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ABSTRACT

The main purpose of the research is to improve the efficiency of management decisions in the field of environmental protection
through using the methods for assessing the public health risk at the current level of air pollution.

Methodology. The article presents a hierarchical methodological approach for determination of the level of air pollution hazard
at the state, regional and local levels.

The state of atmospheric air is greatly affected by emergencies associated with accidents at chemically hazardous facilities, which
result in burst releases of hazardous chemicals into the environment. When determining the environmental risk of deterioration in the
state of atmospheric air, the chemical hazard indicator was taken into account.

Results. On the territory of the East of Ukraine there is the largest number of potentially dangerous enterprises. A new method-
ology of determination of the hazard level of air pollution is presented at the existing trends of anthropogenic load and the possible
occurrence of technogenic emergencies. Assessment of public health risk due to air pollution in the Mariupol city showed an extremely
high level of danger.

The determination of the risk as a macroecological indicator according to the new method shows a high level of hazard of air
pollution in the industrial developed regions of Ukraine. The shortcomings of the methodical approach of the United States Environ-
mental Protection Agency (EPA US), widely used in many countries of the world, are shown. An analysis of methodological approaches
to assessing the public health risk has shown the promise of using the methodology for assessing potential risk in determining the level
of environmental hazard of industrial enterprises. The assessment of the public health risk in the current quality state of air is given by
two different methods for the regions of Ukraine with a high level of ecological and chemical hazard.

The improvement of the methodology for assessing the risk to public health due to air pollution is proposed, which is presented
as a scientific novelty. Currently when Ukraine has been affected by hostilities and the economic crisis, the issue of priority funding
for environmental protection is very important. The implementation of the proposed methodological approach will make it possible to
scientifically determine regions with an increased level of hazard to public health and minimize financial resources for improving the
air quality, which has actual practical significance.
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1. Introduction

Atmospheric air pollution is one of the world's
major environmental problems. Polluted air affects
human health, flora and fauna, soil acidification, nu-
trient availability and water chemistry, the

composition and function of ecosystems, and corro-
sion of materials (Ashmore M. et al., 2012). The
harmful effects of air pollution also include climate
change, degradation of ecosystems due to acid rain,
ozone depletion, global warming (Manisalidis 1. et
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al., 2020). The impact on health is more intense in
cities with significant sources of emissions, unfavor-
able climatic characteristics and high population den-
sity. Many health problems, such as eye irritation,
respiratory diseases, allergies, etc., can be directly re-
lated to exposure to polluted air (Gupta U.,. et al.,
2012).

At the present stage, the socio-economic devel-
opment of society is in direct correlation with the
quality of the environment. The unfavorable ecolog-
ical situation was the cause of many chronic diseases.
The decline in fertility and an increase in mortality in
recent years has led to a sharp deterioration of the de-
mographic situation in Ukraine.

Ensuring stable social development necessitates
the development of tools for assessing the level of en-
vironmental safety in order to determine the allowa-
ble anthropogenic load and reduce morbidity, so the
study of this work is relevant.

According to the World Health Organization,
92% of the world's population lives in places where
air quality exceeds the recommended limits. Ukraine
has recently seen the highest number of deaths per
100,000 people (from 120 countries) due to air pollu-
tion (Popov O., Iatsyshyn A. et al., 2020).

For financial resources management and imple-
mentation of environmental measures and prevention
of emergencies, this is a very relevant task. A com-
parison of methodological approaches to assess the
risk for public health from air pollution has a scien-
tific focus.

2. Analysis of Reference Data and Problem
Statement

In many countries of the world, the use of risk
assessment approaches for public health for the pur-
poses of socio-hygienic monitoring, environmental
and hygienic examinations, ecological audits, deter-
mination of environmental disaster zones and envi-
ronmental emergency situations, state ecological
control, substantiation of environmental and health
action plans of the population is enshrined in law. The
results of risk assessment allow us to determine the
appropriateness, priority and effectiveness of envi-
ronmental and sanitation measures aimed at reducing
the adverse impact of the environment on public
health.

Polluted air has the greatest impact on diseases
of the respiratory system. The authors of (Singh R.
B., Grover A. 2018). made a spatio-temporal analy-
sis for three urban regions, rural area and for the city
of Delhi on the incidence of air pollution. The results
of the analysis showed that diseases tend to worsen
as the level of air pollution increases. This study is
important for Delhi residents and shows the need to
monitor air quality and reduce pollutant emissions,
but this method cannot be proposed to determine the
risk to public health, because the risk is the probabil-

ity of an event that is not discussed in this article.

The authors of article (Pospelov B., Kovrehin V.
et al., 2020). developed a method for detecting dan-
gerous conditions of polluted air in urban areas in real
time for any amount of pollutants. The method is
based on the restoration of the latent dynamics of the
total risk of instantaneous action on the basis of cur-
rent measurements of the concentration of pollutants
at the control point. The use of the developed method
in several control points would allow to determine the
spatio-temporal distribution of the levels of the total
risk of instantaneous effects of air pollution on the
population within the territory (Pospelov B., Kov-
rehin V. et al., 2020).

Article discusses the important role of risk as-
sessment in emergency and disaster management.
The risks that are most important for emergency man-
agement include: (1) the probability of the existence
or occurrence of a health hazard; (2) the probability
that the hazard will occur; (3) the probability that the
event will cause harm to health; (4) the probability
that harm to health will increase the incidence of the
population. Authors of (Arnold J. L., 2012). believe
that the overall risk of deteriorating public health is
the result of these four probabilities. Atmospheric air
pollution, of course, is one of the causes of human
disease, so in this case, it is enough to determine the
probability of deterioration (or increase) in morbidity.

Risk assessments are tools that help systems at
risk (medical organizations, communities, regions,
states and countries) to develop rational risk reduc-
tion strategies (Arnold J. L., 2012).

