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WEB MAPPING OF SURFACE WATER POLLUTION IN LVIV REGION
BY MEANS OF GIS AND REMOTE SENSING

The ecological state of surface waters in Lviv region is affected by various factors: soil and air pollution, technogenic
load on the territory, inefficient operation of sewage treatment plants in settlements, pollution and littering of rivers with
household and other waste. Another important problem leading to surface water pollution in the region is the absence of water
protection zones and coastal protective strips. The lack of cartographic materials and the undefined boundaries of water pro-
tection zones and coastal protection strips result in violations of land and water legislation. Currently, the state of water bodies
in Lviv region is unsatisfactory. The main problems in this area lie in the growing negative impact on the environment and
human health. The main purpose of this paper is to create a web map of surface water pollution in Lviv region, in particular,
using remote sensing data.

To this end, we have collected and systematized geospatial statistical cartographic materials on the ecological state of
surface waters. In addition to statistical data, remote sensing (RS) data obtained from various sources have been used to assess
the state of surface waters. The necessary software for the development of such a web map has been identified. An algorithm
for uploading geospatial data to the created web resource has been developed. Thus, the web maps of surface water pollution
in Lviv region have been created in ArcGIS Online, a software environment.

Keywords: geospatial data; GIS; remote sensing; ecological cartography; surface water pollution; interactive map.

Fig.: 4. References: 25.

Introduction. As a result of long-term operation without the necessary maintenance of
water supply and sewerage systems, most of the water supply and sewerage facilities in Lviv
region are in unsatisfactory technical condition, with some of them being in the abnormal one.
The situation is being worsened by the discharge of untreated and insufficiently treated munic-
ipal and industrial wastewater, due to physical deterioration and functional depreciation of sew-
age treatment facilities and lack of funds for construction.

Over 1.5 million tons of sewage have accumulated on the sludge fields near the treatment
facilities of the city of Lviv, which are operated by Lvivvodokanal, a municipally owned enter-
prise. The sites with a total area of 22 hectares are daily replenished with 3 thousand m3 of
sludge, which leads to the aggravation of the environmental situation and violation of the tech-
nological regime. Lvivvodokanal belongs to the business entities included in the "List of 100
objects that are the largest environmental polluters in Ukraine™ [1; 2].

To date, water zones and coastal strips of water in the territory of Lviv region have not been
demarcated, which violates the favorable environmental protection regime of water bodies and
leads to their pollution and contamination. Given the state of pollution of surface water bodies, the
priority issues are the expansion of sludge sites, sludge disposal, and wastewater disinfection at
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sewage treatment plants (STP) in Lviv; construction of sewage treatment plants for the urban set-
tlement of Slavske and for the cities of Rava-Ruska, Morshyn, construction of a collector sewer in
Bryukhovychi, STPs in Chervonohrad, Dobromyl, Bibrka, Zhydachiv and Novoyavorivsk [3].

Review of recent scientific publications. The analysis of modern scientific publications
showed that considerable attention should be paid to the problem of surface water pollution. If
such a problem exists in the future, it will have negative consequences for the environment.
Ecological mapping is the only way to visually display the ecological quality of surface waters.
The issues in question have been addressed by a number of scientists [4; 5].

It should be noted that ecological mapping is a rather specific type of thematic mapping,
since it is difficult to determine the subject area of the studied value. Such research is charac-
terized by the uniqueness of each ecological system, the extent of human influence on the en-
vironment, the implementation of nature protection measures, as well as the relationships of
different populations with each other and with the environment, which has been studied by the
following scientists [6; 7].

The purpose of ecological mapping is the ability to analyze the ecological situation and its
change over time, that is, to identify spatial and temporal changes in environmental components
that affect the state of the ecosystem. To achieve this goal, it is necessary to collect and analyze
environmental information, evaluate it, give it a territorial interpretation, as well as create a
cartographic presentation of very diverse information on environmental pollution. These prob-
lems have been investigated by a number of researchers [8-10].

The legal and organizational principles of environmental impact assessment are aimed at
preventing damage to the environment, ensuring ecological safety, environmental protection,
rational use and reproduction of natural resources in the process of making decisions about the
implementation of economic activities that may have a significant impact on the environment,
taking into account state, public and private interests. This method of researching natural and
man-made objects and taking into account environmental information determine the importance
and necessity of using modern geographical methodologies using remote sensing data [11-25].

Unsolved aspects of the problem. The purpose of the paper. Water resources of the Lviv
region play an important role for the population and economy. Water is used for drinking, tech-
nical, agricultural needs, in fisheries, for medical purposes, is a source of replenishment of un-
derground water reserves, etc. The surface waters of Lviv Oblast are represented by rivers,
reservoirs, lakes and ponds. According to the preliminary summarized data for the year 2021
of the state accounting of water use by types of economic activity and by administrative districts
of the Lviv region, summarized information is provided on the withdrawal, discharge and irre-
versible use of water, the use of water for economic and domestic needs.

