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ASSESSING THE IMPACT OF EMISSIONS FROM SEVERODONETSK COGENERATION
PLANT ON THE URBAN POPULATION HEALTH

Purpose. To determine the contribution of emissions of the state enterprise ‘Severodonetsk Cogeneration
Plant’ to the air basin pollution level in Severodonetsk and the risks to public health.

Methods. Modelling of the pollutants spread from a single point source and assessment of chronic carcino-
genic and toxic risks by using EOL-2000 [h] automated system with the ‘Risk Indicator’ utility for calculating the
dispersion of emissions in the atmosphere. Risk Calculator (EPA US) helped to assess the risk levels for workers
of different occupations, namely, outdoor workers, indoor workers, and builders. The seasonal wind rose was
determined based on the Copernicus Climate Change Service (European Commission).

Results. According to the adopted modelling scenario (stable operation of the plant, a seasonal wind rose),
the contribution of emissions from SE ‘Severodonetsk CP’ to the level of air pollution in Severodonetsk is ex-
tremely small, since the contents of all components are less than normal. However, the plant emits toxic com-
pounds of manganese, vanadium, mercury as well as xylene and hydrogen fluoride, which are combined with
background substances in the summation group. According to the modelling results, the sanitary protection zone
of Severodonetsk CP does not require modification or adjustment.

Among all the emissions, chromium (V1) and nickel demonstrate oncogenic properties with a unidirectional
effect on the lungs and nasal cavity. The individual carcinogenic risk of 6.01x10 generated by gas emissions of
the plant is acceptable. Manifestation of chronic toxic effects from emissions of Severodonetsk CP is unlikely as
indicated by the minimum (target) levels of non-carcinogenic risks.

Conclusions. Emissions from the planned activities of the CP during the cold period do not exceed MPC,
and the risks to the health of the population living nearby residential areas and employees of enterprises are mini-
mal. At the same time, the air quality in Severodonetsk is not satisfactory and requires measures to reduce risks.
To perform this task, it is necessary to identify all sources of air pollution with the maximum contribution to the
risks to the urban population health.
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Introduction

According to the population change pro- inance of post-reproductive age groups of people
jections [1] based on reliable statistical models of incapable of work, which will require significant
fertility, mortality, and migration in Ukraine, the budget expenditure on health care within the
population is expected to regress threefold (Fig. framework of sustainable development (Goal 3 —
1) with severe population aging and the predom Good health and well-being). Population size and
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Population, million

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

PopulatiotYear Forecasted
1990 2017 2100
Population 52.7M | 44.7M | 17.5M

Fig.1 — Population Trends in Ukraine, 1990-2100 [2]

composition are not exogenous factors that coun-
tries need to consider when planning but rather
results they can manage. The policy currently
pursued by the state may affect the trajectories of
births, deaths, and migration.

We are witnessing climate change, and we
can say with a high degree of confidence that vul-
nerable populations are suffering, since extreme
heat, drought, forest fires, and other exposures
degrade the air quality and create a wide range of
health problems and inequalities.

In the era of shifting global agendas and
increasing attention to non-communicable
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diseases and injuries along with infectious dis-
eases, reliable data on mortality reasons at the na-
tional level are required [3].

In 2019, lower respiratory tract infections
took second place among 6 infectious diseases in
children under 10, and the main reasons for the
reduction of a full life of the over-50s were is-
chemic heart disease and stroke. Figure 2 pre-
sents the main causes of death in Ukraine and
their change over 10 years, where cardiovascular
diseases, liver diseases, and respiratory oncology
are invariably in the lead (with an increase of
11.2%). It is worth noting that there is a signifi-

% change, 2009-2019
Ischemic heart disease 2.8%
Stroke -3.6%
Cirrhosis -5.5%
Lung cancer 11.2%
Alzheimer’s disease 27.5%
Cardiomyopathy 9.0%
Colorectal cancer 15.5%
Self-harm 13.9%
coPD -13.5%
Stomach cancer -1.8%

Fig.2 — Top 10 Causes of Death in Ukraine for All Age Groups (2009, 2019) [2]
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cant increase of 27.5% in Alzheimer’s disease (a
type of dementia), one of the causes of which is
air pollution by particulate matter, nitrogen ox-
ides, carbon monoxide, and ozone as has recently
been discovered [4].