The authors of the article (Popov O., latsyshyn
A. et al., 2020). based on official statistics and data
from state monitoring identified and analyzed the
risks to the health of the population of Kyiv associ-
ated with air pollution. The following methods were
used: systematic, functional and comparative analy-
sis, risk theory, mathematical modeling, probability
theory and mathematical statistics, as well as geo-
graphic information technology technologies for dig-
ital map design and targeted methodology for soft-
ware design systems.

The paper (Pospelov B., Andronov V. et al.,
2020) presents a mathematical model of joint deter-
mination of risk to human health and detection of
dangerous conditions of polluted urban atmosphere
to measure the current concentrations of pollutants. A
feature of the model is the use only the measurement
of current concentrations of pollutants in the atmos-
phere at the control point without taking into account
meteorological information.

The monograph (Bacenko O.I. Tta in., 2015).
presents a method of a comprehensive assessment of
the ecological status of surface waters, air, soils and
land resources of the region and a method of deter-
mining the ecological risk of disturbance of natural
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ecosystems while maintaining existing trends in an-
thropogenic pressure for further use in environmental
management. The advantage of this method is the use
of official monitoring data on the state of the compo-
nents of the environment and their sources of pollution.

But, the method of determining the ecological
risk of disruption of natural ecosystems does not take
into account the source of emergencies, which is a
very important factor in the deterioration of the envi-
ronment and the deterioration of public health and
even death.

Emergencies can occur due to significant air pol-
lution due to technological disruptions or adverse
weather conditions, or unauthorized emissions. The
article (Popov O., Taraduda D.et al., 2020) presents
the structure of new information and technical meth-
ods of emergency prevention. This paper describes
the most likely occurrence and development of emer-
gencies related to the entry of toxic substances into
the atmosphere at potentially dangerous objects
(Popov O., Taraduda D.et al., 2020).

It should be noted that during January-June 2020
in Ukraine as a result of emergencies 1241 people
died (including 15 children) and 43873 people were
injured (including 3299 children). The largest num-
ber of emergencies occurred in Donetsk, Dniprope-
trovsk and Luhansk regions, due to the wear and ob-
solescence of technological equipment of industrial
enterprises, especially at environmentally and chem-
ically dangerous sites. In Donetsk and Luhansk re-
gions, the situation is exacerbated by hostilities.

Fighting leads to pollution of environmental
components and emergencies. A feature of Donetsk
and Luhansk regions is the presence of a large num-
ber of objects of high man-made danger, which due
to the anti-terrorist operation (ATO) are at risk of ex-
plosions, damage and other emergencies, which leads
to chemical contamination of soil, air, surface and
groundwater.

During the anti-terrorist operation (ATO) from
2014 to 2017, more than 500 emergencies were rec-
orded at the enterprises of the region, which had an
impact on the environment and the population (Envi-
ronmental Assessment and Recovery Priorities for
Eastern Ukraine, 2017).

Therefore, we believe that it is necessary to im-
prove the method of determining the level of danger
of air pollution under the modern influence of point
and mobile sources of pollution, taking into account
the risk of chemical and man-made emergencies.

An analysis of state regulatory documents in the
field of technogenic and ecological safety of the im-
pact of industrial enterprises on the environment and
public health showed their imperfection and the need
to adapt to the requirements of European ecological
legislation.

In Ukraine, there are guidelines MR 2.2.12-142-

2007 "Assessment of the risk to public health from
air pollution", which are based on the American
methodological approach to determining the risk to
public health (Integrated Risk Information System).
The disadvantages of this methodological approach
are discussed in detail in this article and its improve-
ment is proposed.

Thus, in Ukraine, it is extremely urgent to de-
velop new approaches to assess the degree of danger
at the regional and local levels in order to make sci-
entifically-based management decisions on the prior-
ity of implementing environmental protection measu-
res and preventive measures for civil protection of the
population.

The aim of the presented research is to improve
methods for determining the risk of air pollution on
public health. To achieve this goal, the following
tasks are set:

—identification of regions of Ukraine with a high
level of risk of air pollution and the risk of techno-
genic emergencies;

— health risk assessment in industrial regions of
Ukraine;

— identification of potential risk to public health
due to air pollution in industrial regions of Ukraine;

— determination of the effect of pollutants emis-
sions of blast furnace plant of “Azovstal” metallurgi-
cal combinat on public health.

The new method presented in this work to deter-
mine the level of danger of air pollution allows us to
spot the regions of Ukraine that are in the worst con-
dition in terms of air pollution, emergencies, human
pressure, and the likelihood of an increase in the in-
cidence of the population. When making scientifi-
cally-based management decisions in the field of
technological environmental safety, it will allow in-
dustrial enterprises to fulfill the requirements of the
Law of Ukraine “On Environmental Impact Assess-
ment”.

3. Methods and Methodology. Determination
of the level of air pollution danger while maintain-
ing existing trends in anthropogenic load and the
possibility of industrial emergencies

3.1 Identification of Ukrainian regions with a
high risk of air pollution and the risk of industrial
emergencies

The need to determine ecological risk as a mac-
roecological indicator for the regions of Ukraine is
specified by the state environmental policy according
to the regional principle. In particular, the authors in-
troduced the definition of a macro-environmental in-
dicator as a component of life quality assessment
(Pubanosa O.B. ta in., 2021).

Ecological risk (P%) as probability of ecosystem
resilience depends on the current state of ecosystem
components (K¢) and the impact of present or poten-
tial anthropogenic load (H%) and can be expressed by
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function (Bacernko O.I. Ta in., 2015):

PC=f (KiC,HiC) )

where

K¢ — current state of i-component of the environ-
ment,

H¢%-— current level of anthropogenic pressure on
i- component of the environment.