Priority areas in 2021 were the construction, reconstruction and capital repair of hydro-
technical structures, protective flood dams, shore fortification structures, clearing and regula-
tion of rivers.

The purpose of the paper. The purpose of this article is an ecological study of the quality
of surface water in the Lviv region and the creation of an interactive map based on these data
in the ArcGIS Online software environment.

To achieve this goal, the work set and resolved:

« collection and systematization of statistical cartographic and remote sensing materials
concerning the ecological state of surface waters in Lviv region.

« determination of the GIS software required for the development of an interactive surface
water pollution map of the Lviv region.

« introduction of the algorithm of surface water pollution data of the Lviv region into the
created web resource by means of GIS.

Main body. The assessment of surface water quality was based on the analysis of the val-
ues of hydrochemical indicators in comparison with the corresponding values of their threshold
limit concentrations (TLC) and background indicators (Table 1).
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Table 1 — Threshold limit values (TLV) of hydrochemical indicators

Threshold limit values
Hydrochemical indicator (mg/dm?) For water bodies of For water bodies of
fishery purpose household use
Dissolved oxygen - >4.0
The pH value 6.5-8.5 6.5-85
Sum of ions 1000 -
Chlorides 300 350
Sulfates 100 500
Magnesium ions 40 -
Calcium ions 180 -
Sodium ions 120 200
Ammonium nitrogen 0.39 2.0
Nitrate nitrogen 9.0 10.0
Nitrite nitrogen 0.02 1.0
Phosphates 0.17 3.5
Zinc 0.01 1.0
Manganese 0.01 0.1
Chromium (VI) 0.001 0.05
Lead 0.1 0.03
Nickel 0.01 0.1
Cadmium 0.005 0.001
Total iron 0.1 0.3
Petroleum products 0.05 0.3
Phenols 0.001 0.001

Hydrochemical and hydrophysical indicators were divided into the following groups ac-
cording to their type and/or quantitative characteristics [2]:

Group 1 - components of salt composition: (total ions, bicarbonates, chlorides, sulfates,
magnesium, calcium, sodium ions)

Group 2 - indicators of tropho-saprobiological state: suspended solids, dissolved oxygen,
pH, dissolved organic matter, compounds of the main biogenic elements (ammonium nitrogen,
nitrate nitrogen, nitrite nitrogen, phosphates);

Group 3 - specific substances: oil products, phenols; heavy metals (total iron, zinc, total
chromium, lead, nickel, cadmium).

Lvivvodokanal has implemented the "Lviv Water Supply and Wastewater Treatment Pro-
ject", which is funded by a World Bank loan, a grant from the Swedish government and the city
budget [1]. Other measures are being taken to reduce the negative impact of the facility on the
environment. The amount of pollutants discharged into the Poltva River after the sewage treat-
ment facilities of the city of Lviv according to Lvivvodokanal is shown in Table 2.

Table 2 — Amount of pollutants discharged into the Poltva River

1 production line 2 production line
Pollutants 2021 yr. (t) 2020 yr. (1) 2021 yr. (t) 2020 yr. ()

Suspended solids 435.55 572.13 1075.0 1039.44
Mineralization 11378.92 14462.54 26485.0 24969.13
Sulfates 1872.57 2940.64 3544.06 3785.36
Chlorides 3446.93 4444.38 7742.12 7440.48
Ammonium nitrogen 55.78 74.25 127.85 124.25
Nitrates 159.66 208.52 823.64 751.77
Nitrites 19.7 16.06 19.78 19.18
Phosphates 41.29 51.68 96.26 87.03
Iron 9.64 13.19 17.5 17.1

According to Lvivvodokanal, the comparison of the amount of wastewater discharged into the Pol-
tva River from the sewage treatment plants of Lviv in 2021 to the amount in 2020 is shown in Table 3.
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Table 3— Amount of wastewater discharged into the Poltva River after sewage treatment plants

2021 yr. 2020 yr.
1 production line 29700 815 m® 38962 377 m®
2 production line 78723753 m® 75 984 646 m®

Waste management and disposal: sludge after sewage treatment plants (STP) in the city of Lviv in
2021 amounted to 24,247.11 tons (in 2020 - 25,173.10 tons). During 2021, samples were taken from
lakes, ponds, streams, and rivers. A total of 37 locations were investigated. The largest number of ex-
ceedances was recorded for the following pollutants: suspended solids (32 locations), total iron (16 lo-
cations), ammonium nitrogen and ammonia (16 locations), and phosphates (9 locations). According to
the results of chemical tests carried out in 2021, the threshold limit concentrations of pollutants from 4
to 7 indicators were exceeded in 9 water bodies [1].

