Limnology and Freshwater Biology 2025 (4): 1052-1061 DOI:10.31951/2658-3518-2025-A-4-1052

Aerosol pollution of the atmosphere at
southeastern coast of Lake Baikal during

of wildfires in Siberia

Original Article

LIMNOLOGY
FRESHWATER
BIOLOGY

M

Dementeva A.L.»**, Zhamsueva G.S.'*", Zayakhanov A.S.*"] Khodzher T.V.%",
Tsydypov V.V.!, Balzhanov T.S.!?, Starikov A.V.!

! Institute of Physical Material Science of the SB RAS, Sahyanovoy Str., 6, Ulan-Ude, 670047, Russia
2 Limnological Institute of the SB RAS, Ulan-Batorskaya Str., 3, Irkutsk, 664033, Russia

ABSTRACT. Comprehensive studies of aerosol pollution in the atmosphere were conducted at “Boyarsky”
scientific station from spring to autumn 2024. The results of expeditionary work revealed the impact of
smoke aerosol on the air quality at “Boyarsky” station, transported from both western and eastern direc-
tions. The highest concentrations of aerosols PM, . up to 42 ug/m? and PM, up to 104.4 ug/m* were
recorded from July 31 to August 1, as well as on August 16 and 20, 2024, due to the transport of smoke
aerosols from wildfire areas in the Irkutsk region, the Republic of Buryatia, and Yakutia. During the
same study, measurements of the number concentration of submicron aerosol (SMA) were conducted.
The measurement results showed that from August 16 to 24, 2024, the temporal variation in the num-
ber concentration of SMA mirrored the variation in the mass concentration of PM, . and PM,  aerosols
at “Boyarsky” station. A sharp increase in the number concentration of submicron aerosol up to 150
cm™ and the mass concentration of PM,, up to 95 ug/m?® during daytime hours indicates the transport

of smoke aerosol.
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1. Introduction

Atmospheric aerosols are one of the most import-
ant parameters of climate system and biggest problem
in the ongoing climate change (IPCC, 2013; Johnson
et al., 2021). Aerosols play a significant role in atmo-
spheric processes. They affect the climate, living organ-
isms, and human activities. Aerosols are divided into
primary aerosols, which enter the atmosphere directly
from sources, and secondary aerosols, which form as
a result of heterogeneous chemical reactions in the air
(Koulouri et al., 2008; Lin et al., 2021). The heteroge-
neous spatial and temporal distribution of aerosols rep-
resents one of the greatest uncertainties in determin-
ing global radiative forcing. Many global and regional
ground-based networks have been established over the
past few decades to continuously obtain quantitative
measurements of the optical and microphysical prop-
erties of aerosols. Thus, detailed knowledge of aerosol
properties and the identification of different aerosol
types in various regions of the world will allow for a
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better understanding of the impact of aerosols on radi-
ation and climate (Rupakheti et al., 2020; Ozdemir et
al., 2020; Dementeva et al., 2022).

The formation of atmospheric aerosols is influ-
enced by various factors, one of the main ones being
the long-range transport of pollutants. In recent years,
smoke aerosol from wildfires has had a significant
impact on the atmosphere at both regional and global
levels (Chen et al.,, 2021; Zhamsueva et al., 2021).
Among other effects, the formation of smoke aero-
sol influences the radiative properties of atmosphere,
alters cloud characteristics, and affects the atmospheric
balance of several elements and compounds.

The atmosphere of Lake Baikal is particularly
vulnerable to impacts from both anthropogenic sources
and extreme natural events such as wildfires (Balin
et al., 2016; Khodzher et al., 2024; Zhamsueva et al.,
2024). The lack of information on aerosol character-
istics and absence of systematic data on dynamics of
atmospheric component parameters in regions where
the influence of natural factors on the environment is
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most pronounced determine the relevance and neces-
sity of expanding and deepening comprehensive experi-
mental observations and theoretical studies. Therefore,
monitoring aerosols, trace gases, and meteorological
parameters is an important prerequisite for reliable
predictive assessments of air quality and for addressing
climate and environmental issues.

2. Materials and methods

Measurements were conducted at “Boyarsky”
scientific station (51°50’47” N, 106°04’01” E), which
is located in the coastal zone on the southeastern shore
of Lake Baikal. The position of Baikal within the region
creates significant temperature contrasts between
the lake and the adjacent territory, which are further
enhanced by enclosed location of lake, surrounded on
all sides by mountain ranges. The station cannot be
fully considered background for the region, as its area
is subject to indirect influence from several industrial
centers (Irkutsk-Cheremkhovsky hub, Babushkin city,
Kamensk settlement, Selenginsk settlement). However,
its location in the forest zone and the considerable dis-
tance from industrial emission sources allow the station
to be regarded as a site weakly impacted by anthropo-
genic effects.

Measurements of mass concentrations of atmo-
spheric aerosol fractions PM2.5 and PM10 were taken
using the «DustTrak 8533» analyzer, manufactured by
TSI Incorporated, USA, from May 15 to October 7, 2024.
The principle of operation of the optical «DustTrak
8533» analyzer is based on registering radiation scat-
tered by fine particles and counting individual parti-
cles on a photodetector (Zagainov, 2006). This portable
device allows obtaining particle fraction concentrations
in real time. However, measured concentration data for
PM2.5 and PM10 fractions obtained by the optical ana-
lyzer often show comparable values. This fact was also
noted in studies (Javed and Guo, 2021; Moazami et al.,
2022) following the intercalibration of the «DustTrak
8533» analyzer with the gravimetric method. It was
found that correction coefficients need to be applied
when analyzing data, as the device overestimates
PM2.5 concentrations by a factor of 2 and underesti-
mates PM10 concentrations by 20%. Accordingly, these
correction coefficients were introduced into the exper-
imental measurement results of PM2.5 and PM10 aero-
sol concentrations at Boyarsky station.

