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ABSTRACT

Introduction. The priority pollutants used to assess the quality of atmospheric air in urbanized areas are particulate matter (PM) with aerodynamic diameters
of 10 microns (PMy) and 2.5 microns (PM.s). The anthropogenic emissions of these particulates have a significant adverse impact on both adults’ and
children’s health. The main sources of these fine particulate emissions include the operation of internal combustion engines, combustion of solid organic fuels,
industrial activities, and the wear and tear of road surfaces due to vehicular traffic, as well as abrasion from brake pads and tires.

Materials and Methods. The concentration of suspended particulate matter (PM o and PM.s) in atmospheric air was assessed on the base of average daily
measurements obtained from stationary air quality monitoring stations in Arkhangelsk, Krasnodar, Krasnoyarsk, and St. Petersburg.

Results. St. Petersburg and Krasnodar are characterized by spring-summer peaks in concentrations of PM o and PM. s particulate matter due to secondary dust
formation processes associated with snow melting and stable positive temperatures, as well as the intensity of automobile traffic. Conversely, in Krasnoyarsk and
Arkhangelsk, maximum levels of atmospheric pollution from suspended particles are observed in winter due to the significant use of solid fuels for heating and
favorable weather conditions for dispersion. Based on the established relationship between the level of air pollution from particulate matter and regional climatic
conditions, as well as priority emission sources, a series of preventive measures to reduce the concentrations of these pollutants have been justified. The main
principle is to implement these measures prior to the onset of seasonal peaks in PM o and PM; s concentrations in the atmosphere.

Limitations. The study has limitations due to its low statistical power, which is a result of an insufficient sample size collected for the autumn season in Krasnodar.
Conclusion. The distribution dynamics of PM 9 and PM.;s particle concentrations in the atmospheric air in the cities of Arkhangelsk, Krasnodar, Krasnoyarsk,
and St. Petersburg exhibits a pronounced seasonal dependence determined by a combination of factors. Among these factors, climatic conditions in the region,
operational characteristics of the road and motor vehicle sectors, and specific features of the heating supply system play a key role. To minimize the risk of particulate
matter affecting public health during warmer months, it is necessary to take measures to reduce car traffic intensity. In areas that use solid fuels for heating, the
priority must be given to the technical modernization of thermal power plants, the introduction of highly effective gas purification methods, the development and
implementation of best available technologies, as well as considering the possibility of switching to alternative fuels, especially natural gas.
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FMrmeHnyeckas oyeHka GaKTopoB, onpepensiowmnx cogepXxaHme
B3BELUEHHbIX YacTuL, B atmocpepHOM BO3gyxe ropoaos

PreOY BO «Cesepo-3anagHblit rocyaapCTBEHHbIA MEAULMHCKMIA yHuBepcuTeT uMenn M.U. Meunnkosa» Munsapaea Poceuu, 191015,
Casnkr-letepbypr, Poccus

PE3IOME

Beedenue. K npuopumemusim 3aepsasHumensim, no KOMopviM OUEHUBAION KA4ecmeo ammochepHozo 6030yxa ypoaHu3upoO8aHHbIX Meppumopuil, OMHOCAMCs
636eutennvle wacmuyvl PMou PM,s. Texnoeennas naepyska PMyu PM,s 6 ammocgepHom 6030yxe 0Kka3vieaem 8bipajiceHHOe HeeamugHoe 6AUsHUe HA 83DOC-
s10e u demckoe Hacenerue. [locmynaenue MeaKoOUCNEPCHbIX 836CUECHHBIX YACMUL, 8 AMMOCHEPHBIL 8030YX NPOUCXOOUM 8 OCHOBHOM npu pabome dgueameneil
BHYMPEHHe20 C2OPAHUS, CHCULAHUU MBEPO0O OP2AHUUECK020 MONAUBA, 8 De3YAbmame 0essmeabHOCHU NPOMbLUACHHbIX NPeOnPUAMULL, a Makdjice U3-3a 3po3uu
00POACHO20 NOKPLIMUSL NPU OBUNCEHUU AGMOMPAHCROPMA U UCMUPAHUU MOPMO3HBIX KOAOOOK U UIUH.

