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Abstract. The relevance of studying the impact of electric power facilities on natural phytocenotic
diversity lies in the necessity to preserve ecosystems due to the increasing number and size of
electrical facilities, which potentially can affect the functioning of natural environments. The
research aims to investigate the impact of electric power facilities on species diversity. The research
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is carried out at 46 monitoring sites in the immediate vicinity of the source of electromagnetic
and noise pollution within the influence of the Burshtyn thermal power plant, the Bohorodchany
solar power plant, the Shevchenkove wind power plant, the Tereble-Rytska hydroelectric power
plant, under regional and cross-border power transmission lines. The representation of plant
species at the monitoring sites is analysed. In general, 196 plant species are identified. Herbaceous
plants dominate (from 74 to 100% of all plant life forms) at all monitoring sites, except for one
site. Shrubs are present in 11 monitoring sites (from 5 to 25% of all plant life forms). The trees
are represented in 20 monitoring sites (from 4 to 75% of all plant life forms). 179 species belong
to the first class of constancy, 12 species belong to the second class and 5 species belong to the
third class of constancy (91, 6.5 and 2.5%, respectively). The last plants have been identified as
indicators of the influence of power plants. The most common plant families that exist under the
influence of electrical installations are established. The largest number of species is represented
by the Asteraceae, Rosaceae and Poaceae families — 37, 19 and 15 species, respectively. The species
of the third constancy class have the highest representativeness. Daucus carota L., Achillea
millefiolium, and Trifolium pratense L. are the dominant plant species in the areas impacted by
electric power facilities. 180 species belong to the first constancy class. They cannot be suitable
as phytoindicators of the ecological state in the areas affected by power plants. The results can be
used to develop environmental protection strategies and measures to reduce the negative impact

of power generation facilities on flora
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Introduction

Expanding on the relevance of studying the
impact of electric power facilities on natural
phytocenotic diversity is imperative due to the
necessity of ecosystem preservation. Under-
standing these dynamics is crucial for formu-
lating strategies to mitigate potential adverse
effects on biodiversity, ensuring ecosystem
preservation for current and future generations.
Additionally, such research aids in fostering
sustainable development practices that harmo-
nize human activities with the natural world,
promoting ecological resilience and stability.

R. Kravchynskyi et al. (2021) studied that
plants are the primary recipients of techno-
genic influence, and they reflect the level of
anthropogenic environmental transformation.
M. Korchemlyuk & L. Arkhypova (2016) not-
ed that the bioindicative role of plants allows
timely monitoring of the smallest changes in

the ecological state and, if necessary, reacting
to them. Y.A. Farghaly et al. (2019) considered
that phytocenotic wealth is the main criterion
for the stability and balance of any ecosystem.
The decrease in plant diversity is a sign of bio-
energy resources depletion of this territory. The
research conducted by L. Simkiv et al. (2021)
underscores the significance of analysing the
phytocenotic diversity of plant communities
as a pivotal indicator of ecosystem ecological
health. Their study delves into the dynamic
interplay of structural processes within these
ecosystems, offering valuable insights into fos-
tering sustainable development practices. By
elucidating these dynamics, their analysis con-
tributes to the formulation of informed strat-
egies aimed at safeguarding biodiversity and
promoting ecological resilience in the face of
contemporary environmental challenges.
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The electric power industry is a source
of noise, vibration, and electromagnetic en-
vironmental pollution. Understanding the
impact of these pollutants on natural ecosys-
tems is essential for assessing the overall eco-
logical health of affected areas. U. Andrusiv et
al. (2021) described the optimization of bal-
ance components of fuel and energy resources
for organizational and economic support of
energy efficiency in Ukraine. Integrating the
findings of the research of V. Kopei et al. (2022)
enriched understanding of the multifaceted
interactions between industrial activities and
ecological systems, aiding in the development
of holistic strategies for sustainable develop-
ment and environmental conservation.

Electromagnetic radiation contributes to
mutation emergence caused by single-strand
breaks in DNA and leads to cell division and
protein synthesis disruption, especially in
tissues that are actively dividing. DNA syn-
thesis and reparation processes inhibition
is observed under the impact of electromag-
netic fields with a frequency of 50-100 Hz
(Liu et al., 2020). Changes in the diffusion rate
through membranes, structures of organic
compounds, denaturation of proteins owing
to the absorption of thermal energy by the
cell, and generation of free radicals occur un-
der the impact of electromagnetic radiation.
Free radicals are one of the ageing causes.
The negative impact of noise and vibrations
on the functioning of the cardiovascular, en-
docrine, nervous system and sensory organs
of humans and animals has been defined by
A. Aaron et al. (2019).