It is proposed to determine the ecological risk of
deterioration of air quality by the formula (Bacenko
O.L ta in., 2015).:

Py = f(Ap(b = 1,Ny), Hax(k = 1,Nya)), (2)

where
Ay — complex assessment of the present state of

the air quality by Nanumbers and b- indicators;

Hax— an integral assessment of the current level
of anthropogenic load from the effects of negative
factors on air for Ny, numbers and k - indicators.

The characteristics of air pollution in the regions
of Ukraine are estimated by the integral indicator of
air pollution index value IPV, because it is the most
widespread and using in the state monitoring system.

In order to determine the integral indicator of air
condition, it is necessary to interpolate the indicators
of air quality (Ap) and the value of the integral status
indicator and the air pollution index value (IPV) ac-
cording to the table 1.

To calculate the anthropogenic load on the state
of the air quality, official data on the total amount of
pollutants emitted from stationary and mobile
sources of pollution were analyzed. The following
rank scale was used to determine the level of danger
of anthropogenic pressure on natural ecosystems
(table 2).

Table 1

Classification of the quality state of air by the values of the state integral indicator of the quality state
of air (Ap) and air pollution index value (IPV) (Bacenko O.I". Ta in., 2015)

Air quality class 1 - good 2 - fair 3 - moderate 4 -poor 5 - heavy
Value of the state integral indicator 0-0.19 0.9 -0.39 0.4 -0.59 0.6-079 08-1.0
of the quality state of air (Ayp) ’ ’ ’ ’ ’ ’ ’ T
Air pollution index value (IPV) 0-5 5,1-8 8,1-13 13,1 -18  18,1-30
Table 2

Characteristics of anthropogenic pressure on natural ecosystems (Bacenko O.I. Ta in., 2015)

Value of the anthropogenic pressure indicator

Danger level of anthropogenic pressure on natural

ecosystems

0,01 - 0,40

0,41 — 0,80

0,81 — 1,00

1,01 — 1,80
> 1,80

Minor pressure
Increased pressure
Intense pressure
High pressure
Dangerous pressure

Special danger with possible grave conse-
quences and the number of victims are accidents with
the release of hazardous chemicals into the environ-
ment. Most enterprises in all industries work on tech-
nically outdated equipment, consuming large quanti-
ties of natural resources, including mineral resources.
Production is accompanied by the formation of a
large amount of waste and by-products, are not dis-
posed of, stored in dumps. On average, only about
40% of the recyclable chemical raw material is con-
verted into finished products. The most common haz-
ardous chemicals at the chemical industry are

P, = (A, (b =1N, ) Hy (k =1, ). Xon (1 = 1N, )

where

Xan — an integral indicator of the influence of
chemical hazard factors on state of air quality for
Nxanumbers of n indicators.

ammonia, chlorine, nitrogen dioxide, acrylonitrile,
sulfuric anhydride, concentrated nitric and sulfuric
acids, methanol, benzene, sodium hydroxide, forma-
lin, etc.

It should be noted that the state of the air quality
is greatly influenced by emergencies associated with
accidents at chemically hazardous facilities, which
result in sudden emissions of hazardous chemical
substances (HCS) into the environment. Therefore, it
is necessary to consider the chemical hazard indicator
(Xan) in determination of the ecological risk of dete-
rioration of state air quality:

3)

Ecological risk characterization by value is
given in table 3.

The determination of the state of air quality
and the anthropogenic load indicator in the regions
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of Ukraine is based on official monitoring data and
information, are given in the environmental pass-
ports of the regions of Ukraine, regional reports on
the state of the environment, National reports on
the state of the environment, information and ana-
lytical reviews “State of the environment in
Ukraine”. For determination of the generalized in-
dicator of the influence of chemical hazard factors

on the state of air, the information of the National
Report on the State of Technogenic and Natural
Safety in Ukraine were used.

Based on these data, the ecological risk of de-
terioration of the state of air quality of Ukraine is
determined taking into account the degree of chem-
ical hazard (fig. 1).

According to calculations of the ecological risk

Table 3

Characteristics of ecological risk (Bacenko O.I. ta in., 2015)

Value of the ecological risk indicator

Qualitative assessment of the degree of ecological risk

0,01-0,19 Low risk
0,20-0,39 Increased risk
0,40-0,59 Significant risk
0,60-0,79 High risk
0,80-1,00 Dangerous risk
- Chernihiv
olyn :
reg;jon Rivne Lhe.oD sumv
region Kyi
$ c,}:; region
Zhitomir
region S
Kyiv
Lviv LSEL0K Poltava Kharkiv
region Ternopil . region region
region Khm?" A Cherkasy
ano region Vinn.vtsia region
Frankivsk LOEIOn _
Zakarpattya/(igion Cherrinstel Klrov.ohrad
region region/ region
Mykolayiv
Odesa reglon
region Kherson
= region
- 5
Low risk Ak i
Increased risk G
Si.gnifi.cant risk Crimea £\ S
High risk -

Dangerous risk
No data available

Fig. 1. Ecological risk of deterioration of air in the regions of Ukraine,
taking into account the degree of chemical hazard

of deterioration of atmospheric air in Ukraine, taking
into account the chemical hazard indicator (fig. 1),
the most dangerous state of atmospheric air is ob-
served in Donetsk (5 class), Dnepropetrovsk, Lu-
gansk region and Zaporizhzhya region (4 class).
More than 11.0 million people (about 26% of the
country's population) live in the zones of possible
chemical contamination. The largest number of
chemically hazardous facilities is concentrated in the
industrial regions of Ukraine, namely in the Donetsk

region - 159, Dnipropetrovsk region - 112, Lugansk
region — 86. Most of these facilities constitute an eco-
logical hazard to the environment and public health,
pose a threat of emergencies, and individual facilities
are potentially dangerous even to neighboring states
and constitute a transnational threat.