Mamepuaavt u memodwt. Ouyenra codepicanus e3eeuiennvix wacmuy, PMy u PMs 6 ammocgeprom 6030yxe nposedena no cpeoHecymouHviM KOHUEeHMpayuam
Ha 0CHOBAHUU OGHHBIX CMAYUOHAPHBIX NOCMO08 KOHMPOAS 3a2PA3HeHUs ammocepHoeo 8030yxa Apxaneeascka, Kpacnodapa, Kpacrnospcka u Cankm-Ilemepoypea.
Pezyavmamot. /{13 Cankm-IlemepOypea u Kpacnodapa xapakmepen éecerne-1emHuil MaKCumMym KOHUeHMpPayuil, C63aHHbLI ¢ NPoUeccamil 8MopuuHo20 Noiaeopa-
306anust wacmuy, PM o u PM; s 6 nepuod cHecomasiHusi u ycmoiuesix nOA0NCUMENbHbIX MEMNepamyp, a MaKice ¢ UHMEHCUBHOCMbIO A8MoMOOUNbHO20 mpagduKa.
B Kpacrosipcke u Apxaneenscke MaKcumansible ypogHU 3aeps3HEHUsI AMMOCHEPHO20 8030YXa 636€UeHHbIMU YACUUAMU PeUCMPUPYIOMCS 8 3UMHUIL NepUoo, Mo
00YC1081€HO 3HAUUMENbHOU Jonell MEEPObIX 8UO08 MONAUBA 8 CUCHEMe MENAOCHAONCEHUS. U OAazonpusimHbiMu 045 pacceusanus memeoycrogusmu. Ha ocnosanuu
VCIMAHOBAEHHOU 3a8UCUMOCU YPOBHS 3aepsi3Herls ammocgeproeo 6030yxa PM-uacmuyamu om pecuoHanbHbIX KAUMAMUYECKUX YCAOBULL U NPUOPUMEMHBIX UC-
MOYHUKO8 IMUCCUL 0DOCHOBAH KOMNACKC NPOPUAGKMUHECKUX MEPONPUSIMUIL, HANPABAEHHbIX HA CHUJICCHUE KOHUEHMPAYULl u3y4aemblx 3azpsznumeneil. Kioueebim
NPUHUUNOM A6ASMCS NPeBeHMUBHOe NPO8edeHUe MepOnpUsmuULL 00 HACMYNAEHUS Ce30HH020 MaKcumyma Konuenmpauuii PMou PM>s 6 ammocgheprom 6030yxe.
Oczpanuvenus uccaedosanus. Hecaedoganue umeem o2panuteHusl, C8S3aHHble ¢ MAA0L CIMAMUCMUYecKoll MOWHOCMbI0, 8CAe0CmElUe HedOCMAamo4H020 006éMa
evi00pku 6 Kpacrhodape 3a ocennuii nepuoo.
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Saxarouenue. Junamuxa pacnpedenenus uacmuy PMy u PM,s 6 ammoceprnom 6o3dyxe Apxaneeavcka, Kpacnodapa, Kpacnospcka u Cankm-Ilemep6ypea
UMeem GbIPANCEHHYIO CE30HHYIO 3A8UCUMOCMb, ONPedeseMyio KOMAACKCOM (haKmopos, cpeou KOMopbix KAHUEEbIMU AGASIOMCS KAUMAMUYECKUe YCA08US peau-
OHa, 0CO0EHHOCMU IKCNAYAMAUUY 00PONCHO-ABMOMOOUNBHO20 KOMNAEKCA U CheyUuKa cucmemsl menaocHabicenus. Jas MUHUMU3AUUU PUCKA 8030eiicmaust
PM-uacmuy na 300pogwe Haceaerus 6 ménnoe epemsi 200a He0OX00UMbL MepPbl, HANPAGACHHbIE HA CHUNCEHUE UHMEHCUBHOCMU A8MOMOOUNbHO20 Ogucenus. [Ipu
UCNOAb308aHUU MEEPOBIX U008 MONAUBA O MENAOCHAOMNCEHUs NPUOPUMEMHbl MEeXHUYeCKas MOOepHU3ayUs MenioIHepeemu1ecKux 00sekmos, gHedperue
8bICOK0IheKMUBHBIX MEMO0008 2A3004UCMKU, CO30aHUe U BHEOPEHUe HAUAYHUUX OOCMYNHbIX MEXHOA0ULL, 4 MAKICe 803MONCHOCHb Nepexoda Ha aNbmepHa-
mueHvle 8udbl MONAUBA, 8 MOM HUCAe NPUPOOHBLI 2a3.

