«Young Scientist» » Ne 3 (79) » March, 2020 199

DOI: https://doi.org/10.32839/2304-5809/2020-3-79-42

UDC 528.946
Sohor Andrii, Sohor Markiian
Lviv Polytechnic National University

WEB-MAPPING OF ENVIRONMENTAL POLLUTION OF SURFACE WATERS

Summary. At present, the status of water bodies in the present world 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. The main purpose of this work is web-mapping of surface water pollution. To create an interactive web-
map, we used the rather convenient and popular ArcGIS Online environment, which makes it easy to upload
files and add content from an electronic cloud. In order to use the web application and build a web-map in it,
you need to create an account that will be publicly available for viewing and using online. Thus, exploring the
problem of web-mapping, we collected and systematized geospatial data on the ecological status of surface wa-
ters and identified the necessary software to develop an interactive map. An algorithm for uploading geospatial
data to the created web-resource was developed and an application template was selected in ArcGIS Online.
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WEB-KAPTOT'PA®YBAHH{A EKOJIOTTYHOI'O BABPYIHEHHS IIOBEPXHEBUX BO/]

Anoramnia. 3abesneueHHsa 30aIaHCOBAHOIO, €KOJIOTNYHO 0E3IEeYHOr0 PO3BUTKY OKPEMMX TEPHUTOPIN Jep:KaBu
MOZKJIMBE JIMIIE 38 YMOB PO3YMIHHS, SK (PYHKIIOHYIOTh IPUPOIHI Ta aHTPOIIOTeHHI KOMILJIEKCH, 110 ITepedyBa-
0Th y 1X Meskax. Takuil IUTICHUHA MIX1D 0 BUBYEHHS IIPUPOTHUX 1 TEXHOTEHHHUX 00'€KTIB TA BHKOPHUCTAHHS
OTPUMAHOI Ha HOT0 OCHOBI €KOJIOTIUHOI 1H(opMalii B mporeci IMPUHAHATTSA YIIPABJIIHCHKHX PIllleHh BU3HAYAIOTH
BaKJIMBICTD 1 HEOOXIJHICTD 3aCTOCYBAHHS CyYacHUX reorpadiunmx meroposoriii. Ha nammit wac cran BogHuX
00’€KTIB y TEHeplIJ_IHBOMy CBITI 3HAXOOUTHCA HA Heaa,HOBlJIbHOMy piBH1. OcHOBHUMH npo6neMaMH y it cdoepi e
IpOrpecyiounii XapaKkTep HETaTHBHOIO BIUIUBY Ha €KOJIONIYHUI CTaH JOBKLILIA Ta 370pOB’s mofei. ['omosHO©
MeToI0 Iriel pobdotn € web-kaprorpadgyBanusa 3abpyAHeHHS MOBEepXHEeBHUX Bo. J[Jid cTBOpeHHsS 1HTEPaKTHUBHOI
BeO-KapTH MU CKOPHUCTAJIUCA JOCUTH 3PYIHHM Ta MOIyJIApHuM cepemoBuiiem «ArcGIS Online», saxe m03BoIsIE
JIETKO TepemaBaTH (paiiay Ta J0JaBATH BMICT 13 eJeKTpoHHOI xMapu. lligTpumyersess 6arato THUIIB (paiiiis,
BRJIIOUAOYUM e1eKTpoHHl Tabmuini, KML, GeodJ SON Ta 3Buuaiii reompocroposi gaitimu. ArcGIS Online Briaouae
IHCTPYMEHTH, SK1 TOIOMAararTh IIATOTYBATH iX JI0 Bidyasidari ta aHamay. [urepaktuBHi web-kaptu miarpumy-
I0Tb B 0061 BiagyaJIizalliio, pegaryBaHis Ta aHAJI3 iIHdopmaliii, iX MOKHA IIePerJIaaaTh 3a JOIOMOr0k MOOLIbHUX
Ta KOMII'IOTEPHUX MPUCTPOIB. JIjis Toro 11106 KopucryBaTrch web-mmporpamoro ta OyayBaTu B Hiil web-kapTy, I1o-
Tp16Ho CTBOPUTH O0JIIKOBUI 3aIUC, AKUH Oy/ie 3araIbHONOCTYIIHIM /IS IIEPETIALy Ta KOPACTYBAHHS B PEKHIMI
omnaun. Ileit sammc e 6eaKOITTORHIM i JIa€ 3MOTy KOPHUCTYBATUCH HEPCOHAJIBHNM IHTEPHET-CXOBUIIEM IJIst 30e-
pirasHsA JaHUX 1 J03BOJISE CTBOPIOBATH, 00p00JIsATH Ta 30epiraTy daitau Ta KapTtu. Takum YMHOM, JOCTIKYOUN
mpobsieMy web-kaprorpadyBaHHsA, HAMH 0yJI0 310paHO0 Ta CUCTEMATH30BAHO I'e0IIPOCTOPOBI JAHI 1010 €KOJIOrIY-
HOT'0 CTAHYy II0BEPXHEBUX BOJ TA BU3HAYEHO HEOOXiJHe mporpaMie 3abe3redeHHs /i1 PO3POOKH IHTEPAKTUBHOL
rapTtu. Po3pobsieHo airopuTm 3aBaHTaKeHHS Ie0IPOCTOPOBUX JAHMX Y CTBOPIOBaHuU web-pecype Ta mimibpaso
mabsion armmkaiii B cepenopuiini «ArcGIS Online». Takox B cepenoBurm «ArcGIS Online» po3pobiieHo aBi iH-
TepakTUBHI web-kapTu Ha IIPUKJIA 3a0pyIHEHHS ITI0BEPXHEBUX BO JIBBIBCHKOI 00/1aCTl.

