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The study focuses on substantiating the most optimal regulatory actions aimed to minimize health risks caused by air-
borne exposures within Rospotrebnadzor activities including the Clean Air Federal project and the ongoing experiment on
setting quotas for emissions. The aim of this study was to compar atively assess effectiveness of regulatory actions as regards
specific subjects (exemplified by heat-power engineering objects) with or without use of differentiated approaches to manag-
ing ambient air quality and health risks.

We analyzed a database on priority sources of ambient air pollution in an analyzed area; performed a hygienic assess-
ment of ambient air quality relying on computed data and also estimated contributions made by specific chemicals and objects
to the total pollution; calculated population health risks; implemented an algorithm for substantiating optimal regulatory ac-
tions aimed to mitigate health risks under airborne exposures; comparatively analyzed activities stipulated by the Complex plan
and suggested optimal regulatory actions identified by solving the optimization task. We conducted a reconnaissance stage-by-
stage assessment of effectiveness of air protection activities over 2019-2023 relying on hygienic indicators and risk levels.

As a result, we established that implementation of air protection activities and a reduction in total emissions of more
than 20 pollutants by heat-power engineering objects would not ensure significant improvement of environmental conditions
in the analyzed area considering their share contributions. Safe standards would still be violated in residential areas with
levels of chemicals reaching 6.25 single MPL and 7.0 average annual MPL. An optimal sufficient result, considering this
share contribution, would be a reduction in emissions from all heat-power engineering objects by 3.47 thousand tons of 10
specific chemicals. Thisis lower than a reduction planned within the Complex plan on total emission reduction (18.1 thou-
sand tons). To ensure conformity with safe standards that stipulate chemical levelsin ambient air and to achieve permissible
risk levels, it is necessary to apply a differentiated approach to reductions in emissions (by 1.06 thousand tons overall),
which targets specific chemicals, at other sources of ambient air pollution.

Use of a differentiated approach to selecting optimal regulatory actions as regards all sources of ambient air pollution
considering their share contributions will make it possible to define priority environmental protection activities, adjust the
Complex plans and ensure conformity with safe standards and permissible risk levelsin all residential areas.

Keywords: ambient air quality, Clean Air Federal project, Complex plan of air protection activities, pollutant emis-
sions, experiment of setting quotas, optimization task, contributions, safe standards, health risk, effectiveness of activities.
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Legislation on ambient air protection
plays the key role in providing environmental
safety and sanitary-epidemiological wellbeing.
Several instruments are fixed in it to accom-
plish state regulation of negative effects on the
human environment. Establishing safety stan-
dards and limits of pollutant emissions for in-
dustry, motor transport and other pollution
sources is one of the most significant elements
in the sphere. The RF President Order dated
May 07, 2018 No. 204 On National Goals and
Strategic Tasks of The Russian Federation De-
velopment for the Period up to 2024 and im-
plementation of the Ecology National project
and the Clean Air Federal project have estab-
lished target levels, which are to be achieved
by decreasing ambient air pollution [1, 2].

To perform more effective control and re-
duce emissions of harmful chemicals into am-
bient air, an experiment on setting quotas for
industrial emissions started on January 01,
2020 in Russia; it is planned to have been
completed by the end of 2026. The experiment
is being accomplished in accordance with the
Federal Law issued on July 26, 2019 No 195-
FZ', which stipulates setting fixed quotas of
emissions for industrial enterprises as well as
mechanisms and instruments for control and
adherence to established limitations. The aim
of this experiment is to search for optimal so-
lutions that facilitate reductions in pollutant
emissions into ambient air based on aggre-
gated calculations of dispersion and health risk
assessment. This is an important step towards
sustainable development and environmental
protection [3—6].

Thus, at present an experiment is being ac-
complished in order to improve ambient air
quality in cities participating in the first stage of
the Clean Air Federal project (12 cities overall).
Its aim is to reduce total chemical emissions
into ambient air (radioactive substances ex-
cluded) by 20 % (tons/year) by 2024 against
2017 [7]. Modeling of pollutant dispersion and
assessment of ambient air pollution in these
12 cities covers approximately 50 thousand in-
dustrial emission sources of various types and
configurations, emissions from motor transport
at more than 3.3 thousand sections of traffic
networks and more than 1.6 thousand of
autonomous heat supply sources [3, 8]. Accord-
ing to the RF Government Order issued on July
07, 2022 No. 1852-r%, the number of cities par-
ticipating in the experiment grew by 29 thereby
extending the list of pilot territories. The aim of
this experiment is to reduce amounts of hazard-
ous pollutant emissions by almost two times by
2030 against 2020 [9].

In order to implement relevant activities
within the Clean Air Federal project, Complex
plans of activities on reducing emissions of
priority pollutants into ambient air have been
developed and approved by the RF Govern-
ment for each territory included into the ex-
periment. It is noteworthy that the Complex
plans developed for the first twelve cities
stipulate a reduction in total emissions for each
territory for the whole set of chemicals.

