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REVIEW OF THE STATE OF AIR POLLUTION BY ENERGY OBJECTS IN UKRAINE

Abstract. Objective information about the state of air pollution is the basis for implementing
measures to ensure conditions for the safe living of the population and improve the environmental
pollution monitoring network. The purpose of the work is to study the impact of energy facilities
(enterprises consuming different types of fuels) on atmospheric air pollution and its spatial and
temporal distribution in cities and regions of Ukraine. The relevance of the work is confirmed
by the fact that Ukraine, according to the World Health Organization, has the highest mortality
rate from diseases caused by polluted air. The article considers general approaches to the
functioning of the air pollution monitoring system in Ukraine and the features of the formation
of the local air pollution index. The article discusses the most common pollutants generated
at energy-intensive enterprises in Ukraine, in particular benzo(a)pyrene (C,H,,), sulfur dioxide
(S0,), dust, carbon monoxide (CO), nitrogen oxides ( NXOy), hydrogen sulfide (H,S), carbon
disulfide (CS,), hydrogen fluoride (HF), ammonia (NH,), phenol (C,H,0) and others. Statistical
information about emissions of pollutants (CO,, SO, NO, CO, PM,, PM, ., PAHs, Zn, Pb,
Cu, Cr, Ni, As) into the air from stationary sources of pollution for the period 1990-2018 was
analyzed and visualized. The dynamics of chemical air pollution in different cities and regions of
Ukraine are analyzed in detail. For some cities (Kyiv, Dnipro, Odesa, Kharkiv), energy-intensive
enterprises and types of pollutants emitted into the air have been identified. It is shown that
among the most polluted cities are Mariupol, Dnipro, Odesa, Kamianske, Kyiv, Kryvyi Rih,
Lutsk, Lysychansk, Mykolaiv, Sloviansk, Kramatorsk, Rubizhne, Lviv, Zaporizhzhia, Lysychansk,
Kherson, Kremenchuk, and among the most polluting regions are Donetsk, Dnipropetrovsk,
Ivano-Frankivsk, Zaporizhzhya, Lviv, Vinnytsia, Kyiv, Cherkasy, Poltava. These regions need
priority implementation of modern air pollution monitoring systems.

Keywords: air pollution, chemical pollution, stationary sources, energy objects, pollution
dynamics, maximum permissible concentration

1. Introduction

Atmospheric air is one of the most important com-
ponents of the natural environment, therefore due at-
tention should be given to the analysis of its quan-
titative and qualitative composition. Air pollution is
one of the first places in terms of the degree of chem-
ical danger to humans. The problem of air pollution
is especially acute in urban areas. Urbanized areas
are risk zones for public health, as the atmospheric
air of these areas contains an increased volume of
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harmful impurities of anthropogenic origin. Such im-
purities can not only have a negative impact on the
health and well-being of the population but also lead
to the formation of smog under favorable conditions.
That is why it is an urgent task to study the sourc-
es of the entry of various pollutants into the air and
the characteristics of their spatiotemporal distribution
in large cities. For Ukraine, this task has particular
importance, because according to the World Health
Organization data, Ukraine ranks first in the world in
mortality from diseases caused by excessive content
of harmful substances in the air [1].
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At present, combustion processes associated
with the activities of energy-intensive enterprises
can be considered as the main source of atmospher-
ic pollution. Impurities contained in the fuel, devi-
ations from the stoichiometric composition of the
«fuel-air» mixture during combustion, as well as
too high or too low combustion temperatures, lead
to an increase in the formation of pollutants such as
carbon monoxide, sulfur and nitrogen oxides, soot,
unburned hydrocarbons, etc. All these substances
contribute to air pollution.

Despite a fairly diversified energy balance, en-
ergy-intensive enterprises, in particular, thermal
power plants (TPPs), boiler houses, etc., consume
about a third of the produced fuel. The share of fos-
sil fuels (coal, peat, gas) used to generate electricity
is more than 60%, and this trend tends to increase.
Therefore, energy facilities, including TPPs as one
of the largest consumers of energy resources, re-
main one of the largest environmental pollutants,
especially air.

2. General approaches to air pollution moni-
toring in Ukraine

Atmospheric air pollution depends on emissions
into the atmosphere, their specifics, and weather
conditions. The level of atmospheric air pollution
is determined by comparison with maximum per-
missible concentration (MPC), including their one-
time and average daily values. One-time and av-
erage daily values of MPC of some pollutants, the
concentrations of which are measured at stationary
posts [2—5], are given in Table 1.