Ukrainian researchers state a significant
correlation between the level of morbidity of the
population of our country (including children)
and the volume of emissions of SO,, CO2, N.O
[5,6], radiation background [7] with a signifi-
cant proportion of diseases of the respiratory,
circulatory, and nervous systems. Work [6] also
notes that industrially developed oblasts (Do-
netsk, Dnipropetrovsk, Luhansk, Zaporizhzhia,
Kharkiv, Kyiv, and Lviv) are in the catastrophic
risk zone, where the likelihood of developing
respiratory diseases is high, and the relationship
between emissions into the atmosphere (both
from stationary sources and transport) and the
incidences of tuberculosis is direct and very
close (R =0.941).

Combined heat and power generation
(cogeneration) has high heat and resource effi-
ciency. It is the CP that makes the decarboniza-
tion scenario of the European Union more cost-
effective. Gas-fired CPs play an important role
in reducing emissions, especially in densely
populated urban areas. The transition of CPs
from coal to natural gas can reduce CO; emis-
sions by more than 70% improving the air qual-
ity on the way to carbon neutrality by 2050 [8].
However, possible adverse health and environ-
mental consequences of such systems have not
been adequately studied, and their contribution
to air pollution must be considered on a case-
by-case basis.

Paper [9] studied the potential role of co-
generation systems in the incidences of three
environmental diseases, namely, asthma, aller-
gic rhinitis, and atopic dermatitis. The author
noted a tendency for an increase in incidences
of these diseases in six South Korean cities with
new CPs, but the relative risk was statistically
significantly increased only for CO and NO..

Burning natural gas to generate energy
resulted in increased concentrations of PMi
and NO in the air near the plant [10]. Although
the level of pollutants was below the limits es-
tablished by the European legislation, the num-
ber of daily visits to emergency services and
hospitalizations of the elderly and age-related
susceptibility correlated with the concentrations
of pollutants measured at a distance of 1 and 3
km from the facility.
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In addition to gas and dust emissions,
noise exposure is a serious problem during the
operation of CP, which negatively affects human
health and ecosystems. Work [11] studied the ef-
fect of noise generated by cogeneration systems,
estimated the environmental characteristics of
the noise cancellation system. It noted that mod-
elling of changes in sound power level, noise re-
duction efficiency, steam release, and the si-
lencer service life showed that the health benefits
for a person were much higher than the negative
effects of noise, while the health impact due to
the background (traffic) noise increased.

Vulnerable groups of the population are
most susceptible to the effects of air pollutants,
which include people with diseases of the lungs,
cardiovascular system, and diabetes; children,
adolescents, and the elderly; people staying out-
doors for a long time; people with low income;
people living or working near busy highways.

Thus, with the urban growth, the problem
of maintaining health becomes more and more
urgent especially in cities with a high techno-
genic load. It is vital to take care of the health of
the population immediately as a component of
national security at the state level. To do this,
first, it is necessary to identify the sources of
danger in the given territories, determine their
impact on people and the environment and in
case of exceeding the permissible exposure lim-
its develop plans for their reduction or elimina-
tion. Cogeneration plants will be present in the
overwhelming majority of Ukrainian cities for
many years to come as one of the permanent
sources of air pollution. The transition to renew-
able energy sources within the framework of the
European Green Deal [12] will probably not
take place quickly enough. Therefore, assessing
the contribution of the operation of such plants
to air pollution and public health risks remains
relevant and, thus, is of scientific interest.

The purpose of the research is to deter-
mine the contribution of emissions from
Severodonetsk CP as one of the old operating
enterprises of the city to the level of air pollu-
tion in Severodonetsk and to the public health
risks. This is as an intermediate stage of a com-
prehensive study to identify the main hazardous
sources in order to manage these risks (elimi-
nate or minimize) according to the Law of
Ukraine ‘About the Basic Principles (Strategy)
of the State Environmental Policy of Ukraine
for the Period till 2030” and the Sustainable De-
velopment Goals.
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Materials and methods

Modelling of the spread of emissions
from a single point source and assessment of
chronic carcinogenic and toxic risks was per-
formed using EOL-2000 [h] automated system
for calculating the dispersion of emissions into
the atmosphere with the ‘Risk Indicator’ utility
recommended by the Ministry of Ecology and
Natural Resources of Ukraine. The initial data
used in the modelling included information on
the qualitative and quantitative composition of
the CP emissions (Table 1); the parameters of
the emission source (height 240 m, diameter 6.5

m, volumetric flow rate of waste gases 600,000
m?3/h, temperature 110°C); geographical, mete-
orological, and climate parameters of the area
(the seasonal wind rose of Severodonetsk (Fig.
3) determined based on the global environmen-
tal and safety monitoring service called Coper-
nicus Climate Change Service [13]). The size of
the calculated field for mapping concentration
isolines was 10,000x10,000 m, the step of the
grid nodes was 500 m; background loads were
taken into consideration as well.