This wide-scale experimental approbation
takes place for the first time in our country. It
allows testing methods for modeling ambient
air pollution and using their results in making

' O provedenii eksperimenta po kvotirovaniyu vybrosov zagryaznyayushchikh veshchestv i vnesenii izmenenii v ot-

del'nye zakonodatel'nye akty Rossiiskoi Federatsii v chasti snizheniya zagryazneniya atmosfernogo vozdukha: Federal'nyi za-
kon ot 26.07.2019 Ne 195-FZ [On accomplishing the experiment on setting quotas for emissions of pollutants and making al-
terations into specific legal acts of the Russian Federation regarding reduction of ambient air pollution: The Federal Law issued
on July 26, 2019 No. 195-FZ]. KonsultantPlus. Available at: https://www.consultant.ru/document/cons_doc LAW 329955/
(February 14, 2024) (in Russian).

2 Ob utverzhdenii perechnya gorodskikh poselenii i gorodskikh okrugov s vysokim i ochen' vysokim zagryazneniem at-
mosfernogo vozdukha, dopolnitel'no otnosyashchikhsya k territoriyam eksperimenta po kvotirovaniyu vybrosov zagryaznya-
yushchikh veshchestv (za isklyucheniem radioaktivnykh veshchestv) v atmosfernyi vozdukh na osnove svodnykh raschetov
zagryazneniya atmosfernogo vozdukha: Rasporyazhenie Pravitel'stva RF ot 7 iyulya 2022 g. Ne 1852-r [On Approval of the List
of Urban Settlements and Districts with High and Extremely high Levels of Ambient Air Pollution, Which Are Added to the
List of Territories Covered by the Experiment on Setting Quotas of Pollutant Emissions (Radioactive Substances Excluded) into
Ambient Air Based on Aggregated Calculations of Ambient Air Pollution: the RF Government Order issued on July 07, 2022
No. 1852-r]. KODEKS electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/docu-
ment/351103411 (February 17, 2024) (in Russian).
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specific targeted managerial decisions on de-
velopment, control, and effectiveness of pro-
grams within the system for establishing safety
standards, renewal of transport infrastructure
and urban development in general. In future,
these approaches and obtained results are
planned to be used on other territories in the
RF with high levels of ambient air pollution.
According to State Reports’, the total
emissions equaled 22,205.1 thousand tons in
the Russian Federation in 2022. Of them, ap-
proximately 77 % were emitted by economic
entities operating in various industries. The list
of cities where the air pollution index (API)
was above 14 (very high) included 40 cities
with total population more than 10.4 million
people. One third of the cities in the list are lo-
cated in the eastern part of the country in the
Siberia and Far East Federal Districts (SFD and
FEFD respectively). Permissible chemical lev-
els in ambient air are established to be violated
considerably in these two Federal Districts (ac-
tual levels reaching up to 5 MPL): on average,
violations accounted for 0.25 % air samples in
the FEFD and 0.16 % for the SFD. Most com-
mon pollutants include benzo(a)pyrene, particu-
late matter PM;, s and PM,, formaldehyde, par-
ticulate matter, carbon oxide, carbon (soot), hy-
drogen sulphide, ammonia, nitrogen oxides,
sulfur dioxide, hydrogen fluoride, and various
metals such as manganese, nickel and others.
These chemicals occur in ambient air due to
large metallurgical and chemical plants and
heat-and-power engineering objects that operate
quite actively in these areas. Some of them are
city-forming enterprises or socially significant

objects that are important for life support of lo-
cal communities [10, 11].

Given that, development of optimal regula-
tory actions aimed to reduce ambient air pollu-
tion with priority chemicals should rely on a
system for compliance with safety criteria in-
cluding health risk levels, minimization of
health harm and limitations of excessiveness
and economic inexpedience of implemented
activities [12-16]. To provide the sanitary-
epidemiological service with practical science-
based tools, a methodology MR 2.1.6.0320-23*
was developed in 2023, which is eligible for
selecting optimal regulatory actions aimed to
minimized airborne health risks. This method-
ology does not replace the procedure for setting
emission quotas; rather, it allows estimating
whether suggested environmental protection
activities are adequate in a given situation.

The aim of this study was to compara-
tively assess effectiveness of regulatory ac-
tions as regards specific subjects (exemplified
by heat-power engineering objects) with or
without use of differentiated approaches to
managing ambient air quality and health risks.

Materials and methods. To achieve the
stated aim, we compared activities outlined in
the Complex plan’ and regulatory actions es-
tablished on the basis of differentiated ap-
proaches as a result of solving the optimization
task on a pilot territory in accordance with the
algorithm described in the Methodical guide-
lines 2.1.6.0320-23" [4].

According to the MR 2.1.6.0320-23, select-
ing optimal actions aimed to minimize airborne
health risks involves identification of calculated

3 O sostoyanii i ob okhrane okruzhayushchei sredy Rossiiskoi Federatsii v 2022 godu: Gosudarstvennyi doklad [On the
state and protection of the environment in the Russian federation in 2022: the State Report]. Moscow, Ministry of Natural Re-
sources and Environment of the Russian Federation; M.V. Lomonosov’s Moscow State University, 2023, 686 p. (in Russian);
O sostoyanii sanitarno-epidemiologicheskogo blagopoluchiya naseleniya v Rossiiskoi Federatsii v 2022 godu: Gosudarstvennyi
doklad [On sanitary-epidemiological welfare of the population in the Russian Federation in 2022: the State Report]. Moscow,
the Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing, 2023, 368 p. (in Russian).

