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CREATION OF AN INTERACTIVE MAP OF ENVIRONMENTAL POLLUTION
IN THE RECREATION AREAS OF AN INDUSTRIAL CITY

The current ecolo;ical situation in Ukraine can be described as the most critical, which was formed over a long
period due to the neglect of the objective laws of development and reproduction of the natural resource complex and in
connection with current events. The level of pollution by various substances exceeds the norm not only in the so-called
"work zones" and war zones, but also in sleeping areas and recreational areas. The cities of industrial zones of Ukraine,
in particular the cities of its eastern part, are most prone to risk.

Recreational zones are created in order to provide people with the opportunity to rest and reduce the burden on
the human body from the urbanized atmosphere of cities. But practice shows that the situation in recreation areas is also
not satisfactory, and in some cases even more dangerous than in other places of the settlement. The most unfortunate thing
is that most people do not even suspect that these places are as dangerous as, for example, work areas.

The main goal of our research is to confirm the hypothesis regarding the high level of atmospheric air pollution in
the city of Kramatorsk and to create a tool for notifying the population of this information. That is why the task of creating
a convenient, accessible, functional, accurate interactive map of the state of environmental pollution in the city's recreation
areas, which could enable residents to choose the least polluted recreation areas at the current moment, is urgent.

On the basis of the analysis of the existing literature and the conducted research, a complex mathematical model
was developed for the assessment of atmogyheric air pollution in the recreational areas of the city of Kramatorsk, which
consists ofcpietermining the exact distance between the source of pollution and the recreational area, forecasting the level
of concentration of a separate substance in the recreational area, and determining the general state of pollution, which is
expressed by a certain color of the corresponding recreation area on the interactive map. A sofiware product in the form
o_/pan interactive map was developed to inform the population about the predicted level of atmospheric air pollution in
the recreational areas of the city of Kramatorsk.

Key words: air pollution, OpenStreetMap, API, interactive map, recreation zone, PM, substance, monitoring,
environmental safety, emissions into the atmosphere.
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Humniwnro exonoziumy cumyayiro 8 Yxpaini mooicna oxapakmepu3sygamu K MAKCUMALbHO KPU308Y, wo opmysanacs
NPOMS2OM MPUBANLO20 NEPiody uepe3 HEXMYBaH s 00 EKMUGHUMU 3AKOHAMU PO3BUMKY | GI0MEOPeHH S NPUPOOHO-peCypC-
HO20 KOMNJLEKCY Md 8 38 SA3KY 3 Cb0200eHHUMU NoOdiamu. Pisenb 3a0pyOHeHHs DI3HOMAHIMHUMU PeYOBUHAMU NepesuLly)e
HOpMY He MIIbKU Y MAK 36AHUX «30HAX Npayiy ma 30Hax 60Uoeux Oitl, a i y CHATbHUX PALOHAX, MA PeKPeayitiHuX 30HAX.

Haiibinvw cxunvri 0o pusuxy micma npomuciogux 301 Ykpainu, 30kpema micma cxioHoi it yacmuHu.
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Pexpeayiiini 30nu cmeoproromscs 018 mo2o wo Ou Hadamu MOXCIUBICTNG THOAM GIONOYUMU MA 3SMEHWUMU HA8AHMA-
JHCEHHSL 00EPIACYBAHE OPLAHIZMOM JIIOOUHU 6i0 YPOAHi308aHOi ammochepu micm. Are npakmuka O0eMOHCMPYE, WO CUMmya-
Yisl 8 30HAX BIONOYUHKY MAKOIC He € 3A008LIbHOIO, A 8 OEAKUX BUNAOKAX HABIMb Oilbul HeDE3NeUHOI0 HIJIC 8 THUUX MICYSX
Hacenenoeo nynkmy. Haiibinow npuxkpum € me, wo 6invuicmo 1odell Hagimy He Ni003PHI0Mb, WO Yi MICYS € MAKUMU JHC
Hebe3neuHuMU 5K I, HanpuKkIao, poboui 30Hu.

OCHOBHOIO MEMOI0 HAWO020 OOCTIONCEHHSL € NIOMBEPOICEHHS 2INOMe3U U000 BUCOKO20 PIBHSL 3A0PYOHEHHST AMMOC-
geprnoeo nosimpa y micmi Kpamamopcok ma cmseopenHs iHcmpymeHmy 0151 ON08iueHHs HacelleHHs Yieio inghopmayiero.
Came momy 3a0aua cmeopeHHsi 3pyuHOL, O0OCMYNHOL, (DYHKYIOHATbHOL, MOYHOI IHMEPAKMUGHOT Manu CMany 3a6]€de6HH}z
HABKONUUHBLO20 Ceped08ULd V PEKPeayiiHuX 30HAX MICIA, AKA MO21a 6 0amu 3M02y MEWKAHYAM CamMum ooupamu Hati-
MeHW 3a0pYOHEeHH] 30HU 8IONOYUHKY HA NOMOYHUL MOMEH YACY, € AKMYATbHOIO.