Table 1
Emission Characteristics of Severodonetsk CP
Average Haz- Actual .
Substance Substance daily M%’C, ard emission, Actual gross emission,
code 3 t/year
mg/m class gls

110 Vanadium Pentoxide 0.002 1 0.0010 0.0080

123 Iron Oxide 0.04 3 0.0226 0.1796

143 Manganese 0.001 2 2.0016 15.9100

164 Nickel Oxide 0.001 2 0.0002 0.0016

183 Metallic Mercury 0.0003 1 0.00011 0.0009

203 Chromium (VI) 0.0015 1 0.0002 0.00143

301 Nitrogen Dioxide 0.04 3 16.6980 132.7300

322 Sulphuric Acid 0.1 2 2.0059 15.9440

328 Soot 0.05 3 0.0139 0.1105

330 Sulphurous Anhydride 0.05 3 157.8232 1254.500

342 Hydrogen Fluoride 0.005 2 0.0019 0.0151

410 Methane 0.15 3 1.0144 8.0633

616 Xylene 0.2 3 0.0365 0.2901
13000 Carbon Dioxide 3 4 9.5082 75.5790

N
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\ \
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Fig.3 — Seasonal Wind Rose in Severodonetsk (Winter) [14]

Table 2 presents the background concentra-
tions of pollutants in the atmospheric air of
Severodonetsk [15]. The dispersion calculation
was not carried out if the sum of the maximum

surface concentrations from the emission sources
for the ingredient divided by the MPC was less
than the calculation expediency constant.
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Table 2
Background Content of Pollutants in the Atmospheric Air of Severodonetsk
Substance Substance Concentration, mg/m?® Ratio of C;

code Annual average Maximum to one-time MPC
203 Chromium (V1) 0.00007 0.00084 0.047

301 Nitrogen Dioxide 0.03 0.05 0.15

303 Ammonia 0.02 0.04 0.1

316 Hydrogen Chloride 0.04 0.12 0.2

322 Sulphuric Acid 0.0068 0.024 0.023

328 Dust 0.1 0.2 0.2

330 Sulphurous Anhydride 0.019 0.041 0.038

337 Carbon Oxide 1 2 0.2

1325 Formaldehyde 0.008 0.016 0.229

Results

SE ‘Severodonetsk CP’ is a power enter-
prise of Severodonetsk, one of the largest co-
generation plants in Ukraine designed for heat
and power supply of the city and the giant of the
chemical industry of Ukraine PrJSC ‘Severodo-
netsk Azot Association’. The electric power of
the CP is 260 MW, the heat capacity is 906
Gcal/hour; commissioned in 1952. It runs on nat-
ural gas, belongs to the objects of the third hazard

class with the size of the standard sanitary pro-
tection zone (SPZ) of 300 m.

As a result of modelling of the dispersion
of emissions, we mapped the fields of isolines of
concentrations of individual chemical substances
and groups of summation of combined action
formed by the emission and background com-
pounds with a total number of 7 groups (Table 3).

Table 3
Summation Groups Formed by Hazardous Impurities and Background Pollutants
Substances included in the summation group Summation group
number
Ammonia - Formaldehyde 5
Vanadium and Compounds - Manganese and Compounds 10
Vanadium and Compounds - Sulphurous Anhydride 11
Vanadium and Compounds - Hexavalent Chromium 12
Sulphuric Acid - Sulphurous Anhydride 28
Nitrogen Dioxide - Sulphurous Anhydride 31
Sulphurous Anhydride - Gaseous Fluoride Compounds 35

Modelling of the dispersion of emissions
showed that concentrations of all individual
substances and summation groups did not ex-
ceed the MPC. This means that the SPZ of
Severodonetsk CP does not require correction
even taking into account the wind rose. In addi-
tion, the stack is located on the industrial site of
the chemical plant (on the western side relative
to the residential part of the city) within which
there are many stationary sources of emissions
of substances of a higher hazard class with the
SPZ of significantly larger dimensions overlap-
ping the SPZ of the CP. The distance from the
stack to residential buildings in Severodonetsk
(in the east) and the village of Pavlograd (in the
south-west) is about 2 km.