*MR 2.1.6.0320-23. Poryadok opredeleniya perechnya prioritetnykh zagryaznyayushchikh veshchestv i perechnya kvoti-
ruemykh ob"ektov s obosnovaniem optimal'nykh napravlenii reguliruyushchikh vozdeistvii po minimizatsii aerogennykh riskov
zdorov'yu naseleniya [The procedure for identifying the list of priority pollutants and objects mandatory for setting emission
quotas along with substantiating optimal regulatory actions aimed to minimize airborne health risks], 2023, 36 p. (in Russian).

>Kompleksnyi plan meropriyatii po snizheniyu vybrosov zagryaznyayushchikh veshchestv v atmosfernyi vozdukh v
g. Krasnoyarske, utv. Zamestitelem Predsedatelya Pravitel'stva RF 19.04.2022 Ne 3968p-P11 [The Complex Plan of activities on
reduction of pollutant emissions into ambient air in Krasnoyarsk, approved by the Deputy Head of the RF Government on April 19,
2022 No. 3968p-P11]. Professional’noe izdatel’stvo LLC. Available at: https://www.profiz.ru/upl/Kpacuosipck%2C%20mmnan.pdf
(February 17, 2024) (in Russian).
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reference points or points of local peaks in
densely populated residential areas. Such points
describe chemical hazards under acute and
chronic exposure. Use of the optimization method
makes it possible to identify specific economic
entities and establish differentiated reductions in
emissions of priority chemicals. This ensures
compliance with safety standards including health
risks levels on an analyzed territory. Optimization
based on branch algorithms and algorithms of
linear programming boundaries is aimed at find-
ing optimal conditions with the use of a target
function, which includes a minimal reduction in
emissions in the whole residential area. The total
minimal reduction in pollutant emissions at all
objects under regulation (without considering
economic characteristics of implemented activi-
ties) is assumed to lead to minimal technological
changes and ensure compliance with safety stan-
dards and acceptable levels of health risks in resi-
dential areas due to implementation of relevant
optimal regulatory actions.

Krasnoyarsk was chosen as a pilot territory
for testing methodical approaches and imple-
menting the algorithm for solving the optimiza-
tion task. The city is included into the Clean Air
Federal project; it is a large economic, industrial
and energy-producing center where electric and
heat energy is produced, transported and sold to
end customers. Heat-and-power engineering is
among leading industries on the analyzed terri-
tory and this gave grounds for more profound
analysis of activities with their focus on heat-
power engineering objects (HPEO) in this study.

Thus, in Krasnoyarsk, the total volume of
pollutant emissions, both from stationary and
mobile sources, is above 140.8 thousand tons
per year. Of them, approximately 55 thousand
tons are emitted by heat-power engineering
objects that are parts of the unified centralized
system. It consists of thermal power stations,
coal-fueled and electrical boiler houses sup-
plying heat for the city population. In addition
to that, 40 residential blocks in the city are
equipped with autonomous heat supply
sources that supply heat to houses and some

social objects and emit approximately 5.3 thou-
sand tons per year.

The task was to assess effectiveness of in-
vestment programs and complex plans related
to minimization of health risks and hazards
caused by energy-producing enterprises for
people living in Krasnoyarsk. To do that, we
used initial data taken from the systematized
database on stationary and mobile emission
sources in Krasnoyarsk (the data were provided
by the Ministry of Natural Resources and sub-
mitted to Rospotrebnadzor as an electronic re-
port following the official enquiry). The data-
base contained information about 6411 sources
of 251 pollutants: 5977 emission sources
(3597 regulated and 2422 unregulated) that be-
longed to 807 enterprises and organizations op-
erating in the city, 171 autonomous heat supply
sources (residential areas with private houses)
and 263 sections of the city traffic network.

The data base on heat-power engineering
objects included 302 enterprises that either
produced and distributed energy or had heat
supply sources at their facilities, such as major
heat supply sources (thermal power stations
(TPS) 1, 2 and 3) and 171 autonomous heat
supply sources that emitted 55 chemicals.
Figure 1 provides geographic location of heat-
power engineering objects in Krasnoyarsk
(a situation map).

In order to solve the optimization task,
data arrays were prepared with levels of occur-
ring calculated concentrations in residential
areas and levels of occurring health risks. Dis-
persion of chemicals from an emission sources
in ambient air was calculated using Ekolog-
Gorod 4.6 Unified Program for Calculating
Ambient Air Pollution. Health risks caused by
chemical pollutants in ambient air emitted by
both all sources and exclusively by heat-power
engineering objects and autonomous heat sup-
ply sources were assessed in accordance with
the Guide R 2.1.10.1920-04° by accomplishing
all necessary steps in relevant sequence. Ob-
tained results were visualized by using Arc-
View 3.2 and ArcGIS 9.3.1 software.

®R 2.1.10.1920-04. Human Health Risk Assessment from Environmental Chemicals. Moscow, the Federal Center for
State Sanitary and Epidemiological Surveillance of RF Ministry of Health, 2004, 143 p. (in Russian).
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Figure 1. The map showing locations of heat-power engineering objects within the Krasnoyarsk city territory

We conducted a reconnaissance stage-by-
stage assessment of effectiveness of air protec-
tion activities over 2019-2023 relying on cur-
rent changes in ambient air quality at four
monitoring posts of Rospotrebnadzor per 37
pollutants and occurring levels of health risks.