Karouesnie caoea: ammocgephulii 6030yx; 636euternvle vacmuybl PM 1y, 836ewennbie yacmuust PM; s; 06sexmol menaosnepeemuxu; 00pONCHO-A8MOMOOUNbHbLI
Komnaexc

Cobarodenue smuyeckux cmanoapmos. Hccaedosanue He mpedyem npedocmagaenus 3aKA04eHUs KOMUmema no 0UoMeOUlUHCKoU SmuKe Uau UHbIX O0KYMeHmMO8.
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Introduction

Recent studies show that residents of large cities inhale more
than 10 billion fine particulate matter particles every day. The
priority pollutants used to assess atmospheric air quality (AAQ)
in urban areas include particulate matter (PM),, and PM,;'. The
main sources of PM include the operation of internal combustion
engines, the combustion of solid organic fuels, industrial
activities, as well as road surface erosion caused by vehicle traffic
and the wear of brake pads and tyres [1—4]. The work of many
domestic [5—8] and international [9—11] researchers is devoted to
studying the impact of PM,;s on public health. For instance, the
publication by Zhu C. et al. (2021) describes in detail the main
mechanisms of action of PM,s and PM,,: oxidative stress, lipid
peroxidation, pulmonary and systemic inflammation, increased
blood pressure, vasomotor dysfunction and inflammation in the
central nervous system [10].

Epidemiological and clinical studies have confirmed that
high levels of PMj;, and PM,;s from anthropogenic sources in
the city have a significant adverse effect on both the adult and
pediatric populations, increasing the risk of cardiovascular
disease, respiratory diseases and the development of allergies
[9—14]. The literature indicates that short-term exposure to
high concentrations of PM), is associated with an increased risk
of myocardial infarction, arrhythmia, hypertension and sudden
cardiac death [15, 16]. Currently, the combination of air pollution
and PM is classified by the IARC as Group 1 in the list of
carcinogenic factors [17]. According to estimates from the ‘Global
Burden of Disease’ project by the Institute for Health Metrics and
Evaluation (IHME), air pollution from fine particulate matter
causes more than 4 million premature deaths per year worldwide
[18, 19]. Circulatory system diseases account for 93% of this
mortality, whilst malignant neoplasms of the trachea, bronchi
and lungs account for 7%. In this regard, the development and
justification of measures to reduce PM particle concentrations in
the atmospheric air of populated areas are particularly relevant.

The aim of the study was to conduct a hygienic assessment of
the factors influencing the concentration of PM o and PM, in the
atmospheric air of cities in the Russian Federation (Arkhangelsk,

' Letter No. 11/109-111 from the Department of State Sanitary and
Epidemiological Surveillance of the Ministry of Health of the Russian
Federation ‘On the list of priority substances present in the environment
and their impact on public health’; 1997.

Krasnodar, Krasnoyarsk, St Petersburg) and to justify a set
of preventive measures aimed at reducing the spread of these
particles.

Materials and methods

A hygiene assessment of the concentrations of PM;, and
PM,;s particles in atmospheric air was carried out in cities
located in various climatic regions of the Russian Federation
in accordance with the climate zoning scheme?: in Krasnoyarsk
(Climatic Zone I) — based on data from 77 automatic stations
of the atmospheric air monitoring system; in Arkhangelsk
(climatic zone I1A) — based on data from a fixed air pollution
monitoring station; in St Petersburg (Climate Zone I1IB) —
based on data from 20 automatic air pollution monitoring
stations; in Krasnodar (Climate Zone III) — based on data
from four Sanitary Rules (SPs). Weather and climate conditions
were assessed using data from the ‘Weather and Climate’ and
‘Gismeteo’ reference and information portals, obtained from
meteorological stations in Arkhangelsk, Krasnodar, Krasnoyarsk
and St Petersburg for the period from 2012 to 2023.

Air quality was assessed based on average daily concentrations
of PM. To determine the dynamics of PM particle concentrations
throughout the year, their average monthly and average seasonal
concentrations were calculated. The data obtained (in mg/m?, ug/m?)
were compared with the maximum permissible concentrations
(MPCs) established by SanPiN 1.2.3685—21 ‘Hygienic standards
and requirements for ensuring the safety and/or harmlessness to
humans of environmental factors’.

The database (containing over 160,000 data points) was
created using Microsoft Excel. The results were analyzed using
parametric statistical methods: calculation of means and measures
of variability (M = o) and confidence intervals, regression
analysis (linear regression equation, least squares method) using
Microsoft Excel. The distribution of indicators in the sample
populations is close to a normal distribution (Kolmogorov—
Smirnov and Shapiro—Wilk tests); comparisons were performed
using Student’s two-sample t-test. The critical significance level
(p) was set at 0.05 for all statistical comparisons.