The Risk Indicator utility makes it possi-
ble to calculate the average annual concen-
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tration of a pollutant from the given source and
to quantify the chronic inhalation health risks
posed by these pollutants taking into account
the background. The individual carcinogenic
risk is calculated through the unit risk (IUR;,
[mg/m3]?) according to formulas (1, 2):

IURi=SFix1/mxV,
ICRi=IUR; xC;,

where SF; — Slope Factor, [mg/(kgxday)]*;

m — average body weight, kg;

V — pulmonary ventilation volume, m®/day;

ICR; — individual carcinogenic risk;

Ci—concentration of a carcinogen in the air,
mg/mé,

Non-carcinogenic risks are determined

by the coefficient and hazard index (HI) accord-
ing to formulas (3, 4)

(1)
(2)
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HQiZCi/RfCi,
HI=2HQ;,
where HQ; — toxicant hazard ratio 7;

©)
(4)

RfC; — reference concentration of a toxicant
i, mg/m3,
The resulting risk values are interpreted as
follows (Table 4).
Table 4

Classification of Risk Levels (EPA USA)

Hazard coefficient of non- Hazard index of non-carcino- Individual carcino-
Risk level carcinogenic effect for an genic effect for groups of sub- | genic risk throughout
individual substance stances of unidirectional effect life

High >3 > 6 > 103
Alarming 11-3 31-6 1.1-104-1.0-10%
Acceptable 0.11-1.0 11-3 1.1-10%-1.0-10*

Minimum (tar- 0.1 and less 1.0 and less 10 and less
get)

Chromium (V1) and nickel manifest car-
cinogenic properties in the emissions from
Severodonetsk CP, and they have a unidirec-
tional effect on the lungs and nasal cavity (Table
5). The lifetime carcinogenic risk from exposure
to chromium in the amount taken with consider-
ation of the background content was 8.46-10*
(alarming). The same risk from exposure to
nickel was 5.257-10° (minimal), i.e. chromium
was the main contributor to risk. However, when
assessing the contribution of the CP emissions to

the individual carcinogenic risk (column 7 deter-
mines the concentration of a carcinogen intro-
duced by Severodonetsk CP into the atmospheric
air, and column 8 assesses the individual carcino-
genic risk based on the concentration from col-
umn 7), the result decreased by two orders of
magnitude and became acceptable. Thus, we can
conclude that the main contribution to risks is
compounds coming from sources other than
those contained in emissions from the CP as evi-
denced by the data in Table 5.

Table 5
Carcinogenic Risks of the CP’s Planned Activities (Based on the Atmospheric Air Criterion)
Substance Average i Contribution| Contribu-
sz‘;gage name annual con- SF;, IUR;, c:fcclzlrrgbliﬁeRd of CP tion of CP
code) (cpmbmed centration Ci, | mg/(kg*day) |m®mg action) emissions | emissions
action group) mg/m?® to Ci, mg/m3| to ICR
18540-29-9 |Chromium (VI) | 0.0000705 42 12 | 0.00084601 5-107 6-10°
Lung impact
*122  |group (Cr(VI), - - - *0.00084602 - *6.01-10°¢
Ni)
Nasal cavity
*135  |impact group - - - *0.00084602 - *6.01-10°
Cr(VI), Ni
7440-02-0 |Nickel 0.00000002 0.91 0.26 5.26-10° 2.00-10® 5.20-10°°

Table 6 presents the calculated average an-
nual concentrations of compounds based on the
background values as well as the value of the haz-
ard index from the impact of these toxicants. Thus,
we can see that the contribution of the CP emis-
sions to the state of the city’s air basin is extremely
small but it introduces such compounds as man-
ganese, vanadium, mercury, xylene, and hydrogen
fluoride.

The hazard ratios for all individual sub-
stances were in the range from minimal to ac-
ceptable (column 5).
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For the group of unidirectional effect on the
respiratory organs, the hazard index was 3.72
(alarming).