To determine air mass transport pathways and
the distribution of dominant aerosol components (sul-
fate aerosol, dust, smoke) over the Baikal region, the
HYSPLIT (Hybrid Single-Particle Lagrangian Integrated
Trajectory) trajectory model was used (Draxler, 1999;
Stein et al., 2015). To identify aerosol types, analy-
ses of MODIS MAIAC satellite imagery, Blue Aerosol
Type (https://worldview.earthdata.nasa.gov/), and
lidar measurement results from the spaceborne CALIOP
instrument on the CALIPSO satellite (https://www-
calipso.larc.nasa.gov/) were employed. CALIOP pro-
vides information on the vertical distribution of aero-
sols, clouds, and their types.
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3. Results and discussion

Comprehensive studies of aerosol pollution in
the atmosphere using an automated measurement com-
plex were conducted from spring to autumn 2024 at
“Boyarsky” scientific station. As is known, the main air
pollutants emitted during wildfires are fine particles of
fractions PM, and PM, .. About 80%-90% of the mass
of solid particles consists of PM, ,, with high contents
of black carbon, organic carbon, and brown carbon
(Gyawali et al., 2009; Youssouf et al., 2014). Over the
entire measurement period, the average mass concen-
tration of PM,_ was 9.3 pg/m® and 23.1 ug/m* for
PM, . The results of the expeditionary work revealed
the influence of smoke aerosol on the air quality at the
“Boyarsky” station, transported from both western and
eastern directions. The analysis of MODIS MAIAC satel-
lite images and Blue Aerosol Type data, aimed at iden-
tifying aerosol types, along with backward trajectory
calculations of air mass transport using the HYSPLIT
model, allowed the identification of aerosol sources
in the atmosphere at the Boyarsky station. The anal-
ysis results showed that in July at “Boyarsky” station,
under the influence of smoke aerosol on air quality, the
mass concentration of PM, . increased from 15 pg/m?®
to 35.5 ug/m® and PM, from 31 pg/m> to 87.6 ng/
m?, with the dominant aerosol type being smoke aero-
sol. Under background conditions, the concentrations
of these aerosol fractions were PM, . — 4 ug/m®, PM,,
- 9 ug/m?, and the prevailing aerosol type was clean
continental aerosol. The highest aerosol concentrations
of PM,, up to 42 pg/m® and PM, up to 104.4 ug/m>
were recorded from July 31 to August 1, and on August
16 and 20, 2024, due to the transport of smoke aero-
sols from wildfire hotspots in the Irkutsk region, the
Republic of Buryatia, and Yakutia, as well as the trans-
port of smoke from industrial emissions in the Angara
River valley during the passage of atmospheric fronts.
Increased atmospheric turbidity at “Boyarsky” station
due to aerosol pollution during smoke aerosol transport
episodes was observed as an increase in aerosol optical
depth (AOD) at a wavelength of 0.5 pm up to 0.4-0.5
in July—August 2024.

Figure 1la presents the time series of the mass
concentrations of PM, , and PM,; for the period July 17
— August 1, 2024, at “Boyarsky” station, when smoke
aerosol transport from wildfire hotspots in the Irkutsk
region was observed. The highest average 10-minute
concentrations of fine aerosol fraction PM, _ — 36.5 ug/
m®, PM,, — 87.6 pg/m> were detected from July 19
to 20. On July 19, after 3 p.m., an increase in PM,
from 31 pug/m? to 87.6 pg/m? was noted until July 21.
According to MODIS Deep Blue Aerosol Type satel-
lite images, the dominant aerosol type in the days of
observation around Lake Baikal was predominantly
smoke aerosol (Fig. 1b). Backward trajectory calcula-
tions showed that transport at altitudes of 1500-2500
m occurred from the north and northwest. From July
21 after midnight, a decrease in PM concentrations to
4 ng/m*® was noted with a wind direction shift from
northwestern to southeastern (Fig. 1c). A similar sit-
uation was observed from July 30 to August 1, when
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Fig.1. a) Time series of the mass concentrations of PM, , and PM, , for the period July 17 — August 1, 2024, at the “Boyarsky”
station; b) MODIS Deep Blue Aerosol Type satellite image and backward air mass trajectories for July 19-20; ¢) Backward air
mass trajectories for July 21; d) Backward air mass trajectories for July 31 according to the HYSPLIT model.

PM, . concentrations increased to 42 pg/m?® and PM, , to
104.4 pug/m3. During these days, the measurement site
was influenced by wildfire smoke and simultaneously
experienced the transport of anthropogenic pollutants
from the Irkutsk region at altitudes of 1500-2500 m
(Fig. 1d).

Measurements of the number concentration of
submicron aerosol (SMA) were conducted during the
study using a DAS 2702 M diffusion aerosol spectrom-
eter from «AeroNanoTech», Moscow. The measurement
results showed that from August 16 to 24, 2024, the
temporal variation in the number concentration of SMA
mirrored the variation in the mass concentration of
PM, . and PM,  aerosols at “Boyarsky” station. As seen
in Figure 2, high concentrations of PM, ., PM,, and
SMA aerosols were observed on August 16 and 20 at
“Boyarsky” station. A sharp increase in the number con-
centration of submicron aerosol (SMA) up to 150 cm™
(Fig. 2b) and the mass concentration of PM,, up to
95 ug/m? (Fig. 2a) during daytime hours indicates the
transport of smoke aerosol.