The functional state of plant communities
under the influence of electric power facilities
has not been studied. The literature sources
provide data on changes in the size and shape
of vegetative and generative plants’ organs,
and the violation of leaf asymmetry under the
impact of radiation (Deruelle, 2020).

P. Bandara & D. Carpenter (2018) studied
the noise influence on plants. They established
that different frequencies of sound unequally
influence the plants’ growth. Vibration pollu-
tion affects the physiological qualities of plant
seeds, which leads to their germination de-
crease. Optimal plant growth is observed when
plants are exposed to pure tones, in which the
wavelength coincides with the average main
leaf sizes. The research on the phytomeliora-
tion role of woody plants under the electromag-
netic radiation impact testifies about the high-
er plants’ resistance with a large area and leaf
plates’ mass. The issue of the electric power in-
dustry facilities impact on natural bioocenoses
has not yet been studied and requires the at-
tention of ecologists (Arkhypova et al., 2021).
A comprehensive study of electric power facil-
ities’ impact on plants and their cenosis with-
in the transboundary Carpathian region of
Ukraine has not been carried out.

The establishment of dominant plant spe-
cies in the phytocenosis will allow information-
al phytoindication of the environmental state
under the influence of electric power facilities.
The purpose of our research is the analysis of
the plant communities’ species diversity un-
der the electric power facilities influence in the
Carpathian region of Ukraine. The main tasks
of this article are:

% to analyse the probable impact of the
electric power facilities on plants;

% to investigate the species composition of
phytocenoses;

% to study the dominant plant species in
the areas affected by power plants.

Materials and Methods

The methods of biological monitoring of the
environmental state were used in the work:
observation, surveys, and field research, which
provide the description, and study of plant
groups as ecosystem components in natural
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conditions, and research of their functioning,
structure, and development (Kravchynskyi et
al., 2021). Field research (photo of different
species), chamber work (identification of spe-
cies), and analytical analysis of the results (de-
termine constancy class) were carried out.

The research was conducted in 2021-
2022 years as part of the implementation of
the HUSKROUA international project on the
Carpathian region territory of Ukraine in the
monitoring areas under the influence of elec-
tric power facilities — transformer substations,
power lines, and power plants. The monitor-
ing network included 46 sites near the impact
source. The influence zone of electromagnetic
field objects can be more than 100 m (Ropyak et
al., 2023). The power lines create the main
electromagnetic field of industrial frequen-
cy (Kusyi et al., 2021). The sanitary protection
zone for an overhead power line with a voltage
of 1150 kV is 55 m and for an overhead power
line with a voltage of 300 kV - 20 m (Ropyak et
al., 2023). Therefore, the research was carried
out at a distance of 50 m from the source of
the electromagnetic field. The level of electro-
magnetic and noise pollution was measured.

An analysis of the species diversity of phyto-
cenoses within each monitoring point is carried
out. Plants were photographed on a test plot
with an area of 25 m?. The Plant Snap program
and plant reference books were used to identify
each plant species. When the phytocenosis has
the form of a narrow strip (ruderal vegetation
along the fence), the transects 2-2 m wide were
laid. If the vegetation groups at the monitoring
point were of small size (for example on waste-
lands), the entire vegetation centre was de-
scribed. The taxonomic characteristics of each
species and life form were determined accord-
ing to the generally accepted method (Swad-
dle et al., 2015). The research complied with the
ethical norms specified in the Convention on
Biological Diversity (1992), the Convention on
the Trade in Endangered Species of Wild Fauna
and Flora (1973).

The phytocenotic diversity is determined
as a percentage at each monitoring site. The
plant diversity in the monitoring area with
the largest number of plant species is taken as
100%. The coefficient and constancy class of
each plant species are determined according to
the following classification (Table 1).