3.2 Method of estimating the risk to public
health depending on air quality

In the most countries of the world it is consid-
ered that the risk to the public health is the main
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indicator of danger. Ukraine has guidelines for as-
sessing the risk to public health from air pollution
(Meroauuni pexomenmanii, 2007). In the article
(Rybalova O. et al., 2022). the methodology for a
complex assessment of the risk to public health at en-
vironmental pollution was improved.

Health risk assessment is carried out separately
for carcinogenic and non-carcinogenic pollutants.
For the assessment of the carcinogenic risk, risk indi-
cators are calculated for each pollutant (MeTtonuuni
pexomenpanii, 2007):

CR = SF x LADI, (4)

where

CR - the probability of getting cancer, immeas-
urable value (usually expressed in units 1:1000000);

SF —probability of getting cancer if a single dose
was taken LADI, 1/mg/ (kg- twenty-four hours).

LADI — average lifetime daily dose, mg/(kg-
twenty-four hours), which is calculated by the for-
mula (Meroauuni pekomenaaitii, 2007):

CaXToutXVoutxXEFXED
LADDI = : (5)
BWXAT X365

where

LADDI - average daily dose of the substance,
mg/kg- twenty-four hours;

Ca — concentration of substances in the air,
mg/m?;

Tout — time spent outdoors, hour/ twenty-four
hours;

Vout — rate of breathing outside the room,
m?/year;

EF — frequency of exposure, days/year;

ED — duration of exposure, years;

BW — body weight, kg;

AT — exposure averaging period, years.

365 — number of days per year.

Individual and population carcinogenic risks
characterize the upper limit of a possible carcino-
genic risk during the period corresponding to the av-
erage human life expectancy (70 years). Value of car-
cinogenic risks mainly reflects the long-term ten-
dency for a change in the oncological background
that has formed in the corresponding territory. Low
level of carcinogenic risk is considered at its values
10— 10,

The risk of developing non-carcinogenic effects
for individual substances is based on the calculation
of the hazard coefficient by the following formula
(Meroanuni pekomenaarii, 2007):

AD AC
HQ =75 or HQ == (0)

where

HQ — coefficient of hazard, immeasurable value;
AD — average dose, mg/kg;

AC — average concentration, mg/m?;

Rf D — reference (safe) dose, mg/kg;

RfC — reference (safe) concentration, mg/m?.

The risk characterization of the development of
non-carcinogenic effects with combined and com-
plex exposure to chemical compounds is based on the
calculation of the hazard index (HI).

The hazard index for conditions of simultaneous
using several substances in the same way (for exam-
ple, inhalation or oral) is calculated by the formula
(Metonuuni pexomenpaii, 2007):

HI=>HQ, (7)

where HQ; — hazard factor for i- individual pol-
lutants.

In works (Bacenko O.I'. Ta in., 2015), the fol-
lowing gradation of the boundaries of the develop-
ment of non-carcinogenic effects by the magnitude of
the hazard coefficient is presented: extremely high (>
10), high (5-10), medium (1-5), low (0.1-1.0), mini-
mal (less than 0.1).

3.3 Method of estimating the potential risk to
public health depending on air quality

When identifying areas of environmental dan-
ger, methods are used to assess the potential risk to
public health, the advantage of which is that they are
based on the domestic hygienic approach (compli-
ance with the maximum allowable concentration
(MPC) ensures no adverse health effects, and its ex-
cess can cause probability (risk) of increasing the in-
cidence of the populatiWon), which allows to divide
the levels of pollution into several stages - from ac-
ceptable (or acceptable) to extremely dangerous
(Bacenko O.I'. ta iu., 2015, Kucenes A.B., ®puaman
K.B., 1997).

The method of assessing the potential risk to
public health allows you to adequately integrate pol-
lutants, because it is a probabilistic characteristic of
the occurrence of reflex reactions of the body and
other harmful effects (Bacenko O.I". Ta in., 2015).

The potential risk to public health from chronic
exposure to air pollution is determined by the formula
(Kucenes A.B., ®punman K.b., 1997):

R =1 - exp (In(0.84) x (C/ MPC)®/ Kz), (8)

where

C — concentration of the pollutant, mg/m?;

MPC — maximum permissible concentration of
the pollutant, mg/m?;

Kz — coefficient, which is determined by table 4;

b — coefficient that allows to evaluate the isoef-
fective effects of impurities of different hazard clas-
ses in accordance with table 4.

When interpreting the obtained values of the po-
tential risk to public health use the following ranking
scale (table 5).

Assessing the potential risk to public health also
allows you to rank the risks of individual pollutants
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Table 4
The values of the coefficients Kz and b for substances of different hazard classes
(Kucenes A.B., ®punman K.b., 1997)
Hazard class of pollutants Coefficient Kz Coefficient b

1 7,5 2,35

2 6,0 1,28

3 4,5 1,0

4 3,0 0,87
Table 5

Dependence of the weight of the effects on the magnitude of the potential risk to public health
(Rybalova O. et al., 2018)

Risk Grade Risk characteristics
<0,1 1 insignificant impact on public health
0,1-0,19 2 weak impact on public health
0,2-0,59 3 significant impact on public health
0,6 — 0,89 4 great impact on public health
0,9-1,0 5 very large impact on public health

in order to determine the cause of pollution based on
the identification of the most dangerous sources of
anthropogenic impact on the environment.

4. Results

4.1 Results of risk assessment for public
health due to air pollution in industrialized re-
gions of Ukraine
80,00
70,00
60,00
50,00

40,00

30,00

Hazard Index Value

20,00

10,00

Calculations of carcinogenic risks to public
health in the current state of air pollution in all re-
gions of Ukraine correspond to the low level, as their
values fluctuate from 107 till 106,

The calculation of the hazard index of an in-
crease in the incidence of the population showed a
high level of danger in industrial regions (fig. 2).

