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DEVELOPMENT OF ATMOSPHERIC AIR
MONITORING SYSTEM IN DROHOBYCH

Abstract. The problem of air pollution is important issue for many cities in Ukraine.
Improving the air quality starts from the constant control for the air pollution. Cities in European
Union have the developed monitoring system connected to the Internet. In Ukraine the similar
measures are implemented within the state program of creating regional monitoring systems. An
air monitoring system for the city of Drohobych is proposed in the article. It is shown that the
city in the past had significant industrial potential, has a developed transport infrastructure. The
main sources of air pollution in the city have been identified. The proposed monitoring system
should include 3-4 automated observation posts, which in real time will reflect the state of the air
in key points of the city. The created system will allow monitoring the state of atmospheric air in
the city, providing citizens and relevant services with up-to-date information on the state of the
environment.
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The problem of air pollution in Ukrainian cities continues to be relevant. In a number of cit-
ies, it is associated with the activities of enterprises operating there, as well as with the growing
traffic load. The main industries creating the load are metallurgy, energy, production of building
materials, chemical industry. For cities where there is no powerful industrial production, the main
polluter is road transport. Although modern vehicles emit less and less toxic substances into the
air, the number of cars meeting modern environmental safety requirements on Ukrainian roads is
insignificant [5].

It is the increase in the level of gassiness in large cities of Ukraine and the negative phenom-
ena provoked by it, such as smog, that have caused the need to control and monitor the state of
the atmospheric air. In cities with a population of millions and regional centers began to create
programs to control and monitor the state of the air. Today, a network of observation points that
allow monitoring the state of atmospheric air in real time has been created in such large centers
as Kyiv, Lviv, Odessa, Dnipro. Thus, a network of more than 20 posts operates in Lviv, and more
than 40 posts operate in Kyiv [8; 9].

Atmospheric air monitoring systems are beginning to be introduced in district centers as well.
As an example, we can cite several cities in the Kyiv region, where posts of observations of the
state of atmospheric air were established. Similar posts are established in the district centers of
Lviv region. However, 1 post per city may not always adequately reflect the situation with air
pollution. For example, in a city with a population of about 70,000 inhabitants, which is Przemysl
in Poland, there are at least three observation posts [2].

In the countries of the European Union the approach on use of posts of the automated control
over an air condition measuring a certain defined list of indicators is realized today. In Ukraine, in
addition to standard indicators, the monitoring system may also provide for the measurement of a
number of specific indicators related to the activities of the relevant industries [17; 18].

In general, the functioning system of monitoring the state of atmospheric air in cities is just
beginning to develop. According to the resolution of the Cabinet of Ministers of Ukraine and the
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order of the Ministry of Environmental Protection and Natural Resources, local governments
can develop programs to monitor the state of the air. The program indicates data on the object of
monitoring, the body controlling air quality, data on air pollution in the village. The following
describes the current and planned air quality control system. A number of Ukrainian cities have
developed and are implementing similar programs [13]. The most acceptable form of control is
the establishment of a number of automated posts in key points of the settlement. Posts are also
connected to the Internet and information systems of local governments. This system allows you
to obtain data and respond quickly to changes in the environmental situation in the city [5].

MATERIALS AND METHODS OF THE RESEARCH

Drohobych is a city of regional significance in the Lviv region, a district center. The city of
Stebnyk is also subordinated to the city territorial community. The city is located on the border
of the Transnistrian plain and the Carpathian foothills, on the river Tysmenytsia (bass. Dniester),
86 km from the regional center. The area of the city is 44.5 km? The population as of 2021 was
74,610 people.

The city of Drohobych is one of the powerful industrial centers of Lviv region. In Soviet
times, the city had powerful enterprises — a refinery, a bit factory, light and food industries. Today,
a number of enterprises are closing or reducing production [11].