Analysis of data from the automated meteorolog-
ical station AMK-03 and weather maps based on the
GFS model (Global Forecast System, USA, (https://
www.wetter3.com) showed that the main cause of high
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aerosol concentrations on August 16 at the southeast-
ern coast of Lake Baikal was the transport of smoke
aerosol during the passage of a cold anticyclone from
northeast, originating in Yakutia and the Irkutsk region
(Fig. 3c,d,e). The drop in air temperature on August
15-16 to 16-18°C (Fig. 3a,b) led to an increase in con-
centrations of suspended particles: PM, , — 38.8 ng/m°,
PM,, — 95 ug/m® and SMA — 150 cm™.

Calculations of air mass transport pathways were
performed using the HYSPLIT trajectory model and
aerosol PM,  concentration was estimated using the
chemical transport model SILAM, developed by the
Finnish Meteorological Institute and presented graphi-
cally on the Ventusky website (https://www.ventusky.
com), to identify the source of elevated aerosol con-
centrations PM, , - 34.2 ug/m? PM, - 82.2 ug/m?®, and
SMA - 120 cm™ on August 20, 2024, at “Boyarsky”
station. During this period, wildfires were observed in
the northeast of Republic of Buryatia, where the max-
imum PM, , concentration reached 100 ug/m?® (Fig. 4).
According to backward trajectory calculations by the
HYSPLIT model, the transport of smoke aerosol from
wildfire hotspots in Republic of Buryatia at “Boyarsky”
station occurred at altitudes of 100 and 1000 m, pre-
dominantly in the atmospheric surface layer.
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4. Conclusion

Comprehensive studies of aerosol pollution in
the atmosphere were conducted at “Boyarsky” scientific
station from spring to autumn 2024. Over the entire
measurement period, the average mass concentration
of PM, , was 9.3 ug/m® and 23.1 ug/m?® for PM, . The
main factor influencing the formation of aerosol com-
position in recent years is smoke emission from intense
wild and peat fires across a vast area of Siberia.

During episodes of smoke aerosol transport,
an increase in aerosol optical depth up to 0.4-0.5 at
a wavelength of 0.5 um was observed in July-August
2024. This resulted in a rise in the mass concentration
of PM, , from 15 pg/m® to 35.5 ug/m?and PM,  from 31
ug/m? to 87.6 pug/m3. The maximum aerosol concen-

Source # at 51.84 N 10606 E

trations of PM, _ at 42 ug/m® and PM,  at 104.4 pg/m?® %

were recorded from July 31 to August 1, and on August ;3

16 and 20, 2024. Analysis of MODIS MAIAC satellite
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images and Blue Aerosol Type data aimed at identifying 820 0819 oane 0817 086

aerosol types, along with backward air mass trajectory Fig.4. Spatial distribution of the mass concentration
calculations using the HYSPLIT model, made it possible of PM, , aerosol fraction according to the SILAM model on
to identify the sources of aerosols in the atmosphere. August 20, 2024; backward air mass trajectories from the
The analysis showed that the main cause of elevated HYSPLIT model.
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aerosol concentrations in July at “Boyarsky” station
was the transport of smoke aerosols from wildfire
hotspots in the Irkutsk region, the Republic of Buryatia,
and Yakutia, as well as the transport of smoke from
industrial emissions in the Angara River valley during
the passage of atmospheric fronts.
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A3po30oAbHOE 3arpAasHeHue atmocdepbl Ha
IOro-BOCTOYHOM nobepexbve 03. bavkan B
nepHuoA AeCHbIX noXxapos B Cubupmu

JementheBa A.JI1.12*, Kamcyesa I'.C.12", 3asaxanoB A.C.1?", Xomxep T.B.2",
[eigemoB B.B.!, banbxanoB T.C.»?, CtapukoB A.B.!

T HHcmumym ¢u3suueckoeo mamepuaiogedeHus Cubupckozo omdesieHusa PAH, yi. CaxvaHogol, 6, e. YiaH-Y03, 670047, Poccua
2 JlumHostoeuteckuti uHcmumym Cubupckoeo omoesieHust PAH, yn. Ynau-Bamopckas, 3, Hpkymck, 664033, Poccua

AHHOTAILHA. [IpoBeeHBI KOMILIEKCHBIE MCCIIEIOBAHUA a3PO30JIBHOIO 3arpsA3HeHus atMocdepsl Ha
Hay4YyHOM cTanuoHape «bospckuii» BecHOI-oceHblo 2024 r. Ilo pe3yJyibTaTaM 3KCHEAUIMOHHBIX paboT
BBIAIBJIEHO BJIMSHKE JBIMOBOI'O a3p030JiA Ha KauecTBO aTMocdeps! CT. «BosApcKuil» IepeHOCUMOro Kak
C 3amaJiHOro, TaK U C BOCTOYHOro HampasieHuil. HanGosiee BBICOKIE KOHIEHTpaLUy a’pososeid PM, .
no 42 mxr/m®, PM, ; no 104,4 Mkr/m?® 3apukcrposansl ¢ 31 mross no 1 aerycra, 16 u 20 asrycra 2024
I. 13-3a 3aHOCa ABIMOBBIX a3p030Jiel M3 0YaroB JIeCHBIX [I0XapoB B MpkyTckoi obsactu, Pecry6iku
Byparusa u Axytuu. B sTOT ke nmepuop nccjaeqoBaHUE NPOBOAWIIKNCH N3MepeHNsA CUeTHOM KOHIeHTpa-
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1. BBeaenue

