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The ecological status of the surface waters of the Lviv region is influenced by closely related various
factors, namely: soil pollution, atmosphere, change of landscape structure and technogenic congestion
of the territory, inefficient work of sewage and treatment facilities, failure of the mapping of coastal
water protection and marsh, as well as their non-observance, especially in settlements, pollution and
clogging of rivers with household and other wastes, trellising of forests along streams in mountainous
terrain. Another important problem that leads to surface water pollution in the region is the lack of
water protection zones and coastal protection strips of water bodies in the territory of the region.
Absence of planning and mapping materials and uncertainty on the terrain boundaries of water
protection zones and coastal protection strips lead to violations of land and water legislation when
using them. At present, the state of water bodies in Ukraine, and in particular in the Lviv region is at
an unsatisfactory level. The main problems in this area are the progressive nature of the negative
impact on the environmental and human health. As at present there is no cartographic material that
can visualize the problem of surface water pollution in Lviv region, the main purpose of this work
was to create an interactive map of surface water pollution. To achieve this goal, we collected and
systematized geospatial statistical mapping materials on the ecological status of the surface waters of
the Lviv region. The necessary software for the development of the interactive map is identified and
its possibilities are examined. An algorithm for loading geospatial data into the created web resource
has been developed. The application template for the creation of web-maps of the monitoring network
of the surface water of the Lviv region and the discharge of sewage for 2017-2018 in ArcGIS Online
environment was selected. Thus, two interactive maps of ecological pollution of Lviv region's surface
water in ArcGIS Online were developed.
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Introduction

An analysis of modern scientific publications has shown that the problem of surface water pollution
requires considerable attention and detailed study, since the negative change in nature affects the
environment and the conditions of existence of all mankind. It is ecological mapping that can clearly
reflect the ecological quality of surface water and draw some conclusions (Sohor et al., 2018; Sohor et
al.,, 2019). Ecological mapping differs from a number of other thematic (geological,
geomorphological, soil) mapping fields with the complexity of determining its subject area. The main
object of ecological mapping are ecosystems of different rank, the extent of anthropogenic impact on
the environment, nature conservation measures, the relationship of organisms and environment,
environmental situations (Yarema et al., 2016; Yarema et al., 2018). Ensuring balanced, ecologically
safe development of individual areas of the state is possible only under the understanding of the
functioning of natural and anthropogenic complexes within them. Such a holistic approach to the
study of natural and man-made objects and the use of environmental information obtained on its basis
in the decision-making process determines the importance and necessity of applying modern
geographical methodologies (Yarema et al., 2017). At present, the state of water bodies in Lviv region
is at an unsatisfactory level. The main problems in this area are the progressive nature of the negative
impact on the environmental health and human health. Unfortunately, at the moment there is no
cartographic material that can visualize the problem of ecological pollution of the surface waters in
Lviv region. Therefore, the main purpose of this work is to create an interactive web-map of surface
water pollution in Lviv region (Yarema et al., 2019).

Methods of investigation
In this work, an interactive web-map was created using the ArcGIS Online software environment.

Surveillance of surface water in Lviv is carried out by the "Administrative and Technical Department"
of the Lviv City Council. For example, during the first and second quarters of 2020, samples were
taken from lakes, ponds, streams and rivers. A total of 35 points were investigated and 35 surface
water samples were taken. The largest number of excesses was recorded for the following pollutants:
suspended solids (at 29 observation points), total iron (at 21 observation points), ammonium nitrogen
and ammonia (at 9 observation points), phosphates (at 3 observation points). According to the results
of chemical analyzes conducted during the first and second quarters of 2020, the maximum
permissible concentrations of pollutants from 4 to 6 indicators in 10 reservoirs were exceeded.
According to the results of observations, the most polluted water bodies were: the Kryvchytskyi
stream, the Vuletskyi stream, the Lysynytskyi stream, the Zubra river, and the Marunka river. In the
water of most of these water bodies, the maximum permissible concentrations of total iron,
ammonium nitrogen, phosphates, and suspended solids have been exceeded. Instead, the cleanest,
without exceeding the maximum permissible concentrations of pollutants were the following
reservoirs: pond on Volodymyr Velyky Street, 4 Frankivsky district, pond in the park "Sand Lakes"
on Hordynskykh Street, 22, pond on Povitryana Street, 2 Zaliznychny district. In general, the presence
and content of the following pollutants were determined in Lviv reservoirs: total iron, ammonium
nitrogen, nitrates, nitrites, phosphates, chlorides, sulfates, suspended solids, fats, synthetic surfactants,
and petroleum products.

Monitoring and control of wastewater discharges is carried out by the State Ecological Inspectorate in
Lviv region. For example, in the first and second quarters of 2020, of the 11 enterprises surveyed, all
enterprises exceeded the permitted maximum allowable discharges. Most of the maximum allowable
discharges of exceedances were recorded for suspended solids at 8 test sites, ammonium nitrogen (9),
iron (6). In particular, Kamyankavodokanal exceeded the maximum allowable discharges for nitrates,
suspended solids, iron and ammonium; at the Vityaz utility plant, the maximum permissible
discharges of suspended solids, nitrites, phosphates, iron, mineralization, chlorides, and ammonium
nitrogen were exceeded. At the Skole municipal enterprise of water supply and communal services,
the maximum permissible discharges of phosphates, ammonium nitrogen, mineralization, nitrites and
iron were exceeded. Exceedance of maximum permissible discharges of nitrates was detected at the
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Sokal city utility company of water supply and communal services. At the Chervonogradvodokanal
utility company, the maximum allowable discharges for suspended solids, ammonium nitrogen, and
nitrates were exceeded. The following pollutants were studied: hydrogen pH, suspended solids, odor,
mineralization (dry residue), transparency, dissolved oxygen, petroleum products, sulfates, chlorides,
ammonium nitrogen, fats and oils, nitrites, nitrates, phosphates, iron.

