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SUMMARY

The thesis presents an example of assessment of anthropogenic pressure on groundwater
within the cross-border Polish-Ukrainian area by taking into account the impact of diffuse
and point sources of pollution. The study was conducted under "EU-WATERRES: European
Integrated Management System for Transboundary Groundwater Resources and
Anthropogenic Hazards" project funded by Iceland, Liechtenstein and Norway through the
European Economic Area Grant Fund and the Norwegian Regional Cooperation Grant Fund.
The main potential factors of pollution were identified, the intensity of their impact on the
quality of groundwater was analyzed, and the total level of hazards was calculated. The
research-based map of groundwater pollution hazards was constructed, which allows for
spatial analysis of the distribution of areas with different hazard levels. It is natural that the
highest classes of anthropogenic pressures are confined to areas with high population density,
low level of centralized sewage systems, and numerous point sources of pollution. In general,
on the Ukrainian side, there is a much higher level of overall anthropogenic pressure on the
groundwater chemical status. Areas with high and very high levels of pollution in Ukraine
account for 6.5% of the study area, while in Poland they make up only 0.55%.
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Introduction

On its way to the EU membership, Ukraine is actively implementing the provisions of the Water
Framework Directive (Directive 2000/60/EC, 2000) and the Convention on the Protection and Use of
Transboundary Watercourses and International Lakes (UN/ECE, 1992) into its water legislation. The
development of integrated management of transboundary aquifers is the main objective of "EU-
WATERRES: European Integrated Management System for Transboundary Groundwater Resources
and Anthropogenic Hazards" project. One of the project's research directions is the assessment of
potential hazards and risks associated with anthropogenic pressure on shared transboundary
groundwater bodies.

Study area

The study area of the Polish-Ukrainian borderland includes parts of the Vistula River basin (sub-
basins of the Western Bug and San rivers) and parts of the Dnister River basin within the water
management section from the source to the rnouth of the Stryi River.
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Figure 1 Location of the study area

The purpose of the research is to assess the hazards of pollution from the surface of groundwater
aquifers within the cross-border Polish-Ukrainian area by taking into account the impact of diffuse
and point sources of pollution.

Research method

The anthropogenic impact on the chemical status of groundwater is determined by the presence of
diffuse and point sources of pollution. Diffuse sources are associated with agricultural, urban and
industrial, and municipal pressures. Point sources include landfills, municipal and industrial
wastewater treatment plants. Based on the assessment of the total impact of these components, the
total anthropogenic pressure or groundwater hazards is calculated. To calculate the level of hazards,
we adapted methods outlined in works of the following researchers (Stevanovich et al., 2020, Aliewi
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& Al-Khatib, 2015). For the purposes of calculating the anthropopressure indicators, this area was
divided into calculation blocks using a constant discretization step of 1,000 m.

Results

The analysis of pressure on the chemical status of groundwater in relation to diffuse sources was
carried out on the basis of three types of characteristic indicators:
- indicator for agricultural pressures (as the share of agricultural lands in the area of calculation
units);
- indicator for pressures related to industry and urbanization (as the share of lands marked with
the urbanization and industrial development in the area of computing calculation units);
- indicator for municipal pressures (the number of people not connected to the sewage system
in administrative units and the load of organic compounds).

The basis for the calculation of diffusion pressure for the first and second indicators for the Polish part
of the transboundary area is the data from the electronic resource CORINE (CLC, 2018). For Ukraine,
our own version was created using a similar methodology. Each pixel (cluster) on the map was
assigned a corresponding "pressure index" depending on the type of soil cover and potential pollution
hazard. The third type of anthropogenic pressure, "municipal”, was estimated based on the calculation
of the number of people not connected to a centralized sewerage system per 1 km? of area (population
density) within administrative units.

The hazard indices for individual CORINE values were taken from the research done within EU CC-
WARE project (Cencur Curk, 2014), and several classes of threat were identified based on hazard
indices ranking (Table 1).