The data, given in Table 1, indicate that the
greatest danger is caused by benzo(a)pyrene, which
belongs to substances of the 1st hazard class. Other
listed substances belong to 2—4 hazard classes.

To quantify air pollution in individual settle-
ments, the atmospheric pollution index (API) is
used, which is defined as the sum of the ratios of
the actual concentrations of the five most important
impurities to their average daily MPC [4]:

3 RERC

i=1 iMO

where n — the number of impurities taken into ac-
count in the calculation; g, — concentration of the
i-th substance; MPC,  — maximum one-time MPC
of the i-th substance; a_— the ratio of the insalubri-
ty of the i-th substance to the insalubrity of a sub-
stance of the 3-rd hazard class (a, = 1.5; o, = 1.3;
a,= 1; a,= 0.85).

According to the API value, the level of atmo-
spheric air pollution is divided [4]: 1) clean air
(API<2.5); 2) slightly polluted air (2.5<API<7.5);
3) polluted air (7.5<API<12.5); 4) heavily pol-
luted air (12.5<API<22.5); 5) highly polluted air
(22.5<API<52.5); 6) extremely polluted air (API>52.5).

Assessment of atmospheric air pollution in Kyiyv,
Kyiv region, and other cities of Ukraine is carried
out by the B. Sreznevsky Central Geophysical Ob-
servatory. In total, control of air pollution was car-
ried out in 39 cities at 129 stationary posts of the
monitoring network of hydrometeorological sta-
tions [6, 7].

22 pollutants were determined in the atmospher-
ic air, including 8 heavy metals. The annual aver-
age concentration of formaldehyde in the cities,
where the observation posts are located, was about
2.3 MPC,,, nitrogen dioxide — 1.5 MPC_,, and
phenol - 1.3 MPC, .

According to [8], according to API in 2018, a
very high level of air pollution was observed in

DA’

Table 1. MPCs for some pollutants in the air

Ne Substance Formula M(ﬁp%lj;;frﬁgl/\igc D(al\i/l[}fl, é\;ig?%ne g%ric Hazard class
1 | Dust - 0.5 0.15 3
2 | Sulfur dioxide SO, 0.5 0.05 3
3 | Carbon monoxide Cco 5 3 4
4 | Nitrogen oxide NO 0.4 0.06 3
5 | Nitrogen dioxide NO, 0.085 0.04 2
6 | Ammonia NH, 0.2 0.04 4
7 | Formaldehyde CH,O 0.035 0.003 2
8 | Hydrogen chloride HCI 0.2 0.2 2
9 | Hydrogen fluoride HF 0.02 0.005 3
10 | Benzo(a)pyrene C,H, - 106 1
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Fig. 1. API value in the most polluted cities of Ukraine in 2018

Mariupol and Dnipro; high — in Odesa, Kamian-
ske, Kyiv, Kryvyi Rih, Lutsk, Mykolaiv, Sloviansk,
Kramatorsk, Rubizhne, Lviv, Zaporizhzhia, Ly-
sychansk, Kherson, Kremenchuk. The high level
of air pollution in these cities is due to significant
concentrations of phenol, nitrogen dioxide, formal-
dehyde, hydrogen fluoride, carbon monoxide, and
suspended solids (dust) (Fig. 1).

Most of the cities with polluted and very pollut-
ed air are located in the Donetsk region — 3 cities,
Dnipropetrovsk region — 3 cities, Luhansk region —
2 cities, and Poltava region — 1 city [9].

In 2018, there were also 3 cases of high at-
mospheric air pollution in Obukhiv city by car-
bon monoxide with a maximum concentration of
8.8 MPC,, .. There were no cases of extremely high
air pollution in 2018 in the territory of Ukraine [10].

High average concentrations of formaldehyde
were recorded in Mariupol — 6 MPC_; Dnipro —

5 MPC,; Mykolaiv, Odesa, and Klr)?rvyi Rih —
4.7-3.7 MPC_; in 9 other cities — 3 MPC_ . The
excess of the average annual concentrations of ni-
trogen dioxide was recorded in Kyiv, Dnipro, and
Kherson — 3.3-2.8 MPC_,, and in 4 cities — 2.3
MPC . Exceeding the concentrations of suspend-
ed solids at the level of 3.0-2.3 MPC, was re-
corded in Kryvyi Rih, Dnipro, Kamianske; phenol
(C,H,OH) at the level of 2.3 MPC_  in Kramatorsk,
Kamianske, Sloviansk; carbon monoxide at the lev-
el of 1.8—1.3 Sloviansk in Rubizhne, Lysychansk,
Odesa; hydrogen fluoride at the level of 1.6-1.4
MPC,_ in Odesa, Rivne [6, 10].