—_
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Fig. 2. Ranking of industrial regions of Ukraine according to the hazard index of increasing incidence
of the population in the current state of air pollution

Based on the monitoring data on the state of air
in the settlements of Ukraine, the carcinogenic risk
and the hazard index for non-cancer diseases for
adults and children are calculated. The population in
the Donetsk region is in the most dangerous condi-
tion: the hazard index value corresponds to hazard
class 5 (extremely high hazard level). The level of air

pollution in Lugansk, Dnipropetrovsk and Kharkiv
regions corresponds to 4 class (high hazard level).

The assessment of the potential risk to public
health from air pollution in Luhansk region showed
that the value of the risk corresponds to hazard clas-
ses 2 and 3 (table 6).
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Table 6
Potential risk to public health from air pollution in Luhansk region
Name of the city ~ The value of potential risk ~ Grade Risk characteristics
Lysychansk 0,36 3 significant impact on public health
Severodonetsk 0,19 2 weak impact on public health
Rubizhne 0,39 3 significant impact on public health

Calculations have shown that the greatest poten-
tial risk to public health from air pollution in Ru-
bizhne.

An assessment of the potential risk to public
health from air pollution in the Donetsk region has
shown that the level of air pollution is extremely dan-
gerous (Grade 5).

The ranking of the cities of Donetsk region by
the value of the potential risk to public health from
air pollution showed the most dangerous level of pol-
lution in the city of Slavyansk.

The level of air pollution in the city of Za-
porizhzhya and the city of Dnipro according to the
assessment of the potential risk to public health cor-
responds to the 3rd grade of danger (significant im-
pact on public health). The assessment of the poten-
tial risk to public health from air pollution in the city
of Kharkiv showed compliance with hazard grade 2
(weak impact on public health).

4.2 Determination of the effect of pollutant
emissions from the blast furnace shop of the PJSC
""Azovstal Iron and Steel Works" on public health

The main air pollutants in Ukraine are energy
and metallurgy enterprises (55% and 22% of all pol-
lution from stationary sources). The powerful
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environmental pollutant is also chemical industry,
which emits sulfuric anhydride, hydrocarbons, nitro-
gen oxides and other harmful substances into the air.
The largest number of chemically hazardous facilities
is located in the eastern regions of the country,
namely in Donetsk, Dnipropetrovsk, Lugansk and
Kharkiv regions.

The industrial center of Ukraine is concentrated
in the Donetsk region, which carries a large load on
the environment by such industries as coal, metal-
lurgy, energy, coke-chemical engineering and others.
Therefore, pollution of the atmosphere in the Donetsk
region and in the city of Mariupol with harmful sub-
stances has a significant impact on the health of the
population and natural ecosystems.

Results of the calculations of the carcinogenic
risk assessment on the health of the population of Ma-
riupol at the current level of air pollution are showed
that there is a high risk - it is not acceptable for the
working environment and the population as for chil-
dren, as for adults. It is necessary to implement and
take measures to eliminate or reduce the risk. For
adults and children, the highest risk is high levels of
air pollution by benzopyrene. (fig. 3).

The assessment of non-carcinogenic risks to the

Carcinogenic risk (adults)

0,25 A

0 it __J
Substance
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Fig. 3. Carcinogenic risk for children and adults in the city of Mariupol (Donetsk region)

public health at the current level of air pollution is
showed that the risk is extremely high - massive com-
plaints and the occurrence of chronic diseases.

Hazard index calculations show that the hazard
level is extremely high, which creates the probability
of increasing the morbidity of the population.

Main contribution to the general air pollution of
the city of Mariupol is made by the enterprises of fer-
rous metallurgy — PJSC "Azovstal Iron and Steel
Works" and PJSC “Ilyich Iron and Steel Works".
Their emissions, according to Ministry of ecology
and natural resources, constitute about 98% of the
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citywide.

PJSC "Azovstal Iron and Steel Works" is a part
of metallurgical division (Metinvest group) and one
of the largest world - known metallurgical companies
in Ukraine (city of Mariupol). Production facilities of
the enterprise allow producing 5.7 million tons of
iron per year, 6.2 million tons of steel and 4.7 million
tons of finished rolled products per year. Currently,
enterprise is the only Ukrainian manufacturer of
high-quality rolled products with the thickness of 6-
200 mm and width of 1500-3200 mm for shipbuild-
ing, power engineering and special machine building,
bridge construction, large diameter pipe manufactur-
ing for arctic main gas and oil pipelines, offshore
structures. PJSC "Azovstal Iron and Steel Works"
uses five main workshops for production, namely:
sinter factory, blast-furnace shop, converter shop,
thick-sheet shop.

The most ecologically hazardous is the blast furnace
shop of metallurgical production. Therefore, the ef-

fect of pollutant emissions into the air of a blast fur-
nace shop of PJSC "Azovstal Iron and Steel Works"
on the health of population were considered in more
detail at the article.

The blast furnace shop of PJSC "Azovstal Iron
and Steel Works" produces three types of pig iron:

- 30% phosphorous (phosphorus content up to
1.5%) for the open-hearth shop;

- 69,5 % low carbon (manganese content up to
0.17%) for the converter shop;

- 0,5 % synthetic cast iron for foundry.

The main sources of atmospheric emissions in
the steel industry are sinter production, iron and steel
production. A large amount of pollutants is emitted
into the atmospheric air: carbon oxides, sulfur, nitro-
gen, oil vapors, polydispersity dust, benzene, phenol,
formaldehyde, methanol, heavy metals, and ammo-
nia. The main air pollutants are given in table 7.

