Texnonoeii 3axucmy HaABKOIUUWHBLO2O CEPEOOBULA

VJIK 502.3:613.15 https://doi.org/10.33271/crpnmu/77.147

© O. Borysovska?, O. Berezniak?, A. Harbar!
! Dnipro University of Technology, Dnipro, Ukraine

ASSESSMENT OF THE NON-CARCINOGENIC RISK TO POPULATION
HEALTH FROM ATMOSPHERIC AIR POLLUTION IN
DNIPROPETROVSK OBLAST

© 0.0. Bopucoscekal, 0.0. bepesnsx®, A.I'. Capbap!
! Harionansamii TexHigamil yHiBepeuTeT «JIHIpoBchKa nomitexHikay, J{ainpo, Yxpaina

OIIHKA HEKAHHEPOI'EHHOI'O PU3UKY JIUIA 310POB'S
HACEJIEHHA BIJI 3ABPYJIHEHHSA ATMOC®EPHOI'O ITIOBITPA
JIHIITPOIIETPOBCHKOI OBJIACTI

Purpose. The purpose of this work is to assess the non-carcinogenic risk to population health
from air pollution in Dnipropetrovsk Oblast.

The methods. Assessment of the non-carcinogenic risk to population health from air pollution
in Dnipropetrovsk Oblast was carried out as follows: hazards were identified; dose-response relation-
ships were assessed; priority air pollutants were ranked; and exposure was assessed using the meth-
odology approved by the Ministry of Health of Ukraine.

Findings. The ranking of priority atmospheric air pollutants in Dnipropetrovsk Oblast according
to the comparative non-carcinogenic hazard index (HRI), which takes into account the health impact
weighting factor, the population size and the amount of conditional exposure to the substance, demon-
strates that phenol has the lowest HRI value in the region with a value of 4,914,088, and dust has the
highest value with an index of 1,788,636,286. Phenol has the highest value of the hazard coefficient,
which characterises the risk of non-carcinogenic effects from air pollution in Dnipro city with a value
of 5.78, indicating a high risk of negative impact on human health from its presence in the air. The
overall hazard index of non-carcinogenic risk from air pollution in Dnipro is 16.03 and is character-
ised as extremely high.

Scientific novelty. The dependence of the distribution of pollutant and greenhouse gas emissions
from stationary sources in the Dnipro region by districts of the region, taking into account the number
of enterprises with relevant emissions, was further developed. The classification of priority air pollu-
tants in the Dnipro region was improved according to the value of the comparative non-carcinogenic
hazard index (HRI), which takes into account the weighting factor of the impact on health, population
size and the value of the conditional exposure to a substance.

Practical implementation. The research results can help to reduce air pollution in Dniprope-
trovsk Oblast. This will improve the quality of life of the local population and preserve the natural
environment from negative impact. The research findings can also serve as a basis for developing and
implementing strategies and programmes to reduce air pollution in the region. This will help the
authorities to make effective and informed decisions in the field of environmental protection.

Keywords: atmospheric air, pollutants, pollution, population health, non-carcinogenic risk, ex-
posure, hazard classes.

Introduction. Human health depends on many factors, such as genetics, social
status, psychological state, availability and quality of medical care, lifestyle and
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presence of harmful habits, as well as living conditions and environmental quality. De-
termining the exact contribution of each of these factors to the diseases occurrence is
often a difficult task due to the variety of possible influences, many of which may occur
independently of these factors.

The study of the impact of atmospheric air pollution on the health of the popula-
tion is extremely relevant in modern conditions, when environmental issues are becom-
ing more and more acute. Risk assessment allows us to understand the real conse-
quences of pollution for human health and to determine priorities in taking measures
to reduce these risks. In connection with the man-caused load and industrialization of
the Dnipropetrovsk Oblast, it is important to have a clear idea about the degree of haz-
ard of air pollution for the population of the region.

Air pollution risk assessment helps to predict the probability and medico-social
significance of possible health threats under different exposure scenarios, and also to
establish the priority of risk factor management measures at the individual and popu-
lation levels.

The development of ways to reduce the risk from atmospheric air pollution to
population health reflects the importance of practical measures in the field of environ-
mental protection and ensuring public health. Proposals and recommendations devel-
oped on the basis of the assessment results can serve as a basis for the development of
new programs and strategies for environmental protection of the region. Such a work
Is a step in the direction of improving the quality of life of population and ensuring the
sustainable development of the region.

Therefore, the purpose of this study is to assess the non-carcinogenic risk from
atmospheric air pollution to the health of Dnipropetrovsk Oblast population.