Knrouori cisora: reompocropoBi mani, Jlepskreoxkamacrp, ekoJioridyHe kaprorpadyBadHs, 3a0pyIHEHHS
MOBEPXHEBUX BOJI, IHTepaKTUBHA KapTa, cepenosutie «ArcGIS Online», cepenosurie «Microsoft Office Excel».

ormulation of the problem. Insufficient-

ly treated sewage of industrial and munic-
ipal enterprises are the main sources of pollution
and clogging of reservoirs. Pollutants entering
natural reservoirs lead to qualitative changes in
water, which are mainly manifested in changes
n the physical properties of water (in particular,
the appearance of unpleasant odors, flavors, etc.),
in the change in the chemical composition of water
(in particular, the appearance in it of harmful sub-
stances), in the presence of floating substances on
the surface of the water and their deposition at the
bottom of reservoirs.

Also a serious problem is household wastewater.
Household sewage leads to biological contamina-
tion of water, which can cause infectious diseases
in humans (cholera, typhoid, hepatitis). It is estab-
lished that nitrates and nitrites cause in the person
metagemoglobinemia (oxygen starvation caused by

the transition of hemoglobin to metagemoglobin,
a substance that is not capable of carrying oxy-
gen), gastric cancer, adversely affect the nervous
and cardiovascular system, the development. If
the contaminated water is mixed with tap water, it
can cause irreparable damage to the human body:
damage the kidneys, adversely affect the heart and
other organs of the human body. As a result of the
ingress of phosphorus compounds into the surface
of the reservoir, the phenomenon of eutrophica-
tion occurs, which leads to the flowering of water,
rapid development of plankton and other micro-
organisms. As a result, fish, crustaceans, etc. die
because aquatic plants, which are increased by fer-
tilizer-phosphates, use all oxygen in water, poison
water with the products of their vital activity.
Analysis of recent research and publica-
tions. The analysis of modern scientific publica-
tions has shown that the problem of ecological
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pollution of surface waters requires considerable
attention and detailed study, since the negative
change in nature affects the environment and the
conditions of existence of all mankind. The use of
GIS capabilities and web-technologies can be iden-
tified as one of the most established trends in the
development of environmental pollution mapping.
Unfortunately, in Ukraine, this trend is showing
quite slowly.

In foreign experience, the existing issue is re-
solved by raising the environmental awareness of
the population, effective legislation, creating GIS,
databases and web-maps. Web-mapping is active-
ly developing in the world, including in the field
of environmental pollution mapping. It allows to
eliminate existing shortcomings, to provide access
to cartographic materials of a wide range of stake-
holders, to combine approaches of classical cartog-
raphy (placement of paper maps on the Internet)
with modern methods of geoinformatics (gradual
tendency to develop GIS-projects, web-atlases and
web-maps).

In Ukraine theme creation interactive map
landfills and solid household waste studied scien-
tists N.P. Yarema, O.D. Kubrak and O.V. Serant
[2; 3]. The problems of web-mapping of environ-
mental air pollution have been studied by scientists
A.M. Brydun, N.P. Yarema, A.R. Sohor [1].

Highlighting previously unresolved parts
of a common problem. Ensuring balanced, eco-
logically safe development of individual territories
of the state is possible only under the understand-
ing 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.

At present, the status of water bodies in the
present world is at an unsatisfactory level. The
main problems in this area are the progressive na-
ture of the negative impact on the environmental
and human health.

The purpose of the article. The main purpose
of this work is web-mapping of surface water pol-
lution.

To achieve this goal, the following tasks have
been set and solved:

— Gathering and organizing geospatial data
needed to develop an interactive map and select
software.

— Development of an algorithm for uploading ge-
ospatial data to the created web-resource.

— Selection of statistical geospatial information
and application template in ArcGIS Online.

Presenting main material. In this work, we
will create a web-map using the ArcGIS Online
software environment.

ArcGIS Online is a platform that is the world
leader in geo-information systems (GIS) platforms
and is used worldwide for the application of geo-
graphical knowledge in the areas of public admin-
istration, business, science, education and media.
ArcGIS allows you to publish geographic informa-
tion for access and use by any user. Therefore, it
1s an environment for creating and sharing maps,
displaying applications and data, which allows you
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to use, create and configure access to maps, scenes,
layers, applications and data [1].

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

One of the types of maps that can be used in
ArcMap 1s 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. Ac-
cess 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 [2].