ATtMocdepHBIe a3p0o30J11 OAVH 13 HanboJjiee Bax-
HBIX MApPaMeTPOB KJIMMAaTUYECKOU CHUCTEMBI M camasi
6osibiasag npobjieMa B OPOAOJDKAOIEMCS W3MeHeHUU
kiaumMata (IPCC, 2013; Johnson et al., 2021). Aspo30Jib
urpaetr OOJIBIIYI0 pOJIb B aTMocGepHBIX Ipolieccax.
OH BJIMsIeT HA KJIMMAT, )XUBbIE OPTaHU3MBI, XHU3HEJe-
ATEJIBHOCTh YeJioBeka. A3p030Jib [IeJIMTCA Ha IepBUY-
HBII, IONaJaloMil B aTMocdepy HemocpeCTBEHHO U3
WCTOYHUKOB U BTOPHUYHBIL, 0Opa3ymImUicA B pe3yJib-
TaTe TeTePOTeHHBIX XMUMUYECKUX PeaKIui B BO3[yXe
(Koulouri et al., 2008, Lin et al., 2021). HeonHopopHoe
pacripefiejieHrie a3po30Jieli B IPOCTPAHCTBe U BpeMeH!
ABJIAIOTCA OAHMMM U3 caMbIX OOJIBLIINX HeolpezesieH-
HOCTell IIpU ollpeJieJIeHNH IJI00aJIbHOrO paJualiioH-
HoOro Bo3felicTBuA. MHorue rjio6anbHble U perruoHasIb-
Hble Ha3eMHbIe ceTU OBLJIN CO3[IaHHbI A1 HellpePEIBHOTO
MIOJIyYeHUsI KOJIMYECTBEHHBIX M3MepeHUI ONTUYeCKUX
1 MUKPOQU3NYECKNX CBOMCTB a’po30Jiel 3a mociaef-
HUe HeCKOJIbKO AecATwieTuidl. TakuMm oOpas3om, MOA-
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poOHEIe 3HAaHUA O CBOMCTBAaX a’3po30JIell U paclo3HaBa-
HUe pa3JIM4HbIX TUIIOB a3po30Jiell B pa3HBIX peruoHax
MUpa [03BOJIAT JIyullle IOHATh BJIMAHLE a’3po30Jjiell Ha
paauaiuio u kauMmat (Rupakheti et al., 2020, Ozdemir
et al., 2020, Dementeva et al., 2022).

Ha ¢opmupoBaHue atMocdepHBIX aspo3oJieit
BJIUAIOT pa3jinyHble (HaKTOpEl, OJHUM U3 OCHOBHBIX
ABJIAETCA JAJIbHUN [epeHOC 3arpsA3HAINMX BellecTB.
B mocnemHue roAsl ABIMOBOM a’po30Jib OT JIECHBIX
MOXapoB OKa3blBaeT OOJIbIIOE BIMAHKE HA aTMocdepy
KaK Ha pervoHaJIbHOM, TakK U Ha IJ100aJbHOM YpOBHe
(Chen et al., 2021, Zhamsueva et al., 2021). [Tomumo
nmpouero, ooOpasoBaHue ABIMOBOTO a3p030JiA BiMAET Ha
paaualioHHble CBOMCTBA aTMocdephl, U3MeHsAeT CBOM-
cTBa 00JIaKoB U BJMsAeT Ha aTMocdepHbIli 6asiaHe psaaa
2JIEMEHTOB U COE€QUHEHMI.

Atmocdepa o3. Baiikan HauboJiee ysa3BuMa OT
BO3[EMCTBUI KaK OT aHTPOIOTeHHBIX NCTOYHUKOB, TaK
SKCTpeMaJIbHbIX IPUPOAHBIX ABJIEHNU (JIeCHbIe I0oXKaphl)
(Balin et al., 2016, Khodzher et al., 2024, Zhamsueva et
al., 2024). Jebunut nabopManmu 0 XxapaKTeprUCTUKAX
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a’po30Jisi, OTCYTCTBUE CUCTEMATU3UPOBAHHBIX JAaHHBIX
0 [VHaMUKe MapaMeTpPOB KOMIIOHEHTOB aTMocdeps! B
pervoHax, rje HanboJjiee 3aMeTHO BIIUAHUE IPUPOIHBIX
($hakTOpOB BO3JENCTBUA Ha OKPYXAKIIYI0 HPUPOJHYIO
cpenly, TpeJolpefesiAeT aKTyaJbHOCTb U HeoOXOau-
MOCTb pacUIMpeHus, yriIyOJieHNs KOMILJIEKCHBIX 3KCIIe-
pPUMEHTAJIBHBIX HAOJIIOIeHUI Y TEOPETHUYECKUX HCCIIe-
nmoBaHMil. [103TOMY MOHUTOPUHT a3p030Jieli, CJIeOBBIX
ra3oB U METEOpOJIOTUYECKUX MapaMeTpPOB SABJIAETCA
BaXHOI NPEANOCHUIKON I HaAeXHBIX MPOrHO3HBIX
OLIEHOK KaveCTBa BO3[yXa, PelleHNs KINMaTUIeCKUuX U
9KOJIOTUYECKUX 3a7aY.