Table 1. The characterization of the species constancy in the phytocenosis

. . Representativeness
Coefficient of constancy Persistence class of the species
81-100 \% .
High
61-80 v
41-60 I )
Middle
21-40 11
<20 I Low

Source: J. Dengler et al. (2009)

The research was conducted on the terri-
tory of the Ivano-Frankivsk and Zakarpattia
oblasts in the observation areas under the in-
fluence of electric power facilities — transform-
er substations, power transmission lines and
power plants. The impact of the activity of such

electric power facilities as the Burshtyn ther-
mal power plant, the Shevchenkove wind pow-
er plant, the Bohorodchany solar power plant,
and the Tereble-Rytska hydroelectric power
plant was studied. Research was also conducted
on the influence of overhead power lines and
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transformer substations of various capacities.
The influence of cellular communication sta-
tions was studied within the population cen-
tres. In total, the monitoring network includes
more than 250 points in the immediate vicinity
of the source of influence.

Results and Discussion

The results of phytocoenotic diversity studies
under power plants’ impact demonstrate the
following: the largest number of plant species
is represented on the wind power plant territo-
ry in Shevchenkove village — 34 species (site 34)
and the experimental area of Bohorodcha-
ny — 32 species (site 38). The smallest number
of plant species (4 species) is represented on
one of the experimental sites in Yaremche city
(site 3) and the private sector territory in Tya-
chiv village (site 14) (Fig. 1).

The first experimental site in Yaremche
city, the experimental site in Dilove village and
also in Nizhnya Tisa village is characterized by
high phytocenotic diversity (more than 75%). In
the areas affected by electrical installations ten
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of the 47 identified families are the most com-
mon: Asteraceae — present at 45 sites, Fabace-
ae — 39 sites, Rosaceae — 26 sites, Apiaceae — 33
sites, Poaceae — 26 sites, Lamiaceae — 25 sites,
Ranunculaceae — 24 sites, Urticaceae — 16 sites,
Plantaginaceae - 23 sites, Polygonaceae — 17
sites. All other families are marked by a low
representation in the system of biological mon-
itoring of electric power facilities’ impact — they
are present in several 1 to 7 monitoring sites.
The largest number of species is represented by
Asteraceae, Rosaceae and Poaceae families — 37,
19, and 15 species, respectively (Fig. 2).

In the areas impacted by electrical instal-
lations Lamiaceae family is represented by 14
plant species, Apiaceae — 12 species, Fabaceae
and Polygonaceae - 9 species, Ranunculaceae -
7 species. Other plant families are represented
by from 1 to 5 species. Among 196 identified
plant species at all monitoring sites, 179 spe-
cies belong to the first constancy class, 12 spe-
cies to the second and 5 species to the third
constancy class, which in percentages is 91,
6.5 and 2.5%, respectively (Fig. 3).

1234567 8 910111213141516171819202122232425262728293031323334353637383940414243444546

Monitoring sites

m Number of species

m Number of families

Number of divisions Number of classes

Figure 1. Taxonomic characteristics of plants at monitoring sites
of electrical installations’ impact on the environment
Note: site 1-5 - Yaremche, 6 — Yasinya, 7-11 — Rakhiv, 12 - Dilove, 13-16 — Tyachiv, 17-18 — Teresva, 19 - Nizhnya
Apsha, 20-26 - Solotvyno, 27 — Sokyrnytsia, 28-29 — Khust, 30 — Lipcha, 31 — Nizhny Bystry, 32 — hydroelectric
power station on the Tereblya River, 33 — Vyshkiv, 34-36 — Shevchenkove, 37-39 - Stari Bohorodchany,

40-46 — Burshtyn
Source: developed by the authors
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Figure 2. Representativeness of plant families at monitoring sites
of electrical installations impact on the environment

Source: developed by the authors
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Figure 3. The percentage ratio of plant species
by constancy classes at monitoring sites
under electrical installations impact

Source: developed by the authors

Among 196 identified plant species, spe-
cies belonging to the third constancy class
have the highest representativeness — Achil-
lea millefolium L. and Bellis perennis L. from
the Asteraceae family, Trifolium repens L. and
Trifolium pratense L. from Fabaceae family,
Daucus carota L. from Apiaceae family. Achillea
millefolium, Trifolium repens and Daucus carota
are the dominant plant species in the areas af-
fected by power plants, which are represented
in 46, 48, and 50% of the experimental areas,
respectively (Fig. 4-6).

Figure 4. Achillea millefolium L.
Source: photo by the authors

Figure 5. Daucus carota L.
Source: photo by the authors
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Figure 6. Trifolium pratense L.
Source: photo by the authors

These plants have formed stable popula-
tions in various living conditions and are most
adapted to heterogeneous habitats. Therefore,
they are recommended to be used in the bio-
logical monitoring of anthropogenic influence,
including the influence of electromagnetic and
noise pollution, on the biotic environment
(Gagliano et al., 2017; Mesfin et al., 2018).

