<0.001.

In the selected samples of vermicompost of
the control group, the content of Plumbum was
12.5+0.78 mg/kg. At the optimal concentration of
zeolite from the Sokyrnytsia deposit of 3.0% in
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the nutrient medium, which provided the highest
growth and development of worms, the content
of Plumbum in the vermicompost was recorded
at 10.8+0.53 mg/kg, which indicates a decrease
by 13.6 % compared to the control group, where
vermiculture was grown without the presence of
zeolite. We also proved that the introduction of
zeolite into the vermiculture substrate in the pro-
portion of 6.0 % allows to reduce the content of
the metal toxicant Plumbum in vermicompost by
21.6 % to 9.8+0.72 mg/kg at the level of proba-
bility (p<0.05). This trend is explained by the fact
that the zeolite of the Sokyrnytsia deposit, due to
its selective ability to bind heavy metals, adsorbs
them on its surface.

The data on the background content of heavy
metals in the soil of household plots are analysed
and systematised in Table 3. Experimental stud-
ies [24] found that in the 0—10 cm soil layer, the
content of plumbum varied from 5.4 to 6.31 mg/
kg (Table 3). The average content of the pollutant
was 5.66 mg/kg. When analyzing the content of
Plumbum in the 11-20 cm soil layer, it should be
noted that its content increased by an average of
0.15 mg/kg compared to the 0—10 cm layer.

Table 3 — The content of heavy metals in soils of
household plots in 2009-2011, M+m, n=5 [24]

Heavy metal content, mg/kg

Soil layer
Pb Cd

0-10 em 5,66+£0,52* 0,39+0,03

5,04-6,31 0,37-0,43
1120 em 5,80+0,82 0,44+0,05

4,65-6,51 0,38-0,5

6,55+0,42 0,49+0,02
21-30 cm 6.15-7.13 0.47-0.52

Note: * in the numerator is the average content,
and in the denominator - the limits of variation of min
and max values of heavy metals.

Comparing the results of our experimental
studies with the results of monitoring studies by
Stezhko O. [24], it should be noted that the use
of vermicompost obtained from raw waste from
livestock, crop production, horticulture and for-
estry as a fertilizer will not lead to a violation of
the hygienic regulations for the permissible con-
tent of chemicals in soil, approved by Order of
the Ministry of Health of Ukraine No. 1595 of
14.07.2020 [26]. The maximum permissible con-
centration (MPC), mg/kg, taking into account the
background (Clark), for plumbum is 32 mg/kg.
The content of Plumbum in vermicompost in the
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second experimental group at 10.8+0.53 mg/kg is
66.2 % of the MPC of this toxic metal in soil, and
creates prerequisites for obtaining environmental-
ly friendly products.

According to [25], with an increase in humus
content to 2 %, mobile forms of Cu decreased by
45%, Pb — by 19 %, Co — by 40 %, Zn — by 45 %,
Ni — by 38 %. The relationship between the con-
tent of mobile forms of the studied metals and the
humus content in sod-podzolic soils was of medi-
um closeness and the correlation coefficient was:
for Pb — 0.68, Zn — 0.58, Cu — 0.58, Co — 0.67,
and for nickel the relationship was close (r=0.74)
[25]. The use of biohumus in the agroecosystem,
obtained on the basis of balanced nature manage-
ment using vermiculture biotechnology, is predict-
ed to reduce the content of mobile forms of heavy
metals in the soil — Cu, Pb, Zn, and Nickel.

The results of our research and the dynamics
of Cadmium content in the control and experimen-
tal groups are shown in Table 4. Our studies have
established a clear trend towards a decrease in the
content of Cadmium in vermicompost, depending
on the increase in the content of zeolite from the
Sokyrnytsia deposit in the substrate.

Table 4 — Cadmium content in vermicompost,
mg/kg, M+m, n=5

Groups of Cadmium content, mg/kg
microecosystems
Control
Experimental: 0,97+0,079
Groups of
microecosystems
I 0,810,043
I 0,75+0,069
111 0,64+0,054*
v 0,60+0,038%*

Note: the difference is significant * — p<0.05; ** —
p<0.01; *** — p<0.001.

The content of Cadmium in vermicompost on
the 90th day of vermiculture in the control group
was 0.97+£0.079 mg/kg. In the experimental group,
where the highest productivity indicators were de-
termined with a zeolite content of 3.0 % in the sub-
strate, the presence of Cadmium was 0.75+0.069
mg/kg, which is 22.6 % lower than in the control
group.

The dynamics of Cadmium content shown in
Table 4 indicates that the best adsorption proper-
ties of the Sokyrnytsia deposit celite were shown
at its content in the vermiculture substrate of
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6.0 %. We found a 38.1 % decrease in the Cad-
mium content in the IV experimental group com-
pared to the experimental samples.

Comparing the value of the Cadmium content
in the vermicompost of the II experimental group
with the hygienic regulations for the permissible
content of chemicals in soil, approved by the order
of the Ministry of Health of Ukraine No. 1595 of
14.07.2020, it should be noted that it is 2 times
lower than the established standards. The results
of the studies presented in Tables 2 and 4 suggest
that our approach is of practical importance, as it
can solve the problems of balanced environmental
management and the problems associated with the
regulation of anthropogenic pressure on the envi-
ronment.

When determining the correlations, it was
found that the correlation between the mass frac-
tion of zeolite from the Sokyrnytsia deposit in the
Transcarpathian region in the vermiculture medi-
um and the content of Plumbum and Cadmium in
vermicompost is inversely strong (r> -0.75).