In this group of combined action, PM
(HQ =2.01), NO, (HQ = 0.75) and Cr(VI) (HQ
= 0.705) made the greatest contribution to the
risk; for summation group No. 31, the hazard in-
dex was 1.002 (acceptable). Columns 6, 7 show
the values of the contribution of emissions from
Severodonetsk CP to the formation of the total
average annual concentrations of pollutants as
well as non-carcinogenic risks, which indicate
the minimum (target) level of toxic effect.
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Table 6
Non-Carcinogenic Risks from the CP’s Planned Activities (Based on the Atmospheric Air Criterion)

CAS Average CP contribution to CP
code Reference .
(*group Su_bstance_ name annual _ concentration, | HQi (*HI) the average a_nnual (_:ontrlbu-
code) (combined action group) | concentration mg/m? concentration, tion to HQ
Ci, mg/m? mg/m3 (*HID)
Respiratory impact group
*100 (PMaio, NO2, Cr(VI), V, - - *3.717 *0.030
SOz, HF)
PMig PMio 0.1005 0.05 2.010 0.0005 0.01
*31 Summation group No. 31 - - *1.002 - *0.014
10102-44-0 |Nitrogen Dioxide 0.03010131 0.04 0.753 1.01-10* 0.003
18540-29-9 | Chromium (VI) 0.0000705 0.0001 0.705 5-107 0.005
*10 Summation group No. 10 - - *0.405 - *0.405
- CNS impact group - *
101 (xylene, Mn, Hg) - - 0.405 - 0.405
7439-96-5 | Manganese and Compounds 0.00002024 0.00005 0.405 2.02.10° 0.405
*11 Summation group No. 11 - - *0.250 - *0.012
7446-09-5 | Sulphur Dioxide 0.01995734 0.08 0.250 9.57.10* 0.012
Tad0-62:2 | peredium and com- 000000001 | 000007 | 1.429-10% 1.00-10° 142910
1330-20-7 | Xylene 0.00000037 0.3 1.233-106 3.70-107 1.233-10°°
7664-39-3 | Hydrogen Fluoride 0.00000002 0.03 6.667-107 2.00-108 6.667-107
7439-97-6 | Mercury and Compounds 1.11.10° 0.003 3.707-107 1.11.10° 3.707-107

The following restrictions and simplifica-
tions presented uncertainty in the modelling
performed:

» background values of pollutants were
taken in the residential area and not in the work-
ing area of PrJSC ‘Severodonetsk Association
Azot” where the stack is located (in this way,

one can additionally assess the health risks to
workers of these enterprises);

» all emissions of chromium compounds
were accounted for as Cr(VI);

» solid particles of various aerodynamic ra-
dius were accounted for as PMo;

» the calculation of risks was not differen-
tiated depending on the exposure.

Discussion

The city of Severodonetsk is currently the
regional centre of Luhansk oblast, part of
Severodonetsk-Lysychansk agglomeration, lo-
cated in the eastern part of Ukraine in the west
of Luhansk region on the left bank of the Siv-
ersky Donets river, in the steppe zone. The ter-
rain within and around the city is flat with small
uplifts (50-80 m above sea level); the city centre
rises above the outskirts by an average of 5 m.
The territory of the city occupies 4210 hectares
including 2030 hectares under residential build-
ings and 2060 hectares under industrial facili-
ties (operating and not). The population size has
increased significantly because of migration
processes (mainly due to the armed conflict)
and ranges from 110 to 125 thousand people ac-
cording to various estimates. The air quality in
Severodonetsk has changed significantly over
the past decade. The air pollution index has
gradually fallen from 10.1 in 2011 to 6.4 in
2014 and 5.6 in 2019 due to deindustria-
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lization. The ecological situation in different
districts of the city is heterogeneous and de-
pends mainly on two factors, namely, emissions
from stationary sources and vehicles, the
amount of which has increased manifold. The
main problem associated with air pollution by
industrial enterprises is their proximity to the
residential area of the city and suburban vil-
lages. It should also be noted that the number of
solid fuel boilers used by enterprises of various
forms of ownership has increased in the city,
which are distributed throughout the residential
area. They can be considered as a diffuse source
of emissions. The main harmful components of
emissions from such boilers are nitrogen and
sulphur oxides, carbon oxides, dust, and carcin-
ogens (formaldehyde, benzo(a)pyrene, etc.). On
the eastern side of the city, close to residential
buildings (300 m), there is Severodonetskteplo-
komunenergo utility company, which supplies
heat to some parts of the residential area and
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runs on natural gas. According to the seasonal
wind rose, a significant part of emissions from
this enterprise come in the direction opposite to
the city, but the situation requires additional
study with control (monitoring) of exposure and
risks. The analysis of the reasons for the unsat-
isfactory quality of the atmospheric air in
Severodonetsk as well as assessment of the in-
halation carcinogenic and non-carcinogenic
risks to the health of the local population are
given in works [16-18].