Ha nlé::ma@i aHanizy icuylouoi timepamypu ma nposedeHo02o 00Caiodicents 6y1a po3pobiena KOMNIeKCHA Mamema-
muuna Mooens 0Jisl OYiHIOBAHHS 3a0PYOHEHHS amMocgepnoeo nosimps y pekpeayitinux 3onax micma Kpamamopcwk, axa
CKA0AEMBCA 3 BUSHAYEHHS MOYHOI 8IOCMAHI Midc 0dxcepesiom 3a0pYOHeHHs Ma peKpeayitiHor 30HO0, NPOSHO3YEAHHS
PIgHSL KOHYeHmMpPayii OKpemol pevosuru 8 pekpeayiinit 30Hi ma 6UHAYEHHs 3A2albHO20 CIANY 3a0PYOHEHH S, WO Upa-
AHCAEMBCA NEBHUM KOTbOPOM BION0BIOHOI pekpeayilinoi 30uu Ha inmepaxkmuenii mani. bys p03podzjeyuﬁ NpOSPaMHULL
npooykm y euensoi iIHmepakmueHoi manu Oiisi IHQIOPMYBAHHS HACENLEHHS. W000 NPOSHO308AHO20 DIGHS 3aOPYOHEHOCI
ammocgheproeo nogimps y pekpeayitnux 3onax micma Kpamamopcox.

Knrouosi cnosa: 3abpyonenns nosimps, OpenStreetMap, API, inmepaxmuena kapma, 30na eionouunky, PM, peuosu-
Ha, MOHIMOPUHE, eKON02IYHA be3neKa, UKUou 8 ammocgepy.

Introduction

The current environmental situation in Ukraine can be described as the maximum crisis, which was formed over a long
period due to the neglect of objective laws of development and reconstruction of the natural resource complex of Ukraine.
There were structural deformations of the national economy, in which preference was given to the development of raw-mining,
the most environmentally dangerous industries in Ukraine. The level of contamination with various substances exceeds the norm
not only in the so-called "work zones", but also in residential areas and recreational areas. Cities in industrial zones of Ukraine,
in particular in the Eastern part of Ukraine, are most at risk. Recreational areas are created in order to allow people to relax
and reduce the load received by the human body from the urbanized atmosphere of cities. But practice shows that the situation
in recreation areas is also not satisfactory, and in some cases even more dangerous than in other places of the settlement. The
most annoying thing is that most people do not even suspect that these places are as dangerous as, for example, work areas.

All this information, first of all, is often placed somewhere on the websites of local environmental departments, but
not on the main pages of popular Internet resources of the city. enough to talk about creating targeted software that should
be available to every resident of the city at hand. And, secondly, most often this information is presented in the form
of dry figures with the specified maximum permissible concentration (MPC), and is not interpreted in any convenient
way for the average user, and even more so does not report the possible consequences of the influence of exceeding
the concentration of a substance on the human body.

Research field, main questions

Usually, cartography is defined as the science and art of creating and using maps. Arthur Robinson [11] defined
the philosophy of the "Golden age of cartography" as follows: functional design or scientific creation of the principles
of cartographic design, which is based on the perceptual and cognitive limitations of the target map user. This approach
to map research has given rise to a communication model that describes the map as a conduit through which messages
can be conveniently transmitted from the map creator to its user [2; 5; 12]. Also, some of the main views for cartography
were supplemented during visual communication with advertising, art, education, and psychology in order to create
specific recommendations for designing maps to avoid inconveniences during the transmission of these messages. Despite
the fact that the communication model did not bring significant benefits through some differences in terms of practical,
applied, critical, and social theory [10; 8], the basic principles of design and use that took root in this era remain the basis
of the modern cartographic curriculum to this day [6; 7].

For geoinformative systems that include interactive maps, the interaction with them or how the user manipulates
the map is central. Maps can be divided into two large groups: "dynamic" and "static", but instead of the concept
of "dynamic", that is, those that can constantly change, the concept of "interactive" will be used in order to distinguish
between the so-called "update" of the map that was caused by the system (animation, image shape, etc.) and what was
caused by the user (opening the menu, entering any additional information). The digital revolution and the information
age in general, with the advent of new features, together prompted changes in the direction of how maps are created
and used. Interactivity is one of the most important features of this kind [4; 9].