The most polluted water bodies according to the observations are the following: the Kryvchytsky
stream (Staroznesenska str. 200); the Zubra river, bridge; the Lysynytsky stream (Trakt-Hlynyansky str.
150); the reservoir on Panas Sotnyk str.; the "Poltva" river (a bypass road), "Vse dlia Fur" store; the
river "Myklasivka" ( a bypass road); the stream "Vodyanii" near the Think Global School (Airport, be-
hind the garages); the "Bilohorsky" stream (a bypass road), the village of Rudno (from the side of
Sygnivka). In the water of most of these bodies, the threshold limit concentrations of suspended solids,
total iron, ammonium nitrogen, and phosphates were recorded. Instead, the purest in terms of 1 exceed-
ance of maximum permissible concentrations of pollutants in the Q1 were the following water bodies:
the reservoir in "Levandivske Lake" park; the reservoir at Kulparkivska, 139 (Symonenko); Vakhnya-
nina str. 29 (Creativity Center of Children and Youth of Galicia); the "Betonka" reservoir on Antonycha
str., the reservoir at Zamarstynivska-Naukova; the stream in the village of Pidryasne (at the junction);
the stream near the Hrybovychi landfill (near the road); the river "Mlynivka" in Hryada (in front of the
pig farm, bridge sign in front of the village Doroshiv)., the reservoir in Dubliany (Shevchenko str., the
final bus stop); the water body at Lypynskoho street, 27 (near the monastery); the water body in the
village of Volya-Homuletska (the largest in area, the recreation complex "Albatross™); "Snopkivskyi"
park, Buchmy str. In general, the following pollutants were detected in Lviv's water bodies: suspended
solids, total iron, ammonium nitrogen, nitrates, nitrites, phosphates, chlorides, sulfates, fats, synthetic
surfactants, and oil products [2].

According to the results of the monitoring laboratory for environmental pollution of the Volyn Hy-
drometeorology Center, monitoring observations of the water quality of the Western Bug River basin
were carried out in 2021.

Table 4 — Mean concentrations of pollutants in the Western Bug river basin
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The analysis of surface water quality is based on observations of the hydrochemical pa-
rameters provided by the Volyn Regional Centre for Hydrometeorology. The results of obser-
vations on the quality of surface water in the city of Lviv were provided by the municipal en-
terprise "Administrative and Technical Department” of the Lviv City Council. Data on the
amount of pollutants discharged into the Poltva River from sewage treatment plants were pro-
vided by Lvivvodokanal.

In addition to statistical data, remote sensing materials obtained from various sources were
used to assess the state of surface waters in Lviv region.

It should be noted that the change in water quality at the observation locations depends on
the quantity and quality of wastewater from enterprises, unorganized runoff, meteorological
factors, hydrological conditions of rivers during water sampling, etc.

Taking into account the above, we used quite a software environment "ArcGIS Online" to
compile the web map. To get started in your chosen environment, you need to collect and struc-
ture data in Microsoft Office Excel. For our case, three Excel spreadsheets were developed with
the following data:

« with data on monitoring of surface waters in Lviv region using remote sensing data.

« with data on recorded exceedances of indicators at enterprises that were investigated by
the State Environmental Inspectorate in 2020-2021.

 with data on wastewater discharge from wastewater treatment plants.

« with observational data on the state of surface water pollution on border rivers.

For visualization our data, we used the OpenStreetMap map in the ArcGIS Online software
environment with the given boundaries of the Lviv region and the boundaries of the districts of
the region.

To begin with, we identified the locations of surface water pollutants and water sampling
locations.

To solve the above-mentioned problem, we used the "ArcGIS Online" software environ-
ment, indicating the location of each enterprise in Lviv region (Fig. 1).
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Fig. 1. Map of polluters in Lviv region

Also, the location of sample collection points in the rivers of Lviv region was determined
(Fig. 2).
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Fig. 2. Map with sample collection points in the rivers of Lviv region

Then, this information was uploaded to ArcGIS Desktop, and a layer with points was ex-
ported to KML / KMZ.

After completing these steps, it is necessary to open the ArcGIS Desktop environment,
where the layer with the districts of the Lviv region was previously added, where we will use
the ArcToolbox / Conversion Tools /From KML / KML to Layer menu to get the downloaded
KML file in the ArcGIS software environment.

After that, this downloaded file is exported to the "Shapefile” using the "ArcToolbox" func-
tion. To do this, open the "ArcToolbox" function and locate the required KML file, along with
enabling "M Values™" and "Z Values™ by means of the "Environments™ function. This data in-
cludes M-values and Z-values, which are usually used to store route and altitude data.