Table 7 shows the results of the clarifica-
tion of the risk levels for workers of enterprises
located within the SPZ using the Risk Calcula-
tor [19] recommended by the EPA US for Out-
door Worker, Indoor Worker (exposure time is
8 h/day, 225 days a year, 25 years ), and Con-
struction Worker (exposure time is 8 h/day, 250
days a year, 1 year) scenarios. Pollutant concen-
trations are taken from Tables 5, 6 (columns 3).

Table 7 shows that the non-carcinogenic
risk is acceptable for all workers, and the carcino-

Table 7
Chronic Inhalation Carcinogenic and Non-Carcinogenic Risks for Workers
. IUR RfC Concen- | outdoor Worker Indoor Worker  |Construction Worker,
Chemical y -1 / ‘s | tration,
(rg/m’)™ | mg/m® | s HQ Risk HQ Risk HQ Risk

Chromium(V1) 8.4.1072 1.0-10* | 7.05-102 | 1.45-10" | 4.35-10* | 1.61-10" | 4.83-10* | 1.68-10 | 2.01.105
Hydrogen ) 2 5 7 ) 7 ) 7 )
Fluoride 1.4.10 2.00-10 2.94-10 3.26:10 3.40-10
Manganese and ) = 2 - . 5 ) 2 )
Compounds 5.0-10° | 2.02-102 | 8.32:10 9.24.10 9.64-10
Mercury and _6
Compounds i i 11210 ) ) ) i i i
Nickel 2.6-10* 2.0-10° | 2.00-10° | 2.05-10* |3.82-101° | 2.28-10* | 4.24-101° | 2.38-10* | 1.77-10¢
Nitrogen
Dioxide i i 301 ) ) ) i i .
Sulphur Dioxide - - 20.0 - - - - - -
Vanadium and ) " 5 5 ) 5 ) 5 )
Compounds 1.0-10 1.00-10 2.05-10 2.28-10 2.38-10
Xylenes - 1.0-10* | 3.70-10* | 7.60-107 - 8.45-107 - 8.81-107 -

Total Risk/HI 2.28-101 | 4.35-10* | 2.54-10" | 4,83-10* | 2.65-10 | 2.01-10°

genic risk for outdoor and indoor workers is inter-
preted as alarming and completely depends on the
background content mainly of chromium (VI).
Except the above, we can add that Severo-
donetsk CP needs modernization of equipment,
the introduction of modern cleaning systems as
well as reconstruction for using various types of
fuel including biomass and municipal solid waste.

This would solve the problem of utilization of
household waste because currently there are no
waste sorting or waste processing plants in the re-
gion. Therefore, all waste, without exception, is
buried in overcrowded solid waste landfills, and a
large number of unauthorized landfills have ap-
peared in suburban areas.

Conclusions

In the adopted modelling scenario (stable
operation of the considered plant, a seasonal wind
rose, etc.), emissions from the CP during the heat-
ing season do not exceed the allowable concentra-
tion limits according to OND-86. It is the method
implemented by EOL-2000 calculation modules.
However, concerning the 2020/2021 heating sea-
son some deviations from the results are quite likely
due to the frequent failure of worn-out equipment
of the plant (power boiler and heating mains) with
possible emergency emissions.

88

Thus, gas emissions from Severodonetsk
CP during the period under study create additional
to the existing minimal risks of threat to the health
of the population of nearby residential areas or
workers of operating enterprises located within
the SPZ of the CP. The situation requires real
measures to reduce risks but not because of the
planned activities of the CP. First of all, it is nec-
essary to identify all sources of air pollution with
the greatest contribution to the risks to the health
of the urban population.
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OIIIHKA BIUIMBY BUKUIB CEBEPOJOHENBLKOI TEI[ HA 3/IOPOB’S
MICBKOI'O HACEJIEHHSA

MeTta. BusHauuT BHECOK BHKHIIB AepkaBHOTrO mianpueMctBa «CeBepononenbka TEI» y piBeHb 3a0py-
JTHEHHS TIOBITpsiHOTO OaceitHy Micta CeBEpOAOHEIBK Ta B PU3HKH 3arPO3H 370POB'I0 HACETICHHS.