The city's industrial infrastructure includes the oil refining and petrochemical industries,
mechanical engineering and metalworking, light and food industries, woodworking, construction
and printing companies. The main types of industrial products are gasoline, diesel fuel, lubri-
cants, drill bits, oil and mining equipment, cleaning and insulation machines, truck cranes, light
and food industry products, table salt, mineral potash fertilizers. The main enterprises of the city
are "Galychyna Oil Refinery", "Drohobych Chisel Plant", "Drohobych Truck Crane Plant", "Dro-
hobych Machine-Building Plant", saltworks [1].

The structure of the industrial potential of the city is presented in Fig. 1.

Structure of industrial complex in Drohobych

Machine building Oil refinery Food industry
Building materials Consumer goods Polygraphic industry
industry

Fig. 1. Structure of the industrial potential of Drohobych

The multidisciplinary industrial complex includes 31 industrial enterprises that are on a con-
stant balance (excluding small enterprises), which produce a wide range of industrial products.
The largest enterprises are presented in table 1.



Table 1. Information about industrial enterprises of Drohobych (as of 2020)

Enterprise name Legal Address List of main products
PJSC "Stebnytske HCP Stebnyk, Drohobytska |stopped for reconstruction (produced
"Polymineral" Str., 127 mineral fertilizers)

SE “Drohobych Salt Plant”

Solianyy Stavok Str., 27

salt production

Drohobych Meat Processing
Plant LLC

Truskavetska Str., 114

Production of meat and sausages

« » . production of bakery and
PJSC “Drohobych Bakery Repina Str., 8 confectionery products
S?D[é&%[il;{%l;le Sambirska Str., 85 sewing of garment (knitted) items
Dekarest LLC Sambirska Str., 85 sewing of garments for decoration
MPP MAK B. Khmelnytsky Str., 33 | sewing of garments
Ukkan LLC P Orlvk Str. 26 production of blanks for parquet,
Ty ” parquet and lumber
Sapsan LLC Stebngl:r, Vlz\f ilkOho production of joinery (interior doors)
PE “Kolo” Boryslavska Str., 8 issue of books, magazines and other

printing products

0JSC “NPK-Galichina”

Boryslavska Str., 82

oil refining, production of gasoline,
diesel fuel and fuel oil

0JSC “Drohobych Paint”

Haydamatska Str., 28

production of paints and varnishes

Subsidiary company
“Pharmatrade”

Sambirska Str., 85

production of injectable solutions

OJSC “Drohobych Plant
Management of Building
Materials”

Truskavetska Str., 73

brick production

PJSC “Drohobych Plant
of Reinforced Concrete
Products”

Fabrychna Str., 61

production of reinforced concrete
products

Bystrytsia-Keramik LLC

Zarichna Str., 34

electrical insulating ceramics,
insulators

Universal Drilling Equipment

Turasha Str., 20

production of chisels

LLC
Drohobych Penal Colony Truskavetska Str., 77 fastenings for'mlnes, forged
No. 40 products, sawing of wood, etc.

PJSC “Drohobych Truck
Crane Plant?

Haydamatska Str., 22

produced truck cranes, and the work
on the rehabilitation of the enterprise
is currently performed




Table 1 (continuance)

0OJSC “Drohobych Machine- production of drilling equipment and
Building Plant” tools
ISM Joint Venture Turasha Str., 20 production of cone tools

Industrialna Str., 1

Boryslavska Str., 51/1

Furniture enterprise
“Karpaty” UTOG

production of joinery and furniture,
including office

The transport complex of the city is represented mainly by rail and road transport. Drohobych
railway station is located in the eastern part of the city. Previously, there was a so-called “Small
Station” on Boryslavska Street, now it is located on the territory of the refinery. Drohobych's
public transport consists of buses. In Soviet times, buses operated in the city, but in the 1990s they
were replaced by an increase in the number of minibuses [].