2 Sanitary Rules SP 131.13330.2025. Code of Regulations. Building
Climatology. Sanitary Norms and Rules SNiP 23—01—99 (approved and
brought into force by Order of the Ministry of Construction of Russia No.
470/pr dated 8 August 2025).
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Fig. 1. The content of suspended particles PM,s (M % ¢ (Ca.s., mg/m®)) and PMy, (Ca.s., mg/m®) in the air of Arkhangelsk, Krasnodar,
Krasnoyarsk, and St. Petersburg in different seasons over a five-year period.
Puc. 1. Copepxanue PM,s (M £ o (Cc.c., mr/m3)) n PMyo (Cc.c., mr/m®) B AB ApxaHrenbcka, KpacHoaapa, KpacHosipcka n CaHkT-letepbypra
10 CE30HaM rofia 3a NATUNETHWA Nepnog,.

Results

A hygienic assessment of the concentrations of PMj, and
PM, ;s in the air of Arkhangelsk, Krasnodar and St Petersburg over
a five-year observation period revealed no exceedances of hygiene
standards, whereas in Krasnoyarsk systematic exceedances of the
daily average MPCs for PM,s were recorded during the winter
season throughout the entire observation period (Fig. 1).

Indicators characterizing the weather and climatic conditions
of the cities under study are presented in Table 1.

An assessment of the distribution of average seasonal PM
concentrations in the atmospheric air of St Petersburg over a
7-year period (2017—2023) showed an increase in particle levels
in spring and summer (Fig. 2). These changes may be due to the
weather and climatic conditions of the region.

In winter, pollutants entering the atmosphere as a result of
road transport operations, industrial emissions, and the prolonged
use of insoluble de-icing materials accumulate in the snow cover.

During the snowmelt period, which in St Petersburg, according to
long-term observations, occurs in late March to early April, fine
particulate matter (PM) settles on the roadside verges. However,
as temperatures rise above freezing and winds strengthen, it
becomes resuspended, and subsequently migrates into the surface
layer of the atmosphere, leading to a seasonal peak in PM;, and
PM,;s in the atmospheric boundary layer in spring.

Data from the COVID-19 pandemic period confirm the
significant contribution of road traffic as one of the primary
sources of fine particulate matter: in the April and May of 2020,
a sharp decrease in PM,, (in April — 0.00689 % 0.000428 mg/m?);
in May — 0,00714 £ 0.000436 mg/m?; in May — 0.00565 *
0.00412 mg/m? period, the volume of urban) and PM,s (in April —
0.00516 = 0.00184 mg/m?), attributable to restrictive measures.
During road traffic decreased significantly. In June, following the
easing of restrictions, the concentration of particulate matter in
atmospheric air increased significantly (PM,, — 0.0162 & 0.00869
mg/m?; PM,s — 0.1094 £ 0.0068 mg/m?) (Fig. 3).

Table 1 / Ta6anuma 1

Weather and climatic conditions of the cities of St. Petersburg, Krasnodar, Krasnoyarsk, and Arkhangelsk in 2013—2023 (M + m)
IToroano-kaumaTuyeckue ycinous Cankr-Ilerepoypra, KpacHonapa, KpacHosipcka n Apxanreibcka 3a nepuof ¢ 2013 mo 2023 r. (M £+ m)