Main body. A complete, or basic, scheme of risk assessment involves four inter-
related stages, namely [1]:

1) hazard identification;

2) exposure assessment;

3) hazard characterization (dose-response assessment);

4) risk characteristics.

Hazard identification. The main goal of this stage is the selection of the key,
most important chemical substances, the study of which will allow to assess the risks
of impact on population health with sufficient accuracy and to determine their sources.
The hazard identification process involves [2]:

— determination of all sources of environmental pollution and their possible im-
pact on human;

— identification of all pollutants;

— analysis of the potentially harmful effects of chemical substances and assess-
ment of the scientific basis for the possibility of these effects occurring in human;

— identification of priority chemical compounds for further study;

— establishment of harmful effects that may arise as a result of exposure to prior-
ity substances when evaluating routes of interaction (including contaminated environ-
ments and ways of penetration of chemicals into the human body), duration of exposure
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(acute, subacute, chronic, lifelong) and ways of their penetration into the human body
(inhalation, oral, epidermal).

Identification of all sources of environmental pollution and their possible impact
on human. Within the framework of this study, it is not possible to identify all sources
of atmospheric air pollution in the region, however, we can analyze the contribution of
the main pollutants of the air basin of the region according to the Regional report on
the state of the natural environment in Dnipropetrovsk Oblast for 2022 [3—-7]. The top
ten enterprises of the region, which carry out the largest amount of emissions into the
atmosphere, include PJSC ArcelorMittal Kryvyi Rih, JSC “YUZHNIY GOK” Mining
and Processing Plant, DTEK Prydniprovska TPP, JSC Pokrovsk Mining and Pro-
cessing Plant, PJSC Dnipro Metallurgical Plant, Public Utility “Dniprovodokanal”, PC
Kryvyi Rih iron ore plant, JSC Nikopol Ferroalloy Plant, PC Interpipe PRP, PJSC “Su-
kha Balka”. That is, these are mainly enterprises of the metallurgical, mining, energy
and public utility sectors.

The total amount of emissions in the region in 2021, according to the State Statis-
tics Service of Ukraine, was 537,635.055 tons [8], and the largest contribution to the
total emission was done by PJSC ArcelorMittal Kryvyi Rih with an indicator of
12.65%, followed by JSC “YUZHNIY GOK” Mining and Processing Plant (10.35%)
and DTEK Prydniprovska TPP (6.66%).

There are also other participants who make a significant contribution to the pol-
lution of the atmosphere in the region. This creates a problem for the quality of the
environment and population health. Other enterprises also make a contribution, and
their impact should also be considered for emission reduction measures.

In general, the largest polluting enterprises account for 55.58% of emissions from
stationary sources of pollution in the region. Therefore, 44.42% are other objects of the
region that were not included in this list.

As for the composition of emissions, the following substances were most often
released into the atmosphere by regional enterprises: nitric oxide (in terms of nitrogen
dioxide); sulfur dioxide; carbon monoxide; substances in the form of suspended solid
particles (microparticles and fibers); metals and their compounds; non-methane vola-
tile organic compounds (VOCs); manganese and its compounds; methane; iron and its
compounds.

Somewhat less frequently, the following harmful substances were observed in
emissions: chlorine and chlorine compounds; fluorine and its compounds; freon; sul-
furic acid, etc.

Table 1 contains information on emissions of pollutants and greenhouse gases into
the atmosphere from stationary sources in Dnipropetrovsk Oblast in 2021 according to
the State Statistics Service of Ukraine [4].

According to the number of enterprises that had emissions into the atmosphere on
the territory of the region, emissions of carbon monoxide (487 enterprises) and nitrogen
compounds (487 enterprises) are the most common, which indicates the wide use of
these substances in industry.

The largest emission by the number of tons is carbon dioxide
(22,321,799.75 tons), which is associated with intensive industrial activity and fuel
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use. According to this indicator, Dnipropetrovsk Oblast ranks second in Ukraine, sec-
ond only to Donetsk Oblast (22,699,514.65 tons).