Emissions of pollutants lead not only to a critical
state of air and nature in the city, but also to the large

Table 7

The main air pollutants of PJSC "Azovstal Iron and Steel Works"

Emissions

Title of the ..
Total emissions,

Before the total emissions of the

Before the total emissions

pollutant t/year facility, % (settlement), %
Solids 11191.265 7.73 293
CcO 121249.068 83.73 31.71
NOx 6408.391 4.43 1.68
SO; 4877.254 3.37 1.28

number of diseases among the population of the re-
gion of the cardiovascular, respiratory and reproduc-
tive systems and the death of living organisms.

The main sources of air pollution from emis-
sions from a metallurgical enterprise include blast
furnace production of pig iron. Therefore, calculating
the effect of pollutant emissions into the air from the
blast furnace is necessary.

Calculations of the hazard index for the popula-
tion of the city of Mariupol from on the emissions of
the blast furnace into the air showed a high level of
danger (table 8.)

Assessment of non-carcinogenic risks to public
health at the current level of air pollution shows that
the risk is extremely high - massive complaints and
the occurrence of chronic diseases. In accordance
with the methodology for assessing the risk to public
health, the probability of increasing the incidence rate
for individual organs and systems of the human body
is determined in accordance with the value of the haz-
ard coefficient of an individual pollutant (fig. 4).

Calculations are shows that there is a high level
of danger of an increase in the incidence of the

respiratory, blood and immune system for the popu-
lation of the city of Mariupol.

The blast furnace production is one of the main
branches in the steel industry, which pollutes the en-
vironment. The production of pig iron is formed big
amount of gas emissions and waste. In order to pro-
tect the environment, the implementation of measu-
res aimed at: 1) eliminate or reduce emissions to max-
imum permissible standards; 2) neutralization of
harmful factors of pollution. Among the highest pri-
orities, it is necessary to name the full or partial con-
version of production, accelerated restoration of pro-
duction potential, the implementation of advanced
technologies, and the development of environmen-
tally friendly industries. Complete and efficient dis-
posal of waste from all industries is possible and nec-
essary based on the implementation of activation
tools with a significant increasing in their technolog-
ical properties.

One of the main levers for solving the problems
of air protection, in terms of approaching interna-
tional air quality standards and eliminating the con-
tradictions between economic growths and increasing
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Table 8

Assessment of the hazard index for the population in the city of Mariupol depending
on the emissions of pollutants from the blast furnace shop into the air

Pollutants Concentration, Reference concentration, Hazard factor,
mg/m’ RfC, mg/m? HQ
Dust 0.7 0.1 7
Sulfuric anhydride 0.33 0.05 6.6
Nitrogen oxides 0.1 0.06 1.67
Carbon monoxide 9 3 3
Hydrogen sulfide 0.01 0.1 0.1
Total hazard index, HI 18.37
H respiratory system
16
14
12 H blood
& 10
T
T = 8 H immune system
E =
b 6
£
4
cardiovascular system,
2 growth, central nervous
system
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Fig. 4. Probability of an increase in the morbidity of the population of Mariupol from modern air pollution
from emissions from the blast furnace of PJSC "Azovstal Iron and Steel Works"

anthropogenic load, is the implementation of a new
industrial emissions control system. Thus, the eco-
logical situation in the area of pig iron production can
be improved by replacing the treatment facilities with
new, more productive and modernized ones; reducing
the formation of scrap and slag and the development
of measures for their disposal and recovery.

5. Discussion

Analysis of the dynamics and state of natural
and technological safety in Ukraine showed that in
general the number of emergencies has a tendency to
decrease over the past decade. The big number of
technogenic emergencies arose in the Donetsk, Dne-
propetrovsk and Lugansk regions. This is due to the
deterioration and obsolescence of technological
equipment of industrial enterprises, especially in eco-
logically and chemically hazardous facilities. In the
Donetsk and Lugansk regions, the situation is com-
plicated by military operations. The peculiarity of the
Donetsk and Lugansk regions is the presence of a

large number of objects of increased technogenic
danger, which because of hostilities are at risk of ex-
plosions, damage and other emergencies, which leads
to chemical pollution of soil, air, surface and ground-
water.

The application of a new method of determining
the risk of deterioration of atmospheric air depending
on the current state of the atmosphere, anthropogenic
load, taking into account the degree of man-made
chemical danger at the state level has shown its effec-
tiveness for fair distribution of financial resources for
the introduction of advanced technologies and envi-
ronmental measures.

The main air pollutants in Ukraine are energy
and metallurgical enterprises (55% and 22% of all
pollutants from stationary sources). A powerful pol-
lutant of the environment is also the chemical indus-
try, whose facilities emit sulfur dioxide, hydrocar-
bons, nitrogen oxides and other harmful substances.
The largest number of chemically dangerous objects
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is located in the eastern regions of the country,
namely in Donetsk, Dnipropetrovsk, Luhansk and
Kharkiv regions.

Modern methodological approaches to risk as-
sessment for public health were analyzed and the au-
thors came to conclusion that due to the heterogeneity
of approaches there is currently no consensus on
methods of solving problems related to risk assess-
ment (Mathes T. et al, 2017). A possible explanation
for this may be that the methods are insufficiently de-
veloped, and the advantages and disadvantages of a
particular method in relation to the research question
are still insufficiently evaluated (Mathes T. et al,
2017).

A comparison of methodological approaches to
assessing the risk to public health revealed several
shortcomings of the EPA methodology:

1) pollution indicators of the Ukrainian and
American monitoring systems do not match;

2) calculation of the hazard index is based on a
simple summation of the multiplicity of exceeding
the reference doses without taking into account the
hazard class;

3) the concept of non-threshold risk (ie any sub-
stance in any concentration affects human health)
leads to overestimation of risk values;

4) for each pollutant indicate specific diseases
that may be increased compared to the background
disease, but sometimes these are very dubious con-
clusions about the disease;

5) the method of assessing the potential risk to
public health is based on the fact that if the pollutants
exceed the relevant maximum concentration limits,
then there is a likelihood of adverse effects or in-
creased morbidity and do not indicate specific dis-
eases;

6) assessment of the potential risk to public
health is based on the domestic system of maximum
permissible concentrations (MPC) and takes into ac-
count the hazard class of the substance

We propose to use a combined approach to de-
termine the risk to public health due to air pollution:

1) carcinogenic risk is determined according to
the methodological approach of the EPA, which is
contained in the methodological recommendations
2.2.12-142-2007 "Assessment of the risk to public
health from air pollution".

