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ABSTRACT. As a continuation of regular research to obtain information about mechanisms and sources
of air pollution above the water area of Lake Baikal, we present the results of the expeditionary stud-
ies on the concentrations of PM, , polycyclic aromatic hydrocarbons and gaseous elemental mercury
in the near-water layer of the atmosphere above Lake Baikal in August 2023. On the route of the
vessel along the perimeter of the lake, the concentrations of pollutants in the near-water atmosphere
increased near the local sources of air pollution located on the coast of the southern basin (Listvyanka,
Slyudyanka and Baikalsk) as well as at the source of the Angara River with the northwesterly transport
from the industrial cities of the Baikal region. Over the study period, the PM, j concentrations averaged
6.0 pg/md, PAHs-1.1 ng/m?®, and gaseous elemental mercury-0.75 ng/m?, which was lower than the
values recorded during wildfires between 2016 and 2020 in some areas of Siberia. The resulting concen-
trations of the investigated air components did not exceed air quality standards. Pairwise correlations
during the study period were high between PM,  and PAHs (0.71) and low between PAHs and mercury
(0.21).

Keywords: air pollution, PM,  particles, PAHs, mercury, Lake Baikal

For citation: Marinaite I.I., Khodzher T.V., Shikhovtsev M.Yu., Lutskin E.S., Potemkin V.L. Results of expedition measurements
of PM,,, PAHs and mercury above the water area of Lake Baikal in August 2023 // Limnology and Freshwater Biology. 2024.
-No 3. -P.171-180. DOI: 10.31951/2658-3518-2024-A-3-171

1. Introduction 2018) and gaseous mercury (Mashyanov et al., 2021) in

the air above the water area and the coast of the lake.
These toxic substances are deposited onto the water
area of the lake, polluting its water (Gorchkov et al.,
2021). Control of air pollutants above Lake Baikal is
among the priorities in its water quality monitoring.

Monitoring of such air pollutants as polycyclic
aromatic hydrocarbons (PAHs) and gaseous elemental
mercury (GEM) is mandatory due to their carcinogenic
and toxic hazards for the environment and human
health (Kaleta and Kozielska, 2023). The combustion
of coal, oil and wood are the primary anthropogenic
sources of their release into the atmosphere (Marinaite
et al., 2023; Tripathee et al., 2019). From the atmo-
sphere, pollutants enter the underlying surface through
wet (precipitation and fog) and dry (gases and parti-
cles) deposition. Over the past decade, researchers have
been intensively studying climate change and air pollu-
tion from industrial enterprises in the Baikal region and
local sources of air pollution on the coast of Lake Baikal.
Observations of the atmosphere above Lake Baikal
during large wildfires in the Baikal region, Krasnoyarsk
Territory and Yakutia between 2016 and 2020 revealed
the increase in the content of aerosol particles and gas-
eous impurities (Khodzher et al., 2019; Zhamsueva et
al., 2022), total PAH concentration (Marinaite et al.,

2. Materials and methods

To assess the contribution of anthropogenic
sources of air pollution in the Baikal region and haz-
ardous natural phenomena (wildfires) to air pollution
above Lake Baikal, continuous measurements of num-
ber and mass concentrations of aerosol particles and
GEM were carried out from the board on the research
vessel (RV) “G.Yu. Vereshchagin” from 5 to 15 August
2023. 25 aerosol samples were taken and analysed for
PAHSs. The expedition route ran along the entire perim-
eter of Lake Baikal with stops in areas having large
local sources of air pollution on the lake’s coast and in
estuarine areas of large tributaries and bays (Fig. 1).
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Fig.1. Schematic map of the RV “G.Yu. Vereshchagin” route throughout the water area of Lake Baikal (5-15 August 2023).

To study number concentration and particle size
distribution, a Handheld 3016 IAQ particle counter
(Lighthouse, USA) was used, allowing continuous mea-
surements of particle sizes in six channels (0.3, 0.5, 1.0,
2.5, 5.0, and 10.0 pum) with averaging over 5 minutes.
GEM was measured with a Lumex PA-915M portable
automatic mercury analyzer (Russia). The aerosol com-
position for 21 PAH components was analysed via gas
chromatography with mass spectrometric detection
on a GC/MS Triple Quad 7000C instrument with GC
System 7890B (Agilent Technologies, USA).

3. Results and discussion

Unlike expeditions during wildfires (2018-2020),
in 2023, we observed no smoke aerosol in the air above
the lake despite fires in Yakutia at the end of summer.
The total particulate matter (TPM) ranged from 1 to
12 pg/m?3, with the maximum of 10-12 ug/m3, which
was up to 10 times higher than the background values.
In the central basin of Lake Baikal, the concentration
ranged from 3 to 4 pg/m?3, and in the northern basin-1
to 2 pg/m3 Overall, the concentrations obtained
throughout the water area of the lake did not exceed
the average daily MPC (60 pug/m?) for the environmen-
tal air and were comparable with the 2022 data.

The dynamics of the number concentration
of aerosol particles showed the changes both in the
medium aerosol fraction with a size of up to 1.0 um
and in a coarse fraction of up to 10 um. During the
expedition, there were several episodes of an increase
in the concentration of medium fraction particles (PM,
< 1 um). On the route, the medium fraction (PM, <
1 um) was 62% (Fig. 3, sample 14) at the background
site along the east coast (the middle of the route from
Ayaya Bay to Lokhmaty Island). At the estuary of the
Kharauz River, during the transition from the east
coast of the west coast (the Kharauz estuary-Bolshoye

Goloustnoye), the concentration of the medium fraction
reached 65% (samples 21-23) due to the cyclone above
Lake Baikal during that period. As we approached local
sources of air pollution in the southern basin, the num-
ber of the medium aerosol fraction decreased dramati-
cally from 43% to 27% (samples 2-3) and down to 24%
in the central basin near the Ust-Barguzin settlement
(Fig. 3, sample 15).