Table 1
Emissions of pollutants and greenhouse gases into atmospheric air from stationary
emission sources in 2021 in Dnipropetrovsk Oblast

Number of Amount of
Harmful substance enterprises that had| emissions,
emissions, units tons
Carbon dioxide emissions 397 22,321,799.75
Carbon monoxide emissions 487 273,038.14
Methane emissions 317 121,972.69
Em_|55|0n§ of substances in the form of suspended 376 56.926.68
solid particles
Emissions of dioxide and other sulfur compounds 250 55,293.46
Emissions of nitrogen compounds 487 27,970.28
Emissions of non-methane volatile organic 310 1.668.74
compounds
Emissions of metals and their compounds 260 670.43
Emissions of fluorine and its compounds 99 29.27
Emissions of chlorine and its compounds 60 28.06
Cyanide emissions 13 14.94
Freon emissions 32 4.02
Emissions of persistent organic pollutants 14 0.81

Carbon monoxide (273,038.14 tons), methane (121,972.69 tons) and suspended
solids (56,926.68 tons) also make an important contribution.

Dnipropetrovsk Oblast also ranks second in Ukraine in terms of atmospheric car-
bon monoxide pollution, behind Donetsk Oblast (297,054.233 tons). The situation is
similar both with methane and with suspended solid particles.

According to the types of substances, carbon dioxide is emitted the most, which
can be a key factor influencing the greenhouse effect and climate change. Carbon mon-
oxide, methane and nitrogen compounds are also important because they can have a
significant impact on air quality and population health.

The total volume of air emissions from stationary sources is significant, indicating
the need to improve technologies and to implement measures to reduce emissions into
the atmosphere.

Carbon dioxide and other greenhouse gases have potentially serious impact on
climate change and require special attention in mitigation strategies. It is important to
improve the monitoring and to control the emissions to ensure sustainable and envi-
ronmentally safe development of the region.

If we analyze the territorial distribution of enterprises that emit pollutants and
greenhouse gases into the atmosphere by Raions (Table 2), we can see that 77.5% of
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all emissions enter the atmosphere from three Raions of Oblast — Kryvyi Rih, Kami-
anske and Pavlohrad. The other 4 Raions of the region account for only 22.47% of
emissions from stationary sources of pollution.

Atmospheric air is most intensively polluted by stationary sources of emissions in
Kryvyi Rih Raion: 88 enterprises with emissions that make up 48.31% of the total
number of emissions of enterprises in the region. Therefore, the emissions of the en-
terprises of this Raion make up almost half of all emissions of Dnipropetrovsk Oblast.

Table 2
Ranking of the Raions of Dnipropetrovsk Oblast by the amount of emissions into the
atmosphere from stationary sources in 2021 [4]

The number of The number of
enterprises that had emissions of In % to the
Raion emissions of pollutants | pollutants and | total emission
and greenhouse gases, greenhouse in the region
units gases, tons
Oblast in total 531 537,635.055 100,0
Raions of the Oblast
Kryvyi Rih Raion 88 259,711.320 48.31
Kamianske Raion 80 88,190.713 16.40
Pavlohrad Raion 42 68,937.453 12.82
Synelnykove Raion 48 53,751.979 10.00
Nikopol Raion 42 34,215.126 6.36
Dnipro Raion 196 30,813.989 5.73
Novomoskovsk Raion 35 2,014.475 0.37

In terms of the number of enterprises that had emissions of pollutants and green-
house gases into the air, Dnipro Raion occupies the first place — 196 units, but the
contribution of these enterprises to the total volume of emissions is only 5.73%.

Thus, emissions in Oblast are marked by a significant distribution between differ-
ent Raions, the main contribution of which falls to Kryvyi Rih Raion. It is necessary to
pay attention to enterprises in Raions with large volumes of emissions and to consider
the possibilities of reducing the negative impact on the environment.

Identification of all pollutants. Within the scope of this study, it is not possible to
identify all pollutants, however, we have a list of the main harmful substances emitted
into the atmosphere by enterprises of the region, which is given in Table 3 [3].

Analyzing Table 3 regarding the classes of hazard and human exposure concider-
ations of various harmful substances in the air of the working area as part of emissions
from stationary sources in Dnipropetrovsk Oblast, the following conclusions can be
drawn.

Most of the substances have medium hazard (3d class). Cyanides (1st and 2nd
class), as well as chlorine and sulfur dioxide (2nd class) are the most dangerous among
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the considered substances. Carbon monoxide and methane are assigned to 4th class,
which indicates their low level of hazard.