Against this background, to create an interactive web-map we used the quite convenient and popular
ArcGIS Online environment. To start in our chosen environment, you need to collect and structure
data in Microsoft Office Excel. In our case, three Excel-spreadsheets were developed, namely:
» With information on recorded excesses by indicators at enterprises surveyed by the State
Inspectorate for Inspection in the Lviv region.
«  With information on wastewater discharges after treatment facilities.
» With information on observations of surface water quality on the border rivers.

Surface water quality was assessed on the basis of analysis of information on the values of
hydrochemical parameters in comparison with the corresponding values of their maximum allowable
concentrations and background indicators (see Table 1).

Table 1- Maximum allowable values of hydrochemical parameters

Maximum permissible concentrations
Hydrochemical indicators | For water bodies for | For water bodies for
fishery purposes household use
Chlorides, mg/dm? 300 350
Sulfates, mg/dm?® 100 500
Sodium ions, mg/dm?® 120 200
Nitrate nitrogen, mg/dm?® 9,0 10,0
Phosphates, mg/dm?® 0,17 35
Zinc, mg/dm?® 0,01 1,0
Manganese, mg/dm? 0,01 0,1
Chromium, mg/dm?® 0,001 0,05
Lead, mg/dm?® 0,1 0,03
Nickel, mg/dm?® 0,01 0,1
Cadmium, mg/dm?® 0,005 0,001
Total iron, mg/dm? 0,1 0,3
Petroleum products, mg/dm?® 0,05 0,3
Phenols, mg/dm? 0,001 0,001

For visualization, we use the map OpenStreetMap in the ArcGIS Online software environment with
the borders of Lviv region and outside the regions.

Many we-maps contain interactive features, such as a base map gallery, which allows us to switch
between maps, such as between snapshots and street networks, as well as measurement tools, pop-ups
that display attributes of selected objects, and buttons to display data from over time. Maps are
created using layers of data from services and files to convey a specific message or provide the
necessary capabilities for the map. Developed maps can be opened in regular web-browsers and
mobile devices. These maps can be shared through links and inserted on websites.

To avoid overloading the map, we decided to develop two different interactive maps, each of them
would display specific information. First, let's determine the location of surface water pollutant
businesses and water sampling points. To solve this problem, we used the Google Maps environment,
indicating the location of each business, as well as the location of sampling points on the rivers.
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Further, this information should be downloaded into ArcGIS Desktop, for this purpose we export the
item layer to KML/KMZ.

After this, we open ArcGIS Desktop, to which a layer with areas of Lviv region has been previously
added, open ArcToolbox/Conversion Tools/From KML/KML to Layer. We get the downloaded
KML-file in ArcGIS.

We then export this downloaded file using ArcToolbox function to Shapefile, to open the above
function and find the desired KML-file, and also using Environments enable the values "M Values"
and "Z Values". This information includes M-values and Z-values commonly used to store route and
altitude information.

After loading the data into ArcGIS Desktop, you must select all rivers from which water samples were
taken. To do this, we use the function Select By Attributes, where we have to choose the right river.
As a result of all the above actions, the following card was obtained in the ArcGis software
environment.

After the map is loaded in the ArcGIS Desktop software, all this data must be downloaded into
ArcGIS Online, for this purpose all the materials processed in Shapefile will be exported to the
selected folder and archived.

After styling, symbolizing and processing all layers, the map can be moved to the public using the
Share function. This feature allows you to either insert an existing site or develop your own
application. In this case, we have developed our own application.

Results of investigations

As a result of these actions, we created two cards with different themes, namely:
» Surface water monitoring network in Lviv region (Figure 1).
»  Wastewater discharge for 2017-2018 (Figure 2).

Having received four web-applications, there are several methods for distributing them:
» Share it via social networks
» Introduce the map to a thematic web-site;
» Share link with friends and acquaintances.

Web-applications created can be viewed at:
» https://arcg.is/1gCTrm.
» https://arcg.is/IXrLOW.

MoHiTopuHroBa Mepexa nosepxHesux sop flbsiscekol obnacTi

Figure 1 Map of the surface water monitoring network of Lviv region
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Figure 2 Wastewater discharge map for 2017-2018

Recommendations and conclusions

Thus, studying the problem of surface water pollution in Lviv region, we can summarize the
following:

1. We have collected and systematized geospatial statistical mapping materials on the ecological
status of the surface waters of the Lviv region.

2. The necessary software for the development of the interactive map is determined and its
possibilities are examined.

3. An algorithm for loading geospatial data into the created web-resource has been developed.

4. We have selected an application template for creating web-maps of the monitoring network of
surface waters in Lviv region and wastewater discharge for 2017-2018 in the ArcGIS Online
environment.

5. Two interactive web-maps of ecological pollution of surface waters in Lviv region in ArcGIS
Online environment have been developed.
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