2. MaTepuanbl U MeTOADI

W3mepeHus NpoBOAWJINCH Ha Hay4YHOM CTalld-
oHape «Bospckuii» (51°50°47” c.m. 106°04°01” B.A.),
KOTOPBIN pacroJioxeH B MpUOpexXHON 30He Ha I0ro-Boc-
TOYyHOM Mobepexbe 03. batikan. [TonoxeHue Baiikana
BHYTpHU 06J1acTy co3faeT OoJibIIe KOHTPAcThl TeMIle-
patyp MexJy 03epoM U Ipujerawouieil TeppuTopuen,
KOTOpBble YCHUJIMBAIOTCA ellle 3a CYeT 3aKpPHITOro I0JIO-
JKeHUs 03epa, OKPYKeHHOTO CO BCeX CTOPOH IOPHBIMU
xpeOramu. CTalioHap HeJsib3A B IIOJHOU Mepe Ha3BaTh
(OHOBBIM [JIA pervoHa, T.K. ero TeppUTOpUs NoABeEp-
’)KeHa KOCBEHHOMY BO3JeMCTBHIO pAAa IPOMBIILIEHHBIX
ueHTpoB (MpkyTcko-UepemMxoBckuii y3er, r. babymkuH,
n. Kamenck, n. CeneHruHck). Ho Bce xe ero mosoxe-
HUe B JIeCHOH 30He U JOCTaTO4YHO 0oJIbIlIoe yJasieHue
OT MUCTOYHMKOB IIPOMBIILJIEHHBIX BBIOPOCOB, [103BOJIAET
paccMaTpuBaTh CTalOHap Kak MecTo, cjabo moasep-
J)KeHHOe aHTPOIIOreHHOMY BO3JelCTBHIO.

W3MepeHus MaccoBOH KOHLIeHTpanuu atmocdep-
HOro a’po30Jisi hpakuuit PM, ; u PM, | npoBOANIINCE C
nmoMolnelo a"Hagusaropa «DustTrak 8533», dupmer TSI
Incorporated USA ¢ 15.05 mo 07.10.2024 r. [TpuHIuUn
paboTsl omTuyeckoro aHasmsatopa «DustTrak 8533»
OCHOBaH HAa perucTpanydy paccesHHOIo H3JIyuYeHUs
MeJIKUMHU 4acTHIL[AMU U IojcuyeTe OTAEJIbHBIX YaCTHIL
Ha ¢orofereKkTope (Zagainov, 2006). JaHHbII TpHubOp
MOPTAaTUBHBEI M I03BOJIAET MOJIydyaThb KOHLIEHTpaIuu
yactul ¢paxkuuii PM B peasbHOM pexuMe BpeMeHHU.
Opanako u3MepeHHble JaHHbBle KOHIlEHTpauuil ¢pak-
1107171 PM,, u PM,; onTHYeCKMM aHaIM3aTOPOM 3aya-
CTyI0 TOKa3bBAlOT CpaBHHUMBble 3HaueHUA. JlaHHBIN
¢daxkT Takxke ormeueH B pabotax (Javed and Guo, 2021,
Moazami et al., 2022) B pe3yibTaTe MHTEPKAJIUOPOBKHU
aHaymsaropa «DustTrak 8533» ¢ rpaBumeTpuyeckuM
MeToAOM. BEIsABJIeHO, YTO IIpU aHaIM3e AaHHbIX aHAJIN-
3aTopa HeoOXOAMMO BBOJAWUTH INOIIpaBOYHBIE KOI(Phu-
LMEHTHI, T.K. IpUOOp 1A Yactull ppakuun PM, . 3aBbI-
IaeT KOHIIeHTpauuu B 2 pasa U 3aHuxaeT Ha 20% 1A
PM, . B cBsA3U ¢ 3TUM B 3KCIEPUMEHTAJIbHBIE PE3YJib-
TaThl M3MepeHUH KOHIleHTpalUu aspo30Jii (Gpakiuil
PM,, u PM, Ha cT. Bosipckuil BBeleHbl 3TU MONPaBOyY-
Hble K03GQUIMEHTHL.

Jlna onpefesieHusA myTel IepeHoca BO3AYIIHBIX
Macc U pacnpefesieHUs JOMUHUPYIOMKUX KOMIIOHEHTOB
asposona (cyJsibdaTHBIN aspo30Jib, MbLIb, JbIMBI) HaJ
BalikasbCckuM pernoHOM HCIIOJIb30BaHa TpaeKTOpHasd
monenp HYSPLIT (Hybrid Single-Particle Lagrangian
Integrated Trajectory) (Draxler, 1999, Stein et al.,
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2015), anA BHIABJIEHUS THUIA a’3po30Jid MpOoaHaJIN3U-
poBaHbl kocMocHUMKH MODIS MAIAC, Blue Aerosol
Type  (https://worldview.earthdata.nasa.gov/) wu
pe3yJibTaThl u3MepeHuii Jugapom «CALIOP» kocmuue-
ckoro 6asupoBaHus Ha crnyTHUKe «CALIPSO» (https://
www-calipso.larc.nasa.gov/), KOTOpBIH MPea0CTaBIAET
MHGOPMALIMI0 0 BepTUKAJIBHOM paclpefesieHUN a’spo-
30J1eii, 00JIAKOB M UX TUIIaX.

