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STUDY OF HARMFUL SUBSTANCES EMISSIONS INTO THE AIR ON THE TERRITORY
OF UKRAINE AND THE CITY OF KAMIANSKE

JOCIIIVKEHHA BUKUAIB WWKIVINBUX PEHOBUH B ATMOC®EPHE I1OBITPA
HA TEPUTOPII YKPATHU TA MICTA KAM’SIHCHKE

The article is dedicated to analyzing the structure of Ukraine's industry and its stages of
development, as well as the issues of emissions of major harmful substances into the atmospheric air
in the cities of Ukraine, particularly in the city of Kamianske. The main branches of Ukraine's industry
include: machine building and metalworking, food, light, fuel and energy, chemical and
petrochemical, forestry, pulp and paper, and building materials. Positive trends in industrial
production development have been observed since 2000. However, the activities of enterprises and
organizations in various branches of industry are a significant factor in the release of pollutants into
the atmosphere. The main pollutants include: suspended particles, sulfur dioxide, carbon oxide,
nitrogen oxide and dioxide, hydrogen sulfide, phenol, soot, fluorine and chlorine hydrogen, ammonia,
formaldehyde. Among the most polluted cities in Ukraine are Mariupol, Kamianske, Dnipro, Kryvyi
Rih, and Odesa. In the city of Kamianske, the biggest polluters of the atmospheric air are enterprises
in the ferrous metallurgy, coke-chemical, and machine-building industries.

Key words: harmful emissions, industries, maximum permissible concentration, atmospheric
air, gross domestic product.

Ipomucnosicme 6 KoJCHINI Kpaini 3atimae eajdciuse Mmicye, OCKLIbKU 6i0 Hel 3anedcums
8ANI08ULL GHYMPIWHIL NPOOYKM, 00X00U ma 000pobYym HAcCeNeH s, BHYMPIWH MA 308HIWHS MOP2i6is,
ROJMUYHA MA COYIANbHA cMAbiIbHICMb 8cepeduHti depacasu. AHANI3 CMAHY RPOMUCIO80CTT NOKA3YE,
Wo 6 Oanull 4ac OCHOGHUMU NpobIeMamu ii po36umKy € HecmiliKicmbv, VHOGLIbHEHHS MeMnie
3DOCMANHS, 3HUIICEHHS] HAUGANCIUGIUUX NOKA3HUKIG eheKmusHOCmi  UpoOHUYmMea, NnogiivHe
NONINWEHHS CMPYKMYPU NPOMUCTIOB020 SUPOOHUYMEA | eKxcnopmy, 00CUmMb GUCOKUL Di3uuHull i
MOPanbHUll 3HOC OCHOGHUX GUPOOHUYUX ¢HOoHII8, ucokull pisens gumpam pecypcie. Pasom 3 mum
OIIbHICMb NIONPUEMCING MA OP2AHI3AYIL PI3HUX 2aly3ell RPOMUCIOB0CTII € GUBHAYATLHUM (PAKMOPOM
NOMPAanJisiHis 8 ammocghepy 3a6pyonyux peyosun. Tomy pobomu, siKi HanpasieHi Ha O0CIONHCEHHS.
BUKUOI6 DIZHUX peuoBUH 8 amMmocepre nogimps micm Yxpainu, € 6USHAYATBHUMUY 3 MEMOI0 PO3POOKU
3ax00i8 W00 3MEHUEHHS WKIOIUBO20 BNAUGY YUX PEYOBUH HA JTOOUHY MA HABKOIUWMHE cepedosguiye
ma aKkmyanbHUMU.