In 2016, the implementation of the project “Drohobych — Smart City” began in Droho-
bych, on the initiative of Mayor Taras Kuchma (project leaders’ advisor to the mayor Stanislav
Haider, director of KU “Drohobych City Institute” Volodymyr Kondziolka). In one year, the
city has launched more than twenty electronic services, namely: through the Internet, city res-
idents order administrative services, through electronic maps report problems in the housing
and communal sector, illegal advertising, illegal trade, etc. The city has an electronic record
for an appointment with a doctor, deputy, official, city administration. Drohobych is intensively
pursuing a policy of openness, so electronic analytical systems for the city budget, e-procure-
ment, voting in the parliamentary corps and much more work for the city's residents. There are
ten free Wi-Fi zones in the city. In the central part of the city there are electronic touch kiosks
where city residents can learn about the latest events and news. Drohobych has its own mobile
application on Ios and Android platforms where emergency situations are also reported. The
city has launched an open portal of the city where you can get free access to all important infor-
mation about the life of the city. Drohobych is one of the few cities in Ukraine demonstrating
online sessions, executive committees, meetings and events using its own capabilities. Droho-
bych can also be watched online using the city's webcams [15].

Already in 2017, the city of Drohobych was ranked in the top ten most transparent cities in
Ukraine by Transparency International Ukraine. In September 2017, the city joined the Interna-
tional Open Data Charter (G8 project). In November 2017, the city of Drohobych received the
award and first place as the best practice of local government (thanks to the project “Drohobych —
Smart City”) in the ranking of the Ministry of Regional Development, Construction and Housing
of Ukraine. The largest mass media of Ukraine write about the city as an example. Project initi-
ators Stanislav Haider and Volodymyr Kondziolka continue to develop the city's ecosystem, as
well as teach other communities how to become “smart”.

Drohobych ranks second in the region in terms of the level of pollution from stationary
sources. Located on its territory PJSC NPK “Galychyna” is one of the ten air pollutants in Lviv
region. However, according to the environmental services of the region, the city is not among the
most polluted in the region. Here the championship is occupied by Lviv, Chervonohrad, Dobrot-
vir and Stryy. The main pollutants recorded in the city air are carbon, nitrogen and sulfur oxides.
The structure of emissions in the city as of 2020 is presented in Fig. 3.

The city is gradually implementing a system of air control. Thus, in 2019 in Drohobych estab-
lished the first post of control of atmospheric air at the address of st. Konovaltsia, 7. However,
air quality data have not been updated for several months. Current data cannot be obtained. How-
ever, even a single post is not able to give an adequate picture of the state of the air in the city.
However, the relevant services of the city council and access to the appropriate server work.



Fig. 2. Emissions of OJSC NPK “Galychyna” for the period from 2016 to 2020

Fig. 3. Structure of air emissions in Drohobych

Thus, the city of Drohobych has a well-developed industrial and transport infrastructure.
Atmospheric air control is carried out only at the level of regional administration. At the same
time, the city authorities are making efforts to create a system for monitoring the state of the
environment. The first step is to install an automated control post. Prerequisites for the creation
of a fully functioning surveillance system are also sufficient informatization, introduction of tech-
nologies allowing online monitoring of the work of local governments.

RESULTS OF THE RESEARCH AND ITS DISCUSSION

The proposed air monitoring system may include 4 observation posts located in the most
representative places in terms of environmental pollution. It must take into account two main
factors of pollution — pollution by industrial enterprises and pollution by road. The substantiation
of the locations of the posts is determined by the zoning of the city with the allocation of districts
depending on the degree of their pollution. The city has the following main areas: industrial zone,
traffic zone and residential area.

