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Abstract. Today, an important task for Ukraine is to assess the condition of land
damaged and contaminated by military operations and to restore it.

The use of geographic information systems and comprehensive analytical
methods has repeatedly proven its effectiveness. In this study, GIS technologies are
used to map the condition of land around the Burshtyn Thermal Power Plant in order
to study the anthropogenic load on it.

Based on remote sensing data, namely satellite images, analytical cartographic
sources and scientific publications, thematic maps have been constructed, namely a
soil map, three maps of soil contamination with heavy metals (copper, lead, cobalt),
and a land map. These maps were developed in the QGIS environment and designed
in accordance with standards.

Within the zone of influence of the Burshtyn TPP, various types of soils have been
identified that react differently to anthropogenic load. Analysis of the spatial
distribution of heavy metals has made it possible to clearly identify areas of pollutant
accumulation. This will allow for the formation of environmentally safe land use.

The results of the study can be used for environmental zoning planning, degraded
land management, and the development of sustainable development programmes after

the Burshtyn TPP ceases operations.
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Problem statement

In the current conditions of full-scale war, the task of comprehensively assessing
the condition of land affected by military operations and ensuring the environmental
safety of the population is particularly relevant.

The detonation of ammunition leads to toxic substances entering the soil, which
results in a reduction or complete loss of fertility, degradation of the soil cover, the
inability to use such territories for agricultural purposes, in particular for grazing
livestock, and limits their further economic development. In addition, it negatively
affects the state of aquatic ecosystems and the atmosphere and leads to changes in the
landscape.

The destruction of industrial and civil facilities is also a negative factor for the
environment due to the release of hazardous substances into the environment. The
paper analyses changes in the region's environmental situation following the shutdown
of the Burshtyn TPP after its destruction. A comparison and analysis of the relationship
between soil contamination caused by the operation of the TPP and military actions is
planned to be carried out in further studies.

Analysis of recent studies and publications

One of the facilities destroyed as a result of military operations is the Burshtyn
TPP, which was the largest power plant in western Ukraine before the full-scale war
began. Until 2022, the Burshtyn TPP supplied energy to three regions of western
Ukraine (Zakarpattia, Ivano-Frankivsk and Lviv) and also exported electricity to
Hungary and Slovakia.

According to data from the Main Statistical Office of Ivano-Frankivsk Oblast, in
2022, emissions of harmful substances into the air from stationary sources amounted
to 152,3 tonnes, which is 11.6% less than in 2021. The share of emissions from TPP

accounted for 87.8% of all stationary sources in the region [1].



Carbon dioxide emissions (the main greenhouse gas associated with climate
change) reached 10.1 million tonnes in 2022, which is 15.8% lower than in the previous
year [1].

Another pressing issue remains the pollution of water bodies in the region. The
main causes of pollution are industrial and domestic wastewater, but in recent years
there has been a decrease in the volume of discharges into water bodies, which is
associated with a reduction in water consumption by enterprises [1].

A positive development is the reduction in logging compared to 2021. In 2022,
logging was carried out on an area of 18.9 thousand hectares, and the total volume of
timber harvested was 589 thousand m3. Reforestation measures were carried out on 1.7
thousand hectares, of which 720 hectares were planted with new crops, and 989
hectares underwent natural regeneration [1].

One of the main positive effects for the ecology of Ivano-Frankivsk and the
neighbouring Lviv and Ternopil regions, which fall within the zone of influence of the
Burshtyn TPP, was the elimination of direct emissions. Thus, after the TPP was shut
down, the level of air pollution within a 5 km radius decreased by more than 70%
(according to observations in Burshtyn and Demyaniv) [2].

However, it is important to understand that previously accumulated pollutants
remain in the soil and on the surface of structures, and during the dry season they can
re-enter the atmosphere in the form of dust. Thus, it is clear that the shutdown of the
plant does not mean a complete cessation of the circulation of toxicants, and the natural
self-purification of soils is a very slow process that can take decades without special
remediation measures.

The purpose of the study

To date, the shutdown of the Burshtyn TPP has created favourable conditions for
the ecological stabilisation of the region, but new challenges are emerging due to the
slow pace of recovery [3].

One of the key tasks is the reclamation of degraded land, strengthening laboratory
control over soil conditions in residential areas, eco-zoning and restricting hazardous

areas for agricultural use.



Thus, there is a need to create a soil map, a map of the surrounding area around
the Burshtyn TPP, and a map of the condition of the land (e.g., soil contamination with
heavy metals). The results obtained can then be used to develop restoration measures.
Thus, mapping the land adjacent to the Burshtyn TPP is the main task of our research.

Materials and methods of the study

For spatial analysis of the state of the land, we used geoinformation technologies,
the results of well-known scientific studies, satellite images, and analytical
cartographic materials. The task was to create a multi-layered cartographic models
within a 30-kilometre zone around the Burshtyn TPP (70650 hectare) to further
determine the level of anthropogenic pressure on land resources and the characteristics
of land use structure.