In recent decades, a slight decrease in API has
been observed in Ukraine in some cities of Ukraine,
which is associated with a decrease in the concen-
trations of benzo(a)pyrene, formaldehyde, ammo-
nia, and nitrogen dioxide.

According to API, the overall level of atmospher-
ic air pollution in Ukraine was 7.6 points in 2018
and was assessed as high. This indicator slightly
increased compared to 2017 (7.2 API points) due
to an increase in the average annual concentration
of phenol.

3. Characteristics of some common pollutants
in the air

Benzo(a)pyrene (C,H,,) enters the atmosphere
with emissions from non-ferrous and ferrous met-
allurgy, TPPsg, as well as during the operation of
vehicles. Its highest concentration was observed in
1992-1994, when it reached the level of 10 MPC
and more, primarily in the centers of the metal-
lurgical industry. At present, the concentration of
benzo(a)pyrene nas decreased, which is associated
with a decrease in atmospheric emissions from in-
dustrial enterprises, as well as an improvement in
the quality of fuels. Still, quite significant concen-
trations of benzo(a)pyrene are observed in Zapor-
izhzhia, Sloviansk (2.7 MPC), Dnipro, and Terno-
pil (2.3 MPC).

Sulfur dioxide (SO,) is a characteristic impurity
contained in the emissions of chemical, metallurgi-
cal, and paper industries and significantly pollutes
the air. Sulfur dioxide emissions contribute to the
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formation of acid rain. High concentrations of this
substance are observed in Odesa and Kyiv.

Dust is formed during the combustion of fuels,
in industrial processes, as well as during soil ero-
sion. The highest concentrations are observed in the
eastern and southern regions.

Carbon monoxide (CO) is a characteristic im-
purity formed during the incomplete combustion
of fossil fuels. As a rule, elevated concentrations
of carbon monoxide are observed on the territory
of TPPs, boiler houses, and metallurgical enter-
prises. Carbon monoxide is a compound that ac-
tively reacts with the constituent substances of the
atmosphere and contributes to the creation of the
greenhouse effect. High concentrations of carbon
monoxide are typical for Rubizhne, Zaporizhzhia,
Odesa, and Kyiv.

Nitrogen dioxide enters the atmosphere during
the combustion of fossil fuels, as well as in the pro-
duction of nitrogen fertilizers, paints, and synthet-
ic fabrics. The highest concentrations of nitrogen
dioxide are typical for Sloviansk (~3 MPC), Kyiv
(2.5 MPC), Odesa, Dnipro, and Bila Tserkva.

Depending on the degree of oxidation, there are
the following nitrogen oxides: NO, N,O, N,O,, NO,,
and N,O.. The oxides N,O, and N,O; are solids, and
the others are gases. Natural sources of nitrogen ox-
ides are such natural phenomena as volcanic erup-
tions and lightning. Anthropogenic sources of ni-
trogen oxides entering the atmosphere are chemical
industry enterprises, the production of explosives,
mineral fertilizers, nitrate acid, bacterial decompo-
sition of silage, etc. The largest amount of nitrogen
oxides in the atmosphere comes from road trans-
port. The dynamics of changes in the concentration
of nitrogen oxides in the air during the day are asso-
ciated with the intensity of vehicle traffic and solar
radiation. So, during daylight hours, the concentra-
tion of nitrogen oxides in the air increases signifi-
cantly due to the processes of photochemical oxi-
dation of nitrogen. Nitrogen oxides are a dangerous
pollutant due to their high toxicity and impact on
atmospheric phenomena (acid rain, smog). During
chemical processes in the atmosphere, nitrogen ox-
ides lead to the destruction of the ozone layer.

Hydrogen sulfide and carbon disulfide are re-
leased into the atmosphere both individually and
together with other sulfur compounds. The main
sources of emissions are enterprises producing sug-
ar, artificial fiber, coke-chemical, and oil refining
industries. In the atmosphere, during interaction
with other pollutants, these substances are oxidized
to sulfur dioxide. The highest levels of hydrogen
sulfide pollution were recorded in Toretsk, Mariu-
pol, and Zaporizhzhia.