56



Fig. 4. Post of control for a condition of atmospheric air on Konovaltsia Street which
is not operating today. (https://www.saveecobot.com/maps/drohobych)

Air pollution and its condition is determined by the industries operating in the city. And the cre-
ated monitoring system should clearly monitor air pollution by these substances. The task of post
No. 1 should be sampling and control of pollution by industrial enterprises. The industrial zone
should include the area with the largest air pollutants located on it. This is the area of Boryslavska,
Fabrychna and Truskavetska streets. The second zone is the so-called "railway-industrial area",
which covers Zluky Square, Haydamatska Street, Rychtytska Street, Vokzalna Street, Vokzalny
Lane, part of the V. Velyky Street from "Silpo", part of the Hrushevskoho Street from a garment
factory, part of Stryjska Street 16 school, Industrialna Street. With regard to industrial enterprises,
it is advisable to locate one of the posts on the border of the sanitary protection zone. Such a post
will demonstrate the level of pollution of an industrial enterprise. The approximate location may
be at the address of the Boryslavska Str. 45.

At the same time, during the independence of Ukraine, the transport load in the city has
significantly increased. The number of private transports has increased, which in turn has led
to an increase in traffic in the central part of the city. Atmospheric air pollution also increased
accordingly. Post No. 2 should reflect the state of traffic in the central part of the city. According
to research, the highest level of pollution is observed in the central part of the city on the Stry-
jska, Hrushevskoho, Volodymyr Velykyy, Lesya Ukrainka streets. To assess the impact of traffic,
the post should be placed at Sagaidachnoho Street.

The task of post No. 3 is to control the air quality in the residential area of the city. For exam-
ple, a large residential area is located in a quadrangle formed by Sagaidachnoho, Pylypa Orlyka,
Sambirska and Severyna Nalyvayka streets. Accordingly, a post that will show the state of the air
in the residential area can be placed at Vasyl Stus Street 14. Using the post No. 4 additional con-
trol over the traffic load in the city will be carried out. This function can be performed by a post at
Eugene Konvalets Street, 7. The location of observation posts is shown in Fig. 6 [14].
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Fig. 5. Atmospheric air pollution in Drohobych by carbon monoxide emissions

Fig. 6. Location of observation posts in Drohobych

The equipment of observation posts must meet a number of defined requirements. Posts
must perform sampling and measurement of pollutant concentrations, processing the results and
transmitting them in real time [5-7; 16]. The standard observation post should include a sampling
unit, an air analysis unit, a meteorological situation data collection unit, and a radiation pollution
data collection unit. The main parameters of the observation post are presented in the table below.
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Table 2. Technical characteristics of the observation post

Gas analyzers
Substance Measuring range
Sulfur dioxide (SO2) 0-1.8 mg/m?
Nitrogen dioxide (NO2) 0-1.7 mg/m?
Nitric oxide (NO) 0-0.8 mg/m*
Carbon monoxide (CO) 0-15.0 mg/m’
Hydrogen sulfide (H2S); 0-0.8 mg/m3
Ozone (O3) in the range; 0-0.4 mg/m?
Ammonia (NH3) in the range; 0-0.8 mg/m*
Hydrogen chloride (HCI) in the range; 0-4,5 mg/m?
Ethylene (ethene) (C2H4) in the range; 0-8 mg/m’
Measuring instrument for mass concentration of aerosol particles (suspended solids)
Particles PM10 0.01-2.5 mg/m?
PM_2.5 particles 0.01-1.5 mg/m*
Gamma radiation detection unit
Measurement of ambient dose equivalent
power (ADEP) if gamma radiat?on 0.01 pSv/h to 1.0 Sv/h
Meteorological complex
Determination of wind speed and direction, atmospheric pressure, air temperature,
relative humidity, precipitation, precipitation intensity, type of precipitation, solar radiation,
lightning discharges.

The created system of observation posts can be connected to the already existing network
created by the city council. The data can thus be quickly processed and viewed on request by any
city resident. In addition to the functions of informing about the state of the air will also perform
anumber of other functions. In particular, this includes responding to the emergence of additional
factors, expansion and re-equipment of industrial enterprises, assessment of the growth of trans-
port load, to develop programs to improve the environment in the city.