The resulting dynamics of the concentration
distribution of the total PAHs corresponded to the
dynamics of the aerosol particle concentration above
the water area of Lake Baikal (Fig. 2), which the close
correlations between them confirmed (Table 1) and
indicated similar sources of their origin. There was
practically no correlation between the concentration of
gaseous mercury and the concentrations of PAHs and
PM,, (Table 1).

During the study period, the total PAH concen-
tration in the near-water atmosphere varied from 0.008
to 8.4 ug/m?® (mean value 1.1+ 2.0 pug/m?), with the
highest values in the southern basin (6.3-8.4 ug/m?3).
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Fig.2. TPM (ug/m?) averaged for each sample and the
total amount of 21 PAHs (ng/m?) in the air above the water
area of Lake Baikal (5-15 August 2023).
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Table 1. Pair correlation coefficients between the total PAH concentration, mass concentration of aerosol particles with
different size fractions and mercury above the surface of Lake Baikal

PAHs TPM PM. <1 um PM,  >1 pm Mercury
PAHs 1.00
TPM 0.49 1.00
PM, <1 um 0.71 0.79 1.00
PM,,>1 pm 0.32 0.96 0.58 1.00
Mercury 0.21 0.23 0.48 0.09 1.00

Note: TPM-total particulate matter; PM, < 1 um-medium aerosol fraction with particle size less than 1 um; PM,; > 1 um-—
coarse aerosol fraction with particle size of up to 10 um (Ivlev and Dovgolyuk, 1999).

In the central basin, it varied from 0.050 to 1.5 pug/m?,
and in the northern basin—from 0.045 to 0.46 ng/ms.
The data obtained during the 2023 expedition appeared
to be lower than the concentrations during wildfires on
the lake’s coast in 2016 (0.22-133 ug/m?®, mean 5.9+
22.6 ng/m?), close to the values above the water area
of the lake recorded in 2019 (0.11-4.6 pug/m?, mean
0.96+1.0 pg/m?®) but higher than the PAH concentra-
tions in 2020 (0.07-2.5 pg/m?3, mean 0.4+ 0.5 pug/m3).

In the southern basin, the elevated PAH concen-
trations, up to 180 times higher than the background
values, were observed along the west coast towards
Kadilny-Listvyanka-the Angara River source (up to
3.7 ug/m?, samples 1-2, Fig. 2) as well as during moor-
ings near the towns of Slyudyanka (up to 8.4 ug/m3,
sample 4) and Baikalsk (up to 1.1 pg/m?3, sample 5)
under calm weather and aerosol transport from local
sources of air pollution on the coast. Along the east
coast and then along the west coast from the southern
basin to the central basin and further to the northern
basin (Boyarsk settlement-Kharauz estuary—Olkhon
Island-Elokhin Cape-Severobaikalsk town), the total
PAH concentration in the aerosol was low (0.05 pg/m?®)
with a gradual increase (up to 0.12 ug/m3, Fig. 2) near
the town of Severobaikalsk. Almost all that time, there
was low cloudiness in the atmosphere accompanied by
periodical precipitation, leading to a clearing of the air.
In the northern basin, we recorded high total PAH con-
centrations near Severobaikalsk (0.46 pg/m?®, sample
11) presumably due to emissions of combustion prod-
ucts from the local thermal power plant. When the RV
moved along the east coast from the background areas
of the northern basin (Ayaya Bay-Khakusy—Chivyrkuy
Bay), the total PAH concentration was low (0.045-
0.16 pg/m3, samples 12-19). The meteorological condi-
tions at that time were characterised by the presence of
small inversions, low cloudiness and periodical precip-
itation, leading to a clearing of the air. The concentra-
tions of pollutants decreased in the central basin during
the transition from Baklaniy Cape to the Kharauz estu-
ary (0.07-0.09 pg/m?3, samples 20-21). During the tran-
sition from the east coast to the west coast along the
Kharauz estuary-Bolshoye Goloustnoye route and fur-
ther along the west coast to the southern basin (Cadilny
Cape-Bolshiye Koty-Listvyanka), the PAH concentra-
tion increased from 1.5 to 6.4 ng/m* (samples 21-23,
Fig. 2). We also recorded its growth in the Angara River
source (0.97 ug/m?, samples 24-25). The concentration
of benzo[a]pyrene standardised in Russia ranged from
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0.001 to 0.84 pg/m?(mean 0.09 + 0.2 pg/m?) above the
entire water area of Lake Baikal and did not exceed
MPC (1 ug/m?).

The composition of individual PAHs sampled
from various areas above the lake surface was dif-
ferent (Fig. 4). Among 21 detected PAHs, the pro-
portion of the major compounds decreased in the
following sequence: pyrene (11.8%) > benzo[k]fluo-
ranthene (11.7%) > indeno[1,2,3-c,d]pyrene (8.3%) >
benzo[e]pyrene (7%), benzo[alpyrene (7%). A group
of PAHs with four, five or six benzene rings predom-
inated in the aerosol samples near local sources of air
pollution in the southern basin (samples 4, 11 and 23),
with their proportion of up to 84% from the total mass.
This indicates the pyrogenic nature of the air pollution
sources during combustion of coal, wood and liquid
fuels (Othman et al., 2022). In sample 12, along the
Severobaikalsk town-Ayaya Bay route, the amount of
retene (biomass combustion component) reached 18%
of the total mass of detected compounds.