MeToan. Mo/ie/t0BaHHS TOMIUPECHHS 3a0PY/THIOIOYHX TOMIIIIOK 3 OJMHOYHOT'O TOYKOBOT'O JKEepea i Olli-
HKa XPOHIYHHUX KaHIICPOTCHHHUX Ta TOKCHYHUX PU3UKIB IPOBOAMIACE 32 JOTIOMOTOI0 aBTOMATH30BaHOI CHCTEMHU
po3paxyHKy po3scitoBaHHs BUKuAiB B atmochepi EOJI-2000 [h] 3 yrunitoro «[loka3zHuk pusuky». s OmiHKA
PiBHIB pH3HKIB NIPO(heCiHHNX KOHTHHTCHTIB «IPaIliBHUK Ha BYJHIl», IIPA[iBHUK B MPUMIIICHHI» 1 «OyIiBEIb-
HUK» BEKOopucTOBYBanu Risk Calculator (EPA US). Ce3oHHa po3a BiTpiB BU3HAUCHA Ha 0a3i cepBicy INI0O0ATLHOTO
MOHITOPHHTY HaBKOJHMIIHLOTO cepemoBuma i Oe3mexku Copernicus Climate Change Service (European
Commission).

Pe3ysabTaTH. 3a NpUAHATAM CIICHApiEM MOJCTOBaHHs (CTabiIbHa poOOTa yCTAaHOBKH, CE30HHA PO3a BIT-
piB) BHecok BukUAiB J{IT «CeBepononennka TEIl» y piBeHb 3a0pyAHEHHS aTMOC(EpHOTO TOBIiTPs MicTa CeBepo-
JIOHENIbK BKpaii MajIuii, OCKITbKH BMICT BCIX KOMIIOHEHTIB MEHIIINI 3a HOPMOBaHi 3HAUY€HHS, aji¢ isUIbHICTD yC-
TaHOBKU IMPHUBHOCHUTH Y MIChKE TOBITPSI TOKCHYHI CIIOJYKH MapTaHIfo, BAHAIIIO0, PTYTi, @ TAKOK KCHIIOMI 1 hTopHT
BOJIHIO, SIKi TIOETHYIOTHCS 3 POHOBUMU PESUOBHHAMH Y TPYITH CyMaIfii. 3a pe3yabTaTaMy MOJICITIOBAHHS CaHITAPHO-
3axucHa 30Ha CeBepomonenskoi TELL He BIMarae yrouHeHHST a00 KOpEeTyBaHHS.

OHKOTCHHI BIIACTHBOCTI B CKJIa/li BUKUIIB MPOSBIIA0TH XpoM (V1) Ta Hikesb 3 0THOCIIPSIMOBAHUM BILTHBOM
Ha JIeTeHi i HOCOBY TTOPOKHUHY. IHIMBiTyansHuIt KaHIIepoTeHHNH pu3KK 6.01x10°6, cTBOproBanuil ra30BUMH BH-
KHAJAMH YCTaHOBKH, € MPUHHATHUM. [IposiB XpoHIYHMX TOKcHYHUX edekTiB Bij BukuaiB Cerepomonerpkoi TEL]
MaJIOMMOBIPHHIA, Ha IO BKa3yIOTh MiHIMabHI (I[iJIbOB1) PiBHI HEKAHIICPOTCHHUX PU3HKIB.

BucnoBku. Bukunu Bin mnanosoi gisuibHocTi TEL B X0101HU# 1Iepiol pOKY HE MEPEBUIIYIOTh JOMYCTUMI
koHnenTpaiiiai Mexi ([ IKyp), a pU3HKH 3arpO3H 3J0pOB'I0 HACEIEHHS IPHIICTIINX KUTIOBHX PaiOHIB 1 IpalliB-
HUKIB MIAMPUEMCTB € MiHIMAIBHUMH. Y TOH ke 4ac, sKICTh arMochepHoro moBitpst B M. CEBEPOOHEIBK HE €
3aJIOBUIBHOIO 1 MOTpeOy€e 3aX0/IiB MO 3HWKECHHIO pU3KKIB. )1 1IbOT0 HEOOXiAHO BUSABUTH BCl JpKepena 3a0py -
HEHHSI aTMOC(EPHOT0 TOBITPSI 3 MAKCUMAIbHIUM BHECKOM y PH3HKH 3arpo3H 370POB'T0 MiCHKOTO HACEJICHHS.