3. Pe3yAabTathbl M 06Ccy)xpeHue

[IpoBeeHB KOMILJIEKCHBIE MCCJIeOBAHUA adpo-
30JIBHOTO 3arpsA3HeHuA aTMocdephl ¢ UCNOJIb30BaHUEM
aBTOMaTHU3MPOBAHHOIO K3MEpPUTEJIbHOIO KOMILJIeKca
BecHOM-oceHpl0 2024 r. Ha HAYYHOM CTallOHape
«Bosipckuii». Kak 1M3BeCTHO, OCHOBHBIMU 3arpsi3HUTE-
JIAMH BO3[lyXa, KOTOPHIe BEIOpachIBalOTCsA BO BpeMs Jiec-
HBIX N0XAapoB ABJIAIOTCA MeJIKOANCIepCHble YaCTHLbI
¢dpaxmuu PM, ) u PM, .. Oxosio 80% —90% maccel TBep-
JbIX YaCTHI COCTOUT U3 PM, , ¢ BEICOKMM COJiepXXKaHUEM
4epHOro yrjaepoja, OpraHU4ecKoro yrjiepoja u Kopud-
HeBoro yriepoaa (Gyawali et al., 2009; Youssouf et al.,
2014). 3a Bech mepuoj U3MepeHull cpelHAs MaccoBas
KOHILIeHTpauus PMZ,S coctaBuia 9,3 Mkr/m® u 23,1 MKr/
m® i PM, . Tlo pesysibTaTaM 5KCIeMIMOHHBIX PaboT
BBIABJIEHO BJIMSHNE ABIMOBOIO a’po30JiAd Ha KauecTBO
atTMocdepsl cT. «<bosgpckuii» nepeHoCUMOro Kak ¢ 3anaj-
HOro, TaK M C BOCTOYHOI'O HampaBJieHUi. AHaiIu3 Koc-
MocHuMKoB MODIS MAIAC, Blue Aerosol Type ¢ niejibio
BBIABJIEHUA TUIIA Aa3p030JIell U pe3yJibTaThl pacueToB
0o0paTHBIX TPAaeKTOPHI IlepeHoca BO3AYIIHBIX Macc 10
TpaekTopHOil Monenu HYSPLIT mo3Bosiniay BBIABUTH
HMCTOYHUKM IIPOMCXOXAEHUsA a’po3oJiell B armocdepe
cT. Bosapckuil. Pe3ynbpTaThl aHanu3a Nnokasaid, 4TO B
HIoJIe Ha CT. «BoApCKUil» IpU BJIUAHUY JBIMOBOTO a3po-
30J1A Ha KayecTBO aTMoc(epHOro Bo3ayxa OTMedaeTcs
POCT MaccoBOM KOHIIEHTpaIuu PMZ,S c 15 mkxr/m® o
35,5 mxr/m® u PM,; ¢ 31 mxr/m® 10 87,6 MKr/m?® mpe-
obJyiagaeT ABIMOBOM TUII a3p030Jid, B cilydyae (pOHOBBIX
yCJI0OBUN KOHLIEHTpalMy AaHHBIX (Qpakiuil aspo30Jid
cocrasysor PM, ;. - 4 Mkr/m?, PM, | — 9 mkr/m? mpe-
o0JiafaroInil THUIl a3p030JiA ABJIAETCA YMCTHII KOHTU-
HeHTaJIbHBIN aspo3oJib. Hanbosiee BBICOKME KOHIIEH-
Tpanuu aspososiei PMZ’5 1o 42 Mxr/m®, PM,, no 104,4
MKr/M® 3adukcupoBansl 31 uiosa mo 1 aBrycra, 16 u
20 aprycra 2024 r. u3-3a 3aHOca JBIMOBBIX a3p030Jiei
M3 0vYaroB JIeCHBIX IoxapoB B HpkyTckoil obJacTw,
Pecny6niuku Bypstus u fkytuu, a Takxe IepeHoca
JIBIMOB ITPOMBIINIJIEHHBIX BEIOPOCOB CO CTOPOHBI JOJIMHEI
AHrapsl npu NpoxXOXAeHUU aTMocPepHBIX (GPOHTOB.
OTMeueHO MOBHIIEHHOE 3aMyTHeHHe aTMocdepsl Ha
cT. «BosApckuii» u3-3a a’pO30JIBHOrO 3arps3HeHus B
Clydyasax 3aHoca ABIMOBOTO a’po30JiA HalJIIoJaioch
yBesinyeHue AOT Ha piuvne BosHb 0,5 MM go 0,4-0,5
B uoJie - aBrycrte 2024 r.

Ha Pucynke la mpepcraBjieH BpeMeHHOW XO[
MaccoBOU KOHIIEHTpaIu PM, . uPM,  3amepuon 17.07-
01.08.2024 r. Ha cT. «Bosipckuii», Korga HabJI0gaInch
3aHOCHI JBIMOBOI'O a3p030Jig M3 O4YaroB JIECHBIX MOXa-
poB HpkyTtckoii obaactu. Haubosiee BricOKME ycpen-
HeHHble 10 — MUHyTHBIE KOHIIEHTpald MeJIKOANC-
nepcHO hpakuuu a3po30Jis PM,, - 36,5 MKr/M%, PM
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Puc.1. BpemeHHO! X071 MaccoBO¥ KoHnenTpauuu PM, . u PM,  3a nepuoj 17.07-01.08.2024 r. Ha cT. «BosApckuii»; 6) Koc-
MocHUMOK MODIS Deep Blue Aerosol Type u oGpaTHblE TPA€KTOPUHU JABIKEHHUA BO3AYIIHBIX Macc 19-20 wuroJis; B) oGpaTHBIE
TpaeKTOpHH JIBIKEHUA BO3AYIIHBIX Macc 21 uiosd; B) oOpaTHbIE TPA€KTOPUU JBIKEHUA BO3YIIHBIX Macc 31 1oy o Moesun

HYSPLIT.