The main tool used to build the maps was QGIS software, which allowed us to
work with raster layers, perform vectorisation of boundaries, classification of
territories, and formation of thematic layers. The classification of land based on
satellite images was performed visually by the author and using the public cadastral
map (Kadastr live). All images were pre-processed, digitised, and adapted for
integration into the GIS environment.

Each map is designed in accordance with the requirements: it contains a legend,
symbols and a scale. The final images are saved in PNG format for presentations and
PDF format for printing.

Research results and discussion

To assess the condition of the land adjacent to the Burshtyn TPP, a thematic soil
map was created by digitising and deciphering the materials of the dissertation research
by M.M. Prykhodko [4] (Fig. 1).

At least six main soil types were identified in the 30-kilometre zone, which differ
in their physical and chemical characteristics and, accordingly, in their sensitivity to
anthropogenic stress.

Based on the results of the analysis, three groups of soil cover were identified in

the area under consideration:



Soil map in the 30km zone of the adjacent
territories to the Burshtyn TPP,
Ivano-Frankivsk region
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Fig. 1. Soil map in the 30-km zone from the Burshtyn TPP according to [4]

1. Sod-podzolic sandy loam soils (over 42% of the territory, ~ 29673 hectare).

These prevail in the central and northern parts of the zone and are characterised by low



humus content (0.9-1.5%) and high acidity (pH 4.8-5.5), which makes the soils
extremely vulnerable to heavy metal accumulation.

2. Grey and dark grey podzolic soils (about 29% of the territory, =~ 20490 hectare).
They are widespread on forested slopes and in the southern part of the territory (near
the Dniester River). They have a higher humus content, moderate acidity (pH 5.6-6.5)
and good moisture capacity, which allows these soils to better accumulate ionic forms
of metals, reducing their mobility.

3. Peaty soils and peat bogs (about 12% of the territory, =~ 8480 hectare). They are
mainly found in depressions and river floodplains. They are characterised by excessive
moisture and significant sorption capacity, as well as high mobility of soluble
compounds. Under conditions of changing hydrological regime, they can become
secondary sources of pollution, which can lead to additional environmental hazards
[4-7].

Thus, based on spatial analysis, the territory is divided into the following
ecological zones:

- high-risk zone — areas with light, acidic soils open to atmospheric influences;

- stable buffer zone — forest and meadow soils with high regenerative capacity;

- retention and secondary migration zone — podzolic soils and peat bogs in low-
lying areas.

The long-term operation of the Burshtyn TPP suggests the accumulation of heavy
metals in the soil [8]. Therefore, it was decided to map soil contamination in a 30-
kilometre zone.

The study looked at lead (Pb), copper (Cu) and cobalt (Co), as these are the most
common in the ash from the brown coal used at the TPP.

When creating thematic averaged maps, digital data from scientific studies [4]
adapted in the QGIS environment were used, which formed the basis for analytical
modelling.

Fig. 2 shows a map of copper soil contamination. An area of increased
contamination is observed within a radius of 1.5-2 km from the TPP. Maximum

concentrations are recorded in soils with low buffering capacity and high acidity. The



Cu level exceeds the maximum permissible concentrations by 1.3-1.5 times, which
primarily affects arable land and pastures, as they lack protective vegetation cover.
Even at a distance of 4-5 km from the TPP, the copper concentration remains at the
upper limit of the norm.

Fig. 3 shows the average distribution of lead, the level of contamination of which
Is relatively stable without exceeding the regulatory indicators. Concentrations range
from 13 to 18 mg/kg, which is below the MPC (30 mg/kg), but indicates a gradual
accumulation in the upper soil layer. The highest levels were recorded in open areas.

The cobalt distribution map (Fig. 4) shows a uniform Co content without local
anomalies. Its concentrations average 13 mg/kg and do not exceed the MPC
(50 mg/kg). This confirms that even in the zone of direct impact of the TPP, cobalt
accumulation is background in nature and is mainly associated with the geochemical
characteristics of the soil.

Thus, it can be concluded that lead and copper have the most significant impact
on the condition of the land, and therefore there is a need for constant monitoring and

regulation of land use.
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Fig. 2. Map of copper contamination within 15 km of the Burshtyn TPP
according to data [4]
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Fig. 3. Map of lead pollution within a 15 km zone from the Burshtyn TPP
according to data from [4]
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Fig. 4. Map of cobalt pollution within 15 km of the Burshtyn TPP according to
data from [4]



The landscape also has a significant impact on the migration of pollutants.
Watershed plains and open lands (arable land, pastures) are most vulnerable to the
accumulation and spread of pollution. On the other hand, sloping and forested areas
retain their barrier function, trapping dust particles and partially preventing pollutants
from entering the soil environment [9].

Based on satellite images for 02.05.2025, authors compiled a land use map for a
10-kilometre zone (Fig. 5). A Sentinel-2 satellite image (L2A, atmospherically
corrected) was used, displayed in natural colours (True Colour), with visualisation at a

scale corresponding to an altitude of 3 km.

