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Web-mapping of environmental pollution of the surface
waters of the Lviv region

A.R.Sohor*, M.M. Fys, A.M. Brydun, M.A. Sohor
Lviv Polytechnic National University, 79013, Lviv, Karpinskyi street 6

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 Luiv region’s surface water in ArcGIS Online were developed.

Keywords: geospatial data; State Service of Geodesy Cartography and Cadastre; ecological mapping; surface water

pollution; interactive map; ArcGIS Online environment; Microsoft Office Excel environment.

1.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 [1, 4, 10-12].

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 [2, 8, 13-15].

Ensuring balanced, ecologically safe development of individual territories 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 determine the importance and necessity of applying
modern geographical methodologies [3, 7].

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 [3].

Unfortunately, at the moment there is no cartographic material that can visualize the problem of ecological
pollution of the surface waters of Lviv region. Therefore, the main purpose of this work is to create an
interactive web-map of surface water pollution in Lviv region [6].

2.DATA AND METHODS

In this work, an interactive web-map was created using the ArcGIS Online software environment (https://
www.arcgis.com/).

ArcGIS Online is a platform that is the world leader in geo-information systems (GIS) platforms and is
used worldwide for the application of geographical knowledge in the areas of public administration, business,
science, education and media. ArcGIS allows you to publish geographic information for access and use by
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any user. Therefore, it is an environment for creating and sharing maps, displaying applications and data,
which allows you to use, create and configure access to maps, scenes, layers, applications and data [5].

ArcGIS Online makes it easy to upload files and add content from an electronic cloud. Many file types are
supported, including spreadsheets, KML, GeoJSON, and regular geospatial files. If you need to refine your
data, ArcGIS Online includes tools to help you prepare for visualization and analysis. Interactive web-maps
support the visualization, editing and analysis of information, and can be viewed using mobile and computer
devices [9].

One of the types of maps that can be used in ArcMap is a web-map that can be created in a web-browser
using the ArcGIS.com map viewer and used by any ArcGIS client — ArcGIS for Desktop, ArcGIS mobile
and web-applications and etc. Access to all ArcGIS mapping services is provided by creating web-maps. It
is also possible to use ArcGIS for Desktop to publish the map as a service [6].
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Fig. 1. Map of the surface water monitoring network of Lviv region
(© OpenStreetMap contributors, https://www.openstreetmap.org,/copyright)
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‘Fig. 2. Wastewater discharge map for 2017-2018
(© OpenStreetMap contributors, https://www.openstreetmap.org,/copyright)
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In order to use the web-application and build the web-maps in it, you need to create an account that
will be publicly available for viewing and using online. This record is free of charge and allows you to use a
personal online storage facility and to create, process and save files and maps.

ArcGIS enables you to synthesize data from multiple sources into one linked geographic view. These data
sources include information from geographic databases, tabular data from database management systems and
other systems, files, spreadsheets, photos and videos with geographical labels, KML, CAD-data, real-time
sensor data, aerospace and satellite imagery, etc. Virtually any entry with a geographical reference, such as
street, city, land ID, GPS-coordinates, etc., can be accessed on the map and can be accessed [5, 6, 9].

Against this background, to create an interactive web-map we used the quite convenient and popular
ArcGIS Online environment. In order to get started in your chosen environment, you need to collect and
structure data in Microsoft Office Excel. In our case, three Excel-spreadsheets were developed, namely:

e with information on recorded excesses by indicators at enterprises surveyed by the State Inspectorate

for Inspection in the Lviv region during 2014-2018;

e with information on wastewater discharges after treatment facilities;

e with information on observations of surface water quality on the border rivers.

For visualization, we will 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 you 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 inserts on websites.

In order not to overload the map, it was decided to develop two different interactive maps, each of which
would display specific information.

To begin with, 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.

Further, this information should be downloaded into ArcGIS Desktop, for this purpose we export the item
layer to KML/KMZ.