We estimated PAH fluxes from the atmosphere
to the surface of the lake. To determine them, we used
a particle sedimentation rate of 0.02 m/s adopted
in (Duce and Neil, 1991). Like in case of the con-
centrations, we identified the maximum PAH fluxes
near the local air pollution sources along the west
(Listvyanka settlement and the Angara source) and
east (Slyudyanka town) coasts of the southern basin
(1.7-102 pg/ m?/week). In the central basin, PAH
fluxes amounted to 0.6-1.7 ug/ m2?/week, and in the
northern basin-0.5-5.6 pg/ m2?/week with an elevated
value near Severobaikalsk. The results turned out to
be 15 times lower than the fluxes calculated for the
Buguldeika area during wildfires in the summer of
2016 (490-1600 pg/ m?/week) (Marinaite et al., 2018).

The GEM concentration above the lake var-
ied from 0.18 to 1.29 pg/m3 The highest values
were in the southern basin (0.4-1.29 pg/m?3, mean
0.76 £0.19 pg/m3). In the central basin, it ranged from
0.18 to 1.07 pg/m?® (mean 0.73+0.13 pg/m?), and in
the northern basin—from 0.19 to 1.02 pg/m?® (mean
0.72+0.12 pg/m?). Therefore, during the 2023 expedi-
tion, average GEM concentrations above the lake var-
ied insignificantly and appeared to be lower than the
average value of 1.1 pg/m?® (Mashyanov et al., 2021)
analysed above the lake in July 2018 during smog from
wildfires. No significant anomalies in the mercury con-
centrations in the air above the lake were observed
during the expedition. Some increase in its concen-
tration in the southern basins can be explained by the
transport from the local air pollution sources, such as
boiler houses and thermal power plants located in the
settlements on the coast, as well as by the transport
of pollutants from large thermal power plants located
in the cities of the Baikal region along the valley of
the Angara River (Fig. 5). Mercury degassing through
deep fault zones may be a potential natural source of
mercury emissions into the air because Lake Baikal is
situated within the seismically active Baikal Rift Zone.
The literature provides the data on a slight increase in
the mercury concentration up to 1.6 ug/m?® above gas
hydrate deposits and oil seepages onto the lake sur-
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face (Mashyanov et al., 2021), although unambiguous
evidence of a connection between airborne mercury
anomalies and tectonic structures has not been found.
The mean mercury concentration of 0.74 +0.17 ug/m?®
recorded above Lake Baikal during the expedition was
two times lower than the mean value of 1.6 = 0.15 pg/m?
recorded at the coastal monitoring station on the west
coast of the southern basin in the Listvyanka settlement
on the same days of observations (Lutskin et al., 2023)
and can be explained by its deposition from the atmo-
sphere during moisture condensation above the water
surface.

4. Conclusion

During the expedition onboard the RV “G.Yu.
Vereshchagin” from 5 to 15 August 2023, we revealed a
spatiotemporal pattern of pollutant distribution (PM,,
PAHs and GEM) in the air above the water area of Lake
Baikal and estimated fluxes of pollutants onto the water
surface of the lake. A 180-fold increase in the concen-
trations in comparison with the background values for
PAHs and a 10-fold increase of PM,, determined in
clean areas of the lake were observed in the southern
basin near the settlements (Listvyanka, Slyudyanka
and Baikalsk) under calm weather conditions and at
the source of the Angara River with northwesterly
wind. At the same time, the concentrations of benzo[a]
pyrene and aerosol particles did not exceed air qual-
ity standards. The concentration of the total PAHs and
the medium (PM, < 1 pm) and coarse (PM,  from 1
to 10 um) aerosol fractions showed a positive correla-
tion, indicating a similar location of their sources. PAH
fluxes onto the water surface of the lake were 15 times
lower than the values obtained during the fire danger
period of 2016. The mean mercury concentration in the
air above the lake (0.74+0.17 pg/m?3) was lower than
the coastal values obtained at the monitoring station in
the Listvyanka settlement (1.6 =0.15 ug/m?).
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Pe3yAbTaTbl 3KCNEeAMLMOHHbIX
uamepenun PM_, MAY u prytn
HaA NOBEpPXHOCTbIO 03. BaMkan
B aBrycrte 2023 ropa

Mapunaute U.1.*", Xomxep T.B.", luxosues M.10.", JIynkuH E.C., [Torémkun B.JI.

JlumHostoeuyeckuti uHcmumym, Cubupckoe omoesieHue Poccutickoti akademuu Hayk, YiaH-Bamopckas, 3, Hpkymck, 664033, Poccua

AHHOTAIIHSL. B npoaoJokeHe peryJisipHbIX MCCjieJOBaHUN, TPOBOAUMBIX C I1€JIbI0 TOJTyYeHns HHPOp-
Malud O MexaHHW3MaxX M HMCTOYHHUKax 3arpsa3HeHur atMocdepbl Haj akBaTopuei o3. baiikas, mpen-
CTaBJIEHBl PE3yJIbTaThl SKCIEAUIMOHHBIX MCCJIefoBaHuil copepxkanusa PM, , TTAY u rasooGpasHoin
3JIeMeHTapHOU PTYTH B IPUBOAHOM cJioe aTMocdepsl o3epa baiikan B aBrycte 2023 r. Ha mapmipyrte
cJleJoBaHUA CyAHA MO [epuMeTpy o3epa HabJIodasoch yBeJnUeHHe KOHIEHTpaliy 3arpsa3HAIONNX
BellleCTB B IPUBOAHON aTMocdepe BOJIM3U JIOKAJIbHBIX MCTOYHUKOB 3arpsA3HEHNs, pacloJIOXKeHHBIX Ha
nob6epexbe I0xHOro Baiikana (m. JIucrsaHKa, rr. CiroasHKa, balikanbck), 1 B UICTOKe AHTaphl IPU ceBe-
po-3alalHOM IlepeHoce OT IIPOMBIIIJIEHHBIX FOPOAOB pervoHa. 3a nepuoj HccjieJoBaHusa KOHIeHTpa-
uuu PM, | cocraBuiy, B cpeaneM, 6.0 mxr/m? ITAY - 1.1 Hr/m? razoo6pasHOl 3JIeMEHTapHON PTYTH
— 0.75 Hr/mM°, 4TO OBUIO HUXE PE3YJIbTATOB, OOHAPYXEHHBIX Mpu moxapax 2016-2020 rr. B oTaesb-
HBIX parioHax CuOupu. [losydeHHBle KOHIIEHTpAIMK UCCJIeAyeMbIX KOMIIOHEHTOB aTMocdephl He Ipe-
BHIIIAJIM CTAaHAAPThHl KayecTBa BO3[yXa. 3HaueHUe KO3 UIIMEeHTOB MapHON KOppessAluu 3a Mepuon
uccrenoBanus 6eu10 Beicokoe Mexay PM, u TTAY - 0.71, nuskoe mexay ITAY u pryTthio — 0.21.