The second class of permanence includes
the following plants’ species — Taraxacum of-
ficinale Wigg., Centaurea jacea L., Plantago lan-
ceolata L., Sonchus arvensis L., Calamagrostis
epigejos (L.) Roth., Dactylis glomerata L., Ranun-
culus acris L., Mentha longifolia L., Tanacetum
vulgare L., Artemisia vulgaris L., Urtica dioica L.
These species are represented in the amount of
20-40% of experimental points and can be used
in ecomonitoring studies of electric power fa-
cilities’ environmental impact (Slabbekoorn &
Ripmeester, 2008).

All other species (Urtica urens L., Juglans
regia L., Acer platanoides L., Equisetum arven-
se L., Vicia villosa Routh., Molinia caerulea L.,
Aegopodium podagraria L., Rumex acetosella L.,
Impatiens parviflora DC., Festuca arundinacea
Schreb., Rumex crispus L., Galium besseri L.,
Priinus doméstica L., Lathyrus pratensis L.,
Phléum praténse L., Lactuca serriola L., Arc-
tium minus (Hill.) Bernh., Triticum aestivum L.,
Euphorbia helioscopia L., Thuja occidentalis L.,
Iva annua L., Galinsoga parviflora Cav., Erigeron

annuus (L.) Desf., Aesculus hippocastanum L.,
Cardamine pratensis L., Filipendula ulmaria (L.)
Maxim., Angelica archangelica L., Fraxinus ex-
celsior L., Eupatorium cannabinum L., Stachys
palustris L., Pteridium aquilinum (L.) Kuhn.,
Salvia glutinosa L., Riibus iddeus L., Corylus avel-
lana L., Stachys sylvatica L., Scrophularia nodo-
sa L., Ulmus alata Miehx., Solidago virgaurea L.,
Tilia cordata Mill., Plantago major L., Actaea spi-
cata L., Torilis arvensis L., Verbascum thapsus L.,
Phléum praténse L., Bidens tripartita L., Anun-
cus dioicus (Walter.) Fernald., Cirsium arven-
se L., Angelica sylvestris L., Anemone blanda L.,
Petasites albus (L.) Gaertn., Rumex acetosella L.,
Capsella bursa-pastoris L., Persicaria lapathifo-
lia L., Origanum vulgare L., Erigeron canaden-
sis L., Rosa rubiginosa L., Amaranthus netroflex-
us L., Lamium album L., Reynoutria sachalinensis
(F.Schmidt.), Alliaria petiolate (M. Bieb.) Cavara,
Reynoutria japonica Houtt., Rumex crispus L.,
Lamium maculatum L., Rubus iddeus L., Agrimo-
nia eupatoria L., Rorippa sylvestris L., Polygonum
aviculare L., Polygonum hydropiper L., Symphor-
icarpos albus (L.) S.F. Blake, Oxalis dillenii Java.,
Impatiens glandulifera Royle., Hypochaeris rad-
icata L., Rosa pendulina L., Acer campestre L.,
Lolium perenne L., Soliddgo canadénsis L., Tilia
platyphyllos Scop., Pastinaca sativa L., Salvia
verticillata L., Echium vulgare L., Alnus glutino-
sa (L.) Gaerth., Robinia pseudoacacia L., Portu-
laca oleracea L., Digitaria sanguinalis (L.) Scop.,
Picea abies (L.) H.Karst., Prunus cerasifera L.,
Cichorium intybus L., Melilotus officinalis (L.)
Pall., Ambrosia artemisiifolia L., Clematis vi-
talba L., Hibiscus syriacus L., Salix caprea L.,
Crepis capillaris (L.) Wallr., Bidens tripartita L.,
Raphanus raphanistrum L., Gypsophila mura-
lis L., Panicum virgatum L., Convolvulus sepi-
um L., Prinus doméstica L., Cynodon dacty-
lon (L.) Pers., Tordylium apulum L., Medicago
sativa L., Prunella vulgaris L., Dipsacus fullo-
num L., Acer platanoides L., Rosa multiflora
Thunb., Lamium purpureum L., Anthemis ar-
vensis L., Fraxinus ornus L., Prunus cerasus L.,
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Rubus ulmifolius Schott., Jacobaea erratica (Ber-
tol.) Fourr., Fructus Rubi idaei, Lythrum salicar-
ia L., Carex flacca L., Poa pratensis L., Hieracium
canadense L., Heracleum sosnowskyi Manden.,
Carpinus betulus L., Helianthus tuberosus L.,
Ranunculus repens L., Sambucus ebulus L.,
Galeopsis speciosa L., Rubus caesius L., Lysi-
machia vulgaris L., Stellaria holostea L., Stachys
palustris L., Anthemis cotula L., Rosa canina L.,
Fraxinus ornus L., Heracleum sphondylium L.,
Jacobaea vulgaris Gaertn., Matricaria chamo-
milla L., Myrrhis odorata (L.) Scop., Salix pur-
purea L., Ononis spinosa L., Campanula glomer-
ata L., Hypericum perforatum L., Argentina
anserina (L.) Rydb., Tussilago farfara L., Silene
latifolia Poir., Malus sylvestris Mill., Symphytum
officinale L., Stellaria graminea L., Prunus pa-
dus L., Abies alba Mill., Agrostis capillaris L., Ga-
lium sylvaticum L., Astrantia major L., Chaero-
phyllum temulum L., Ranunculus lanuginosus L.,
Matteuccia struthiopteris (L.) Tod., Rumex ob-
tusifolius L., Hypochaeris radicata L., Melampy-
rum pratense L., Pyrus communis L., Veronica
anagallis-aquatica L., Persicaria hydropiper (L.)
Spac.) belong to the first constancy class and
are present in less than 20% of experimental
points. This makes it impossible to use them as
environmental quality biological indicators.
The insignificant presence of most spe-
cies on the experimental sites indicates their