After these actions, 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.

Using the ArcToolbox function, we export this downloaded KML-file to Shapefile. Then we use an
additional environment with “Value M” and “Value Z” 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 they have to choose the right river.

As a result of all the above actions, the following map 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.

3. RESULTS AND DISCUSSION

As a result of these actions, we created two maps with different themes, namely:

e Surface water monitoring network in Lviv region (Fig.1).

e Wastewater discharge for 2017-2018 (Fig. 2).

Having received four web-applications, there are several methods for distributing them:

e Share it via social networks;

e Introduce the map to a thematic web-site;

e Share link with friends and acquaintances.

Web-applications created can be viewed at https://arcg.is/1qCTrm and https://arcg.is/1XrLOW.
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4. 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 identified 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 of Lviv region and wastewater discharge for 2017-2018 in the ArcGIS Online environment.

5. Two interactive web-maps of ecological pollution of surface waters of Lviv region in ArcGIS Online
environment have been developed.
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Web-kapTorpayBaHHs €KOJIOTiUHOT0 3a0pyIHEHHS MMOBepXxHeBUX BOJ JIbBiBCbKOI 06JacTi
Cocop A.P., duc M.M., Bpudyrn A.M., Cocop M.A.
Hanionanbuuil yHiBepcuret «JIbBiBebKa mositexnika», 79013, m. JIpsi, Bys1. Kapnincekoro, 6

Ha exosioriunuii cran moBepxHeBUX Box JIpBiBCbKOT 06JsacTi BIJIMBAIOTH TiCHO MOB’si3aHi pisHOMaHITHI (akTopH, a caMme:
3a0pynHeHHs I'PyHTiB, atMocdepH, 3MiHa JaHAWA(THOT CTPYKTYPH Ta TEXHOTeHHE NepeBaHTaKeHHS TEePUTOPii, HeepeKTHB-
Ha poboTa KaHaJ/i3alilHO-OYMCHUX CIOPYZ, He BUHECEHHS B HATypy KaprorpadiuyHux MarepianiB npubepeXHHX 3aXHCHHX
CMyT i BOJOOXOPOHHHX 30H, a TaKOXK IX HeJoJep:KaHHs, HacaMIepe] B HacesleHHUX MyHKTaX, 3a0pydHeHHs | 3acMideHHs
pidok nMoOyTOBHMHM Ta iHIIMMH BiAXOZaMH, TPeJIOBaHHA Jicy Mo moTokax y ripcebki#l micuesocti. Ille onHieo BaxKJMBOMKO
npo6JieMolo, 110 NPHU3BOAUTL A0 3a0pyAHEHHs OBepXHeBHUX BOJ Ha TepuTopii obsacTi, € BiACYTHICTh BOLOOXOPOHHHUX 30H
Ta NMpubepexKHO-3aXUCHUX CMYT BOAHHMX 00’e€KTiB Ha Teputopil obsaacti. BincyTHicTh niaHoBo-kaprorpadiuHux marepiajis
i HeBM3HaueHiCTb Ha MicLeBOCTI MeX BOJOOXOPOHHHMX 30H Ta NpHOepeKHUX 3aXUCHUX CMYT NPHU3BOASATH [0 MOpYLIeHb
3eMeJIbHOTO | BOOHOIO 3aKOHOABCTBA IPH iX BUKopucTaHHi. Ha manu#t yac ctaH BonHHX 00’€KTiB B YKpaiHi Ta, 30KpeMa, y
JIbBiBCBKi#l 06/acTi 3HaXOMUTbCs HA He3afoBiibHOMY piBHi. OcHOBHUMHK mpobieMamu y Liit cdepi € mporpecyouuél xapa-
KTep HeraTMBHOrO BIJIMBY Ha €KOJIOMiYHHH CTaH AOBKi/JIA Ta 310poB’s Joned. OckiNbKK Ha JaHUH 4ac He iCHYye »KOJHOroO
KapTorpacgiuHoro marepiajay, siKHi Moxke BisyasisyBaTH npob/eMy 3abpyIHeHHs [0BepXHeBUX BOJ JIbBIBIIMHH, r0OJOBHOIO
MeTolo Iief po6oTH OyJ0 CTBOpPEeHHS {HTepaKTHBHOI KapTH 3a0py[HeHHS MOBepXHeBHX Box obusacti. s mocsrHeHHs wiel
MeTH HaMM OyJsio 3i6paHO Ta CHCTEMAaTH30BAHO TeONpPOCTOPOBI CTATUCTHYHI KaprorpadiyHi MaTepiasu LI0A0 €KOJOT{UHOrO
CTaHy nosepxHeBuX Boj JIbBiBlIMHK. BusHaueHo HeoOxinHe mporpaMHe 3ade3neueHHs [/ PO3POOKH iHTEPaKTHBHOI KapTH
Ta BHUBUEHO #oro MoxnauBocTi. Po3po6seHo anropuT 3aBaHTaxKeHHS! IeONPOCTOPOBUX AaHHUX Yy CTBOpPIOBaHHH Beb-pecypc.
[1ini6paHo wabsaoH aniikauiil ojs cTBOpeHHS BeOG-KapT MOHITOPHHIOBOT Mepexi moBepxHeBHX Boj JIbBiBcbKOI o6sacti Ta
ckuny criuaux Bon 3a 2017-2018 poku B cepenouiii «ArcGIS Online». Takum yrHOM, 6yJ10 po3po6JeHO [Bi iHTEpaKTUBHI
KapTH €KOJIOriYHOro 3a0pyaHeHHs moBepxHeBUX BoA JIbBiBUIMHK B cepenoBHili «ArcGIS Onlines.