Ce3on roga IToka3arenn Cankr-ITerepoypr Kpacnoznap Kpachosipek ApxaHre/ibek
Season Index Saint-Petersburg Krasnodar Krasnoyarsk Arkhangelsk
3uma Temneparypa, °C | Temperature, °C —4.10 £1.39 1.70 £ 0.82 —13.70 £ 1.71 —10.17 £ 1.76
Winter Ocanxu, MM | Atmospheric precipitations, mm 133 +7.64 187 +8.33 63 +8.72 111 +8.02
CKOpOCTb IBMXKEHUS BO3IyXa, M/c | Air speed, m/s 2.17+£0.12 2.67 £0.21 2.57 £0.21 2.80 = 0.05
BecHa Temmeparypa, °C | Temperature, °C 5.23+0.25 8.93 £ 1.46 2.97+£0.12 0.93+0.2
Spring Ocanku, MM | Atmospheric precipitations, mm 119 £6.43 170 £9.24 96 £ 14.73 121 £9.54
CKOpOCTb JIBMXKEHUS BO3IyXa, M/c | Air speed, m/s 2.53+0.15 2.73 £0.31 2.32+£0.12 2.77 £ 0.06
Jleto Temmeparypa, °C | Temperature, °C 17.53 £ 1.50 20.37 £ 3.94 17.37 £ 1.55 14.40 = 1.84
Summer Ocanxu, MM | Atmospheric precipitations, mm 238 £9.07 187 £19.76 211 £5.51 222 +8.54
CKOpOCTb IBMXKEHUS BO3IyXa, M/c | Air speed, m/s 1.83 £0.06 2.10+0.1 2.00 £ 0.12 2.43+£0.06
OceHb Temmeparypa, °C | Temperature, °C 6.50 £5.76 12.80 £ 6.45 1.37 £ 8.24 2.37 £6.50
Autumn Ocanku, MM | Atmospheric precipitations, mm 176 £ 3.79 178 £ 7.64 136 £ 8.50 181 £8.62
CKOpOCTb IBMXKEHUS BO3IyXa, M/c | Air speed, m/s 2.30 £0.36 2.13+0.15 2.40 +0.35 2.70 £ 0.20
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Fig. 2. The content of suspended particles PMio and PM,s in the air of St. Petersburg by seasons in 2017-2023, M % ¢ (Ca.d., mg/m?).
Puc. 2. Coaepxatue BY PMi u PM,5 8 AB CankT-etep6ypra no cezoHam roga B 2017-2023 rr., M + o (Cc.c., mr/md).

In 2021 and 2022, the average seasonal concentration of
PM in the atmospheric air was higher in summer than in spring.
The average monthly concentration of PM,, in June 2021 was
0.0162 £ 0.0006 mg/m?: the highest for the entire five-year study
period. An analysis of weather and climate conditions showed
that the average air temperature in June 2021 (21.4 £0.78 °C,
with the climatic normal of 16.5 °C) was the highest for the
corresponding study periods. In 2022, the highest monthly
average concentrations of PM;, and PM,s were recorded in
August: 0.014098 £ 0.009 mg/m? and 0.011189 % 0.006 mg/m3
respectively. The results of the study showed that the average air
temperature in August 2022 significantly exceeded the long-term
average: 20.6 £ 1.04 °C, as compared to the climatic normal of
17.5 °C. This explains the differences in the concentration of
particulate matter in the atmospheric air (Figs. 4).

The regression equation shows a moderate positive correlation
(y = 624.79x + 14.313; r = 0.47) between the PM concentration
in the atmospheric air of St Petersburg and the average air
temperature (Fig. 5).

A similar seasonal pattern (increased PM concentrations
in spring and summer) has been observed in Krasnodar, where
spring brings minimal precipitation and high wind speeds, which
facilitate dust transport, whilst summer brings high average daily
temperatures. The increase in PM,;, and PM, s concentrations in
Krasnodar begins in mid-March, with a peak in exceedances of
the average daily MPC in April—May and a decline in September;
the average seasonal differences are statistically significant
(p < 0.05) (see Table 1; Figs. 6).

In contrast to St Petersburg and Krasnodar, an analysis of
the trends in fine particulate matter (PM) concentrations in the

0.035- PM. 5 0.025- PMzo
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Fig. 3. The content of suspended particles PM,s and PMyq in the air of St. Petersburg in April and June (2017-2022), M + ¢ (Ca.d., mg/m?).
Puc. 3. Conepxanne BY PMys n PMyg B AB CankT-TeTepbypra 8 anpene u noxe (2017-2022 rr.), M % o (Cc.c., Mr/m3).
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Krasnoyarsk region (2018—2023 for PM,, and 2019—2023 for
PM,;s) and Arkhangelsk revealed a trend towards an increase in
particle concentrations during the winter period, which may be
due to the similarity of factors influencing the migration of PM
and PM, s in the air basin, including the characteristics of heating
systems and climatic conditions. In winter, Krasnoyarsk and
Arkhangelsk experience maximum wind speeds and minimum
precipitation, which facilitates the migration of PM;, and PM,;
from sources, including facilities in the fuel and energy sector. In
summer, however, wind speeds are at their lowest and precipitation
totals are at their highest (see Table 1; Figs. 7, 8).