Results and discussion. Investigations
and hygienic analysis of ambient air quality
based on calculated dispersion of pollutants
from all sources on the analyzed territory re-
vealed that safety standards were violated in
residential areas as per 17 chemicals: manga-
nese and its compound (up to 1.03 single
MPL, up to 11 average annual MPL),
benzo(a)pyrene (up to 4.5 average annual
MPL), nitrogen dioxide (up to 6.3 single MPL,
up to 2 average annual MPL), carbon (soot)
(up to 1.6 single MPL), carbon oxide (up to
3.9 single MPL), gaseous fluorides (up to 1.4
single MPL), chlorine (up to 1.6 single MPL,
up to 2.7 average annual MPL), benzene (up to
2.1 single MPL), phenol (up to 2.1 single
MPL), particulate matter (up to 3.2 single
MPL), dust with 20 to 70 % SiO; (up to 5.2

single MPL), dust with SiO, below 20 % (up
to 1.6 single MPL), abrasive dust (up to
2.0 single MPL), prop-2-en-1-al (up to 1.5 sin-
gle MPL), sodium hydroxide (up to 1.1 single
MPL), sulfur dioxide (up to 1.1 single MPL),
butadiene and (up to 1.1 average annual MPL).
It is worth noting that solely heat-power engi-
neering objects cause violations of safe stan-
dards for ambient air quality in residential ar-
eas as per nitrogen dioxide (up to 3.04 single
MPL), carbon (up to 1.52 single MPL), carbon
oxide (up to 3.84 single MPL), particulate
matter (up to 3.19 single MPL), inorganic
dust: 70-20 % SiO, (up to 5.1 single MPL),
inorganic dust: SiO, below 20 % (up to 1.1
single MPL).

Practically all people living in the city
(89 %) are exposed to elevated ambient air
pollution from all emission sources: 1064.6
thousand people are exposed to more than 1
single MPL and 351.9 thousand people to
more than 1 average annual MPL.

Established calculated levels under acute
inhalation exposure create elevated hazard

Health Risk Analysis. 2024. no. 1
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quotients per six chemicals: nitrogen dioxide,
benzene, particulate matter, sodium hydroxide,
buta-1,3-diene, and prop-2-en-1-al, up to
2.1-48.8 HQac. These risk levels result in
higher likelihood of acute diseases of the respi-
ratory organs, eyes, developmental disorders,
diseases of the reproductive and immune sys-
tems and systemic effects, up to 4.1-49.8 Hlac.
Approximately 131.5 thousand people or 12.2 %
of the city population live in areas with ‘alert-
ing’ (hazard indexes are between 3 and 6) and
‘high’ (HI > 6) acute health risks.

Elevated hazard quotients are determined
by six chemicals under chronic inhalation ex-
posure: nitrogen dioxide, benzo(a)pyrene,
manganese and its compounds, nickel oxide,
buta-1,3-diene, and chlorine, up to 1.6-40.4
HQch. Effects of the foregoing chemicals
create unacceptable risks for the respiratory
system, central nervous and peripheral nerv-
ous system, reproductive, cardiovascular and
immune systems, blood, and developmental
processes, between 1.6 and 52.5 Hlch (Figure 2).
Overall, approximately 15.8 thousand people
or 1.5 % of the city population live in areas
with elevated health risks established as

Risk levels, HI shares

=1

T3

3-6

=6

Buildings and constructions
[ ] Rivers and other water objects

per aggregated calculations of pollutant dis-
persion.

Assessment of carcinogenic risks did not
establish any elevated levels of the total indi-
vidual carcinogenic health risk related to expo-
sure to the analyzed chemicals in ambient air
on the analyzed territory as per calculated data.

As can be seen in Figure 1, heat-power
engineering objects (emission sources located
at industrial enterprises, emissions from boiler
houses and autonomous heat supply sources)
are scattered near to or within residential areas
in the city. Zones affected by them are deter-
mined by both even locations and low-height
emission source able to create local ambient
air pollution.

Contributions made by heat-power engi-
neering objects to average annual ground con-
centrations were assessed for the whole city ter-
ritory based on calculated data. This assessment
revealed that contributions made by 55 analyzed
chemicals varied between 1 and 99 % in differ-
ent areas in the city; a significant contribution
(more than 50 %) was made by chemicals, cal-
culated levels of which were higher than the es-
tablished safety standards (Table 1).

ane

Figure 2. The map showing spatial distribution of non-carcinogenic Kchronic health risks for the respiratory organs based on
calculated data, HIch percentages
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Table 1

Data on contributions made by heat-power engineering objects (HPEO) to average annual
ground concentrations in the city as a whole in residential areas: a fragment on some chemicals,
calculated levels of which are higher than safety standards

Contributions of Contributions of HPEO to the average
Code Chemical HPEO to the total annual concentrations, %
gross emissions™® Minimum Medium Maximum
301  |Nitrogen dioxide (Nitrogen (IV) oxide) 69.3 4.17 % 22.77% 66.41 %
328  |Carbon (soot) 594 19.30 % 75.00 % 92.70 %
330 |Sulfur dioxide (Sulfuric anhydride) 69.0 36.10 % 68.10 % 89.99 %
337  |Carbon oxide 16.4 20.62 % 62.25 % 93.04 %
2902 |Particulate matter 55.8 16.95 % 86.53 % 99.59 %
2908  |Inorganic dust: 70-20 % SiO, 89.3 39.09 % 87.84 % 99.09 %
2909  |Inorganic dust: SiO,up to 20 % 79 235% 2554 % 87.50 %
2930 gzzasxsf;?fggﬁ;ﬁgndum 45 0.07 % 1.86 % 71.53 %

N o te: * means total contributions made by only TPS-1, TPS-2, TPS-3, 35 boiler houses, and autonomous

heat supply sources.