Memoro darnoi pobomu € ananiz cmpykmypu npoMuciosocmi Yxpainu ma emanis ii po3eumky,
a makodc OOCHIONCEHH BUKUOIE OCHOBHUX WIKIOIUBUX DEYOBUH 8 AMMOCHEpHe NOosimps 6 MiCmax
Ykpainuu, 3oxpema 6 m. Kam aucwxe.
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Mo Hanbinewux 3a oOcieamu  GUPOOHUYMEA 2any3eli  NPOMUCIOBOCHI  8IOHOCAMbCA
Mawuno6yOdysanHs ma memanooobpooxa, xapuosa i neexa. louunarouu 3 2000 p. cnocmepieanucs
NO3UMUBHI  MEHOEHYI] PO36UMKY NPOMUCIO08020 6upoOHUymea, Oyau peanizosani Konyenyii
Oeporcasroi npomuciosoi norimuku, Jepoicasnoi npoepamu pozsumxy npomuciosocmi va 2003-2011
pp. ma iHwi eanyzesi npocpamu. o OCHOGHUX 3a0pYOHIOOYUX ammocepHe Nosimps pedosuH
BIOHOCAMbCA. 3A6UCAT  PEYOBUHU, OIOKCUO CIPKU, OKCUO 8yeneyio, OKCUO ma OiOKCud a3omy,
CipKo600eHb, (heHon, cadxca, Gmopucmuii ma XI0pUcmuil 800eHb, amiax, gopmanrvoezio. Cepeo
Hatbinbw 3a6pyoHenux micm Yxpainu moocna eudinumu Hacmynni: Mapiynonv, Kam sncoke, /{Hinpo,
Kpusuii Pie ma Odeca. B m. Kam aucvke Haubinvuumu 3a6pyOHI08a4amu ammochepHozo nogimps €
RIONPUEMCIBA YOPHOL Memanypeii, KOKcoximiunoi eany3i ma mauwtunooyoysants. CepeoHbopiunull
emicm 6 nosimpi konyewmpayiti dioxcudy azomy y 1 nispiuui 2022 p. nepesuwysas y 2,5 paszu
2PaHuYHO donycmumy Kouyenmpayiro, penony —y 2,1 pasu, a popmanvoezioy — y 3,6. Hecnpusmauea
cumyayiss cnocmepieanacsi i 3 NepesUUeHHAM MAKCUMATLHO20 PA308020 GMICMY 3A0pYOHIOIOHUUX
Ppeuosun.

Knrwouoei cnosa: wxionusi eukuou, 2any3i HPOMUCIOBOCMI, EPAHUYHO — OONYCMUMA
KOHYeHmpayis, ammocghepue nogimpsi, 6a08Ull 6HYMPIUHIL RPOOYKM.

JEL Classification: 121; 123

Problem’s Formulation. The industry of any country in the world determines the potential of
the national economy, the dynamics of technical production, the extraction and use of natural
resources, material and labor resources. Industry plays an important role in every country, as the gross
domestic product (GDP), income and welfare of the population, internal and external trade, political
and social stability within the state depend on it. It should be noted that the effectiveness of industry is
manifested only in those cases when the state creates favorable conditions for entrepreneurial activity
and implements state support programs for all its industries.

An analysis of the state of industry shows that the main problems of its development at present
are instability, slowing growth rates, a decrease in the most important indicators of production
efficiency, slow improvement in the structure of industrial production and exports, a fairly high
physical and moral wear and tear of the main production assets, and a high level of resource costs. The
main factor that hinders the growth of industrial production and positive structural changes is the low
competitiveness of domestic products. This is due primarily to low investment and innovation activity
in the industry. Solving these problems requires industrial policy aimed at activating investment and
innovation activity, modernizing equipment, introducing new and advanced technologies, increasing
production efficiency and competitiveness of national industry based on the transition to an innovative
path of development.

At the same time, the activities of enterprises and organizations in various industries are a
decisive factor in the release of polluting substances into the atmosphere. Therefore, work aimed at
studying the emissions of various substances into the atmospheric air of cities in Ukraine is decisive in
order to develop measures to reduce the harmful impact of these substances on humans and the
environment, and is relevant.