The most significant anthropogenic factor determining the
seasonal increase in PM concentrations in the atmospheric air
is the operation of heat supply facilities. The gasification of our
country’s regions remains a priority for the development of the
domestic gas market. Currently, 78 constituent entities of the
Russian Federation have been connected to the natural gas
network, including Krasnodar and St Petersburg, where only
natural gas is used in thermal power plants (TPPs) and boiler
houses. In Krasnoyarsk, the main fuel for three TPPs and 35
boiler houses is low-calorific brown coal with a high ash content;
over 1 million residents are exposed to emissions from these boiler
houses [20]. In Arkhangelsk, heat supply is provided by a single
TPP running on natural gas and 42 boiler houses, 31 of which
use hard coal as their primary fuel. The main components of
emissions from fuel and energy facilities are particulate matter,
predominantly consisting of fine respirable fractions.

According to retrospective data, the heating season in
Krasnoyarsk and Arkhangelsk begins in mid-September, and the
peak load on the heat supply system, coinciding with the period
of minimum average daily temperatures, occurs in mid- January.
This period corresponds to the seasonal peak of PM pollution in
Krasnoyarsk and Arkhangelsk.

To assess the contribution of heat supply facilities to
atmospheric air pollution, a retrospective analysis was conducted
of particulate matter emissions resulting from fuel combustion
in the four cities under study, which differ in terms of the type
of fuel used (Table 2). The analysis covers the period 2019—2023
based on data from Federal Statistical Observation Form No.
2-TP (Waste) (Rosstat Order No. 614 of 6 November 2025 ‘On
the Approval of Federal Statistical Observation Form No. 2-TP
(Waste) ‘Information on the generation, treatment, disposal,
neutralization and placement of production and consumption
waste’ and instructions for its completion’).

Krasnoyarsk, with the highest emissions of particulate matter,
has shown a clear downward trend in the volume of particulate
matter emissions into the atmosphere from fuel combustion over
the reviewed five-year period, as well as in the average annual
concentrations of PM,;, and PM,s. Total particulate matter
emissions fell from 12,677.6 tons in 2019 to 8,120.5 tons in 2023:
a relative decrease of 35.9%. In this context, a decrease in the
average annual concentrations of PMj, was observed from
0.0322 t0 0.0209 mg/m?, i.e. by 35.1%. A decrease in the concentration
of the PM,; fraction was also noted: from 0.0196 mg/m? in 2019 to
0.0182 mg/m? in 2023. The smaller reduction in PM, s concentrations
may indicate specific characteristics of the thermal power plant
(TPP) emissions, namely the predominance of PM,, (Fig. 9).

Effective measures aimed at reducing the concentration of fine
particulate matter (PM) in the air of urban areas include the timely
cleaning of urban roads. An analysis of the periods for cleaning
operations in Krasnoyarsk and Arkhangelsk shows similarities
with the regulations adopted in St Petersburg: the summer season

[

40° y = 624.79x + 14.313
r=047

351
30 1
25+
20 -

15

10

0 0.1 0.2 0.3 0.4
CopepxaHue vactuy, mr/m® / Particle content, mg/m?®

Fig. 5. Dependence of the content of suspended particles in the atmospheric air
of St. Petersburg on the temperature of atmospheric air in the spring and summer
periods (2017-2023).

Pue. 5. 3aBUCMMOCTb COLEPXKAHNS B3BELLUEHHBIX 4aCTUL B aTMOCHEPHOM BO3-
nyxe CaHkT-leTep6ypra oT TeMnepatypbl aTMOCepHOro BO3Ayxa B BECEHHNI
11 NeTHUiA nepuofsl (2017-2023 rr.).
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Table 2 / Tabnuuma 2

Characteristics of heat supply facilities and trend in solid emissions in Arkhangelsk, Krasnodar, Krasnoyarsk and St. Petersburg (2019—-2023)
XapakTepucTHKAa 00bEKTOB TEIUIOCHAOKEHHUS M TMHAMHMKA BHIOPOCOB TBEPIBIX BelecT B Apxanreinbcke, KpacHonape, KpacHosipcke

u Cankr-Ilerepoypre (2019—2023 rr.)