The total contribution made by heat-
power engineering objects to health risks var-
ied between 1 and 37 % for different target
organs and systems.

A profound analysis of the Complex plan
established that a goal was to reduce pollutant
emissions from heat-power engineering ob-
jects by 42.6 thousand tons by 2024, or 22.3 %
from the 2017 level. It should be achieved by
implementing various technical, technological
and organizational measures including TPS
upgrading, decommissioning of coal-fueled
boiler houses, moving people from dilapidated
housing with stove heating, providing private
houses with centralized heat supply or gas
heating and some others. In particular, the
Complex plan of air protection activities aimed
at reducing emissions from heat-power engi-
neering objects stipulates a reduction in emis-
sions or a number of emission sources by Sibe-
rian Generating Company LLC, Krasnoyar-
skaya TPS-1, 35 municipal boiler houses and
in dilapidated housing with stove heating.

In particular, Siberian Generating Com-
pany LLC plans to install an automated system
for control of pollutant emissions into ambient
air at its heat-power engineering objects,
namely, thermal power stations in Kras-
noyarsk. In addition to that, the company plans

10

to add new generating capabilities to already
existing ones at Krasnoyarskaya TPS-3 to bal-
ance heat loads after 35 ineffective coal-fueled
boiler houses are decommissioned.

Ineffective coal-fueled boiler houses have
been established to emit 52 pollutants typical
for this economic activity. The Complex plan
stipulates a reduction in total emissions from
these 35 boiler houses by 7.7 % (10.8 thousand
tons). Implementation of these measures is ex-
pected to reduce local single concentrations,
which are higher than safe standards (more
than 1.1 single MPL) in residential areas, for
example, by 10 % per such pollutants as nitro-
gen dioxide and inorganic dust: 70-20 % SiO;
still, their levels are going to remain at 1.1-4.4
single MPL. In particular, the implemented
measures on emission reduction will result in a
decrease in levels of inorganic dust: 70-20 %
SiO; down to 1.0 single MPL and make it pos-
sible to remove 0.53 thousand people from as
area with elevated pollution under acute inha-
lation exposure. Average annual concentra-
tions will remain stable at the level of 1.1-7.0
average annual MPL.

Optimization approaches to selecting
regulatory actions demonstrated that a reduc-
tion by 120.1 tons (or by 1.1 % of the total
gross emissions from 35 coal-fueled boiler

Health Risk Analysis. 2024. no. 1
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houses in 2017) as per 7 chemicals would be
optimal considering the contribution made by
these boiler houses into the total ambient air
pollution. The foregoing seven chemicals in-
clude particulate matter, chromium, manga-
nese and its compounds, carbon (soot), inor-
ganic dust: 70-20 % Si0,, inorganic dust:
SiO; up to 20 %, and sulfur dioxide. Currently,
their total emissions equal 241.9 tons, between
9 and 100 % (Table 2).

Thus, specifically, parameterized activities
have been developed for only 12 ineffective
coal-fueled boiler houses for which the Com-
plex plan stipulates a 6.3 % reduction in the to-
tal emission (8.8 thousand tons) per 19 chemi-
cals (Table 2).

The Complex plan also stipulates moving
people from dilapidated housing with stove
heating. This will reduce the total emissions by
0.22 % (0.3 thousand tons) of the 2017 level.

According to the aggregated database on
sources of pollutant emissions on the analyzed
territory, autonomous heat supply sources emit
seven pollutants: nitrogen dioxide, nitro-
gen (II) oxide, sulfur dioxide, carbon oxide,
benzo(a)pyrene, particulate matter, and inor-
ganic dust: 70-20 % SiO,. Currently, their to-
tal emissions are above 5.3 thousand tons
(8.7 % of the total gross emissions from all
heat-power engineering objects ion the ana-
lyzed territory).

Implementation of air protection activities
within the Complex plan will lead to a slight
decrease (by 0.01-0.03 single MPL) in the

highest single levels of chemicals, which are
higher than safety standards. These concentra-
tions will remain at the level of up to 1.1-6.25
single MPL. Average annual levels of chemi-
cals, which are higher than safety standards
(up to 1.1-6.98 average annual MPL), will re-
main practically the same.

When solving the optimization task and
within the differentiated approach to selecting
regulatory actions, we established that it was
optimal to reduce emissions of six chemicals by
autonomous heat supply sources given their
contribution to the total ambient air pollution.
These six chemicals include sulfur dioxide, ni-
trogen dioxide, benzo(a)pyrene, inorganic dust:
70-20 % Si0O,, carbon oxide, and particulate
matter. Their total emissions currently equal
1.4 thousand tons per year. To ensure compli-
ance with the sanitary-hygienic standards for
chemical levels and to achieve acceptable
health risk levels in the total residential areas, it
is necessary to reduce emissions of these six
chemicals by 1-100 %. The overall reduction,
given the contribution made by autonomous
heat supply source to ambient air pollution,
should be equal to 658.6 tons, which is
2.1 times higher than the reduction stipulated
by the Complex plan (Table 3). Table 4 pro-
vides a fragment of the detailed data on reduc-
tions in emissions of some specific chemicals
by autonomous heat supply sources according
to the Complex plan and optimal reductions in
emissions of the said sources recommended
considering the optimization criterion.