KJITOYOBI CJIOBA: CeBepononennk, TEL], BUKHIM, po3CcitoBaHHs, KOHIICHTpAIIis, 3arpo3a 3710POB'i0
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OIIEHKA BO3JIEIICTBHUS BLIBPOCOB CEBEPOJJOHELIKO T3I]
HA 3JJOPOBBE I'OPOJCKOI'O HACEJIEHUS

Heas. Onpenenuts BkIan Beiopocos ['T1 «Cesepomonenkas TOL» B ypoBeHb 3arps3HEHHS BO3IYITHOTO
Gaccelina roposia CeBepOJJOHELIK U B PUCKH YTPO3bI 3/10POBBIO HACETICHUS.

Metoasl. MojennpoBaHue pacceMBaHHs BHIOPOCOB M3 OJIMHOYHOT'O TOYEYHOTO UCTOYHMKA M OLIEHKA XPO-
HHYECKUX KaHIIEPOTEHHBIX U TOKCHYECKUX PUCKOB MPOBOMIACH C IIOMOIIBI0 aBTOMaTU3UPOBAHHOM CHCTEMBI pac-
uyeta D0JI-2000[h] ¢ yrumuroii «Ilokazarens puckay. J{iis OeHKH ypOBHEH pUCKOB MPO(ECCHOHATBHBIX KOHTHH-
TEHTOB «pabOTHHK Ha YJIHUIIE», «PaOOTHHK B MOMEIIEHUN» U «CTPOMTENb» HMcnonb3oBaau Risk Calculator (EPA
US). Ce3onHas po3a BETPOB OmpeieicHa Ha 0a3e cepBrca I100aJbHOI0 MOHHTOPHHIA OKPYIKAOIICH CPeasl U
6esomacHoctu Copernicus Climate Change Service (European Commission).

PesyabTaTsl. [1o npuHATOMY ClIeHapHIO MOJIETMPOBaHUs (cTabMIbHAs paboTa YCTAaHOBKH, CE30HHAs pO3a
BETPOB) HEraTHBHBIN BKJIaJ] BHIOpocoB TOLI B cocTosiHME BO3IyIHOTO OacceliHa roposa KpaiiHe Mall (cosiepkaHue
BCEX KOMIIOHEHTOB MEHBIIIC HOPMHUPOBAHHBIX 3HAYECHUH), HO IPUBHOCUT COCTUHEHHS MapraHiia, BaHaAus, PTYTH,
KCuI1o U GpropucTeiii Bogopo. CanurapHo-3amuTHas 30Ha CeBepononenkoii TEL] He TpeOyeT KOPPEKTHPOBKH.
OnKoreHHbIe cBoiicTBa MposiBIAIOT XpoM (V1) 1 HuKeIsb ¢ 0JJHOHANIPaBJICHHBIM BO3EHCTBHEM Ha JIETKHE U HOCO-
BYIO TOJIOCTh. HIMBUIyaNbHEIH KaHieporeHHbli puck 6.01x10°, cosnaBaemslii ra3oBbIMH BEIOpOCaMHU ycTa-
HOBKH, sIBJI€TCS IpueMieMbIM. [IposiBiieHne XpOHUUECKUX TOKCHUECKHX 3 PEKTOB 0T BBIOpocoB CeBepogoHel-
koit TOL] ManoBeposATHO, Ha YTO YKa3bIBaIOT MHHUMAIIbHBIE (1IEI€BbIE) YPOBHH HEKAHIIEPOTEHHBIX PHCKOB.

BruiBoasbl. Beibopocsr ot mnanoBoii aestensHOocTH TOLl B X0IOAHBIN MEPHOA TOAA HE MPEBBIIIAIOT JOMy-
ctuMble KoHIeHTpannonHsle mpenens! (I11Kyp), a prucKu yrpo3sl 370pOBEI0 HACETICHUS OMU3IEkKAINX KITBIX
paiioHOB U pabOTHUKOB MPENNPUATHI MUHIMAJIHHEIL.
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