Hydrogen fluoride enters the atmospheric air to-
gether with emissions from non-ferrous metallurgy
enterprises, mineral fertilizer plants, and construc-
tion industry enterprises. The excess of MPC is ob-
served in Sloviansk (2.8 MPC), Zaporizhzhia, and
Odesa (1.8 MPC).

Sources of pollution of fluorine compounds are
industrial companies producing aluminum, glass,
steel, enamels, ceramics, and phosphate fertiliz-
ers. Fluorine-containing substances enter the atmo-
sphere as gaseous compounds — hydrogen fluoride
or dust of calcium and sodium fluoride. These com-
pounds have a toxic effect.

Chlorine compounds enter to the atmosphere
from chemical enterprises producing pesticides,
hydrochloric acid, soda, bleach, organic dyes, and
hydrolytic alcohol. The toxicity of chlorine depends
on both the type of compound and its concentration.

Ammonia is contained in the emissions of chem-
ical industry enterprises, in particular, those spe-
cializing in the production of mineral fertilizers. An
increase in the concentration of this pollutant is typ-
ical for Cherkasy (3 MPC), Kamianske (1.8 MPC),
and Mariupol (1.5 MPC).

Phenol enters the atmosphere with emissions
from ferrous metallurgy enterprises. An increase
in the concentration level is typical for Odesa
(2 MPC), Kamianske, Toretsk, Zaporizhzhia
(1.7 MPC), and Sloviansk (1.3 MPC).

4. Analysis of air pollution in cities and re-
gions of Ukraine

Further information is given about the nature of
pollution in some cities of Ukraine, including using
the data [6, 11-29].

Kyiv. According to the State Statistics Service
of Ukraine, 2.966 million people live in Kyiv (on
December 1, 2019). The area of the city is about
890 km?.

The total amount of emissions into the atmo-
sphere of the city, according to the Main Depart-
ment of Statistics in Kyiv, has sharply decreased
in recent years: in 2014 — 214.2 thousand tons;
2015 — 171.0 thousand tons; 2016 — 34.3 thousand
tons; 2017 — 45.5 thousand tons; 2018 — 29.2 thou-
sand tons.

The main source of air pollution in Kyiv is road
transport. It is the cause of about 83% of emissions.
TPPs, enterprises in the machine-building, chemi-
cal, chemical-pharmaceutical, light, food, and con-
struction industries have a lower level of pollution.
Among the main enterprises-sources of emissions,
the following can be distinguished: CJSC «Ukr-
Kan-Power» (TPP-4), TPP-5, TPP-6, «Energia»
plant, OJSC «Ukrplastyc», OJSC «Korchevatsky
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Combine of Building Materials and Structures»,
Darnytsia car repair plant.

Nitrogen dioxide is the most polluting substance
in Kyiv. The average annual concentration of this
substance in recent years is about 2.5 MPC. Con-
centrations of formaldehyde (3—1.3 MPC), benzo(a)
pyrene (1-1.2 MPC), and phenol (1-1.3 MPC) are
also significant.

Significant differences in the location and specif-
ics of industrial enterprises, as well as the location
of highways, leading to the fact that the total level
of air pollution and its specificity in individual ar-
eas differ significantly.

Thus, the atmospheric air near the observation
points located at the intersection of Peremogy Ave-
nue and Academician Tupolev St. The proximity of
the observation post to the highway makes it pos-
sible to determine that the atmospheric air in this
area is very polluted with benzo(a)pyrene, nitrogen
dioxide, and carbon monoxide. The area within the
Bessarabian market is also close to this level of pol-
lution. Carbon monoxide predominates among pol-
lutants. The main reason for the pollution of this
area is a large number of cars and significant traffic
jams in front of traffic lights.

In general, the greatest air pollution is observed
in the central part of the city; the cleanest air is ob-
served within forest park zones, especially in the
western part of the city.

In recent years, the level of air pollution in
the city has remained stable. Compared to the be-
ginning of the 90s, it has significantly decreased,
which is associated with a reduction in the number
of industrial enterprises, a decrease in emissions
from enterprises, an improvement in the quality of
fuel materials, and the construction of new trans-
port solutions.