Table 2

Comparative assessment of planned complex air protection activities aimed at reducing
emissions of specific chemicals into ambient air and differentiating optimized regulatory actions
at 12 coal-fueled boiler houses (tons/year)

. Optimized regulatory actions
Chemical Complex plan, tons/year tons/year Reductgion agzinst 2017, %
Chromium 0.0001 0.0017 9
Nitrogen dioxide 878.453 — —
Nitrogen (II) oxide 142.734 — —
Carbon (soot) 859.055 - —
Sulfur dioxide 1101.932 — —
Carbon oxide 5018.029 — —
Inorganic dust: 70-20 % SiO, 788.427 119.68 50
and other chemicals 25.778 0.000068 100
Total: 8814.408 119.7 1.3
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Table 3

Comparative assessment of planned complex air protection activities and differentiated
optimized regulatory actions aimed at reducing total emissions of specific chemicals into
ambient air concerning autonomous heat supply sources (tons/year)

Chemical Complex plan, tons/year | Optimized regulatory actions, tons/year

Nitrogen dioxide 6.777 18.01

Nitrogen (1) oxide 1.172 -

Sulfur dioxide 3.576 0.173

Carbon oxide 256.250 228.39

Benzo(a)pyrene 0.000 0.000049

Particulate matter 32.739 55.618

Inorganic dust: 70-20 % SiO, 10.095 356.398

Total: 310.609 658.608

Table 4

A fragment of the complete list of autonomous heat supply sources which are subject to planned
air protection regulatory actions according to the Complex plan and recommended optimal
reductions in emissions by them

. . |Reductions in emissions
Ashareofa | A reductionin as per results of solvin
Emitted pollutants that are subject | Emission mass | chemicalin | total emissions DETTESUES O &
No. L . . the optimization task
to optimization (tons/year) total emis- | according to the .
S o, | concerning the analyzed
sions, %  |Complex plan, % . 0
chemicals, %
Autonomous heat supply sources in Badalyk settlement
1 0703 Benzo(a)pyrene | 173E-05 | 18E-05 | - | 100
Autonomous heat supply sources in Peschanka settlement
1 [2908 Inorganic dust: 7020 % Si0, [ 12.397499 | 132 | - | 11
Autonomous heat supply sources in Torgashino settlement
0301 Nitrogen dioxide
1 (Nitrogen (IV) oxide) 10.545777 2.1 B 100
2 12908 Inorganic dust: 7020 % SiO, 71.905526 14.4 46
Autonomous heat supply sources in Laletino settlement
0301 Nitrogen dioxide
1 (Nitrogen (IV) oxide) 9.80651 2.1 36
2 |0337 Carbon oxide 339.490704 74.1 16.2 37
3 12902 Particulate matter 34.52616 7.5 43
4 |2908 Inorganic dust: 70-20 % SiO, 58.956965 12.9 73

Currently TPS-1 emits 36 chemical pol-
lutants into ambient air and its total emissions
are 16 thousand tons. The Complex plan of
activities aimed at reducing pollutant emis-
sions into ambient air stipulates a reduction in
emission of all chemical by this TPS by
7.0 thousand tons (43.7 %).

The differentiated approach to selecting
optimal regulatory actions demonstrated that it
was optimal to reduce emissions of only one
chemical by TPS-1, given its contribution to
ambient air pollution. This chemical is inor-
ganic dust: 70-20 % SiO, with its contribution

12

currently being 5.9 thousand tons (35 %) in the
total emissions by TPS-1. To ensure compli-
ance with the sanitary-hygienic standards for
chemical levels and to achieve acceptable
health risk levels in the total residential area
(at 678 points involved in setting emission
quotas), it is necessary to reduce emissions of
inorganic dust: 70-20 % SiO, by 46 %, or
2.7 thousand tons, of the total emissions form
this TPS.

Therefore, the Complex plan stipulates
the total reduction in emissions form heat-
power engineering objects by 18.1 thousand
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tons per more than 20 chemicals’ (particulate
matter, nitrogen dioxide, nitrogen (II) oxide,
carbon (soot), sulfur dioxide, chromium, inor-
ganic dust: 70-20 % SiO,, inorganic dust:
Si0, up to 20 % and others) (Table 5).

Table 5

Comparative assessment of planned complex
air protection activities aimed at reducing
pollutant emissions into ambient air and
differentiated optimized regulatory actions at
heat-power engineering objects (tons/year)

Action Complex plan, | Optimization task,
tons/year tons/year
35 boiler houses 10.8 thousand 0.12 thousand
Autonomous heat 0.3 thousand 0.65 thousand
supply sources
TPS-1 7.0 thousand 2.69 thousand
Total: 18.1 thousand 3.47 thousand

The results obtained by solving the opti-
mization task clearly indicate that it is optimal
to reduce emissions from heat-power engineer-
ing objects per 10 chemicals only (carbon, ni-
trogen dioxide, benzo(a)pyrene, particulate
matter, chromium, sulfur dioxide, carbon ox-
ide, manganese, inorganic dust: 70-20 % SiO,,
SiO, up to 20 %) between 1 and 100 %. The
total reduction will equal 3.474 thousand tons
a year, which is 5.2 times lower than stipulated
by the Complex plan; still it will ensure com-
pliance with the existing safety standards and
achieving acceptable levels of health risks.