2) for non-carcinogenic pollutants to determine
the potential risk to public health according to the
method presented in section 3.3 of this work.

The next step in determining the risk to public
health is risk management (Keim M. 2018). where it
was noted that risk assessment is a key component of
health interventions aimed at preventing or reducing
adverse health effects. Health risk assessments are
widely used to guide health programs, as well as
cross-sectoral environmental impact studies and

development decisions. Analytical risk assessment is
a well-validated tool that is regularly used among cer-
tain subgroups of public health, including those that
assess chemical, radiological and microbiological
risks.

One of the main levers for solving the problems
of air protection, in terms of approaching interna-
tional air quality standards and eliminating contradic-
tions between economic growth and increasing man-
made load, is the introduction of a new system for
regulating industrial emissions. Thus, it is possible to
improve the ecological situation, protect human
health and ensure the comfort of living by introduc-
ing advanced technologies into industrial production,
replacing treatment plants with new, more productive
and modernized ones; reducing waste generation and
developing measures for their utilization and recovery.

6. Conclusions

The new method of determining the level of dan-
ger of air pollution allows to identify the regions of
Ukraine that are in the worst condition in terms of air
pollution, emergencies, anthropogenic pressure, the
likelihood of increasing morbidity to direct financial
resources to implement environmental measures and
prevention. Emergencies, which is a very important
task in making scientifically sound management de-
cisions in the field of man-made environmental
safety.

Calculations of the ecological risk of deteriora-
tion of the atmospheric air of Ukraine taking into ac-
count the indicator of chemical danger showed the
most dangerous state of the atmospheric air observed
in Donetsk, Dnipropetrovsk, Luhansk regions (5th
grade) and in Zaporizhzhya region (4th grade).

The industrial center of Ukraine is concentrated
in the Donetsk region, which carries a large load on
the environment by such industries as coal, metal-
lurgy, energy, coke-chemical engineering and others.
Air pollution in the Donetsk region and in the city of
Mariupol with harmful substances has a significant
impact on public health and natural ecosystems.
Therefore, it is very important to assess the risk for
the population of the city due to air pollution. Results
of calculations of carcinogenic risk assessment for
the population of Mariupol at the present level of air
pollution showed that the risk is very high.

A comparison of methodological approaches to
assessing the risk to public health from air pollution
has shown the need to use a combined approach to
determine carcinogenic and non-carcinogenic risk.
Applying the proposed combined approach to as-
sessing the risk to public health will determine the
likelihood of increasing morbidity at the regional and
local levels, the possibility of industrial enterprises or
the introduction of advanced technological processes
to improve air quality and protect the public from pol-
lutant emissions.
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The assessment of non-carcinogenic risks for
public health at the current level of air pollution
showed that there is a very high risk of chronic disea-
ses, especially respiratory and cardiovascular sys-
tems, the central nervous system. The main sources
of pollution in the city of Mariupol are metallurgical
plants: PJSC "Azovstal Iron and Steel Works" and
PJSC “Ilyich Iron and Steel Works"and vehicles,
which are growing rapidly year-by-year.

The enterprises of the metallurgical industry,
which are the largest air pollutants, should immedi-
ately implement air protection measures in order to
reduce the risk to public health.

The results of the air quality assessment in Do-
netsk region and the city of Mariupol and its impact
on public health are showed that the region’s environ-

protection measures and for the technological mod-
erniza-tion of industrial enterprises in order to reduce
the anthropogenic load on the environment.
Nowadays, Ukraine has experienced an eco-
nomic crisis, the issue of the priority of financing en-
vironmental protection is very important. The pre-
sented approach for determation the level of environ-
mental hazard using methods for assessing the risk to
public health makes it possible to determine the fea-
sibility and priority of implementing environmental
and sanitary-hygienic measures. The hierarchical
methodological approach proposed in the work for
determination the environmental hazard of air pollu-
tion should be used in the development of environ-
mental policies for the implementation of environ-
mental measures in order to improve the state of the

mental strategy financial resources should be allo-  environment.
cated to the implementation of environmental
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B IPOMMCJIOBUX perioHax YKpaiHu
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Byn1. UepHuinescrbka, 94, M. Xapkis, 61023, Ykpaina;

TI'anna Bonooumupisna Kopooxoea?,
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Anamoniit Bacunvoeuy I) ydxeeutﬁ,

. TeoTp. H., Ipodecop, kKadenpa reorpadii,

’BiHHMUBKHIT IepKaBHMI TI€IarOTiYHUN yHIBEpCHTET iMeHi Muxaiina Komo6HHCBKOTO,
Byn. Octpo3sbkoro, 32, M. Birautyt, 21001, Ykpaina,