CONCLUSIONS

The problem of air pollution remains acute in many regions of Ukraine. The main factors of
air pollution are existing enterprises and transport. In such conditions, constant monitoring of
atmospheric air becomes important. In this regard, the European experience of implementing
automated air monitoring systems is becoming valuable [17, 18]. Today, such projects are being
implemented both in large cities of Ukraine and in cities of district significance. The city of Dro-
hobych is the second most important settlement in the Lviv region. The city's industrial potential
has declined since the Soviet period, but a number of the city's enterprises remain powerful
producers. The city is gradually increasing the traffic load. In the case of resumption of indus-
trial enterprises, as well as further growth of traffic load, air pollution will increase every year.
Therefore, an effective monitoring system is needed to support effective management decisions
on landscaping, construction and traffic management. Such a system should monitor the current
state of the air, be ready for the growth of production and transport load, should be able to flexibly
switch to the control of new dangerous areas, inform the public about air quality in real time. For
the functioning of the system, it is proposed to allocate areas with the highest risk of pollution —
areas of industrial enterprises, areas with a high level of traffic load, as well as a residential area.
It is necessary to determine the list of controlled parameters on the basis of data on the work of
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enterprises and transport. After the selection of districts, the next step is to install automated posts
in each of them, which will control the list of pollutants defined in each district. The proposed
monitoring system will improve the planning of environmental measures, landscaping, develop-
ment of the territory.
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AHOTANIA

PO3POBKA CUCTEMHU MOHITOPHUHI'Y
ATMOC®EPHOI'O ITIOBITPA MICTA JTPOI'OBUYA

[Ipobnema 3a0pyaHEHHST aTMOC(EPHOTO TOBITPS B YKPATHCHKUX MICTax MPOIOBXKYE 3aIIUIIIA-
THCS aKTYaJIbHO0. Y LIJOMY Psijii MiCT BOHA TOB’sI3aHi 3 TisSUTbHICTIO MPAIFOIOYNX TaM ITiIpH-
€MCTB, a TAaKOXX 31 3pOCTAIOUMM TPAHCIIOPTHUM HaBaHTaXeHHsIM. Came 3pOoCTaHHS PiBHS 3ara-
30BaHOCTI y BEJMKUX MicTax YKpaiHW Ta CIIPOBOKOBAHI ITMM TaKi HETaTHWBHI SBHUIIA, SIK CMOT,
BUKJIMKAIN MOTpeOy Yy KOHTPOJIOBAaHHI Ta BiJCIIIKOBYBaHHI CTaHy arMOC(EpHOro IOBITpS.
Y MiCTax-MiTbiOHHHKAX Ta OONACHHMX LEHTPAaX I0YaTd CTBOPIOBATH MPOTPaMH KOHTPOIIO Ta
MOHITOPHHI'Y CTaHy aTMOC(HhEpHOro HOBlTpﬂ TlounHaKOTh 3anpOBAKYBATHCS CHCTEMH MOHITO-
PHHTY aTMOC(HEPHOTO MOBITPA i y paiioOHHUX HEHTPax. 30KpeMa Taki OCTH BCTAHOBIOOThCS 1y
paiionnux neHrpax JIpBiBumHu. [IpoTe 1 mocT Ha MicTO He 3aBXKIU MOXKE aJeKBaTHO BijoOpasu-
TH CUTYaIiI0 13 3a0pyJHEHHSIM aTMOC(EpHOTo MOBITPSI.

VY kpainax €BpOIEHCHKOTO COI03Y CHOTOIHI Peai3yeThCs MiAXiZ] 3 BUKOPHUCTAHHS IIOCTIB
ABTOMATH30BaHOI'O KOHTPOJIIO 32 CTAHOM IOBITPS, 1110 BUMIPIOIOTH IEBHUIT BU3HAYCHUIT MTEpPeITiK
MoKa3HUKIB. B YkpaiHi ciucTeMa MOHITOPHHTY KpiM CTaHAZApTHUX IMOKAa3HHKIB MOXe mependa-
YaTH TaKOK BUMIPIOBaHH psily CrieliM()iYHUX MOKA3HUKIB, [TOB’SI3aHUX 3 MISUTBHICTIO BIITOBII-
HUX Tay3eH.