Kitiouegsie citoga: 3arpsasHenue atmocdepsl, yactuilsl PM. ;| TTAY, pTyTh, Batikan
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1. Beepenne Axytun B 2016-2020 rr., nOKa3aju poCcT coAepx) aHUsA

B aTMocdepe a’pO30JIPHBIX YacCTHUI], T'a30BBIX IIpHMe-
ceii (Xomxkep u ap., 2019; Zhamsueva et al. , 2022),
cyMMapHOU KoHLeHTpanuu IIAY (Marinaite et al.,
2018), razoobpasHoii prytu (Mashyanov et al., 2021) B
aTMocdepHOM Bo3JlyXe Hall akBaTopueil U nobepexnseM
o3epa. TU TOKCHYHBIE BelllecTBa OCAXOAITCS HAa aKBa-
TOPUIO 03epa, 3arpsA3HAs ero Boabl (Gorshkov et al.,
2021). KoHTpoJib 3arpA3HAIIUX IpHUMeceil B aTMOC-
depe Hag o3epoM sABIAETCA OOHOU M3 NMPUOPUTETHHIX
3a7a4 [Py MOHUTOPHHIE KaYeCTBa ero BO/.

MOHUTOPHHT TaKUX MUKpOIIpHMecel, KaK [10JI1-
HUKJINYecKre apoMaTtuyeckue yriaesogoponst (ITAY) u
razoo0pasHas 3JjieMeHTapHas PTyTU B aTMoc(epHOM
BO3AyXe, fABJisieTcs 00A3aTesIbHBIM BCJIe[CTBHE X KaH-
1lepOTeHHOM U TOKCHUYECKOH OMacHOCTU JIJIsl OKPY>Kako-
el cpeisl ¥ 300poBbhs uesioBeka (Kaleta and Kozielska,
2023). K aHTpONOreHHBIM HCTOYHUKAM IOCTYILJIEHUA
ux B atMocdepy OTHOCATCH, IpeXxAe Bcero, CXUraHue
yrisa, HedTu, apeBecuHbl (MapuHaiite u np., 2023;
Tripathee et al., 2019). U3 aTmocdepsl 3arpA3HALLIIE
Bell[eCTBa IIOCTYNAIOT Ha MOJCTHUJIAIONIYI0 IOBEPXHOCTD
MoCpeJICTBOM BJIaXHOTo (0caaKy, TyMaH) U CyXOro
(rasel, yactuipl) ocaxaeHus. B Baiikaibckom peru-
OHe Ha IPOTSKEeHUU NOCJIeJHero NecATUIeTUs UHTeH-
CHBHO HccJlelyeTcsA AUHAMUKa M3MeHeHusA KjuMaTta u
3arpsA3HeHre BO3YIIHOrO OacceiiHa OT perruoHaJIbHBIX
[IPOMBINJIEHHBIX IPEeANPUATUN U JIOKAJIbHBIX NCTOYHU-
KOB Ha nobepexbe o3epa. HabmogeHus, mpoBeeHHbIe
B atMocdepe Hap balikasoMm Bo BpeMs KpPYIHBIX Jiec-
HBIX moxapoB B [Ipubaiikasibe, KpacHosApckoM Kpae u

2. Ucnonb3yemblie MeToAbl U MaTepuanbl

JJ1s1 olleHKU BKJIaJ]Ja aHTPOIOTeHHBIX HCTOYHU-
koB Ilpubalikanbsi M ONACHBIX NPUPOAHBIX SBJIEHUM
(;tecHple TOXapel) B 3arpsA3HeHue aTMocdepsl Haf
03. Baiikas ¢ 5 mo 15 aBrycra 2023 r. ¢ 60pTa Hay4HO-
uccienoBatesibckoro cyana “HUC Bepemaruxa” npose-
JIeHbl HellpephIBHBIE M3MepeHUsl CYeTHOM U MacCOBOM
KOHI[eHTpalUuM a’pOo30JIbHBIX YacCTUll, Ira3000pa3HOM
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3JIeMeHTapHOH PTYTH, 0OTOOPAHO U IPOAHATIM3NPOBAHO
25 obpa3s1oB aspo30Jid Ha coAepxanue [TAY. MapmpyT
3KCIeUINM IPOXOAWI MO BCeMy IepuMeTpy o3epa
Baiikay ¢ ocTaHOBKaMU B pallOHaX KPYIHBIX JIOKAJIb-
HBIX MCTOYHUKOB 3arpssHeHUs atMocdepsl Ha mobepe-
Xbe 03epa, YCThEBBIX YYaCTKax KPYNHBIX IIPUTOKOB U
sanuBax (Puc. 1).