— 87,6 MKT/M® BHISIBJIEHHI B Tiepuoz ¢ 19 mo 20 utosis. 19
uwJiA nocsie 15 4 otmeuen poct PM ¢ 31 mxr/m® 10
87,6 Mkr/m® o 21 wurosis. I1o JjaHHBIM KOCMOCHHMKAM
MODIS Deep Blue Aerosol Type BuaHO, 4TO mpeobJia-
JAloMM TUTIOM a3p030JiA B THU HAOII0AEeHUN BOKPYT
03. batikas nmpeuMyIecTBEHHO OBLT JBIMOBOM a3pP030.Jih
(Puc. 16). Pacuer oOpaTHBIX TpaeKTOPHUI IOKa3aJl, YTO
nepeHoc Ha BeIcoTax 1500-2500 M ocymiecTBJIAICA C
ceBepa u ceBepo-zanafa. C 21 utosna nocsie 24 4 HOUU
OTMeYaJioCch CHIKeHHe KOoHIeHTpanuii PM mo 4 mkr/
M® TIpU CMeHe HallpaBJieHUs BeTpa Ha MPOTUBOIIOJIOXK-
HBIN C CEBEPO-3aaJIHOT0 Ha I0ro-BOCTOYHBIN (Puc. 1B).
Ananornynas cutyauua Habaoganace ¢ 30 uiosd 0o
1 aBrycra, Korga KOHIIEHTpalnusa PMZ’5 MOBBICWJIACh 0O
42 mxr/m®, PM,, no 104,4 mxr/m®. B oTM JHM MOyHKT
U3MepeHUN HaXOIUJICA TOJ] BJIMSIHUEM BIMOB JIECHBIX
NOXapoB M OJHOBpPeMeHHO Ha BeIcoTax 1500-2500 m
OTMeYaJiCsi TEePeHOC AHTPONOTeHHBIX IpUMeCceN U3
Wpkyrckoni obiactu (Puc. 1r).

B nmepuop ucciiefoBaHUN TPOBOAUJINCH M3MeEpe-
HUA CIYETHOU KOHIIEHTPAI[UY CYOMUKPOHHOT'O a3P0O30JIs
(CMA) c momormrpio aud@Gy3noOHHOTO a’3p0O30JIBHOTO
crnektpoMetpa JJAC 2702 M ¢upmel «AspoHanoTex»,
r. Mocksa. Pe3ysibTat n3amepeHnuii nokasasi, 4To ¢ 16 1o
24 aBrycra 2024 r. BpeMeHHOI XOJ] CYeTHOI KOHIIeH-
Tpauuu CMA noBTOpsET X0l MacCOBOM KOHILIEHTpaIuu
aspososia ppakuun PM,, u PM,  Ha cT. «BosApCKUit».
Kak BUOHO M3 pUCYHKA 2 BBICOKHE KOHIIEHTpaIuu
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aspo3zoJien PM, ., PM,  u CMA ua6mogaavchk 16 u 20
aprycra Ha cT. «bospckuii». Pe3koe noBhlllleHNE CUeT-
HOU KOHI[eHTpanuu cyOMHKPOHHOTo a3po3osisi (CMA)
Jo 150 cm® (Puc. 26) 1 MacCcoOBOM KOHIIEHTpaIuu PM,,
no 95 mkr/m® (Puc. 2a) B JHEBHbIE Yachl CBHIETEJIb-
CTBYeT O IlepeHoce ABIMOBOTO a3p030JId.

AHanu3 JaHHBIX aBTOMAaTU3UPOBAHHOI MeTeo-
crannuu AMK-03 U mOrogHBIX KapT, OCHOBAaHHBIX Ha
Mogneu GFS (I'mo6asibHasA cucTeMa IPOrHO3UPOBAaHUA
moroabl, CIIIA, https://www.wetter3.com) Moka3aJi,
YTO OCHOBHOM IpPUYMHON BBICOKMX KOHI[eHTpanui
aspo3soJieil 16 aBrycra Ha Oro-BOCTOYHOM ToOepexbe
03. Batikan sAByAsICcA 3aHOC ABIMOBOTO a3po030JiA IpHU
IIPOXOXAEHNUU XOJIOAHOTO aHTUIMKJIOHA C CEBEPO-BOC-
Toka u3 fkytuu u Upkyrckoil obnactu (Puc. 3B,r,1).
[TonmxeHne TeMnepaTypsl Bo3ayxa 15 - 16 asrycra Ao
16-18°C (Puc. 3a,6) mpuBeo K POCTY KOHIIEHTpAaLUii
B3BellleHHbIX 4actun PM, . — 38,8 mxr/m? PM, - 95
Mkr/mM® 1 CMA - 150 CM3

[IpoBenensl pacueTsl IyTell IepeHoca BO3AYII-
HBIX MacC C UCIIOJIb30BaHUEM TPaeKTOPHOU Mopesu
HYSPLIT u pacueT KOHI[eHTpaliu a3po30JiA ppaKiuu
PM, , mo XUMUKO-TpaHcopTHON Mofesnu SILAM, pas-
pabotaHHO! (DUHCKUM MeTeOpOJIOTMYeCKUM WHCTH-
TyTOM U IpeficTaBJIeHHON B rpaduyeckoM BHJe Ha
cafite Ventusky (https://www.ventusky.com) s
BBIABJIEHUA MCTOYHMKA (POPMUPOBAHUA IOBBIIIEHHBIX
KOHIleHTpanuii aspososisi PM,, — 34,2 MKT/M3, PM
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Puc.3. [TorogHas kapTa pacipejesieHus TeMIepaTypsl Bo3ayxa, 14-16 asrycra 2024 r.(a-B); CuHOITUYECKAsA CUTYalUsa Ha
o3. baiika, 15 aBrycra (1), 16 aBrycra 2024 r. (1); kapra rnoxapos Ha 16 aprycra.