Kurouosi cioBa: reonpoctopoBi nani; Jlep:kreokanactp; eKoJoriune kaprorpadyBaHHs; 3a6pyLIHeHHs] MOBEPXHEBUX BOJ;
inTepakTuBHa KapTa; cepenopulie «ArcGIS Online»; cepenosuie «Microsoft Office Excel».

Web-kapTorpacupoBaHue 3K0JOrHYeCKOro 3arpsi3HeHUs MOBEPXHOCTHBIX Boj, JIbBOBCKO# 06aacTu
Cozop A.P., Poic M.M., Bpoidyn A.M., Cocop M.A.
Hanuonanbublil yHuBepcuTeT «JIbBoBcKast nonutexHuka», 79013, r. JIbBos, yi. Kapnunckoro, 6

Ha skoJsiornueckoe cocTosiHMe MOBEPXHOCTHBIX BOJ JIbBOBCKOH 06/1aCTH BJIMSIIOT TECHO CBfi3aHHblE pasjMuHble (aKTOpPbI,
a UMEHHO: 3arpsi3HeHHe M04YB, aTMOC(eprl, U3MeHeHHe JaHAA(THON CTPYKTYPhl M TeXHOTeHHasl reperpyska TeppHTOPHUH,
Hea(hdekTHBHAs padoTa KaHa/JM3aLHMOHHO-OYHUCTHBIX COOPYXKEHHH, He BBIHOC B HATypy KapTorpapMyeckKMX MaTepHasoB
NpUOPEKHBIX 3aAILMTHBIX IMOJ0C M BOJOOXPAHHBIX 30H, a TaKKe HUX HecOOJIONeHHe, NpeK[Ie BCEro B HAaCeJeHHBIX MyH-
KTax, 3arps3HeHHe M 3acopeHHe peK OBbITOBBIMH W IPYTMMH OTXOAAMHM, TPEJIEBKH Jeca IO IOTOKAaM B FOPHOH MECTHOCTH.
Eure onHo#i BakKHOH mpo6seMoH, UTO MPUBOAHUT K 3arpsi3HEHHIO MOBEPXHOCTHHIX BOJ Ha TEPPUTOPHM OOJACTH, SIBJASETCS
OTCYTCTBHE BOJOOXPAHHBIX 30H W NMPUOPEKHO-3aLUUTHBIX MOJNOC BOAHBIX OOBEKTOB Ha TeppUTOpPHHM oOsacTH. OTCyTCTBHE
NJ1aHOBO-KapTorpauiecKUx MaTepHasioB M HeOlpeleseHHOCTb Ha MECTHOCTHM TPaHHMI] BOJOOXPAHHBIX 30H M MPHOPEKHBIX
3aLIMUTHBIX [10J10C IPUBOAAT K HAPYLIEHHUSAM 3€MeJIbHOTO H BOLHOTO 3aKOHOAATENbCTBA NPH UX MCIOJAb30BaHHH. B HacTosiee
BpeMsl COCTOSIHHE BOAHBIX OOBEKTOB B YKpaWHe M, B YAaCTHOCTH, BO JIbBOBCKOH 06/1aCTH HAaXOAMTCS Ha HEYLOBJETBOPH-