In order to use the web-application and build a web-
map in it, you need to create an account that will be
publicly available for viewing and using online. This
recording is free of charge and enables the use of per-
sonal online storage for data storage and allows the
creation, processing and storage of files and maps [3].

We create the account using the menu of the
software environment, which includes 7 sections
(Figure 1).

Each of these sections has its own functions,
namely:

— Home — the home page that a user navigates
to after logging in.

— Gallery — a configured application template
that can be used to access a collection of maps,
applications, and other content cataloged on the
ArcGIS Online network or on the ArcGIS portal.

— Map — a template for downloading, displaying
and editing maps.

— Scene — allows you to visualize data and ana-
lyze geographic information in an intuitive and
interactive 3D environment that has the ability to
choose between a global or local scene to better dis-
play geospatial data.

— Groups — a collection of maps and applications
that typically relate to a particular area of interest.

— Content — a section that includes a list of fea-
tures: maps, layers, and applications we store.

— Organization — this section identifies the or-
ganization that the user of the software environ-
ment is on.

ArcGIS enables you to synthesize data from
multiple sources into one linked geographic view.
These data sources include information from ge-
ographic databases, tabular data from database
management systems (DBMS) and other systems,
files, spreadsheets, photos and videos with geo-
graphical labels, KML, CAD-data, real-time sensor
data, aerospace and satellite imagery, etc. Virtual-
ly 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 [3].

Against this background, we will use the rath-
er convenient and popular ArcGIS Online environ-
ment to create an interactive web-map. In order to
get started in your chosen environment, you need
to collect and structure data in Microsoft Office Ex-
cel. In our case, three Excel-spreadsheets were de-
veloped, namely:
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Figure 1. ArcGIS Online Environment Menu

Source: developed by the authors

— With information on recorded excesses by in-
dicators at enterprises surveyed by the State In-
spectorate for Inspection in the Lviv region during
2014-2018.

— With information on wastewater discharges
after treatment facilities.

— With information on observations of surface
water quality on the border rivers.

Many web-maps contain interactive features,
such as a base map gallery, which allows you
to switch between maps, such as snapshots and
streets, as well as measurement tools, pop-ups that
display attributes of selected objects, and buttons to
display data from over time. Maps are created us-
ing layers of data from services and files to convey

a specific message or provide the necessary capa-
bilities for the map. Developed maps can be opened
in regular web browsers and mobile devices. These
maps can be shared using links and inserts on web-
sites [1; 2].

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. Google Maps
was used to identify each business location to resolve
this issue. As well as the location of the sampling
points on the rivers. This information is then to be
downloaded into ArcGIS Desktop, for this we export
the item layer to KML/KMZ and select the layer to

,I\% KML T Layer — O >

Input KML File KML To Layer

| D:\Avnnomhydro_mon Yl yHeTi 36opy npof sogu.kmz | [,'—_"-";

Output Location _Cu:unverts a KML or KMZ file
into feature classes and a

| C:\Users\Student\Documents\ArcGIS | @ layer file. The layer file

Output Data Name (optional) maintains the symbology

| MyHrTH 360py Npof Boaw | found within the original
KML or KMZ file.

[ Include Ground Overay (optional)

Cancel Environments... << Hide Help Tool Help

Figure 2. KML To Layer window

Source: developed by the authors
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load. After these actions, we open ArcGIS Desktop, to
which a layer with areas of Lviv region has been pre-
viously added, open ArcToolbox/Conversion Tools/
From KML/KML to Layer and upload the file to the
KML To Layer window (Figure 2).

We then export this downloaded file using ArcTool-
box function to Shapefile, to open the above function
and find the desired KML-file, and also using Environ-
ments enable the values "M Values" and "Z Values".
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This information includes M-values and Z-values com-
monly used to store route and altitude information.
After loading the data into ArcGIS Desktop, it is
necessary to select all rivers for which water sam-
ples were taken, for this purpose the function Select
By Attributes is used, we select the desired river
and add. As a result of all the above actions, we
get a web-map in the ArcGis software environment.
After the map is loaded in the ArcGIS Desktop en-

Figure 3. Map of the surface water monitoring network of Lviv region

Source: developed by the authors
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Figure 4. Wastewater discharge map for 2017-2018

Source: developed by the authors
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vironment, all this data must be downloaded into
ArcGIS Online, for this purpose all Shapefile data
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.

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

— Surface water monitoring network in Lviv re-
gion (Figure 3).

— Wastewater discharge for 2017-2018 (Figure 4).

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

References:

203

— Share it via social networks.

— Introduce the map to a thematic web-site.

— Share link with friends and acquaintances.

Conclusions and suggestions. Thus, explor-
ing the problem of web-mapping of surface water
pollution, we can summarize the following:

1. We have collected and systematized geospa-
tial data on the ecological status of surface waters
and identified the necessary software to develop an
interactive web-map.

2. An algorithm for uploading geospatial data to
the created web-resource was developed and an ap-
plication template was selected in ArcGIS Online.

3. Two interactive web-maps have been deve-
loped in ArcGIS Online.
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