Implementation of air protection activities
and reductions in the total emissions from
heat-power engineering objects stipulated in
the Complex plan will not significantly im-
prove living conditions on the analyzed terri-
tory given the estimated contributions made by
them to ambient air pollution. On the contrary,
recommended differentiated optimal reduc-
tions in emissions estimated as per the results
of solving the optimization task will ensure the
relevant positive changes.

Moreover, additional evidence has been
provided to support the above conclusions,
namely, the results obtained by predictive

health risk assessment. Implementation of air
protection activities stipulated by the Com-
plex plan is expected to bring about a slight
positive trend, which is a 1.1-1.2 times de-
cline in risks of diseases of the nervous, he-
matopoietic, cardiovascular, reproductive,
immune, and respiratory systems. Carcino-
genic risks mostly occurring due to exposure
to formaldehyde will remain stably high
(reaching 3.28- 10*). Acute and chronic risks
for target organs and systems, including the
respiratory, cardiovascular and immune sys-
tems, eyes, blood, and developmental proc-
esses, will be equal to 6.5-25.5 Hlac and
11.9-22.6 HIch. Implementation of activates
within the Complex plan will make it possible
to move approximately 50 thousand people
from zones with unacceptable acute health
risks and 120 thousand people from zones
with unacceptable chronic health risks into
ones with minimal (target) health risks [8].

To ensure compliance with the safety
standards for chemical levels in ambient air
(1 single MPL, 1 average annual MPL) and to
achieve acceptable levels of health risks
(1HQ, 3 HI, CR< 110", CRr< 1-10™) on the
analyzed territory, it is necessary to achieve
differentiated reductions in emissions not only
from heat-power engineering objects but also
from other emission sources (economic enti-
ties and motor transport) by 1.06 thousand tons
overall, including nitrogen dioxide, by 0.941
thousand tons (between 6 and 100 % at differ-
ent sources); carbon, by 0.00128 thousand tons
(between 19 and 100 %); sulfur dioxide, by
0.0021 tons (100 %); benzo(a)pyrene, by 0.87
tons (78-100 %); particulate matter, by 0.262
tons (24-47 %); carbon oxide, by 0.156 tons
(100 %); inorganic dust: 70-20 % SiO,, by
42.93 tons (7-100 %); inorganic dust: SiO; up
to 20 %, by 0.61 tons (14-100 %); manganese,
by 0.65 tons (8693 %).

Reconnaissance assessment was per-
formed to estimate effectiveness of air protec-
tion activities relying on current changes in
ambient air quality per all chemicals at four
monitoring posts of Rospotrebnadzor over

" The number of chemicals has been identified only for 12 boiler houses and autonomous heat supply sources, for which

parameterized data on planned measures have been provided.
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2019-2023. It demonstrated a decrease in the
highest single concentrations of five analyzed
chemicals: formaldehyde, gaseous fluorides,
ammonia, carbon oxide, ethyl benzene (the
decrease rate varied between 63.9-1.79 %)
down to 0.46-2.75 single maximum MPL.
Still, a certain growth in single concentrations
was detected for seven chemicals: nitrogen
dioxide, nitrogen (II) oxide, particulate matter,
PM,y, PM; s, hydroxybenzene, dimethyl ben-
zene by 1.8-8.5 times up to 1.87-5.71 single
MPL. A decrease was also established in aver-
age annual levels of two chemicals, formalde-
hyde and benzene (the decline rate varied be-
tween 94.1-54.9 %) down to 0.21-0.64 aver-
age annual MPL and a certain growth was
established for five chemicals: nitrogen diox-
ide, benzo(a)pyrene, particulate matter, PM; s,
and PM ¢ (the growth rate is 1.2-5.1 times) up
to 1.1-2.36 annual average MPL.

The established trends as changes in ex-
posure manifested themselves in levels of cre-
ated health risks. Over 2019-2023, a decline
was established in individual carcinogenic risk
levels caused by exposure to airborne benzene
(by 89.8 %) down to 1.42-107, hazard quo-
tients under short-term (acute) inhalation
exposure to formaldehyde and benzene (by
49.8-79.5 %) down to 1.2 HQac; a certain
growth was established for PM;y, PM;s and
particulate matter in general (by 60.5-42.4 %)
up to 11.3 HQac. Over the analyzed 5-year
period, there was a decline in hazard quotients
of non-carcinogenic effects under chronic in-
halation exposure to benzene (by 89.8 %)
down to 1.41 HQch and a certain ascending
trend for hazard quotients associated with ni-
trogen dioxide, benzo (a)pyrene, particulate
matter, PM, s and PM;( by 2.1-6.6 times up to
2.76 HQch.