To create a digital interactive map, it was decided to use public services with tools for creating and publishing custom
maps. OpenStreetMap (OSM) was selected among all available services [1]. As noted in their reviews Gorchakov
and Wagner [14], OSM uses the same principles that formed the basis for the creation of Wikipedia. All the information
on these maps was collected by a very large number of volunteers who provided data from street panoramas, satellite
images, aerial photos, videos, and data from GPS trackers for this project. And despite its review of this service, it was
concluded that for the city Kramatorsk, OSM maps contain more detailed and relevant information than all other services.
The API documentation is also very convenient and freely available.

But despite all this, when choosing a mathematical model for predicting the level of air pollution, we must rely on
our current standards, since the technological processes and cleaning technologies at enterprises in Ukraine are also
very outdated and do not meet modern European requirements. Suffice it to say that one of Kramatorsk's enterprises,
a metallurgical plant, uses cleaning technologies from the 19th century. Therefore, to assess the state of air pollution in
recreational areas, taking into account existing data, the calculation methods were used, described in detail in the works
of Cherkesov [3], Vetoshkin [13].
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Research results

To get records from the database for a certain date, we need to use the function shown in Figure 1-2. It accepts the date
that the user selected as a parameter. In order to pull out a record for a certain time, taking into account the possible
error of a few seconds/minutes, we make a time interval of +20 minutes, which will be specified as a query parameter
in the database. In order to make a correct query, we also need to convert the received dates to the "American" format
"MM-DD-YYYY" by working with an array of characters. Next, this function connects to the database, dynamically
generates a query depending on the selected date, and writes the corresponding data to the variables of the "Air" object,
processing an exception if it is not possible to connect to the database.
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Fig. 1. Function for requesting data from the database regarding the predicted maximum concentrations
in recreational areas for a certain date

For better visual perception, a function was created to determine the color of the recreational area on the city map
(from green to red) in RGB format, which is shown in figure 3. The color is calculated depending on the concentration
of the harmful substance corresponding to the MPC and the hazard class, according to the integrated assessment of air
pollution (formulas 1-3).

~ C
radd = —L .k, |/n 1
gradd ; I ﬂKm_p_ h / (1)
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gradd — The calculated coefficient for the gradient;
k, — Coefficient for calculating the force of exposure of a substance depending on its hazard class;
C — Predicted maximum concentration of a substance in a recreational area;
l'fﬂKM‘p‘ — Predicted maximum concentration of the corresponding substance in the recreational area;
n — The number of substances measured in the recreational area.
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Fig. 2. Continuation of the database data query function with respect to the predicted maximum
concentrations in recreational areas for a certain date
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The color for the fill is defined in the RGB model (red, green, blue), where red, green, and blue are integer values from
0 to 255 for the red, green, and blue colors in the model, respectively. We introduce an additional modified coefficient for
the gradient and values for colors in the RGB model.

(1 —gradd) / k, gradd < 1
do, = 2
grade, {(gradq) -1/ k,grad > 1 @)
When grad¢, >1 we accept grad¢,, =1.
255255 grad¢,,, 255,0 do <1
(255,255 - 255 - grad$¢,,,0), grad > 1

Acknowledgements
grad ¢ — Is the calculated coefficient for the gradient;
grado,,— Modified coefficient for the gradient;
k — Coefficient for expanding the gradient with a small amplitude of values;
COL,;, —Ready color for painting in the RGB model.
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Fig. 3. Function for determining the color of the recreational area in accordance with its level of pollution

To work with polygons on the interactive map, we created functions for creating and updating polygons, which are
shown in figure 4, and which will already be painted in the appropriate color for the level of pollution. Polygons belong
to an object of the "GMapPolygon" type, and are stored in it as a layer that belongs to a collection of layers.
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Fig. 4. Functions for creating and updating polygons on the map

For drawing on the map the logos of pollutant sources with relevant information about ground-level concentrations,
was created a function for creating of "markers" that are stored as a marker layer that belongs to a collection of layers. The
function is shown in figure 5. The logo of a plant or other source of pollutants is set as a marker, and information about
ground-level concentrations is set as text that is displayed when the mouse hovers over the marker.