Table 3
Classes of hazard and maximum permissible concentrations of air-polluting materials
within emissions from stationary sources in Dnipropetrovsk Oblast [5]

Maximum Preferential
Air-polluting permissible . Class of | Human exposure
. CAS . aggregative . .
material concentration, hazard considerations
3 state
mg/m
Carbon dioxide | 124-38-9 | 8000 Stea”;aind ol 3
Carbon. 630-08-0 20 steam, and or 4 acute mec_hanlsm
monoxide gas of action
Methane 74-82-8 | 7000 | Steam.andor i,
gas
Solid particles | 14808-60-7 1-4 aerosol 3 fibrogenic action
Sulfur dioxide | 7446-11-9 1 aerosol 2 irritating action
steam. and or acute mechanism
Nitric oxide 11104-93-1 5 ’ 3 of action;
gas o .
Irritating action
Nitrogen steam, and or acute mechanism
1trog 10102-44-0 2 ' 3 of action;
dioxide gas L :
Irritating action
steam. and or acute mechanism
Chlorine 7782-50-5 1 ' 2 of action;
gas o .
Irritating action
Allyl cyanide 109-75-1 0.3 steam, and or 2 acute mec_hanlsm
gas of action
Benzyl cyanide | 140-29-4 0.8 steam, and or 5 acute mechanism
gas of action
Hydr_ogen 74-90-8 0.3 steam, and or 1 acute mec_hanlsm
cyanide gas of action
Metallic iron 7439-89-6 10 aerosol 4 fibrogenic action

Most of the substances have an acutely directed mechanism of action, which can
lead to negative health consequences when received in significant concentrations. Solid
particles have a fibrogenic effect, which can cause the development of diseases of the
respiratory tract and lungs. Sulfur dioxide and chlorine have an irritating effect on the
body, which can lead to various problems with the respiratory system. Cyanide
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substances also have an acutely directed mechanism of action, which can be dangerous
for human health.

Understanding the hazard class and specifics of action of each harmful substance
Is important to determine the level of risk to the health of workers and population in
general. It is necessary to take measures to control and to limit emissions of these sub-
stances to prevent negative consequences for health and the environment.

Determination of priority chemical compounds for further study. In accordance
with the "Procedure of state monitoring in the field of atmospheric air protection” [6],
subjects of atmospheric air monitoring establish observation points, monitor the levels
of pollutants and the content of components and/or indicators of atmospheric precipi-
tation according to the following list: 1. Sulfur dioxide. 2. Nitrogen dioxide and nitro-
gen oxides. 3. Benzol. 4. Carbon monoxide. 5. Lead. 6. Solid particles (SP1o)™. 7. Solid
particles (SP25)2. 8. Arsen. 9. Cadmium. 10. Mercury. 11. Nickel. 12. Benz(a)pyrene.
13. Ozone.

The subjects of atmospheric air monitoring are the Ministry of Environmental
Protection and Natural Resources of Ukraine, Ministry of Health of Ukraine, State Ser-
vice of Ukraine for Emergency Situations, State Agency of Ukraine for Exclusion Zone
Management, the executive body of the Autonomous Republic of Crimea on issues of
environmental protection, regional councils, Kyiv City State Administration, executive
bodies of city councils.

Regarding air quality monitoring in the territory of Dnipropetrovsk Oblast, the
basic network of monitoring the state of atmospheric air in residential areas consists of
15 automated stationary air quality analysis stations, which are on the balance sheet of
the Public Utility “Environmental Monitoring Center” of the Dnipropetrovsk Regional
Council.

Also, the basic network of atmospheric air monitoring in residential areas includes
15 non-automated stationary atmospheric air monitoring stations, belonging to the
Dnipropetrovsk Regional Center for Hydrometeorology.

According to the approved data transfer regulations, the frequency of providing
information to the department is:

— from the Public Utility "Environmental Monitoring Center" of the Dniprope-
trovsk Regional Council” — every week;

— from the Dnipropetrovsk Regional Center for Hydrometeorology — every decade.

Since 2019, the server, which is on the balance sheet of the PU "Environmental
Monitoring Center" of the Dnipropetrovsk Regional Council, has been undergoing
maintenance. Therefore, the analysis of the state of atmospheric air pollution in the
cities of Dnipropetrovsk Oblast is carried out only according to the data of the
Dnipropetrovsk Regional Center for Hydrometeorology.

According to the data of the Dnipropetrovsk Regional Center for Hydrometeorol-
ogy [7], in Dnipropetrovsk Oblast, in the cities of Dnipro, Kamianske and Kryvyi Rih,
the following substances are monitored: dust; sulfuric anhydride; carbon monoxide;
nitrogen dioxide; nitrous oxide; phenol; ammonia; formaldehyde and hydrogen sulfide.

Therefore, attention is paid to monitoring and controlling the levels of these sub-
stances in the air to ensure a healthy and safe environment for cities dwellers. Such
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analysis helps to identify potential air pollution problems and take measures to solve
them. Accordingly, within the scope of our research, we will consider these substances
as priorities for Dnipropetrovsk Oblast for further study.