Jlna  uccieoBaHUS CYETHOHM KOHIEHTpaluu
U pacrnpefiejieHds 4YacTHI] II0 pa3MepaM IIpuMe-
Hasca cuetynk vactul] Handheld 3016 TAQ (dupma
Lighthouse CIIIA), MO3BOJIAIONUIMI U3MEPATh pa3Mephl
yacTtul o 6 kanaaam (0.3, 0.5, 1.0, 2.5, 5.0, 10.0 Mxm)
B HENpPephiBHOM peXHuMe C ycpedHeHHEM B TedyeHHe
5 MunyT. Vi3MepeHus B BO3yxe ra3000pa3Hoii 3j1leMeH-
TapHOH PTYTH NPOBOIMJINCE C MCIIOJIb30BAHUEM NIOPTA-
THBHOI'O aBTOMAaTUYECKOr0 PTYTHOTO MOHHTOpa Lumex
PA-915M (Poccus). CoctaB aspo30Jia Ha 21 KOMIOHEHT
ITAY npoaHajM3upoOBaIU C IOMOIIBI0 ra30BOM XpoMa-
Torpadum C Macc-ClIeKTPOMeTPUYEeCKHUM IeTeKTUPO-
BaHueM Ha npubope GC/MS Triple Quad 7000C c GC
System 7890B (pupma Agilent Technologies, CIIIA).

3. Pe3ynabTatbl M 06Ccy)xpeHue

B oTinume oT skcmenuIMil B MepUo[ JeCHBIX
noxapoB 2018-2020 rr., B 2023 r. AOBIMOBOHI aspo-
30J1b B aTMocdepe HaJl 03epoM He HabJlofascA, XOTA
B KOHIIe JieTa (GUKCHUPOBAINCh NOXaphl HA TEPPUTOPUU
AxyTtuu. ITosnHas MaccoBas KOHUeHTpanuu yactul TPM
U3MeHsUIach B mpefesiax oT 1 1o 12 Mxr/m® ¢ Makcumy-
moM Haj IOxubiM Barikasiom B 10-12 Mkr/m3, uTo 1o
10 pa3 Beiie (oHOBBIX 3HaueHUil. B CpedHeil KOTJIO-
BUHe U3MeHeHUs (GUKCUPOBAJINCh B Ipefiesax oT 3 40
4 mxr/m3, B CeBepHoil ot 1 1o 2 mkr/m>. B 1esiom, mo
aKBaTOPHUU 0O3epa MoJTyueHHble KOHI[eHTpaluu He Ipe-
BBHIIAJIN CcpeAHeCYTOYHOH BesimuuHb [TIK (60 MKr/m®)
ana armocdepHOro Bo3AyXa OKpyXKalomleil cpedsl U
CcoMn3MepUuMEHI ¢ pesyjabratamu 2022 r.

® HaceneHHble NyHKTbI
MyTb akcnegunupnmn

@ CmeHa dunLTpoB

1 — luctBsAHKa — b. KagunbHbIiA -

Wcrtok p. AHrapa

2 —WcToK p. AHrapa

3 - Uctok p. AHrapa — CntogsHKa

4 — cToAHKa HanpoTue n. CnioaAHKa

5 — CnopAHKa — balikanbck

6 — baitkanbck — Xapays

7 —cTofAHKa Xapay3

8 — Xapays — Xyxup

9 — Xyxup — EnoxuH

10 — Enoxut —r. CeBepobaiikanbck

11 — cToAHKa r. CeBepobaiikanbek

12 —r. CeBepobaiKabeK - AR

13- Aa—WpuHaa

14 - UpuHAaa — o. Nloxmatbin

15 — 0. /loxmatbiii — 6. 3meeBan

B nuHamMuke CcYeTHOH KOHIIEHTpalHdM aspo3o0-
JIBHBIX 4acCTHUI] U3MEeHEeHHUs OTMeueHBbl KaK B cpefHel
dpakuuu aspososia ¢ pasMepoM a0 1.0 MKM, Tak U B
rpyboaucnepcHol ¢pakiuu g0 10 mxM. Bo Bpems sxce-
IeJULIHOHHBIX Pab0T 0TMeuasioch HECKOJIBKO 3MM30/10B
poCTa KOHIEHTPALUK YacTHl| cpeaHen ¢pakuuu (PM,
< 1wmxkwm). Ilo mapuipyTy B hOHOBOM palioHe B[OJIb
BOCTOYHOro Oepera (cepeauHa Mapuipyra oT 0. Asa —
ocTpoB JloxMaThlii), KOJIMYeCTBO cpedHeil dpakuuu
(PM1 < 1mkM) cocraBisio 62% (Puc. 3, npob6a 14). B
ycThe Xapaysa U IpU Ilepexojie OT BOCTOUYHOro Gepera
Kk 3amagHoMy (yctee Xapaysa-Bosbiioe I'osioycTHOe)
3a cyeT, AelicTByoLlero Haj 03. balikas B 3TOT epruof
I[MKJIOHA, coAepkaHue cpefHell (Gpakiuy JOCTUTAIO
65% (mpo6n1 21-23). B FOxHoM batikane ¢ npubiamxe-
HMeM K JIOKaJIbHBIM HUCTOYHHKaM KOJIMYeCTBO CpefHel
dpakuuu aspo3osiA pe3Ko cHuxauochk ¢ 43% go 27%
(mpo6sr1 2-3), B CpenHeM batikane y n. YeTb-baprysuH —
o 24% (Puc. 3, npoba 15).

[losyyeHHas AWHaMMKa pacnpefesieHUs KOH-
HeHTpauuu cymMbl [TAY cooTBeTcTBOBajia AUHaMUKe
KOHIIeHTpalliy as3pO30JIbHBIX YACTHI] HaJ aKBaTopHel
Batikana (Puc. 2), yTo noATBepX)aaeTcs TECHBIMU KOp-
peALUOHHBIMU CBA3AMU Mexay HuMu (Tabauma 1) u
yKasblBaeT Ha CXOJHble KHCTOYHUKHU HX IIPOUCXOXKIe-
HuA. Koppenanusa ke KOHIeHTpallUM Tra3000pa3HOM
pTyTH ¢ KoHueHTpauusamu [MAY u PM,, mpakTuyecku
oTcyTcTBoBasa (Tabauna 1).