To determine the exact distance between the source of emissions and the recreational area, was created a function
to determine the distance, depending on the geographical coordinates of objects, shown in figure 6. The function makes
calculations using the formula 5. Only two pairs of geographical coordinates are needed as parameters for this function:
sources of pollutants and recreational areas. The radius of the earth is set by a constant.
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Fig. 5. Function for creating a marker for a pollutant source
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Fig. 6. Function for calculating the distance between the recreational area and the emission source
by geographical coordinates

To calculate the maximum concentration of harmful substances in recreational areas, we need to take into account
the number of harmful substances that are the main sources of pollution in the city, for this we will use the formula (Fig. 7)
calculation of maximum surface concentrations at emission sources (formula 4).

C_A><M><F><m><n )
‘ H?x 3V, x AT
Acknowledgements

A — Coefficient, which depends on the temperature stratification of the atmosphere that defines the terms vertical
and horizontal dispersion of pollutants in the atmosphere (C? /*> xmg x grad' /*> g). The coefficient A is calculated for
adverse weather conditions observed in summer during the daytime with an intensely developed vertically turbulent
climate. For Ukraine this coefficient is equal to 200;

M — The amount of harmful substance that is released into the atmosphere (g/s);

H — The height of the pollution source above ground level (in our case, the height of the pipes) (m);

V, — Volume of the gas-air mixture (m?/s);

AT — The difference between the temperature levels of the exhaust gas-air mixture and the ambient temperature in
degrees Celsius;

F — A dimensionless coefficient that takes into account the rate of precipitation of particles in the atmosphere — for
sterny gas 1, for dust cleaning with an efficiency of at least 90 % — 2;

M — The dimensionless coefficient that takes into account the conditions of the gas-air mixture output in our conditions
is taken as 1;

N — Dimensionless coefficient, which takes into account the conditions of the gas-air mixture output in our conditions,
is taken as 1.
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Fig. 7. The function of calculating the maximum ground level concentrations from emission sources

In figure 8 is the function for predicting the maximum possible concentrations in recreational areas, taking into
account current concentrations, maximum surface concentrations near emission sources, distance from the source to
the recreational area, and wind direction, using the example of PM10 dust.

predictedConcentrationFR 10 = kath Roundiback_prmd (7 10000 = {pm#)_1 * isFanher [ delauliFadiug * wind_lac1) + {pm10_2 * isFarke2 |
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# (pmi0 4 " wFarherd | defaultFadiue " wind facd) + (pm10 5 " sFanhers | defaultRadius * wand fac3) = (pm10 & = isF arthars |
defautRadiys * wind_Tach), &1

!

Fig. 8. Function for predicting maximum possible concentrations in recreational areas
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Interface Elements of the interactive PC map “CleanKramatorsk”

The software package "CleanKramatorsk" is an interactive map of the city Kramatorsk, which shows the main sources
of emissions of pollutants into the atmosphere in the form of logos of these sources, the main recreational areas of the city
in the form of painted planes in the color corresponding to the overall level of pollution (from green — the lowest to red-the
highest) and interface elements for interaction with the map user.

The interface with the main elements is shown in figure 9.

Explanation of interface elements:

* 1-logos of sources of pollution with harmful substances;

» 2 — information about ground-level concentrations of harmful substances (appears when hovering over the logo
with the mouse);

» 3 —recreational areas of the city;

* 4 —wind rose, which shows the current wind direction (the part painted in red);

* 5 —menu for selecting the date for which data will be displayed on the map. It includes a calendar for selecting
a specific day of the year, an element for selecting a specific measurement hour (only even-numbered hours are selected),
a "select date" button for checking the availability of data for the selected date, and a "update map" button for displaying
data for the selected date (becomes active if the data check is successful);

* 6 — buttons for switching map mode: satellite and topographic;

* 7 — information about concentrations and the name of the recreational zone that the user is currently viewing
(changes when the mouse hovers over a specific recreational zone);

* 8 —"set default position" button, which sets the default coordinates and scale when clicked,

* 9 —Dbutton for calling help;

* 10 — interactive map.
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Fig. 9. Interface elements of the «CleanKramatorsk» interactive PC map

Conclusions

Based on the analysis of the existing literature and the conducted research has developed a comprehensive mathematical
model for the assessment of air pollution in recreational areas of Kramatorsk, which consists of determining the exact
distance between the pollution source and recreational area, forecasting the level of concentration of individual substances
in the recreational area and determining the overall state of pollution, resulting in a specific color corresponding
of the recreation area on an interactive map. A software product was developed in the form of an interactive map to inform
the people about the projected level of air pollution in recreational areas of the city Kramatorsk. Based on the obtained
forecast data, the hypothesis about the increased level of environmental pollution in the city Kramatorsk can be considered
confirmed.
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