Ranking of priority air pollutants. The following methods are used for preliminary
ranking of chemicals [2]:

— information on the volume of emissions of chemical substances into the envi-
ronment and the number of the population exposed to the influence;

— results of the pollutants distribution modeling (if there are appropriate auto-
mated software tools) and features of their behavior in the environment;

— monitoring data on the content of chemical compounds in various environmen-
tal objects;

— information about adverse effects caused by the chemical,

— values of reference exposure levels (hygienic standards, reference doses and
concentrations, regional minimum risk levels and target concentrations);

— assignment of a chemical substance to the lists of priority hazardous or spe-
cially regulated chemical compounds.

For the preliminary ranking of substances that do not have a carcinogenic risk
(systemic toxicants), the weighting factors based on safe doses or concentrations (TW)
are used [2]:

E.-TW-P
HRl=—— —
10000 (1)

where HRI — comparative noncarcinogenic hazard index; TW — health impact weight
factor; P — population size; E — amount of conditional exposure (tons/year).

Table 4 shows the reference (safe) concentrations of priority non-carcinogenic
chemicals for Dnipropetrovsk Oblast.

Figure shows the ranking of priority air pollutants of Dnipropetrovsk Oblast ac-
cording to the comparative non-carcinogenic hazard index (HRI), which takes into ac-
count the health impact weighting factor, the population size and the amount of condi-
tional exposure to the substance. The population of Dnipropetrovsk Oblast as of Janu-
ary 1, 2021 was taken as 3,142,000 people [8].

In general, analyzing the obtained results, it can be concluded that among the pri-
ority air pollutants of the Dnipropetrovsk region, sulfur dioxide and dust have the high-
est level of non-carcinogenic hazard, that is, their presence in the air poses the greatest
threat to population health. Phenol and nitrogen oxide have the lowest HRI indices,
which may indicate a lower degree of hazard from these pollutants.

The smallest value of the HRI index has phenol with a value of 4,914,088, and
the largest — dust with an index of 1,788,636,286. Substances with an average hazard
index level can be identified by comparing the HRI index values for each substance. In
this case, ammonia and carbon monoxide can be considered as substances with an av-
erage level of hazard.
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Table 4
Reference (safe) concentrations of priority non-carcinogenic chemicals for
Dnipropetrovsk Oblast

Substance CAS RS Cl’3 Source* Critical organs/systems
mg/m
Dust 14808-60-7| 0.15** MHU Respiratory organs
Sulfuric anhydride | 7446-09-5| 0.08 NAAQS Respiratory organs
Carbon monoxide | 630-08-0 | 3.0 MO3 CNS, cardiovascular
system, blood
Nitrogen dioxide  |10102-44-0| 0.04 WHO Respiratory organs
Nitrous oxide 11104-93-1| 0.06** MHU Respiratory organs
Cardiovascular system,

Phenol 108-95-2 | 0.006 EPA idneys, CNS, ol
Ammonia 7664-41-7 0.1 IRIS Respiratory organs
Hydrogen sulfide 7783-06-4 | 0.008** MHU Respiratory organs, CNS

Note: *WHO — World Health Organization; IRIS — integrated risk information system (U.S.EPA);
NAAQS — National Ambient Air Quality Standards; EPA — publications of the United States Envi-
ronmental Protection Agency; MHU — Ministry of Health of Ukraine

**average daily maximum allowable concentration according to hygienic regulations for permissible
content of chemical and biological substances in the atmospheric air of populated areas [9]

Carbon monoxide

Substance HRI
Phenal | Phenol 4914 088
Nitrous oxide 7824124
B . Hydrogen sulfide 34143171
Nitrous oxide Ammonia 35843 036
Carbon monoxide 83 788 384
Hydrogen sulfide I Nitrogen dioxide 834 461 786
Sulfuric anhydride 1737 320 513
Ammonia I Dust 1 788 636 236

Fig. Ranking of priority air pollutants of Dnipropetrovsk Oblast according to the
comparative non-carcinogenic hazard index HRI

Evaluation of exposure. This is the stage of risk assessment, during which the
quantitative entry of the agent into the body through various ways of contact with var-
lous environmental objects is determined [2].

The calculation of intake involves the quantitative assessment of exposures for
each chemical substance with specific routes of exposure. Estimated intake of
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substances are expressed in units of mass of a chemical compound in contact with a
unit of human body mass, and have a dimension of mg/(kg-day).