inadequacy to resist technogenic impact and
the strict adherence of these plants to environ-
mental conditions (in particular, the need for
humidity, soil type, mechanical composition
and amount of nutrients of the specific growth
areas’ soils). Interpopulation interactions of
phytocoenotic communities affect the surviv-
al of plant populations. Therefore, a stronger
plant population displaces weaker plants from
the territory of existence. The insignificant
presence of certain plant species in the exper-
imental points is a sign of accidental spread by
seed reproduction and wind, insects, and ani-
mals transfer to certain distances. However, this
indicates the low vitality of such species.

Each plant species is limited to growth in
certain specific natural and climatic conditions.
Environmental factors complex (biotic, abiotic
and anthropogenic) affect plants spread in nat-
ural and anthropogenically altered ecosystems.
The herbaceous plants dominate in all investi-
gated sites (except for the Tyachiv village edge
site) and they make up from 74 to 100% of all
life plants’ forms. This is explained by the high
level of herbaceous forms survival due to the
structure, physiology, and individual develop-
ment peculiarities. Shrubs are represented in
11 out of 46 monitoring sites, and they make up
from 5 to 25% of all life forms, trees — in 20 sites
and make up from 4 to 75% (Fig. 7).

120
N
& 100 N— ~
g 80 herbs
= 60
& trees
= 40
(2]
= 20 bushes
5 ) Ao/ SO —— _

1357 911 13715171921 23 2527 29 31 33 35 37 39 41 4?71546

Monitoring sites

Figure 7. The percentage ratio of plants’ life forms
at monitoring sites under electrical installations impact
Note: site 1-5 - Yaremche, 6 — Yasinya, 7-11 — Rakhiv, 12 — Dilove, 13-16 — Tyachiv, 17-18 — Teresva, 19 — Nizhnya
Apsha,20-26-Solotvyno, 27 - Sokyrnytsia, 28-29-Khust, 30— Lipcha, 31 —NizhnyBystry, 32 — hydroelectric power
station on the Tereblya River, 33 — Vyshkiv, 34-36 — Shevchenkove, 37-39 — Stari Bohorodchany, 40-46 — Burshtyn

Source: developed by the authors
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In general, the average percentage value of
plants’ life forms in the research area is 94.33%
for grasses, 12.25% for trees and 10% for shrubs.

Power generation and transmission facili-
ties have a variety of negative effects on natu-
ral objects and biodiversity, which is associated
not only with atmospheric emissions and waste
generation but also with electromagnetic fields
of power lines and noise impact, changes in al-
bedo and thermal regime environment. Thus,
researchers (Kopei et al., 2023) conclude that
the high intensity of electromagnetic fields (the
experimental process is carried out at a voltage
of about 1000 V and a current density of more
than 500 A/m?) causes the need to take manda-
tory measures to protect against harmful effects.