3a wucciengyeMblli Iepuod CyMMapHas KOH-
neHTtpauusa ITAY B npusBoaHoil atMocdepe H3MeH:-
jacek ot 0.008 mo 8.4 Hr/m?® (cpenHee 3HaveHue 1.1+
2.0 ur/m®) ¢ ”HaumboplIMMU 3HaueHUAMHU B FOxHOI
kotnoBuHe bBatikana (6.3-8.4 ur/m®). B Cpenneii
KOTJIOBUHe H3MeHeHHs Obuin B mpenenax or 0.050
no 1.5 ur/m3, B CeepHoii ot 0.045 mo 0.46 Hr/m3.
[TosiyueHHBle pe3yJibTaThl B 3KCIEeULIMOHHBINA NepHOJ
2023 rofa okazajiiuch HUXe KOHI|eHTpaI[Uil IpU Moxa-
pax Ha mobepexbe o3epa B 2016 r. (0.22-133 Hr/M3,

HWMHEAHTAPCK

CEBEPOBAMKANBCK ﬁ\\\
P 4
90 a2

A

)
AT
%é/ ~ ?:crb-sApryaw H

XV

& FOPAYMHCK

16 — 6.3meeean — BapryauHckuin :

— ) /ﬁ 19 TYPKA

17 — bapry3vHCKWi 3a1MB EYIV/IbAEN K/‘}»/r 5

18 — cToAHKa YcTb-Bapryant : «20 /

19 - YcTb-BaprysunH — M. baknaHuit ’/ 7 2171'»

20 — m. Baknanuii — Xapys MPKYTCK ‘{3‘-22 4

ol 2,244 SVNAH-YA3

22 - Xapays — b. fonoycTtHoe Ry 3 Ié‘z 1 6 . YA,

23 — b. [0NOYCTHOE — MCTOK AHrapbl 'ﬁ‘ &~ BOAPCKUA 0 75 150 kM
CNIOAAHKA 2, BABYIIKMH

24 — CTOAHKA UCTOK AHrapbl it \".\, A

25 — CTOAHKA UCTOK AHTapbl BAWMKANBCK

Puc.1. Kapra-cxema [BUKeHHs HayYyHO-UCC/IeoBaTesibekoro cyiHa “ I'}0.Bepemarun” o akBatopuu o3. Batikasn ¢ 5.08 mo

15.08.2023 1.
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Ta6suna 1. KoadbduureHTs napHON KOppesiAliM MeXay CyMMapHON KoHIeHTparueil [TAY, MaccoBoll KOHIeHTpaluei
a3pO30JIbHBIX YACTHUI| PA3HBIX Pa3MepHHIX Gpaknuii U pTYTU HaJ IOBEPXHOCTHIO 03. Batikai

IMAY TPM PM, <1 MkM PM_  >1 MKM PryTh
Ay 1.00
TPM 0.49 1.00
PM, <1 mkm 0.71 0.79 1.00
PM,,>1 MKM 0.32 0.96 0.58 1.00
PryTh 0.21 0.23 0.48 0.09 1.00

IIpumeuanue: TPM - cymMapHast KOHIEHTPANUA a3pO30JIbHEIX YacTull; PM, < 1MKM - cpefHeaucnepcHas Gpakiuu aspo-
30J1s1 ¢ pa3MepoM yactul] MeHee 1 mxm; PM, | > 1MkM — rpyGoucnepcHas Gpakiyst aspo30Jis ¢ pa3Mepom dactull o 10 MkM

(UBneB u JoBroJok, 1999).

cpeqHee 5.9+ 22.6 Hr/m®), Ha ypOBHe 3HAaYeHUI HaJ
akBaropuei ozepa B 2019 r. ( 0.11-4.6 Hr/™M3, cpen-
Hee 0.96+ 1.0 ur/m®), HO BBIIe KOHIeHTpauui [TAY
B 2020 r. — ot 0.07 mo 2.5 ur/m® (cpeHee 3HavYeHUe
0.4+ 0.5 ur/m%),).