The intake of chemical substances is usually calculated using formulas that take
into account the influencing concentrations, the amount of contact, the frequency and
duration of exposure, body weight and the exposure averaging time.

The result of this stage of risk assessment is the determination of the average daily
dose (ADD/LADD), the formula for its calculating under the inhalation effect of a sub-
stance from atmospheric air has the form [2]:

ADD = [(Ca Tou .Vout)+((_‘,h T, 'Vin)' EE. ED]
DW - AT -365 ,

where ADD - average daily dose of the substance, mg/kg-day; C, — concentration of
the substance in atmospheric air, mg/m?; Cy, — concentration of the substance in the air
of the room, mg/m?3; T — time spent outdoors, h/day; 8 h/day; Ti, — time spent indoors,
h/day; 16 h/day; Vo — the rate of breathing outside the room, m3/hour; 1,4 m3/hour;
Vin —the rate of breathing in the room, m3/hour; 0,63 m3/hour; EF —exposure frequency,
days/year; 350 days/year; ED — duration of exposure, years; 30 years old, children —
6 years old; BW — body weight, kg; 70 kg, children — 15 kg; AT — exposure averaging
period, years; 30 years, children — 6 years, carcinogens — 70 years.

Data from the Dnipropetrovsk Regional Hydrometeorology Center on the state of
atmospheric air pollution in Dnipro city for 2023 were used to determine the average
concentration of chemicals in atmospheric air affecting the exposure period [10]. Based
on these data, the average daily dose of chemicals for inhalation exposure was calcu-
lated (Table 5). The results of the calculations are shown in Table 6.

The highest value of the average daily dose (ADD/LADD) is carbon monoxide
with a value of 0.644 mg/kg-day, and the lowest is observed for phenol with a value of
0.001 mg/kg-day. These results give an idea of the level of exposure of harmful sub-
stances to human health by inhalation. Formulation of appropriate conclusions and rec-
ommendations for reducing exposure to these substances can be based on comparison
with acceptable levels of exposure, safety limits and other factors affecting health.

Characterization of non-carcinogenic risk to population health. Characterization
of the risk of the development of non-carcinogenic effects for individual substances is car-
ried out on the basis of the calculation of the hazard ratio (HQ) according to the formula [2]:

AC

HQ:FC’ (3)

()

where HQ — hazard ratio; AC — average concentration, mg/m?3; RfC — reference (safe)
concentration, mg/mé,

Table 6 shows the results of calculating the HQ hazard ratio for various pollutants
in the air of Dnipro city.

Phenol has the highest hazard ratio with a value of 5.78, which indicates a high risk
of adverse effects on human health due to its presence in the air. Also hydrogen sulfide
has a high value of the risk coefficient, itis 5.17. These substances require special attention
and possible measures to reduce their emissions or control their concentration in the air.

156



Texnonoeii 3axucmy HaABKOIUUWHBLO2O CEPEOOBULA

Ammonia has the lowest hazard ratio with a value of 0.02, indicating a lower poten-
tial risk of this substance affecting human health. Also, a small value of the risk coefficient
Is observed in the case of sulfuric anhydride — 0.14. The overall hazard index is 16.03.

The levels of acceptability of non-carcinogenic risks are ambiguously interpreted by
different authors. On the one hand, the situation with HQ > 1 is not necessarily associated
with the development of a harmful effect: the higher is the effective dose and the more it
exceeds the reference dose, the higher will be the probability of harmful reactions. On the
other hand, the risk at the level of HQ = 1 cannot be considered as quite acceptable.

Table 5

Average daily dose (ADD/LADD) for inhalation exposure to harmful substances
from the atmospheric air of Dnipro city

C, = Cy, Vout, ) Vin, EF, ED, | BW, | AT, |ADD/LADD,
Substance mg/m?® Tou N gy [ T 0 s, days/year| years | kg | years | mg/kg-day
Dust 0265 | 8 | 1.4 | 16 | 063 | 350 | 30 | 70 | 30 | 0.077
Sulfur 001125| 8 | 14 | 8 | 14 | 350 | 30 | 70 | 30 | 0.003
dioxide
Carbon 21 8 | 14 | 8 | 14 | 350 | 30 | 70| 30 | 0644
monoxide
Nitrogen 1072333 8 | 14 | 8 | 14 | 350 | 30 | 70 | 30 | 0022
dioxide
Nitrous 0039 | 8 | 14 | 8 | 14 | 350 | 30 |70 | 30 | 0.012
oxide
:Hﬁ;‘;ge” 0034667 8 | 14 | 8 | 14 | 350 | 30 | 70 | 30 | 0.011
Phenol 000215 8 | 14 | 8 | 14 | 350 | 30 | 70 | 30 | 0.001
Ammonia |0.041333| 8 | 14 | 8 | 1.4 | 350 | 30 | 70 | 30 | 0.013
E%r:f'de' 001365| 8 | 1.4 | 8 | 1.4 | 350 | 70 | 70 | 70 | 0.004
*Note — carcinogen
Table 6