The destructive effect of noise on terrestri-
al animals is manifested at noise intensity up to
40 dB. It changes the behaviour and physiolog-
ical reactions of animals. As a result, there is a
decrease in reproductive potential, an increase
in mortality and increased migration among
animals, noted M. Havas (2017). Birds, rep-
tiles, and amphibians are especially sensitive to
noise pollution. Their range is narrowing as a
result of increased technogenic activity (Garc-
es et al., 2020). Electromagnetic radiation has
a similar effect on living organisms. It also has
a powerful mutagenic and carcinogenic effect.
Electromagnetic radiation is considered the
cause of “chronic fatigue syndrome”, which was
diagnosed in people at the end of the 80s of the
20th century (Malovanyy et al., 2022). Scientific
studies of A. Wdowiak et al. (2017), A. Elgayar et
al. (2019) have established several destructive
processes in the human body and some animals
under the influence of electromagnetic and
noise pollution.

A paper by S.M. Grodsky et al. (2023) found
that ants can serve as useful bioindicators
of the severity of anthropogenic disturbanc-
es from solar energy development in deserts,
and an analysis of indicators suggests that

solar energy infrastructure may adversely af-
fect some species of high ecological value (e.g.,
ants-reapers). The negative impacts of solar
energy development on ants can have signifi-
cant consequences for the functioning and in-
tegrity of a desert ecosystem, but environmen-
tally friendly design and construction of solar
installations can avoid the bottom-up environ-
mental consequences of increasing solar energy
production during the transition to renewable
energy sources.

The selection of plant bioindicators of the
areas affected by power plants should be car-
ried out, taking into account climatic zoning
and their phytodiversity. It is necessary to sys-
tematically conduct research and modelling
(Arkhypova et al., 2021).

When studying the effect of low-intensity
electromagnetic radiation on insects, terato-
genic effects were observed, which were inher-
ited. In their fundamental work, G. Redlarski et
al. (2015) have established that electromagnet-
ic radiation leads to the delay and termination
of the reproduction processes of bacteria and
viruses and reduces their infectious activity.
Under the influence of electromagnetic radia-
tion in the range of 50-55 GHz, the growth of
unicellular eukaryotes — yeast Saccharomyces
cerevisiae is stimulated.

L.V.Kucherenko & V.S. Kalinichenko (2013)
concluded that some plants, notably corn and
unicellular green algae, react to definite lev-
els of radiation by increasing growth process-
es. For example, the pre-sowing treatment of
corn seeds by the electromagnetic field with
a frequency of 3-30 MHz increases the germi-
nation energy and the laboratory similarity of
the treated material. This makes it possible to
reduce the growing season and increase the
crop yield. At insignificant values of the elec-
tromagnetic radiation energy, a slight increase
in Chlorella microalgae cells is observed. Radi-
ation intensity increases causes the following
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irreversible processes of microalgae: enzymes,
nucleic acids, proteins’ denaturation, and de-
struction of cells through the appearance of the
membrane pores. Electromagnetic radiation
with energies above 3 k] has a detrimental ef-
fect on Chlorella growth (Deruelle, 2020).

Researchers I.B. Korduba & Zh.I. Pat-
lashenko (2023) has established that the unifi-
cation of plant communities is observed under
conditions of constant man-made influence,
as a result of “ecological stress”. The work of
V.E. Molnar et al. (2020) evaluates the use-
fulness of the Air Pollution Resistance Index
(APTI) as a composite index of the environ-
mental condition in the city of Debrecen (Hun-
gary). The amount of fine and coarse dust and
elemental concentrations of Celtis occidentalis
and Tilia x europaea were measured in June
and September at three sampling sites (urban,
industrial and rural) to evaluate the utility of
APTI. Tree leaf APTI has been found to be a par-
ticularly useful proxy measure of air pollution
as well as environmental health.