Table 1 Categorisations of hazard indices for diffuse pollutants

Land use category Hazard indices
Agricultural land 0.8
Anthropogenic land (industry and urbanization) 0.9
Urban areas with a low level of sewage systems (60-100 people/km? do not use 1.0
group sewage systems) ]
Urban areas with a negligible level of sewage system (more than 100 people/km? 20

do not use the group sewage system)

The impact of point sources of pollution (landfills and wastewater discharges) was analyzed by
comparing their type (municipal or industrial), treatment method, and maximum capacity. Official
information from both sides of the border was used. For both indicators, the maximum degree of
significance, i.e. weight 1, was adopted due to the significant role of potential pollutants in the
migration process. Each indicator was ranked (scored on a scale from 0.5 to 1). The higher the rank,
the greater the potential pollution is. (Table 2).

Table 2 Categorizations of hazard indices for point pollutants

“Landfill” indicator | Rank "Wastewater treatment plants' indicator Rank
Non-hazardous Facility using various treatment methods (biological,

o 0.5 . . 0.5
facility chemical, mechanical)
Hazardous facility 1.0 | A facility using only a mechanical treatment method 1.0

The cumulative pressure rating (GW hazard) within each computational cluster was estimated using
the following formula:
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(ZHLiXF)+ (W xR)
n )

GW hazard =

where: HIi — hazard indicators of diffuse pollutants for the land use categories presented in Tab.1; F' —
share in the computational cluster area of a given land use category, W — point impact index weight; R
— rank of point impact index; » — number of indicators included in the assessment in a given cluster
(in our case, n=5).

To classify the total level of anthropopressure, we divided groundwater pollution threats into 6 classes
as proposed by Stevanovich (Table 3) (Stevanovich et al., 2020).

Table 3 Classification of the GW hazard indicator value

GW hazard classes Index

No hazard 0-0.10
Very Low 0.11-0.20
Low 0.21 -0.30
Moderate 0.31-0.50
High 0.51 -0.70
Very High 0.71 - 1.00

As a result, a map of the spatial distribution of values of the total anthropogenic pressure index or a
map of GW hazard was created (Fig. 2).
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Figure 2 GW hazard — cumulative anthropopressure
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In general, on the Ukrainian side a much higher level of cumulative anthropogenic pressure on the
chemical status of groundwater is observed. Areas with high and very high levels of pollution in
Ukraine account for 6.5% of the study area, while in Poland they make up only 0.55% (Table 4).

Table 4 GW hazard in Poland and Ukraine by class

Poland (area=8,008 km?) Ukraine (area=19,016 km?)

GW hazard index percent of the area, % | GW hazard index percent of the area, %
0.0 - 0.1 No hazard 44.89 0.0 - 0.1 No hazard 36.04

0.11-0.2 Very low 53.65 0.11-0.2 Very low 45.95

0.21 - 0.3 Low 0.65 0.21-0.3 Low 1.92

0.31 - 0.5 Moderate 0.26 0.31 - 0.5 Moderate 9.59

0.51 - 0.7 High 0.55 0.51 - 0.7 High 6.38

0.71 - 1.0 Very high 0 0.71 - 1.0 Very high 0.12

Conclusions

The highest values of hazard indices (starting from 0.51) were obtained for areas with high population
density, low sewerage coverage (more than 100 people/km2 without centralized sewerage) and
numerous point sources of pollution. In Ukraine, such clusters in the Bug, San and Dnister catchments
include Volodymyr, Novovolynsk, Kulykiv, Lviv, Zymna Voda, Sokilnyky, Obroshyno,
Novoyavorivsk, Rozvadiv, Sambir, Drohobych, Boryslav and Truskavets territorial communities. On
the Polish side, hazard indices of 0.51 and above are observed in the urbanized communes of Chelm
and Tomaszow-Lubelski within the Bug River basin. Moderate hazard indices (0.31-0.50) are
observed in densely populated areas with low sewerage and high (over 0.5) agricultural pressure.
These territories are mostly located on the Ukrainian side, i.e. the territorial communities of
Chervonohrad, Horodok, Davydivka, Pustomyty, Shchyrets, Sudova Vyshnya, Stryi and Biskovychy.
The GW hazard with an index of 0.21-0.30 in the study area is dominant and characteristic of the Bug
catchment area.
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