After uploading the data into ArcGIS Desktop, it is necessary to select all the rivers where
water samples were taken. To do this, the "Select By Attributes” function is used, where the
necessary river is selected. The above steps lead to the generation of the following map in the
"ArcGis", a software environment.

After compiling the map in the "ArcGIS Desktop", all the data are uploaded to "ArcGIS
Online", with all the materials processed in the "Shapefile" being exported to the selected folder
and archived.

After completing the process of styling, symbolizing and processing all layers, the map can
be made publicly available using the "Share" function. This feature allows you to either insert
into an existing site or develop your own program. In this case, we developed our own program.

As a result, we created two different maps:

« Surface water monitoring map of the Lviv region, obtained from remote sensing data

(Fig. 3).
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Fig. 3. Surface water monitoring map of Lviv region

» Map of wastewater discharge in Lviv region from treatment plants (Fig. 4).
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Conclusions and proposals. Thus, having studied the problem of surface water quality in Lviv
region, the following can be concluded:

1. Based on the collected and systematized data, a map of enterprises polluting surface waters of
Lviv region has been developed.

2. An interactive map with sample collection points in the rivers of Lviv region has been developed
on the basis of GIS software.

3. Based on remote sensing data, a map monitoring of surface waters of the Lviv region has been
developed.

4. A map of wastewater discharge from sewage treatment plants in Lviv region has been developed.
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BEBKAPTOI'PA®YBAHHSA 3ABPY/IHEHHS IOBEPXHEBUX BO/{
JIbBIBIIUHU 3ACOBAMMUM I'IC TA 133

Ha exonoeiunuii cman nosepxuesux 600 JIb6igujunu 6nauearmy pisHi YUHHUKU: 3a6pYOHeHHs IpYHmMis, ammocdepu, me-
XHO2EHHA 3A6AHMANCEHICMb MepUumopii, Heeghekmuena poboma OYUCHUX CnopyO 6 HACeNeHUX NYHKMAX, 3a0pyOHeHHs ma 3a-
CMIYEHHsL PIYOK NOOYMOBUMU MA THWMUMU 810X00amu. IHUIOW0 6adCIUE0I0 NPOONEMOI0, W0 NPU3E0OUMb 00 3aOPYOHEHHS noge-
PXHegux 800 6 pezioni, € GIOCYMHICMb HA Mepumopii pe2iony 60000XOPOHHUX 30H Md NPUOEPEICHUX 3AXUCHUX CMY2 BOOOUM.
Biocymuicme kapmozpagiunux mamepianie ma nHegusnayeHicms meinc 60000XOPOHHUX 30H MA NPUOEPENHCHUX 3AXUCHUX CMY2
npuU368005Mb 00 NOPYULEHb 3eMENbHO20 Md B00HO20 3AKOHOO0A6cmea npu ix euxopucmanni. Hapasi cman 600nux 06 'ekmig y
JlvsigcoKill 0bnacmi 3HaxX00UMvbCs Ha He3a008inbHOMY pieHi. OcHO8HUMU npobreMamu 6 Yill cghepi € npocpecyrouull xapaxmep
He2amueHo20 GNIUBY HA HABKOIUWMHE cepedosuiye ma 300pos’s nodetl. OCHo8HOI0 Memolo yici pobomu OY10 cmeopents 6eo-
Kapmu 3a0pyOHenHs nosepxuesux 600 Jlvsisuunuy, 30kpema, 3a OaHUMU OUCMAHYITHO20 30H0Y8ants 3emai. [na 0ocsacHenHs
yiei memu mu 3i6panu ma cucmemamu3sy8aiu 2eonPOCMopPosi CIMAMUCMUYHI KapmogpagiuHi Mamepian wooo eKor02iuHO20
cmany nogepxnegux 600. Kpim cmamucmuunux 0aHux, onia OYiHKU CMany NOGepXHesux 600 OYU GUKOPUCMAHI Mamepianu
oucmaHyitiHo2o 30H0yéanns 3emai ([33), ompumani 3 pisnux docepen. Busnaueno HeoOXioHne npozpammue 3ab6e3neyenns ois
po3pobru maxoi eebkapmu. Po3pobneno aneopumm 3a8aHmadicents 2eonpocmoposux 0anux y cmeopenuii eeopecypc. Taxum
yuHOM, 6Y110 po3pobLeHo 8ebKkapmu 3a0pyOHeHHs nogepxHesux 600 Jlvsiswunu y npoepamuomy cepedosuui « ArcGIS Onliney.

Knruoei cnosa: ceonpocmoposi oani;, I'lC; ducmanyiiine 30n0y6anHs 3emai; ekonoziune xapmoepagysants; 3a6pyo-
HeHHs NOBEPXHEeUX 800; iHmepakmusHa kapma, cepedosuwye « ArcGIS Onliney.
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