In the work of A. Cakaj et al. (2023),
plants-bioindicators were studied for deter-
mining pollution by heavy metals in the urban
and non-urban areas of Poznani. The authors
conducted a study of such bioindicators as
weeds: Trifolium pratense (Trifolium pratense
L.), Rumex acetosa L., Amaranth retroflexus L.,
lanceolate plantain (Plantago lanceolata L.),
ornamental Alcea species pink (Alcea rosea L.),
Lolium multiflora L. var. Ponto. All species were
found to have heavy metal accumulation po-
tential, especially A. rosea, P. lanceolata and L.
multiflorum for Zn (BCF=6.62; 5.17; 4.70) and A.
rosea, P. lanceolata for Cd (BCF=8.51; 6.94). The
translocation of Cu and Zn was most efficient
in T. pratense (TF Cu=2.55; TF Zn=2.67) and
A. retroflexus (TF Cu=1.50; TF Zn=2.23). It was
established that the studied weeds are good bi-
oindicators of heavy metal pollution, and their
joint use makes it possible to comprehensively
detect environmental threats.

The main energy facility on the territory
of the Ivano-Frankivsk region is the Burshtyn
TPP, which is also one of the largest sourc-
es of atmospheric air pollution. Research by
H.V. Krechkivska (2022) found that within a ra-
dius of up to 500 m around the TPP there are
8 types of shrub-tree plants, deformation of
shoots is observed in 75% of trees and bushes
and leaf plates in 100%. This article is the clos-
est to the research we have done. But it refers to
tree-shrub vegetation, not grass.

Most plants have a high level of adaptation.
At a distance of up to 1 km? from the Burshtyn-
skaya TPP, there are already twenty species of
shrub-tree vegetation, in which the deforma-
tion of shoots is much less and is observed in
35% of trees and bushes, but the deformation
of leaf plates remains at 100%. Isolating the
effects of the electromagnetic field and atmos-
pheric air pollution on the intensity of defor-
mation of shoots and leaf plates requires fur-
ther detailed observations.

Conducted studies by S. Kaur et al. (2021)
of physiological, biochemical and molecular
changes in plant development showed that
an electromagnetic field leads to a change in
fermentation activity. This results in changes
in plant cells and retardation of their growth.
Thus, the effects of electromagnetic radiation
will be integrated into the models of plant de-
velopment. Therefore, the degree of soil cover
by various types of plants and the degree of
their overgrowth can be considered the main
indicators of man-made influence. Impact
zones should be characterized by an appropri-
ate level of species and taxonomic diversity.
When determining the level of pollution, it is
possible to use phytoindicative scales of plant
groups. At the same time, in some cases, they
have a slight differentiation of values. There-
fore, they are not always effective.

Therefore, the study conducted by the au-
thors on the impact of electricity generation
facilities on plant communities to use them as
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indicators of impact within the Carpathian re-
gion of Ukraine is original and important from
the point of view of the development of ecolog-
ical knowledge.

Conclusions

It has been established that under the impact
of electrical installations the following plants
families are the most common - Asteraceae,
Fabaceae,Rosaceae, Apiaceae, Poaceae, Lamiace-
ae, Ranunculaceae, Urticaceae, Plantaginaceae,
Polygonaceae, Asteraceae, Rosaceae and Poaceae
families are represented by the largest number
of species — 37, 19 and 15 species, respectively.
196 plant species are detected at 46 monitoring
sites. 179 species belong to the first constancy
class, 12 species to the second and 5 species to
the third constancy class, which in percentages
is 91, 6.5 and 2.5%, respectively. In all research
sites, except for one site, herbaceous plants
dominate, which make up from 74 to 100% of
all life plant forms. This is explained by the high
level of herbaceous forms survival due to the
structure, physiology, and individual develop-
ment peculiarities. Shrubs are represented in 11
monitoring sites out of 46. They make up from 5
to 25% of all life forms, and trees are represent-

Asteraceae family, Trifolium repens and Trifoli-
um pratense from the Fabaceae family, Daucus
carota from Apiaceae family. Daucus carota,
Achillea millefolium, Trifolium repens are the
dominant plant species in the areas impacted
by the electric power facilities. They are repre-
sented by 46, 48 and 50% in the experimental
sites, respectively. Taraxacum officinale, Centau-
rea jacea, Plantago lanceolata, Sonchus arven-
sis, Calamagrostis epigejos, Dactylis glomerata,
Ranunculus acris, Mentha longifolia, Tanacetum
vulgare, Artemisia vulgaris, Urtica dioica belong
to the second constancy class. The remain-
ing 180 species belong to the first constancy
class. They cannot be suitable as phytoindica-
tors of the environmental condition in the ar-
eas under the electric power facilities impact.