Bo Bpems pabot B IOxHOI koTJioBUHe bBatikasna
nosebileHHoOe cofepxkanue [TAY no 180 pa3 oT GOHOBEIX
3HaueHU1 HabJII0JasIoch Ha MapuIpyTe BAOJIb 3amaf-
HOro noGepexbs o3epa IO HampasjeHUI0 KaauyibHBIN
— JluctBsinka — Uctok p. Anrapsl (o 3.7 Hr/mS mpo6a
No 1-2, Puc. 2) u Ha crosHke y r. CmioasHka (o
8.4 ur/m® mpoba Ne 4), y r. Badikanbsck (mo 1.1 Hr/m3
npo6a No 5) B ycJIOBUAX IITUJIEBON MOToAbl U BBIHOCA
a’spo30Jid OT JIOKAJIbHBIX MCTOYHUKOB Nobepexbsa. Ha
MaplpyTe BAOJIb BOCTOYHOIrO, a 3aTeM BJOJIb 3amaf-
Horo 6epera u3 lOxHoro batikana B CpegHuil u fajee B
CeBepHbiii (11. Bosipck — ycthe Xapay3a — ocTpoB OJIbX0H
— mbic Enoxun — r. CeBepofaiikajibck) cofepkaHue
cymmel I[TAY B aspososie 6bu10 HU3kuM (0.05 Hr/M3) ¢
mocTeneHHbIM Bo3pactaHueM (o 0.12 ur/m3, Puc. 2)
npu noaxofe k r. Cepepobatikabeky. [IpakTuuecku 3a
Bechb 3TOT Ilepuof B atMocdepe Habyrofasach HU3KaA
00J1aYHOCTh, CONPOBOXABIIAsACA IIePUOANYECKH BhINa-
JalolMy ocafKaMmy, IPUBOIALIMMM K OYMIIEHUIO
atMocdepsl. Bo Bpems pabot no CeBepHomy Barikamy,
MOBhIIIIEHHOEe cofiepxxaHue cymMMbl [TAY HabI1oanoch
Ha crosHKe y r. CeBepobarikayibek (0.46 Hr/m3, mpoba
Noll), mpenmosioOXUTENIBHO 3a CYeT BBIOPOCOB IIPO-
aykroB cropanus TOIl ropoma CepepobalikayibcKa.
IIpu cienoBaHuyM cyAHa BAOJIb BOCTOYHOro Oepera us
¢onoBEIX patioHOB CeBepHoro bBaiikana (Gyxrta Ass
— Xakycbl — UMBBIPKYWCKUI 3aJiUB) OBLJIO BBISIBJIEHO
HHU3Koe copepxanue cymmbl ITAY 0.045-0.16 Hr/m®
(mpo6sr Ne 12-19). MeteopoJioruueckas o6cTaHOBKA B
3TOT Iepuoj XapaKTepu30BaJIoCh HajWuyueM HeboJib-
MIMX WHBepCUl, HU3KOH 00JIaYHOCThI0O U INepuoguye-
CKM BBINAJAIOMIMMU OCaJKaMM, KOTOpble NPHUBOIUIN
K ouumeHuio artMocdepnl. CHUXeHUe KOHI[eHTpa-
MY 3arpA3HAIONMX IIpuMeceil oTMedeHO B CpeagHeM
Batikane npu mepexojie oT Mbica BakiyiaHuil 4O yCTbs
Xapay3a (0,07-0,09 ur/m® mpo6s1 Ne 20-21). Ha nepe-
X0/le OT BOCTOUYHOTO Oepera Ha 3anaHbIi 10 MapupyTy
ycThe Xapaysa — bosismoe I'osioycTHOe U fajiee BOOJIb
3anagHoro 6epera B IOxHbiit Batikan (M. KagusbHbeI!
— Bosnpmine KoTel — 1. JIlucTBsHKa), cofepxanue [TAY
Bo3pocsio oT 1.5 mo 6.4 Hr/m® (mpober No 21-23,
Puc. 2). Ux pocT Tak ke OoTMeueH B MCTOKe p. AHrapa
(0.97 ur/m3, mpo6sl No 24-25). KoHueHTpaiusa 6eH3(a)
nipeHa, HopMmupyemoro B Poccun, Hag Bcell akBaTo-
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pued o3. Batikan usmenssachk ot 0.001 go 0.84 ur/m®
(cpegnee 0.09+0.2 Hr/™M3), U He MpeBHIIATIA HOPM
IMOK (1 ar/m).

OTMeueHbl pa3jnyysa B COCTaBe WHAVBHYaJib-
Hbix [TAY, oToOGpaHHBIX M3 pa3IUYHBIX PAliOHOB Haj
moBepxHOCThI0 03epa (Puc. 4). I3 21 obGHapyXeHHBIX
[TAY pfojss OCHOBHBIX COEQUHEHUM yMeHbIlajiach B
nocjenoBaTtesibHocTU: nupeH (11.8%) > 6Gens(k)doy-
opanTteH (11.7%) > wunpeno(1,2,3-c,d)mupen (8,3%)
> 6eH3(e)nupeH (7%), 6ens(a)mupen (7%). B npobax
asposoJieii BOJIU3U JIOKAJIBHBIX HCTOYHUKOB HOXKHOM
yactu Batikana (Ne 4, 11, 23) npeobsiagana rpynna [TIAY
C YeThIpbMA-NIATHIO- NIECTbI0 OEH30JIbHBIMU KOJIbL[AMU
ux gonasa — 0o 84% ot obiielt Macchl. DTO yKa3blBaeT
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Puc.2. MaccoBas koHIieHTpanusa yactunl TPM (Mkr/m3),
yCcpenHeHHas [Jis Kaxaoi mpobbl, u cymma 21 ITAY (ur/m®)
B arMmocdepe Haja akBatopueil o3. baiikan (5-15 aBrycra
2023 r.)
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Puc.3. M3MeHYMBOCTh MacCOBOM KOHIleHTpauuu (MKr/
M%) cpeaneii (PM, < 1MkMm) u rpy6oAMCcrepcHON Qpaknuu
(PM,, oT 1Mkm 10 10 MKM) aspo3oJia u 1ot (%) cpenHein
¢dpakuum B ob1ieil Macce aspo30Jig B IPUBOAHON aTMochepe
o3. batikan (5-15 aBrycra 2023 r.)
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Ha NUPOTreHHBIH XapaKTep UCTOYHUKOB NPU CXKUTaHUU
yTrJiid, JpeBecuHHl, xuakoro tomimea (Othman et al.,
2022). B npo6e 12 Ha mapuipyTe r. CeBepobalikaabcK
— OyxTa Aa KOJIM4eCcTBO peTeHa (KOMIIOHEHTa ropeHus
6uoMaccsl) gocturayio 18 % ot obiieit Mmaccsl o6Hapy-
JK€HHBIX COeAHEeHU.