ITapamerp ApxaHresibck Kpachonap Kpacnosipck Cankr-Ilerepoypr
Parameter Arkhangelsk Krasnodar Krasnoyarsk St. Petersburg
Oo6mias xapaktepuctuka  Yucio TOL, Bcero 1 1 3 15
CUCTEMBbI Number of thermal power
TEIJIOCHAOXKEHUST plants, total
General characteristics YuUCI0 KOTENBHBIX, BCETO 42 200 35 703

of the heat supply system Number of boiler houses, total

OCHOBHOI1 BUJT TOTIJIMBA
Ha TOLL

The main type of fuel at
thermal power plants

XapakrepucTuka
UCIOJIb3YEMOTO TOTIJINBA
Characteristics of the fuel
used

Natural gas

OCHOBHOI1 BUJI TOILJIMBA

[pupoaHslit ra3

KameHHbI1 yroib

[MpuponHsblit ra3
Natural gas

Bypblit yrosb BeICOKO#
CTEIEeHU 30JIbHOCTH

Brown coal of high ash
content

[Ipuponnslii ra3
Natural gas

IMpuponnsbiii ta3  Bypbrit yronb BeIcoKoi  [IpupoaHblii ras

B KOTEJIbHBIX (74% xotenbHBIX) Natural gas CTENEHU 30JIbHOCTU Natural gas
The main type of fuel in boiler Hard coal (74% of Brown coal of high ash
houses boiler houses) content
Bribpocs! TBEpABIX 2019 ron / year 2242.11 22.92 12 677.58 881.72
BELLECTE OT CKHMTaHuA 2020 rox / year 2243.18 41.87 10 996.24 891.25
TOIINBA, T
Emissions of solid 2021 rox / year 2286.21 69.47 11 400.13 1334.05
substances from fuel
combustion, tons 2022 rox / year 1520.90 26.55 8 695.04 1306.36
2023 ron / year 1459.75 72.51 8 120.52 1385.37
T|tons mr/m® | mg/m*  Discussion
14 000 r 0.035
An analysis of the long-term trends in the seasonal
12 000 -0.03 L . . .
= distribution of PM;, and PM,s concentrations in the air of
10 000+ \ \ 0.025 urbanized areas revealed that pollution levels depend on regional
— climatic conditions and primary emission sources. Based on
8000+ 1 - 0.02 the established patterns, a set of preventive measures aimed at
6000- \ L 0.015 reduc'ing't‘he concentrations of the pollutants under study has
\ \ been justified.
4000 \ \ L 0.01 The key aspect of the proposed measures is a differentiated
\ \ approach to regulating the timing of road maintenance works.
2000 1 \ \ - 0.005 For St Petersburg, where an increase in fine particulate matter
& k\ g (PM) levels is recorded from mid-March due to secondary dust
0 2020 2021 2022 2023 formation during snowmelt, an adjustment to the technical
lon / Years regulations is proposed: bringing forward the start of the summer
SSN BbiGPOCH! TBEPABIX BELLECTB OT CKUraHMs TonnuBa, T road maintenance period from .16 of April to 16 of March. For
Emissions of solid substances from fuel combustion, tons Krasnodar, where the relevant timeframes are not regulated, the
—8— CpenHeronosasi KoHLEHTpaumst BY PMy, period for summer cleaning of roads and adjacent areas has been
Average annual concentration of PMyo set from 1 of March to 10 of October, which corresponds to the
—4&— CpenHeroaosast KoHUeHTpauus BY PMys identified seasonal fluctuations in PM,, and PM, s concentrations.

Average annual concentration of PM,s

Fig. 9. Trend in the content of suspended particles PMso and PM 5 in the atmospheric
air of Krasnoyarsk (Ca.a., mg/m®) and emissions of solids from fuel combustion, tons.
Puc. 9. [luHamuka CpeaHerofoBoro CoAepXaHus B3BELIEHHbIX YacTuy PMq n
PM,5 B aTmochepHom Bo3ayxe KpacHosipcka (Cc.r., Mr/m®) u BbIGpoCh! TBEP/bIX
BELLECTB 0T CXMraHns Tonnnea, T.

runs from 16 of April to 15 of October, and the winter season from
16 of October to 15 of April. In Arkhangelsk, these periods are
shifted: 22 of April to 19 of October is the summer season, and 20
of October to 21 of April is the winter season. At the same time, air
quality monitoring in these cities has revealed a consistent trend
of a significant increase in PM concentrations that started from
October in Arkhangelsk and from November in Krasnoyarsk. This
trend indicates the need to amend the regulations governing winter
road maintenance activities in order to reduce PM concentrations
from various sources.