TeJibHOM ypoBHe. OCHOBHBIMM NpoOJieMaMH B 3TOH cdepe SABJIAOTCSA MPOrPecCHpYIOLIMH XapaKTep HEraTHMBHOI'O BJIMSHHS
Ha 3KOJIOTMYeCKOe COCTOsIHHE OKpYyxKalollled cpefbl M 310poBbe Jtofel. IlockosnbKy B HacTosillee BpeMsi He CYyLLECTBY-
€T HH OJIHOr0 KapTorpauyeckoro Marepuasa, KOTOPbIH MOXeT BH3ya/JH3HPOBaTh MPOOJEMY 3arpsisHEHHs IOBEPXHOCTHBIX
BoZ JIbBOBIIMHEI, IVIABHOH LieJIbl0 3TOH pabOTH ObIJIO CO3/JaHHe MHTEPAKTHBHOH KapThl 3arpsisHEHHS! NMOBEPXHOCTHBIX BOJ
obnacty. [/1s DOCTHKEHUS 3TOH Liesqu HaMM Obllo cOOpPaHbl U CHCTEMATH3UPOBAHbl FEONPOCTPAHCTBEHHbBIE CTATHCTHUECKHE
KapTorpaguueckie MaTepHaJbl 110 SKOJOTHUECKOMY COCTOSIHHIO MOBEPXHOCTHBEIX Bop JIbBoBIIMHEL. OmpenesneHo Heo6GXooH-
Moe MporpaMMHoe obecredyeHue 1751 pa3paboTKH UHTEPAKTUBHOH KapThl U M3yuyeHbl ero BO3MOXKHOCTH. PaspaboraH asro-
PUTM 3arpy3KH reonpoCTPaHCTBEHHBIX JAHHBIX B co3naBaeMblil BeO-pecypc. [lomo6paH mab/ioH NpUIOKEeHUH AJIsT CO3MaHHUs
Be6-KapT MOHHUTOPUHIOBOH CETH MOBEPXHOCTHBIX BOA JIbBOBCKOH obsacTd W cbpoca crounblx Bom 3a 2017-2018 ropw B
cpene «ArcGIS Online». Takum o6pasom, OblIM pa3paboTaHbl 1Be HHTEPAKTHBHbIE KAPThl IKOJOTMUECKOTO 3arpsisHEHHs
MOBEPXHOCTHBIX BOM JIbBOBIIKHB B cpene «ArcGIS Online».

KuroueBbie cioBa: reonpocTpaHCTBeHHble AaHHble; [ocynapcTBeHHas cayxba reome3nn Kaprorpaduu U Kagactpa;
9KOJIOTHUECKOe KapTorpaupoBaHue; 3arpsi3HeHre MOBEPXHOCTHBIX BOI; HHTepaKTHBHAs KapTa; cpena «ArcGIS Onlines;
cpena «Microsoft Office Excel».
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