Analysis of recent research and publications. Many studies are devoted to the problems of
harmful emissions into the atmosphere and their impact on human health, for example, research
presented in [1-6]. Work [1] addresses the issue of dust pollution during open transportation of bulk
materials using conveyors and various handling devices and chutes. Article [2] analyzes the air
pollution of Ukrainian cities with harmful substances in 2019 and identifies the main trends in
achieving sustainable development goals for cities and communities in Ukraine, including reducing
harmful emissions from the country's enterprises. Work [3] is devoted to the use of modern protective
helmet designs to ensure the safety of workers during technological processes, protecting them from
impacts, dust, gases, mechanical influences, heat, and electric current. Research in [4] assesses the
impact of industrial and transportation emissions on the environment of the Dnipropetrovsk region.
The impact of polluted air with harmful substances on the health status of the population of Kyiv is
described in article [5]. It is noted that with an increase in the concentration of harmful substances in
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the air on polluted territories, there was an increase in the incidence of respiratory, cardiovascular,
allergic diseases, and so on. Research [6], conducted by the Copernicus Atmosphere Monitoring
Service based on satellite images, provides information on air pollution in Ukraine in 2020. The study
methodology is described, and the concentrations of harmful substances in the atmosphere in
Ukrainian regions are analyzed, as well as the areas with high concentrations of PM2.5 fine particulate
matter.

Formulation of the study purpose. The purpose of the work is to analyze the structure of the
industry in Ukraine and its stages of development, as well as to investigate emissions of major
pollutants into the atmospheric air in the cities of Ukraine, particularly in the city of Kamyanske.

Presenting main material. As noted above, the country's industry is a driving force for the
development of science, technology, and other fields. Therefore, let's analyze the structure of Ukraine's
industry as of 2019, before the COVID-19 pandemic and the introduction of martial law (Fig. 1).

Building
Forest, pulp  materials Other
and paper T

Mechamical engineermg
and metabworking

Light

Fig. 1. Structure of the industry in Ukraine as of 2019

As shown in the diagram, the largest industry in terms of production volume in Ukraine is the
machine-building and metalworking industry, accounting for 43 % of the total structure of the national
industrial sector. The food and light industries also rank among the top three more developed
industries. The share of each other industry does not exceed 8 %. It should also be noted that in recent
years, the IT industry has been rapidly growing in Ukraine. For example, in 2021, it increased by 36 %
with export earnings of $6.8 billion.

Overall, there have been positive development trends in the Ukrainian industrial sector since
2000. In that year, the growth of industrial production was 13 %, and thanks to the implementation of
the Concept of State Industrial Policy, the State Program for Industrial Development for 2003-2011,
and other sectoral programs, production volumes increased almost four times by 2008. During the
crisis period (the second half of 2008-2009), industrial production volumes decreased by 21.9 %. In
the post-crisis period (2010-2014), there was again a growth in production by 11 %. The period of
industrial development after 2014 has been characterized by instability due to the temporary
occupation of territories, the economic blockade of Donbas, the COVID-19 epidemic, and the
imposition of martial law. Therefore, to analyze this period, we will use the indicator of gross domestic
product (GDP). Fig. 2 shows the dynamics of changes in nominal and real GDP. The chart is built
based on the statistics provided on the website [7].
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Fig. 2. Dynamics of Ukraine's GDP over the years

It should be noted that nominal (absolute) GDP is determined in current or actual prices of the
given year, while real GDP (adjusted for inflation) is determined in prices of the previous year. That is,
real GDP takes into account the growth of the gross domestic product in terms of production, rather
than prices.

From the graphs, it can be seen that for the period 2012-2021, there was an increase in
production both in terms of nominal (3.9 times) and real (3.3 times) indicators.

One of the pressing issues in the development of Ukraine's industry is the general wear and
tear of production facilities, low levels of utilization of modern waste processing technologies, air
purification, etc., which are the result of significant emissions of harmful substances into the
atmospheric air of populated areas.

First, let's analyze the structure and dynamics of harmful emissions in cities in Ukraine. Fig. 3
shows the dynamics of changes in the average annual concentration of major pollutants in the
atmospheric air of cities in Ukraine over the years. It should be noted that the number of cities covered
by observations ranges from 6 to 39 depending on the type of pollutant. The smallest number of
observations is characteristic of soot, and the largest is for suspended particles, sulfur dioxide, and
nitrogen.

As the data from the graphs show, during the period from 2020 to the first half of 2022,
emissions of major pollutants in cities in Ukraine almost did not change, which is certainly not a
positive trend, considering the decrease in industrial production. The situation only improves with the
emissions of suspended particles (a 14 % decrease), hydrogen chloride (20 %), and ammonia (50 %).
The decrease in emissions of the last two substances is explained by the reduction in the development
of the chemical industry. For example, in January—June 2022, the index of industrial production of
chemical products decreased compared to the same period in 2021 to 34 %, and rubber and plastic
products — to 44 % [8].