Conclusions. Increasing the level of use of
secondary resources while saving primary raw
materials plays a significant role in balanced na-
ture management.

Modern production and economic activity is
associated with the use of minerals, energy re-
sources and substances of various origins. This
causes a significant burden on the environment,
reduces the living space for wildlife and facilitates
the penetration of substances into the biosphere
that are not typical for its natural cycle, and can
cause serious environmental crises and disasters.

The intensification of anthropogenic activi-
ties leads to the generation of organic waste from
livestock, crop production, gardening and forest-
ry. Traditional methods of managing such waste
do not allow for the full potential of organic raw
materials.

The vermiculture technology is based on the
biological characteristics of red California worms
to biotransform organic waste into vermicompost
and enrich it with its own microflora, enzymes,
biologically active substances and prevent the de-
velopment of pathogenic microflora in vermicom-
post.

To improve the environmental friendliness of
the process of biotransformation of organic waste
from livestock, crop production, horticulture and
forestry into vermicompost, and to minimize the
intake of Plumbum and Cadmium into agroeco-
systems, it is advisable to add 3.0 % zeolite from
the Sokyrnytsia deposit in the Zakarpattia region
to the vermiculture substrate.

The addition of 3.0 % zeolite to the vermicul-
ture substrate leads to a decrease in the content

of Plumbum in the vermicompost by 13.6 % and
Cadmium by 22.6 %, respectively, which im-
proves the quality of this organic fertilizer and
creates prerequisites for obtaining environmental-
ly friendly products.

Prospects for further research include the de-
velopment of a scheme of integrated vermiculture
and a technological scheme of mechanized tech-
nology for the production of vermicompost from
organic waste from livestock, crop production,
gardening and forestry.
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VY crarTi HaBelEHO Pe3yJbTaTh eKCIepPUMEHTab-
HUX JOCTIKCHb 13 BHBYCHHS CKOJIOTIYHOI ¢(eKTHB-
HOCTI BEpMHKYJIBTHBYBAaHHS Ha OpPraHIYHHMX BiaXomax
TBAapUHHUIITBA, POCIMHHUIITBA, CaJOBO-IIAPKOBOTO Ta
JIICOBOTO TOCIIOAAPCTB B YMOBAX aHTPOIOTEHHOTO Ha-
BaHTaKCHHS.

JloBeneHo, 110 3aBASKH O10JOTIYHUM OCOOIHBOC-
TSIM BEPMUKYJIBTYpPH CIIOXKHUBATH BEIUKY KiJIBKICTH Op-
TaHIYHUX PELITOK, 30aradyyBarH iX BIACHOI MiKpOQJIo-
pOI0, eH3UMaMH, 0i0JIOTIYHO aKTUBHUMH PEYOBHHAMU
Ta BUAUISATH Y BUDISAAI IPOAYKTIB MEpepoOKH (KOIpo-
JITIB), I TEXHOJIOT1SI IEBHOIO MipOIO BUPINIYE IPoOIIe-
MH 30aJTaHCOBAaHOTO IPUPOIOKOPUCTYBAHHS.

BusHaueHo, 110 B yMoBax IHTeHCHGIKAIl BU-
pPOOHMYMX TPOLECIB BTOPMHHA OpraHiuHa CHPOBUHA
MICTUTH psiJi MOJNIOTAHTIB — BaXKKI METaJIM Ta MeTa-
JIM-TOKCHKAHTH, SIKi MOXKYTb HAKOIIMIYBaTHCS Y KOIIPO-
miTax (biorymyeci).

Copyright: Kharchyshyn V. et al. © This is an open-access article .=

3anponoHoBaHO MiAXiM, KA BHpIIIye mpodieMy
MIrpariii MoJIFOTaHTIB Ta mependayae BBEACHH 0 CYO-
cTpary BepMHKYIBTYpH 3 % neonity COKMPHHUIIBKOTO
pozoBHIIa 3aKapaTchKoi 00IacTi.

ExcriepumeHTanbHO-aHAIITHYHE BU3HAYCHHS €KO-
JOTiYHOI E€(EeKTUBHOCTI 3aIPOITOHOBAHOTO  ITiIXOIY
[I0Ka3aJjio, 110 IPaKTHYHE HOro 3aCTOCYBaHHS y BHUpI-
[ICHHI MPo0JeM 30aJaHCOBAHOTO MPUPOIOKOPHCTY-
BaHHSI JI03BOJISIE 3MCHIITUTH HAKOMTMYCHHS y 010rymyci
[TmomOymy Ha 13,6 % Ta Kagmito — Ha 22,6 %, mo
T ABUIIIY€ SIKICTh IIOTO OPTaHivHOTO 100pHBa i CTBO-
PIO€ TIEPEIyMOBH Ul OEPIKaHHS €KOJIOTTYHO YHCTOL
TIPOIYKITi1.

KurouoBi cjioBa: exosiorisi, 0i10TeXHOJIOTIs, opra-
HIYHI BiIXoau, TiOpHI 4epBOHOrO Kaui(OpHIHCHKOTO
4yepB’sika, O10KOHBEPCist, MPUPOHI MiHepasi, MiHiMi-
3ar1is 3a0pyJHEHHS HaBKOJIMITHHOTO IPUPOTHOTO Cepe-
JOBHIIA, 30aJJaHCOBaHE NPUPOIOKOPHCTYBaHHS.
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