It should be noted that during the warmer months, there are
no statistically significant differences in PM concentrations in
the atmospheric air of St Petersburg, Krasnodar, Krasnoyarsk
and Arkhangelsk. This indicates the universality of the sources of
PM, pollution and confirms the need to implement a unified set
of preventive measures during the warmer months for all the cities
studied. Such measures include urban planning and transport
solutions aimed at reducing traffic intensity (for example,
in St Petersburg during summer, the expansion of pedestrian-
accessible zones in the historic part of the city), as well as the
greening of roadside areas to act as a dust barrier (the creation
of a multi-tiered structure of shrubby undergrowth at a distance
of 70 cm from the carriageway, with plant heights ranging from
70 cm to 1.5 m, etc.) [21, 22].

Unlike universal measures for the warm season, the approach
to reducing winter concentrations requires consideration of the
regional specifics of emission sources. In cities where gas fuel
predominates in the heating system (99.7% in St Petersburg and
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Krasnodar), the peak in PM,, and PM, s pollution occurs during
the warmer months. At the same time, in cities with a long heating
season and the use of solid fuel (Krasnoyarsk, Arkhangelsk), winter
peaks in PM,, and PM,;s concentrations have been recorded,
caused by the combined effect of emissions from thermal power
plants and meteorological conditions unfavourable for dispersion.

To reduce winter peaks in PM,, and PM, ;s concentrations
in Krasnoyarsk and Arkhangelsk, it is necessary to amend
the relevant road maintenance regulations (‘Rules for the
Improvement of the Territory of the City of Krasnoyarsk’,
‘Technical Regulations for the Maintenance of Local Public
Roads in the City of Arkhangelsk’). It is advisable to commence
dust suppression measures using non-friction, liquid de- icing
materials with binding properties in November for Krasnoyarsk
and October for Arkhangelsk, which correspond to the onset of
a sustained increase in the level of PM,, and PM,;. Particular
attention should be paid to the use, during the cold season,
of chloride-based dust-suppressing liquids, which prevent
the formation of black ice and reduce the salinity of the road
surface.

The most challenging task is to reduce emissions from
stationary sources in the thermal power sector. Even the
modernization of flue gas cleaning equipment in 2021 at
Krasnoyarsk TPP-1 as part of the federal ‘Clean Air’ project
(replacement of cyclone dust collectors with electrostatic
precipitators) did not result in full compliance with health and
hygiene standards for PM, and PM,s in the air. This indicates the
need to implement additional measures, such as pre-enrichment
of coal to reduce ash content, the use of chemical additives for the
coagulation of fine particles and, in the long term, a transition to
more environmentally friendly fuels (natural gas) [23, 24].

Thus, the development of preventive measures requires a
comprehensive approach that takes into account the specific
nature of pollution sources and the climatic characteristics of
each region. The key principle is the preventive implementation
of measures — before the seasonal peak in PM,, and PM,;
concentrations in the atmosphere.

Conclusion

The studies conducted have established that the dynamics
of PM,, and PM,;s concentrations in the air of Arkhangelsk,
Krasnodar, Krasnoyarsk and St Petersburg exhibits pronounced
seasonality, determined by a complex of factors, the key ones being
the region’s climatic conditions, the operational characteristics of
the diesel-fired heating plants and the specific features of the heat
supply system.

It has been established that St Petersburg and Krasnodar are
characterized by a spring-summer peak in PM concentrations,
associated with secondary dust formation (salting) during the
snowmelt period and sustained above-zero temperatures, as well
as road traffic. In Krasnoyarsk and Arkhangelsk, the maximum
levels of PM particulate matter pollution are recorded during the
winter period, which is due to the significant proportion of district
heating in the heat supply system and meteorological conditions
favourable for dispersion.

To minimize the risk of PM exposure to the urban population
during the warmer months, measures are required to reduce traffic
intensity and to implement appropriate greening of roadside
areas. In regions relying on TPPs for heat supply, the priorities
are the technical modernization of heat and power facilities,
the introduction of highly efficient gas cleaning methods, the
development and application of the best available technologies,
and the transition to alternative fuels, including natural gas.

The effectiveness of the set of preventive measures aimed at
reducing air pollution in the cities under study can be enhanced by
optimizing and carrying out preventive road-cleaning operations
before seasonal peaks in particulate matter concentrations occur.
It is advisable to amend existing road maintenance regulations
to include provisions for dust suppression measures, including
the use of dust- suppressing agents, as well as the use of liquid
de-icing materials to prevent ice formation during periods when
temperatures fluctuate around 0 °C and at sub-zero temperatures,
which will help reduce the contribution of salting to overall road
pollution.
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