Fig. 4 shows the dynamics of changes in AQI over the period from 2020 to the first half of
2022 for the most polluted cities in Ukraine. As is known, starting from the value of AQI = 7.0, this
index characterizes high air pollution. This value is marked with a dotted line on this diagram.

Therefore, the five most polluted cities in terms of emissions of major harmful substances are:
Mariupol, Kamyanske, Dnipro, Kryvyi Rih, and Odesa. The decrease in AQI values in some cities is
due to a reduction in industrial production in those regions.

Let's take a closer look at the structure of emissions of harmful substances in Kamianske.
Fig. 5 and 6 show the dynamics of changes for the period from 2020 to the first half of 2022 in terms
of the multiples of exceeding the average annual and maximum one-time content of pollutants in the
atmospheric air compared to the corresponding maximum permissible concentrations (MPC).
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Fig. 3. Dynamics of changes over the years in the average annual content of pollutants in the
atmospheric air of cities in Ukraine
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Fig. 5. Multiplicity of exceeding the average annual content of pollutants in the atmospheric
air of Kamyanske city in comparison with the corresponding MAC

As can be seen from these diagrams, the main harmful substances in the atmospheric air of the
city include suspended particles, carbon monoxide, nitrogen dioxide, phenol, ammonia, and
formaldehyde (Fig. 6). It should be noted that the average annual concentration of nitrogen dioxide in
the air in the first half of 2022 exceeded the MAC by 2.5 times, phenol by 2.1 times, and formaldehyde
by 3.6 times. An unfavorable situation is also observed in exceeding the maximum one-time content of
pollutants.

The leading industries in the city of Kamyanske include: black metallurgy, mechanical
engineering, power engineering, chemical and coke-chemical industries (Fig. 7).
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Fig. 6. Multiplicity of exceeding the maximum single content of pollutants in the atmospheric
air of Kamyanske city in comparison with the corresponding MAC
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Fig. 7. Leading industries of Kamianske

As can be seen from the diagram, the largest industry in terms of volume of industrial
production is ferrous metallurgy, followed by coke production, the chemical industry, and new
construction machinery. It is the enterprises of these industries that are the biggest polluters of
atmospheric air in the city of Kamianske. These include: PISC "KAMET-STEEL", PJISC "Dniprovsky
Coke Chemical Plant", PJSC "YUZHKOKS", JSC "DNIPROAZOT", LLC PP "ZIP", PJSC
"Dniprovagonmash”. The percentages of emissions of pollutants from stationary sources into the
atmospheric air of these enterprises are shown in fig. 8.

As can be seen from this diagram, the metallurgical plant of PJSC "KAMET-STEEL" is the
main polluter of the city's atmospheric air. Its main harmful emissions include: oxides of carbon
(approximately 78 %), sulfur, nitrogen, dust of mineral substances and heavy metals. The graphs and
charts (Figs. 3-8) are built according to the statistics given on the website [9].
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Fig. 8. Percentage shares of emissions of harmful substances from stationary sources of the
most polluting enterprises of the city of Kamianske

Conclusions. The structure of Ukrainian industry and the stages of its development are
analyzed. Mechanical engineering and metalworking, food and light industries are among the largest
industries in terms of production volumes. Since 2000, positive trends in the development of industrial
production have been observed, the Concept of State Industrial Policy, the State Industrial
Development Program for 2003-2011, and other industry programs have been implemented.

Emissions of harmful substances into the atmospheric air in the cities of Ukraine, especially
the city of Kamianske, were studied. The main pollutants include suspended solids, sulfur dioxide,
carbon monoxide, nitrogen oxide and dioxide, hydrogen sulfide, phenol, soot, hydrogen fluoride and
chloride, ammonia, formaldehyde. Among the most polluted cities of Ukraine, the following can be
distinguished: Mariupol, Kamianske, Dnipro, Kryvyi Rih and Odesa. In the city of Kamianske, the
biggest polluters of atmospheric air are enterprises of ferrous metallurgy, the coke-chemical industry,
and mechanical engineering.
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