- 82,2 mxr/M® u CMA - 120 cm® 20 aprycra 2024 1.
Ha cT. «Bosipckuii». B 3TOT mepruoj Ha ceBepo-BOCTOKe
Pecriy6nuku BypaTtusa HaOsoganuch JieCHbIe MOXaphl,
MakcuMaJibHas KOHI[eHTpalus PMz’5 cocrtapiisia 100
Mkr/m? (Puc. 4). Ilo pacyeTaM 06paTHBIX TPaeKTOPHI
ABUXKEHUA BO3AYIIHBIX Macc o mogeau HYSPLIT nepe-
HOC JBIMOBOI'O a3p030Jid U3 0YaroB JIECHBIX II0XXapOB
Pecny6niuku Bypsituss Ha cT. «bBospckuii» ocyiecrt-
BJIssIcA Ha BeIcoTax 100 1 1000 M npenMyI[eCTBEHHO B
NpU3eMHOM cJioe aTMocdephl.

4. 3aknioueHue

IIpoBefeHBl KOMILJIEKCHBIE MCCIIeJOBAaHUA aspo-
30JIBHOI'O 3arpsA3HeHusA aTMocdepbl Ha Hay4YHOM CTa-
nuoHape «bospckuil» BecHol-oceHblo 2024 r. 3a Bech
[epyuoJ] U3MepeHUl cpeHAA MaccoBasA KOHLIEHTpalus

PM, . cocrasunia 9,3 mkr/m® u 23,1 mxr/m® ais PM . aho 081 s b e

OcHoBHbIM q)aKTOPOM’U BJIMAIMIM Ha ($OpMUPOBA- Puc.4. IIpocTpaHCTBeHHOe pacrnpefesieHle MacCOBOH
HUe cocTaBa as3po30Jied B MOCJeqHNe T'OAbl, ABJISIETCA KOHIIEHTPALMK a3po30Jia ppakuuu PM, o Mozesn SILAM,
JBIMOBasi SMUCCUsI OT UHTEHCUBHBIX JIECHBIX U TOPGs- 20 asrycra 2024 r., o6paTHble TPaeKTOPUM JBUXEHUA BO3-
HBIX II0’KapoB Ha OOIIKPHOI Tepputopuu Cubupu. nymHseix Mace, HYSPLIT.
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B ciydasx 3aHoca ABIMOBOIO a’po30Ji OTMe-
yeHo yBeaudenue AOT go 0,4-0,5 Ha ayimHe BosHH 0,5
MKM B uioJie - aBrycre 2024 r. B pesysibTaTe 4ero orme-
yaeTcs pOCT MacCOBON KOHIIEHTpaIu PM,; c 15 mkr/
m* 110 35,5 Mkr/m® u PM, ¢ 31 mkr/m® 1o 87,6 Mkr/m>.
MaxkcuMaJsibHble KOHIIEeHTpaI[ii a’po30Jiei PM,; - 42
Mkr/M%, PM, | - 104,4 mxr/m® 3adpukcrpoBanbl 31 urosis
no 1 asrycra, 16 u 20 aBrycra 2024 r. AHanus Koc-
MocHuMKoB MODIS MAIAC, Blue Aerosol Type ¢ nejibio
BBIABJIGHUA THIIA a3po30Jiell U pe3yJibTaThl pacueToB
oOpaTHBIX TpPaeKTOPUI IlepeHoca BO3AYIIHBIX Macc 10
TpaekTopHON Mopenu HYSPLIT mo3Bosiusiud BBIABUTH
HWCTOYHUKH MIPOMCXOXIEHUA aspo3oJieil B aTmocdepe.
PesysibTaThl aHaM3a IOKas3ajy, YTO IJIaBHOW MPUYH-
HOM MOBHIIIEHHBIX KOHILIEHTpAIUi a’spo30Jig B HI0JIe
Ha cT. «bosApckuii» ABJsAeTCA 3aHOC ABIMOBBHIX a’3po30-
Jefl U3 ouyaroB JIeCHbIX MoxapoB B HpkyTckoil o6ia-
ctu, Peciy6ivku Bypartua u AkyTuu, a Takxke nepeHoc
JABIMOB ITPOMBIILIJIEHHBIX BEIOPOCOB CO CTOPOHBI JOJIVHBI
Awnrapel npu npoxoxaeHuu atMochepHbIX GPOHTOB.

BbAaaropapHoCTH

PaGora BhIMoOJIHEHAa Mpyd (UHAHCOBOHM IOJ-
Jepxke MuHucTepcTBa HayKHd U BhICIIero oOpa3oBa-
Husa PO (cpencrsa Oomkera UOM CO PAH B pamkax
TFoczamanua Ne 124041500027-2) B 4acTd HaAy4YHOTr'O
o0opyZioBaHMA M 4YaCcTUYHO IIpu (UHAHCOBOHM IOA-
nepxke Poccutickoro HayuHoro ¢donaa (PH®) B pam-
Kax HayyHoro npoekrta Noe 19-77-20058-I1 B yactu aHa-
Jm3a 1 06paboTKK AaHHBIX.
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