Land use map in the 10km zone from Burshtyn TPP,
Ivano-Frankivsk region
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Fig. 5. Map of land use in the area affected by the Burshtyn TPP, created on the

basis of satellite images



Based on the analysis of maps showing the content of lead, copper and cobalt in
combination with the land use map, three concentric risk zones can be identified:

1) critical zone (0-2 km) — the city of Burshtyn, its southern outskirts and the
villages of Demyaniv and Novy Martyniv. Here, there are persistent exceedances of
the MPC for lead, disturbed soil structure and degraded land.

2) zone of ecological stress (2-5 km) — covers parts of the villages of
Zadnistrianske, Kukilnyky, and Ozeryany. Soil concentrations of metals have risen to
critical levels, especially in river floodplains and hayfields.

3) Moderate impact zone (5-10 km) — there are trends towards the accumulation
of pollutants, but mainly within background levels.

This zoning confirms the model of gravitational dispersion of pollutants,
according to which the largest amount of toxicants settles in close proximity to the
source, especially in conditions of high humidity, air inversions and south-westerly
winds.

In total, more than 12 villages are at varying degrees of risk, and some of them
are already experiencing a decline in quality of life.

As a result of the study, some recommendations can be made to reduce the threats:
introduce local environmental safety plans; create an "eco-passport™ for the community
territory; conduct an inventory of soils with MPC exceedances; develop mechanisms
for compensation measures for owners of degraded land.

Conclusions and prospects

The results of spatial analysis of land show significant differences in the level of
anthropogenic impact within a 30-kilometre zone around the Burshtyn TPP, but they
are not completely lost for economic use. Significant areas still have the potential for
environmentally balanced use, provided that competent zoning and nature-oriented
solutions are applied. Land reuse is possible with the coordinated cooperation of local
authorities, scientists and the community, systematic environmental monitoring and
the implementation of a local strategy for restoration and adaptive land use.

Thus, the integration of data from scientific sources, cartographic materials and

satellite images has provided a comprehensive spatial visualisation and provides a basis



for the practical application of the research results in regional natural resource

management.
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T'EOIH®OPMAIIMHE KAPTOT'PA®YBAHHA CTAHY
TPYHTOBOI'O INOKPUBY W 3EMEJIb, NPUIIETJIUX O
BYPHITUHCBHKOI TEC, TA PEKOMEHJAII OO0 IX EKOJIOTTYHO
3BAJIAHCOBAHOI'O BUKOPUCTAHHA

Anomauia. Ha cvocooniwnitl 0env 8axciueum 3a80anHsaM 0l YKpainu € oyinka
CMaHy 3emelb, W0 3a3HAMb PYUHY8AHb | 3a0pYOHeHb 6i0 Oouosux Ol ma ix
BIOHOBIEHHS.

Buxopucmannsa eeoinghopmayiiinux cucmem ma KOMIJIEKCHUX QHATTMUYHUX

Memooi8 HeOOHOPA3080 008el0 c8010 epexkmusHicms. B oanomy docnioxcenni I'IC-



MexXHOI02li BUKOPUCMOBYIOMbCS O KapmozpagyeanHs cmany 3emelb HABKOJO
bypuwmuncokoi TEC 3 Mmemoio 8uueHHs mexHo2eHH020 HABAHMANCEHH HA HUX.

Ha ocnosi oanux oucmanyivnoco 30um0yeanus 3emni, a came CYnymHUKOBUX
3HIMKIB, AHATIMUYHUX KApmMo2paghiuHux oxcepesl i HayKosux nyoiikayit no6y008aHo
memMamuydni Kapmocxemu, a came Kapmocxema IPYHmMis, mpu Kapmocxemu
3a0pYOHeHHs TPYHMIB BANCKUMU Memaiamu (Miob, cuHeyb, Kobabm), Kapmocxema
yeiob. Brasani kapmocxemu pospobaeni y cepedosuwi QGIS ma ogopmneni
8i0N0BIOHO 00 CMAHOAPMI8.

V meorcax 3onu enauey bypumuncexoi TEC écmanoeneno HaagHicms IOMIHHUX
Munié IpyHmMie, SIKi NO-pPI3HOMY pedazylomb HA MeXHO2eHHe HABAHMAdCeHHs. AHaniz
NPOCMOPOBO20 PO3NOOINY BANHCKUX Memanie 003601UE HIMKO BUSHAYUMU 30HU
HaxonuweHus 3aopyoHiosauis. Lle 0ozeonumsv cghopmysamu exonociuno 6esneune
3eMAEeKOPUCIYBAHHS.

Pesynomamu oocnioscenns moxcyms Oymu GuKopucmawi O NIAAHYBAHHS
eKOJI02TUHO20 30HYB8AHHS, YAPAGIIHHI 0e2PA008AHUMU 3EMAAMU MA PO3POOKU NPOSPAM
Cmano2o po3eumky nicis npunurenus oisnvnocmi bypumuncokoi TEC.

Knwuoei cnoea: bypumunceka TEC, exonocia, cman 3emens, rpyumu, I'IC-

MexHo102li, KapmozpapyeanHs, MexHo2eHHe HABAHMANCEHHS.