Dnipro. The population is about 1 million peo-
ple. The main industries that affect the level of air
pollution in the city are mechanical engineering,
ferrous metallurgy, and electric power industry.
The enterprises that have the greatest impact on
air quality include Dnipro Metallurgical Plant,
PJSC «Dnipro Pipe Plant», Prydniprovska TPP,
JSC «INTERPIPE», JSC «Dniprocoks», JSC
«Dniproshina», PJSC «Dniprovazmash», JSC
«Dnipro Paint Plant», PJSC «Dniprovsky Oil
Extraction Plant». The substances, that are most
polluted the air, in the city are nitrogen dioxide,
formaldehyde, and benzo(a)pyrene. The average
annual concentration of formaldehyde is about
3 MPC, benzo(a)pyrene — 2 MPC.

Odesa. About 1 million people live in the city.
The greatest impact on atmospheric air quality
makes by the next industries: chemical, oil refining,

mechanical engineering, electric power engineer-
ing, and building ma:erials. The total number of
enterprises that in the course of their activity influ-
ence the state of the atmospheric air in the Odesa re-
gion is about 3,000. In 2018, 18.3 thousand tons of
harmful substances from stationary sources entered
to the air of the region, which is 50% more than
in 2017. Among the enterprises, that emit the larg-
est volume of pollutants, are CJSC «Odescementy,
TPP-1, SE «Odesa Sea Trade Port», and Odesa Oil
Refinery. The most polluted part of the city is the
northern part, where the most powerful industrial
enterprises are concentrated. The air in the city is
most polluted with formaldehyde (5 MPC), nitro-
gen dioxide (2 MPC), phenol (2 MPC), and hydro-
gen fluoride (2 MPC).

Kharkiv. The population is about 1.5 million
people. Mechanical engineering is the most influ-
ential industry on air pollution. The main source of
air pollution in the city is road transport. Among
the stationary sources of air pollution, are ener-
gy enterprises (TPP-3, TPP-5), mechanical en-
gineering («Kharkiv Machine-Building Planty,
«V. O. Malyshev Plant»), building industry. Accord-
ing to the data of the Main Department of Statistics
in the Kharkiv region, emissions of pollutants into
the air from stationary sources in 2018 were 44.7
thousand tons (in 2017 — 45 thousand tons, in 2016 —
100.2 thousand tons). The decrease in the volume
of emissions of polluting substances into the atmo-
spheric air is due to the decrease in the volume of
enterprises’ production of the energy industry, in
particular, Zmiivska TPP (10.5 thousand tons in
2018, 34.1 thousand tons in 2017).

According to the data of the State Statistics Ser-
vice of Ukraine, in 2018, the volume of emissions
of pollutants was 3866.7 thousand tons (for com-
parison, in 2017 — 3974.1 thousand tons, in 2016 —
4498.1 thousand tons), at the same time, the volume
of emissions from stationary sources in 2018 was
2508.3 thousand tons (for comparison, in 2017 —
2584.9 thousand tons, in 2016 — 3078.1 thousand
tons). The volume of emissions of carbon dioxide,
which has the greatest impact on the greenhouse ef-
fect, was 126.4 million tons in 2018, which is 2%
more than last year. At the same time, since 2008,
there has been a clear tendency in Ukraine to reduce
emissions of pollutants and carbon dioxide into the
atmosphere (Figs. 2, 3).

Figs. 4-7 also provides data about emissions of
various pollutants into the air during 1990-2018.

Dnipropetrovsk and Donetsk regions are the
leaders among Ukrainian regions in terms of pol-
lutants emissions into the surrounding air from sta-
tionary sources of pollution (Fig. 8). In particular,
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in 2017 657.3 and 784.8 thousand tons were emitted
by the above regions.

Compared to the previous year, an increase in
emissions into the atmosphere was recorded in
10 regions: Kyiv region (68.6%), Kherson region
(29.1%), Odesa region (26.4%), Zhytomyr region
(25.5%), Zakarpattia (24%), Cherkasy (19.8%),

8. Volume of emissions of pollutants from stationary sources by Ukrainian regions in 2017-2018

Ivano-Frankivsk (11.6%), Khmelnytskyi (4.8%),
Sumy (2.1%), Donetsk (0.7%).

Table 2 shows 10 regions that had the greatest
impact on air pollution in 2018.