Results of the calculation of the risk of the development of non-carcinogenic effects
from atmospheric air pollution in Dnipro city

Substance CAS AC, mg/m® | RfCi, mg/m? HQ

Dust 14808-60-7 0,265 0,15 1,77
Sulfuric anhydride 7446-09-5 0,01125 0,08 0,14
Carbon monoxide 630-08-0 2,1 3 0,70
Nitrogen dioxide 10102-44-0 | 0,07233333 0,04 1,81
Nitrous oxide 11104-93-1 0,039 0,06 0,65
Phenol 108-95-2 0,03466667 0,006 5,78
Ammonia 7664-41-7 0,00215 0,1 0,02
Hydrogen sulfide 7783-06-4 | 0,04133333 0,008 5,17

Hazard index HI 16,03

**average daily maximum allowable concentration according to hygienic regulations for permissible
content of chemical and biological substances in the atmospheric air of populated areas [9]
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According to the existing classification [2], the calculated non-carcinogenic risk
from atmospheric air pollution in Dnipro city is characterized as extremely high and
requires significant attention and control to ensure the safety of citizens' health.

Conclusions. The priority chemicals for Dnipropetrovsk Oblast to monitor and
control the levels of these substances in the air in order to ensure a healthy and safe
environment for city residents are dust, sulfur dioxide, carbon monoxide, nitrogen di-
oxide, nitrous oxide, phenol, ammonia, formaldehyde and hydrogen sulfide. Among
these pollutants, only formaldehyde has carcinogenic properties.

The ranking of priority air pollutants of Dnipropetrovsk Oblast according to the
index of comparative non-carcinogenic hazard (HRI), which takes into account the
weighting factor of the impact on health, the size of the population and the amount of
conditional exposure to the substance, showed that the smallest value of the HRI index
has phenol with a value of 4,914,088, and the largest — dust with index 1,788,636,286.
Ammonia and carbon monoxide can be considered substances with an average level of
hazard. Therefore, among the priority atmospheric air pollutants of Dnipropetrovsk
Oblast, sulfur dioxide and dust have the highest level of non-carcinogenic danger, i.e.
their presence in the air poses the greatest threat to the health of the population. Phenol
and nitrogen oxide have the lowest HRI indices, which may indicate a lower degree of
danger from these pollutants.

The results of the calculation of the risk of the development of non-carcinogenic
effects from atmospheric air pollution in Dnipro city showed that phenol has the high-
est hazard ratio with a value of 5.78, which indicates a high risk of negative effects on
human health as a result of its presence in the air. Hydrogen sulfide also has a high
hazard ratio, it amounts 5.17. These substances require special attention and possible
measures to reduce their emissions or control their concentration in the air. The overall
hazard index is 16.03. According to the existing classification, the calculated non-car-
cinogenic risk from atmospheric air pollution in Dnipro city is characterized as ex-
tremely high and requires significant attention and control to ensure the safety of citi-
zens' health.
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AHOTANIA
Meta. MeTor0 poOOTH € OIliHKa HEKaHIIEPOT€HHOTO PU3HKY JUIsl 3/I0pOB’sl HaceJIeHHs Bif 3a0pya-
HeHHs atMocdepH JJHImponeTpoBChKoi 00acTi.

Metoauka. O1iHKY HEKaHLIEPOT€HHOI'O PU3UKY JUIS 3/10pOB’Sl HACEJIECHH B1J 3a0pyJHEHHS aTMOC-
¢depu JIHITpONeTpOBCHKOI 001aCTI MPOBOJAMIN HACTYITHUM YMHOM: BH3HAYEHO JiKepena 3adpy-
HEHHS; OLIHEHO 3aJIeXKHICTD «J103a-€()eKT»; paH)KOBAHO MPIOPUTETHI 3a0pyJHIOBAY1 MOBITPS; IPOBE-
JICHO OILIIHKY €KCIIO3MIII{ 32 MEeTOAMKOI0, 3aTBepakeHor0 MO3 Ykpainu.