Cepziit Poonenosuu Apmem’ce’,

K. T. H., IOLEHT, Kadepa OXOPOHH IMpalli Ta TEXHOT€HHO-EKOJIOTTYHOT Oe3IeKH;
Onexcandp bozoanosuu Bonoap?,
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“Kpemenenpka o61acHa ryMmaHiTapHO-TIEaroriuna akaaemis imeni Tapaca llleBuenka,
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OCHOBHOO METOFO IIPOBEICHHS IOCTIKEHb € ITiJBHIICHHS ¢()EKTHBHOCTI IPUHHATTS yIPaBIiHCHKUX PillleHb B Ira-
Jy3i OXOPOHH HaBKOJHIIIHBOTO MPUPOITHOTO CEPEIOBHIIA 32 PaXyHOK 3aCTOCYBaHHS METOMIB OLIHKH PH3UKY LS 30POB'S
HaCEeJICHHS TP CyJacHOMY PiBHI 3a0pyIHEHHS aTMOC(EpHOTo MOBITPA. B po0OTi mpencTaBneHo iepapXiqHuil MeTOIY-
HUH MOXig 10 BU3HAYCHHS piBHSA HeOe3meKku 3a0pyTHEHHs aTMOC(EpHOTo MOBITPS Ha JepKAaBHOMY, PETiOHATBHOMY 1
MICIICBOMY pIiBHSX. B cTaTTi mpeacraBicHa HOBa METOMKA BU3HAYCHHS PIBHS HEOE3MEKH 3a0pYIHEHHS aTMOC(EPHOTO
MOBITPs IpU 30€pEeKEHHI ICHYIOUHMX TCH/ICHIIIH aHTPOIIOICHHOT0 HABAHTAKECHHSI TA MOXKJIMBOCTI BUHUKHCHHS HAI3BUYali-
HUX CUTYyallill TEXHOI'€HHOTO Xapakrepy. Ha cran arMocgepHOro NoBiTps BEJIMKUI BILIMB MalOTh Ha/I3BUYaliHI CUTYaIlil,
1110 [TOB’sI3aHi 3 aBapisMH Ha XIMIYHO HeOe3MeUHUX 00’ €KTaX, Y pe3yJbTari ssKUX BiZOyBaeThCs 3aIOBI BUKUAM Hebe3Ie-
YHUX XIMIYHMX PEYOBMH B HABKOJHIIHE NPUpOAHE cepenosuile. [Ipy Bu3HAYEHHI €KOJIOTIYHOTO PU3UKY MOTipIIEHHS
CTaHy aTMOC(EpHOTO MOBITPSI BPaXOBAaHO IMOKAa3HUK XiMivHOT HeOe3neku. Ha tepuropii Cxony Ykpainu HamiuyeThbCs Haii-
OUTbIA KIBKICTh MMOTEHIIIIHO HEOE3MEYHHX ITiIIPUEMCTB. BU3HAUCHHS PH3HKY SK MaKpOEKOJOTiYHOTO TMOKa3HUKA 3a
HOBOIO METOJIHUKOIO TIOKa3aja BUCOKHI PiBeHb HeOe3MeKn 3a0pyaHEeHHs aTMOC(EPHOTO MOBITPS B iHIYCTPiallbHO PO3BU-
HyTHX perioHax Ykpainu. OLiHKa pH3MKY ISl 310POB’S HACENCHHS BHACIIZIOK 3a0pyIHEHHS aTMOC(EPHOro MOBITPs
M. Mapiymnons moka3zania HaA3BU9IaifHO BUCOKHI piBeHb HeOe3meKku. J{ist perioHiB YkpaiHu 3 BHCOKUM PiBHEM EKOJIIOTIHHOT
Ta XiMI9YHOT HeOE3IEeKH JaHa OIliHKa PU3UKY IJIS 3I0POB’ST HACEJCHHS IPU CyYaCHOMY SIKICHOMY CTaHi aTMOC(epHOTO
HOBITPsI IBOMa Pi3HUMHU MeTonaMu. [1oka3aHO HENONIKM METOJMYHOTO ITiIX0Ny ATEHTCTBA 3 OXOPOHU HaBKOJIHIIHBOTO
cepenosuiia CIITA (EPA US), o mmMpoko BUKOPUCTOBYEThCS y 0ararbox KpaiHax CBITY. AHaJi3 METOAMYHHX ITiIXO/IIB
JIO OL[IHIOBAaHHSI PU3UKY JJIs 30POB’ sl HACEJIEHHS TIOKa3aB IIePCIEKTUBHICTh 3aCTOCYBAaHHSI METO/IMKH OLIIHKU TIOTEHIIIH-
HOTO PU3UKY NPU BU3HAUYEHHI PIBHS €KOJIOTIYHOI HeOe3MeKH MPOMHUCIOBUX MIANPUEMCTB. 3allpOIIOHOBAHO YIOCKOHA-
JICHHS] METOAIMKY OLIIHKY PU3HKY JUIS 3I0POB’ s HACEJICHHS BHACIIIIOK 3a0pyAHEHHs aTMOC(EPHOTO MOBITPS, LI0 NPe/ICTa-
BJIsIE HAYKOBY HOBU3HY po00TH. B TemepimiHiii yac, koiu YkpaiHa 3a3Hajia BIUTUBY BIHCHKOBHX il Ta CKOHOMIYHOT KPH3H,
Jy’Ke Ba)KIIMBUM € IMUTAHHS I0J0 MPiOPUTETHOCTI (piHAHCYBaHHS IPUPOJOOXOPOHHUX 3aXO0/iB. 3aCTOCYBAaHHS 3aMpoOIIo-
HOBAHOTO METOIMYHOTO IMiIX0AY AAaCTh 3MOT'Y HayKOBO OOIPYHTOBAaHO BU3HAYUTH PETiOHU 3 ITiIBUILIEHUM piBHEM Hebe3-
MK IS 3M0POB’ sl HACEJICHHS 1 MiHIMi3yBaTh ()iHAHCOBI pecypcH Ha IMOKPALICHHS CTaHy aTMOC(EPHOT0 HOBITPSI, IO €
aKTyaJbHUM 1 Ma€ MPaKTHYHY 3HAYUMICTb.

Knrwouosi cnosa: ammocepne nogsimps, naozeuuaiini cumyayii, Ximiyna Hebesnexa, pusux, 300po8 s HaceleHHs,
BUKUOU 3AOPYOHIOIOUUX PEYOBUH, NPOMUCLOBE pecionu YKpainu.
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