In general, in 2018, there was 59.3 kg of pollut-
ant emissions into the atmosphere by each inhabi-
tant of Ukraine. In the territorial context, there were

Table 2. Top air-polluted Ukrainian regions in 2018

Region Volume of emissions, thousand tons % of total national emissions
Donetsk 790.2 31.5
Dnipropetrovsk 614.3 24.5
Ivano-Frankivsk 221.4 8.8
Zaporizhzhia 174.7 7.0
Lviv 106.7 43
Vinnytsia 97.3 3.9
Kyiv 81.3 32
Cherkasy 57.9 23
Poltava 52.1 2.1
Luhansk 46.7 1.9

Table 3. Dynamics of pollutants emissions into the atmospheric air in the cities of Ukraine, thousand tons

City 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | % of total in 2018
Mariupol 3643 | 382.4 | 330.4 | 333.8 | 289.4 | 249.6 | 257.3 | 288.2 | 316.6 12.60
Kryvyi Rih 395.0 | 358.6 | 354.6 | 351.8 | 327.4 | 327.0 | 3429 | 323.9 | 267.4 10.7
Burshtyn 146.8 | 198.7 | 174.7 | 182.7 | 199.8 | 198.0 | 168.5 | 160.1 | 182.9 7.3
Kurakhove 1239 | 166.2 | 148.4 | 166.0 | 125.0 | 112.7 | 126.4 | 154.7 | 139.2 5.5
Kamianske 108.5 | 124.7 | 1164 | 115.5 | 105.0 | 101.0 | 90.5 57.8 | 103.3 4.1
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4.35 tons of pollutants per square kilometer of the
country’s territory. Among settlements, the greatest
anthropogenic load (more than 100 thousand tons of
pollutants) was experienced by 5 cities in Ukraine,
shown in Table 3. The total volume of emissions of
pollutants into the atmospheric air of these cities
was 40.2%.

In 2018, about 11 thousand industrial enter-
prises emitted pollutants into the atmospheric air.
2508.3 thousand tons of pollutants entered the at-
mosphere from them, which is 3% less than in 2017.

The main air pollutants in Ukraine are enterpris-
es of the processing and mining industries, supply
of electricity, gas, steam, and conditioned air, the
total emissions of which make up more than 92% of
the total emissions from stationary sources.

Among the types of economic activity, the larg-
est share of pollutant emissions (excluding carbon
dioxide emissions) falls on the supply of electricity,
gas, steam, and conditioned air — 39.4%.

The processing industry is the second in terms
of emissions of pollutants into the atmosphere. It
accounts for 35.2%. At the same time, the share of
metallurgical production is 29%. Extractive indus-
try and quarrying account for 17.7% of the total
amount of emissions into the atmosphere.

Research on the impact of various industries on
atmospheric air pollution remains an urgent task
[30-33].

5. Conclusions

The study of current regulatory acts and do-
mestic scientific publications showed that mor-
ally outdated informative parameters that do not
meet modern requirements for speed and accessi-
bility are used for the quantitative assessment of
air pollution in Ukraine. At the same time, even
with the use of API, significant excess concentra-
tions of various pollutants in the air are recorded
in Ukraine, in particular sulfur oxides, nitrogen
oxides, phenol, formaldehyde, hydrogen fluoride,
carbon monoxide, dust, and others. Statistical in-
formation about emissions of pollutants (carbon
dioxide, sulfur dioxide, nitrogen dioxide, carbon
monoxide, dust, PAHs, zinc, plumbum, cuprum,
chromium, nickel, arsenic) into the air from sta-
tionary sources of pollution for the period 1990—
2018 was analyzed and visualized. It is shown
that some of the most polluted cities are Mariu-
pol, Dnipro, Odesa, Kamianske, Kyiv, Kryvyi
Rih, Lutsk, Lysychansk, Mykolaiv, Sloviansk,
Kramatorsk, Rubizhne, Lviv, Zaporizhzhia, Lysy-
chansk, Kherson, Kremenchuk. Typical sources of
emissions of various pollutants (benzo(a)pyrene,
sulfur dioxide, dust, carbon monoxide, nitrogen