Pe3yabTaTn. PamxyBaHHS IpiopUTETHUX 3a0pyAHIOBaYiB aTMOC(hepHOTo MoBiTps J{HINIpOoneTpoBCh-
KOi 00J1acTi 3a 1HA€KCOM MOPIBHAIBHOI HeKaHeporenHoi HeOesneku (HRI), sskuit BpaxoBye Barosuit
KOE(QIIIEHT BIUITMBY Ha 37I0POB'sl, YUCENIbHICTh MOMYJISALII Ta BETMUYNHY YMOBHOI €KCIIO3UIIIT PEYOBUHU
JIEMOHCTpYE, 1110 HaiimeHIie 3HaueHHs iHaekcy HRI y o6macti mae denon 3 Benmunnoro 4 914 088,
a HaiOibIIe — mui 3 iHaekcoM 1 788 636 286. HaiibinbIie 3HaueHHs KoedilieHTa HeOe3neKku, SKui
XapaKkTepu3ye PU3UK PO3BUTKY HEKAHLIEPOTeHHUX eEeKTIiB BiJ] 3a0pyIHEHHS aTMOC(HEpPHOTro MOBITPS
y M. [Jainpo mae denon 31 3HaueHHAM 5,78, 1110 BKa3ye HAa BUCOKHI PU3UK HETaTUBHOIO BILIMBY Ha
3I0pOB's JIFOACH BiJ HOTO MMPUCYTHOCTI y MOBITPi. 3arajgbHU 1HIEKC HEOE3NEKH HEKAHIIEPOTC€HHOTO
PHU3HUKY BiJl 3a0pyIHEHHS aTMOC(epHOro noBiTps y M. [IHinpo ctanoBuTh 16,03 1 XapakTepu3yeThes
SIK HaJI3BUYaHO BUCOKHIA.

HaykoBa HoBu3Ha. [[icTania moJanbIIOro po3BUTKY 3aJ€KHICTh PO3MOALTY KUIBKOCTI BUKHIIB 3a-
OpyIHIOIOYMX PEYOBHMH 1 MApHUKOBUX ra3iB B arMocepHe MOBITPsSI BiJl CTAlllOHAPHHUX JKEpes
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Environment Protection Technologies

BUKUIIB y JIHIMpomneTpoBChKiil 00macTi 3a pailoHaMu 00JIaCcTi 3 ypaxyBaHHSAM KUIBKOCTI MiANpPH-
€MCTB, SIKI MaJiy BINOBIAHI BUKHIU. Y TOCKOHAJIEHA Kiacu(iKallisg MPIOPUTETHUX 3a0pyIHIOBAYiB
aTMoc(epHOro noBiTps JJHinponeTpoBchKoi 00:1aCTi 32 BEMTUYUHOIO 1HAEKCY NOPIBHSUIBHOT HEKaHIIe-
porennoi Hebe3neku (HRI), skuit BpaxoBye BaroBuii Koe(ilieHT BIUTUBY HA 3JI0POB'S, YUCEIbHICTh
MOMYJIALIT Ta BEIMYUHY YMOBHOI €KCTIO3HUIIIT PEYOBHUHHU.

IIpakTuyHa 3Ha4YMMicTb. Pe3ynbraT TOCHiKEHh MOXKYTh CHPUSATH 3MEHILICHHIO PiBHA 3a0pya-
HeHHsI atMocdepHoro MoBiTps y JHImporneTpoBchkii oOmacti. 1le M03BONIMTH MOKPAITUTH SIKICTh
KHUTTS MICLIEBOTO HACEJICHHsI Ta BOEPErTy MPUPOIHE CEPEIOBHILE BiJl HETAaTUBHOTO BILIMBY. Pe3yib-
TaTH JOCII/PKEHb TAKOXK MOXYTh CIYT'YBaTH OCHOBOIO JIJISi PO3POOKH Ta BIPOBADKEHHS CTpATETin
Ta IporpaM 3MEHIICHHs 3a0pyaHeHHs atMocdepHoro moBiTps B obmacti. Lle momomoxe opranam
BJIaJU MMpUMaTH €()EeKTUBHI Ta OOIPYHTOBaHI PilICHHS Yy cepi OXOPOHH HABKOJHUIITHBOTO CEPEJIO-
BUIIIA.

Kntouoei cnosa: ammocghepne nosimpsi, 3a0pyoHIo0Ui pewosunit, 3a0pyOHeHHsl, 300P08'si HACeNeH S,
HEeKaHYEepO2SeHHUL PU3UK, 6NIUE, KIACU Hebe3NneKu.
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