At present, many research articles report
rather ambiguous results of the ongoing ex-
periment. Thus, implementation of the Com-
plex plan on the pilot territories has demon-
strated that, according to social-hygienic moni-
toring data, ambient air quality still does not
comply with the mandatory sanitary-hygienic
requirements in some cities [17-20]. Practical
experience indicates that many tools for state
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regulation of ambient air pollution that are fixed
in the legislation have a theoretically high po-
tential but are hardly efficient in practice. This
is due to high expenditure on environmental
protection, low motivation of economic entities
to reduce negative effects on ambient air, errors
and miscalculations in planning, making and
implementing decisions significant for envi-
ronmental protection [21-24].

A study by A.V. Komarova and E.A. Mak-
lakova [7] has demonstrated that quotas set for
pollutant emissions do not consider suggestions
made by enterprises or technological and eco-
nomic expedience of reducing emissions at
sources with preset quotas. Moreover, several
important factors are neglected such as uneven
and non-simultaneous work of different equip-
ment, changes in work regimes and different
stages in metallurgical production processes
(non-stationary emissions).

Up-to-date scientific research should in-
volve changes in approaches to regulation of
ambient air pollution. Therefore, it is advisable
to concentrate efforts on reducing emissions of
priority pollutants and health risk factors con-
sidering their contributions to the overall pollu-
tion instead of reducing the total emission vol-
umes by 22 %. Priority pollutants are chemicals
that can potentially produce the most harmful
effects on the environment and human health.
Such an approach allows concentrating on the
most hazardous chemicals and achieving the
maximum possible results in raising ambient air
quality [4, 13, 14, 23].

Uncertainties of the present study include
possible inaccuracy and changeability of pa-
rameters of pollution sources; impossibility to
consider simultaneous work of all these
sources; inaccuracies in completeness of the
systemic assessment of spatial-differentiated
calculated exposure and health risks; gaps in the
scientific theory of prediction based on cause-
effect relations (model uncertainties).

Conclusions. A differentiated approach to
selecting optimal regulatory actions involves
identification of priority chemicals and objects
for setting emission quotas considering their
contributions to total ambient air pollution. It
turned out to be relevant and precise in mini-
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mization of airborne health risks and provision
of sanitary-epidemiological safety in all resi-
dential areas in the analyzed city. Approbation
of the methodical approach fixed in the Me-
thodical Guidelines MR 2.1.6.0320-23 with
heat-power engineering objects used as an ex-
ample demonstrates that it is eligible for ambi-
ent air quality management under local or total
ambient air pollution created by emission
sources, which are heterogeneous in their in-
tensity and structure, located in close prox-
imity to residential areas.

Our study results show that implementa-
tion of air protection measures and reductions
by 18.1 thousand tons in the total emissions of
more than 20 chemicals by heat-power engi-
neering objects in accordance with the Com-
plex Plan and considering their contributions
to total ambient air pollution (between 1 and
99 % in different areas per different chemicals;
contributions to health risks reach 37 %) will
not significantly improve the living conditions
for people residing in the analyzed areas. This
is due to persisting violations of safety stan-
dards since peak chemical levels will remain
6.25 single MPL and 7.0 average annual MPL.
In contrast to that, desirable improvement can
be achieved by suggested optimal regulatory
actions based on the differentiated approach to
managing ambient air quality and health risks.

A differentiated reduction by 3.47 thou-
sand tons in emissions from all heat-power
engineering objects is optimal and sufficient
considering contributions made by emission
sources and specific chemicals to total ambient
air pollution. This is 5.2 times lower than re-
ductions stipulated by the Complex Plan for
reductions in emissions. It is 2.69 thousand
tons lower (16.8 % of the 2017 emissions) at
the TPS-1; by 0.12 thousand tons at all inef-
fective coal-fueled boiler houses (1.1 %); by
0.65 thousand tons at autonomous heat supply
sources (12.3 %). The following ten chemicals

should be considered priority ones and manda-
tory for reduction at heat-power engineering
objects in the analyzed city: nitrogen dioxide,
carbon, sulfur dioxide, benzo(a)pyrene, particu-
late matter, carbon oxide, chromium, inorganic
dust: 70-20 % SiO,, up to 20 % SiO,, and
manganese. Reductions in their levels vary be-
tween 1 and 100 % and are determined indi-
vidually for each object. To ensure compliance
with the safety standards for chemical levels in
ambient air and to achieve acceptable levels of
health risks on the analyzed territory, it is nec-
essary to achieve object-specific differentiated
reductions in emissions not only from heat-
power engineering objects but also from other
emission sources (economic entities and motor
transport) by 1.06 thousand tons overall. Im-
plementation of the suggested optimal regula-
tory actions at heat-power engineering objects
in the analyzed city considering their contribu-
tions will ensure compliance with safety stan-
dards and acceptable health risk levels in all
residential areas and at all points used for set-
ting quotas of emissions.

Use of a differentiated approach to select-
ing optimal regulatory actions as regards all
sources of ambient air pollution will make it
possible for decision-makers to define priority
environmental protection activities, adjust the
Complex plans on ambient air quality im-
provement, update regional urban development
plans, and motivate the business community to
implement effective measures aimed to reduce
emissions of chemicals, which are priority ones
as per health risk criteria. This will also support
systemic interdepartmental interactions in order
to provide sanitary-epidemiological wellbeing
and environmental safety,
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