dioxide, nitrogen oxides, hydrogen fluoride, hy-
drogen sulfide, carbon disulfide, ammonia, phe-
nol, etc.) and their distribution in individual cities
are considered. It is shown that among the regions
that pollute the air the most are: Donetsk, Dnipro-
petrovsk, Ivano-Frankivsk, Zaporizhzhya, Lviv,
Vinnytsia, Kyiv, Cherkasy, Poltava. These regions
need priority implementation of modern air pollu-
tion control systems.
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AnoTanisg. 06 ekmusna ingpopmayis npo cman 3a0pyOHeHHs aMMochepHo2o nosimps
€ 0CHOBOI0 071 30IlCHEeHHs 3aX00i8 w000 3abe3neuents yMos 01 be3neuHo20 NPoiCU-
BaHHS HACENEHHS MA 600CKOHALEHHSA Mepedci MOHIMOpUHeY 3a0pyOHeHHsI OOBKILIAL.
Mema pobomu — d0ocnidsicenns niugy 06’ckmie enepeemuxu (RIONPUEMCMSE, WO CHO-
Jlcusaloms pisHi 6UOU NAIUG) HA 3aOPYOHEHHI amMOChepHo20 NOsimps. ma 1o2o npo-
CMOpO080-4acosull posnodin y micmax ma pezionax Yxpainu. Akmyanvuicme pobomu
niomeepooicyemocs mum, wo Ykpaina, 3a oanumu Bcecsimmuvoi opeanizayii 3 oxopouu
300p08 51, MAE HAUBUULY CMEPMHICIb HACEEHHS 8i0 X80P0, CHPUYUHEHUX 3a0PYOHEHUM
nogimpsam. Y cmammi pozensnymi 3a2anbhi RiOXoo0u w000 QYHKYIOHY8AHHS cucmemu
Mouimopuney 3a0pyonenHs nogimps 8 Yxpaiui, ocobnusocmei hopmysants 10KaibHO-
20 iHOeKcy 3abpyOHenHs nogimps. B cmammi posensinymo nainowuperiuii 3a0pyouio-
HOUi PEeUOBUHU, WO 2EHEPYIOMbCA HA eHEP2OEMHUX niOnpuemcmeax Yxpainu, 30kpema
bens(a)nipen (C,H,,), diokcuo cipxu (SO,), nun, monookcuo eyeneyio (CO), oxcuou
asomy (N O ), cipkosodens (H,S), cipkosyaneys (CS,), pmopucmuii 60densv (HF), ami-
ax (NH,), ¢enon (C.HO) ma in. Ilpoananizosano ma 6i3yanizoeano cmamucmuymy
ingpopmayiro wooo uxkudie 3a6PYOHIOIOUUX PEYOBUH (CO2, S0, NO, CO, PM,, PMM,
1IAP, Zn, Pb, Cu, Cr, Ni, As) y nosimps 6i0 cmayionapnux odicepen 3a0pyOHeHH s 3a ne-
pioo 1990-2018 pp. [lemanvro npoananizo8ano OUHAMIKY XiMIUHO20 3a0pYOHEHHs NO-
simpsi 6 pisHux micmax ma oonacmsx Yxpainu. /[ns desxux micm (Kuis, /[ninpo, Odeca,
Xapkie) U3HAYEHO eHepeOEMHI NIONPUEMCIEA MA MUNU 3AOPYOHIOIOYUX PEYOBUH, SKi
60HU guKkudaroms y nosimps. Iloxazano, wo oOHuMu 3 HAUOLILUWL 3aOPYOHEHUX MIC €
Mapiynons, [uinpo, Oodeca, Kam’sncvke, Kuis, Kpusuii Pie, Jlyyvk, Jlucuuancox,
Muxonais, Cnos’sincox, Kpamamopcwk, Pyb6ioxcue, Jlvsis, 3anopisicoics, Xepcon,
Kpemenuyx, a 0o obnacmeii, wo Hatibintvuwe 3a0pYOHIOIOMb NOGIMPS, HALEHCAMDb:
lloneyvka, /[ninponemposcoka, leano-Dpanxiscvra, 3anopizeka, Jlvsiecorka, Binnuyb-
xa, Kuiscoka, Yepracvka, Ilonmascvka. L[i pezionu nompebyromov nepuiouepeo8oco
BNPOBAOICEHHS CYYACHUX CUCEM MOHIMOPUH2Y 3a0pYOHEH S NOGIMPSL.

KarouoBi ciioBa: 3a0pyaHeHHS MOBITPs, XiMidHe 3a0pyIHEHHS, CTalliOHAPHI JyKepena,
00’€KTH SHEPTEeTHKH, THHAMIKa 3a0pyIHEeHHS, TPAHUYHO-O0ITYyCTHMAa KOHIICHTPAITis.
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