Future research should focus on develop-
ing strategies and technologies to minimize
the negative impacts of electricity facilities on
natural plant diversity. This may include the
development of environmentally friendly con-
struction and operation technologies, as well as
measures to restore and compensate for biodi-
versity losses.
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elIeKTPOeHepreTMKY Ha BUAOBEe pi3HOMaHITTS. owTigkeHHsT MPOBOOMIMCH Ha 46 IyHKTax
MOHITOpPMHTY B 6Ge3rmocepeHiii OGAM3bKOCTI Bif kepesia eeKTPOMAarHiTHOrO Ta IIYMOBOTO
3a6pyoHeHHs B Mekax BIUMBY BypurtuHcbkoi TEC, BoropoquaHchKoi COHSTYHOI eleKTPOCTaHIIi],
[MleBuenkiBcbkoi BEC, Tepe6ie-Punibkoi I'EC, mig perioHaJbHMMM Ta TPAHCKOPAOHHUMM JTiHiIMU
efiekTporiepenayi. 3aranoM BusiBieHo 196 BuAiB pocinH. TpaB’sSHUCTI POCIMHY JOMIHYIOTH (Bif,
74 mo 100 % ycix skuTTEBMX GOPM POCIMH) HA BCIX AiISTHKAX MOHITOPUHTY, KPiM OFHi€l DiNTHKNA.
YarapHuKM rpefcTasieHi Ha 11 giyiTHKaX MOHITOPUHTY (Bif 5 10 25 % yCiX SKUTTEBUX OPM POCIIVH).
Iepesa npencrasieHi Ha 20 TisTHKaX MOHITOPUHTY (Bif 4 10 75 % ycix sKUTTEBUX GOPM POCINH).
Ilo mepiIoro Kjaacy KOHCTAHTHOCTI BimHOCSTRCS 179 BUAiB, Mo napyroro — 12 BUAiB, 10 TPETHOTO —
5 Bupmis. OcraHHi poCaMHM OynM BM3HAUEHi SK iHAMKATOPM BIUIMBY €I€KTPOEHEPTETUKMU.
BcTaHOB/IEHO HAMMOIIMpPEHilli POAVHU POCIUH, SIKi iCHYIOTh TiJ BIIMBOM €JIeKTPOYCTaHOBOK.
Haii6inbury KinbKicTh BUAIB TPENCTaBIEHO POAMHAMM CKIAJHOLBITUMM, PO3OLBITMMM Ta
31aKoBOIBiTMMM — 37, 19 Ta 15 BuAiB BigmoBigHo. Haii6isbIiny pernpe3eHTaTUBHICTb MAlOTh BUAM
TPEThOTO KJIACy KOHCTAHTHOCTi. Daucus carota L., Achillea millefiolium, Trifolium pratense L. €
JOMIHYIOUMMY BUAAMU POCTVH Ha TEPUTOPISIX BIUVIMBY OG’€KTIB €JIeKTpOeHepreTuKn. Taraxacum
officinale Wigg., Centaurea jacea L., Plantago lanceolata L., Sonchus arvensis L., Calamagrostis
epigejos (L.) Roth., Dactylis glomerata L., Ranunculus acris L., Mentha longifolia L., Tanacetum
vulgare L., Artemisia vulgaris L., Urtica dioica L. — pocIMHM APyroro Kjaacy KOHCTaHTHOCTi. Perrta
180 BMIiB HajeXaTh IO TEPUIOro KIacy KOHCTAHTHOCTi. BOHM He MOXYTb OYTM MPUAATHUMU
K (iTOIHAMKATOPM EeKOJIOTiUHOrO CTaHy B 30HAX YpaXkKeHHsSI eJeKTpocTaHIismu. OTpuMaHi
Pe3yabTaTy MOXKYTh OYTM BMKOPUCTaHI IJIsI PO3POOKY IPUPOTOOXOPOHHOI CTpaTerii Ta 3axofiB
IIO/I0 3MEHIIEeHHSI HETaTUBHOTO BIUIMBY 00 €KTiB €JIeKTPOEHEPTETUKY Ha POCMHHMIA CBIiT

KinrouoBi c1oBa: 6iOpi3HOMaHITTS; KJIaC KOHCTAHTHOCTI; €JeKTPOYCTAHOBKM; HABKOJIMILHE
cepemoBuILe
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