Micto porobud € npyrum 3a 3Ha4eHHSIM HACEICHUM IMyHKTOM y JIpBiBChKil oOmacTi. IIpo-
MUCJIOBUI TIOTEHIIia]l MiCTa 3HU3UBCS MOPIBHSAHO 3 PAJSIHCBKUM IEPiooM, IpOoTe psj MiANpH-
€MCTB MiCTa 3aJIMIIAIOTHCS MOTYKHIMHA BUPOOHUKAMH. Y MICTi TOCTYTIOBO 3POCTA€E TPAHCIIOPTHE
HaBaHTAXXEHHs. Y pa3i BiIHOBJIEHHS POOOTH ITPOMHUCIOBUX Hi}ll‘[pI/IGMCTB a TaKOXX ITOJAJIBIIIOTO
3POCTAHHs TPAHCIOPTHOIO HABAHTAKCHHS, 3a0PYAHEHHS TOBITPs IOPOKY 3pocTarnme. Tomy
JUIsl ATPUMKH e(PEKTHBHUX YNPABIIHCHKUX PILICHb 3 O3CNICHEHHs, 3a0y/0BH i PEryOBaHHs
TPaHCIIOPTHOTO HAaBaHTAXXEHHS MOTPiOHA e(eKTHBHO Jifoya cucreMa MOHITOpuHTY. Taka cuc-
TeéMa MOBHHHA BiJCIIAKOBYBAaTH IMOTOYHHIA CTaH MOBITPA, OyTH TOTOBOIO 10 3pOCTaHHS 0OCSTIB
BUPOOHMIITBA Ta TPAHCIIOPTHOTO HABAHTA)KEHHS, TOBUHHA MaTH MOMKJIMBICTh THYYKO MEPEKITIO-
4aTUCs Ha KOHTPOJbF HOBUX HEOE3NEYHUX IUITHOK, iHQOpMYBaTH HACENICHHS MPO SKICTh MOBi-
Tps y pexuMi peanibHOro yacy. Jist QyHKIIOHYBaHHS CUCTEMH MPOIIOHYETHCS BUIUIUTH PaiOHH
3 HalBUIIOI0 HEOE3MEKOI0 3a0pyAHEHHS — paliOHM POOOTH MPOMHUCIOBHX HiIIPHUEMCTB, PaiOHH
3 BUCOKHM PiBHEM TPaHCIOPTHOTO HAaBAaHTAKEHHS, a TAaKOX celiTeOHy 30HY. Ha ocHOBI maHux
Ipo poOOTY MiANPUEMCTB Ta TPAHCIIOPTY HEOOXiTHO BU3HAYUTHCS 3 TIEPEITIKOM KOHTPOJIHOBAHUX
nmapamMeTpiB. [licns BUAUIEHHS paifoHIB HACTYIHHM KPOKOM € BCTAHOBJICHHA y KO)KHOMY 3 HUX
ABTOMATH30BaHUX IIOCTIB, L0 KOHTPOJIOBaTUMYTh BU3HAYE€HHH y KO)KHOMY palOHI Iepelik
3a0pyIHIOIOYHX PEYOBHH. 3alPOIIOHOBaHA CHCTEMa MOHITOPHHTY JO3BOJINTH HOKPAIIUTH MOX-
JIUBOCTI TUIAHYBaHHS MMPUPOIOOXOPOHHUX 3aXO0/IB, 3aX0/iB 3 03CICHCHHS, 3a0yTI0OBH TEPUTOPII.

Knrouosi cnosa: exonoriyHa ocBiTa, €KOJOTI3allisl, CTa Ui PO3BUTOK, EKOJIOT1UHI IpoliIeMH,
CHCTEMA OCBITH, OCBITHI TEXHOJIOTI].