Onenennl notoku IIAY wu3 artmocdepnl Ha
IIOBEPXHOCTh O3epa. [Ij1A uX ompefesieHUs HCIO0JIb30-
BaJIu CKOpoCTh ocaxaeHus 0.02 M/cek yacTull, IpUHA-
Tyi0 B pabore (Duce and Neil, 1991). Kak u KOHIIEH-
Tpauuy, MakcUMaJsibHble OTOKU ITAY ompepesieHHl y
JIOKaJIbHBIX UICTOYHUKOB BJI0JIb 3anagHoro (JIucreaHka,
UCTOK AHrapel) u BocTtouyHoro (r. CimiofsHka) mnoGe-
pexbs HOxHoro Batikana (1.7 - 102 Mkr/m?/Hepnens).
B Cpennem Baiikane noroku ITAY cocraBunu 0.6-1.7
MKT/M?/Hefenis, B CeBepHoM — 0.5-5.6 MKr/m?%/Heness
C TOBHIIIEHHBEIM 3HadYeHueM y I. CeBepo0alikaJbcka.
PesysbTaThl OKasaauch B 15 pa3 HuXe IOTOKOB, pac-
CUNTaHHBIX [JIA pailoHa Byryapaeliku npu noxapax
geroM 2016 r. (490-1600 mkr/m2/Henesns) (Marinaite
et al., 2018).

KoHumenTpanusa  rasoo0pa3Hoil  3JieMeHTap-
HOU pTyTu Hajg o3epoMm wusMmeHsack ot 0.18 mo
1.29 ur/m®. Haubospliie 3HaYeHUs OOHApYXeHBI B
HOxHoMm Barikane (0.4-1.29 Hr/m3, cpeiHAA BeJIMYNHA
0.76 £0.19 ur/m®). B Cpemuem Baiikane ee u3MeHe-
HusA 66TH B ipefesiax ot 0.18 mo 1.07 ur/m® (cpennss
0.73+0.13 ur/m®), CeBepuom ot 0.19 go 1.02 Hr/m3
(cpennsa 0.72 +0.12 ur/m®). Takum o6pa3om, cpeHUe
3HayeHus KOHIIeHTpally ra3oo0pa3HOM sJjieMeHTap-
HOU pTyTH B 3Kcmenunuu 2023 r. HaJl 03epoM U3Me-
HAJIMCh He3HAYMTeJIbHO M OKa3aJIiCh HUKe CpelHUX
BeauunH 1.1 Hr/m® (Mashyanov et al., 2021), mpo-
aHaIM3UPOBAaHHBIX Han o3epoM B uwie 2018 roma
BO BpeMs JBIMOBOI'O CMOra OT JIeCHBIX IIOXKapoB. 3a
BpeMsA SKCHeAUIMU CYILIeCTBeHHBIX aHOMAaJIMN KOH-
LleHTpaluy PTYTU B BO3AyXe HaJ 03epoM OOHapyXeHO
He OpUto. HekoTopoe moBhHIIIeHHE ee KOHLEHTpaluu
B lOxHOM balikasile MOXHO OOBACHUTH [IEPEHOCOM OT
JIOKaJIbHBIX MCTOYHUKOB — KOTeJIbHBIX, TOL], pacnosio-
JKEHHBIX B HaceJIeHHBIX NyHKTax Io0epexbs, a Takxke
IepeHOoCOM 3arpsAsHeHUi oT KpynHbIXx TOI[ u3 ropo-
nos Ilpubaiikanbsa no pgoauHe p. Anrapel (Puc. 5).
INoTeHnMabHBIM €CTeCTBEHHBIM HCTOYHHUKOM BBIOpO-
COB PTYTH B aTMocdepy MoxeT OBbITh Jerasaunus pTyTH
yepe3 30HBHI IJI[yOMHHBIX Pa3jlOMOB, Tak Kak baiikain
HaxoOuTCA B Ipefdejax CelCMMYeCKH aKTHBHOU
Batikanbckoit pudToBOi 30HBL. B snuTepaType mpuBo-
JATCA JaHHBIe HeOOJIBIIOro yBeJI4eHNA KOHLIeHTpalun
pTyTu Ao 1.6 Hr/m® HajJ ra3oruApaTHEIMU 3ajieXXaMu U
BHIXOJ]aMU HedTU Ha IOBepXHOCTh o3epa (Mashyanov
et al., 2021), XoTa OQHO3HAYHBIX JJOKA3ATEJIHCTB CBA3U
BO3AYUIHBIX PTYTHBIX aHOMaJIMH C TEeKTOHHYECKUMU
CTpyKTypamMu He HaijgeHo. CpedHsAs KOHIleHTpalu:s
prytu 0.74 +0.17 Hr/m3, 3aduKcupoBaHHAas BO BpeMs
skcriequuuK Haj balikasioM, Oblia B Ba pa3a MeHbllle
cpenHeii BeauunHel — 1.6 +0.15 Hr/M3, 3adukcupoBaH-
HOU Ha OeperoBoyl CTaHIIMU MOHUTOPUHIA 3amMaHOro
nob6epexbs IOxHoro batikana B 1. JIMCTBAHKA B Te Xe
auu HabmogeHui (JlyukusH u gp., 2023) u, BeposATHO,
0o0BbsACHAETCA OcaxJeHHeM ee U3 aTMocdepbl B Ipo-
Ilecce KOHJIeHcalluy Bjiaru HaJl BOAHOH NIOBEPXHOCTHIO.
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Puc.5. H3MeHUYMBOCTh KOHI[eHTpaluu Tra3000pa3HON
aJleMeHTapHOU pryTu (Hr/m®) B atMocdepe HaJ MOBEPXHO-
CTBI0 I0KHOW, CpefJHEel U ceBepHOUl KOTJioBHMHaMmu batikaia
(5-15 urosa 2023 1.)

4. 3aKknloueHue

Bo Bpemsa skcneduIMOHHBIX pabOT Ha cyJHe
HUC «I.J0.Bepewmarun» ¢ 5 mo 15 aerycra 2023 r.
BBHIABJIEHA NIPOCTPaHCTBEHHO-BpeMeHHas KapTHHa pac-
npeJiesleHus 3arpsA3HANMINX NpuMecei (PMm, ITAY n
razoo6pa3Hol 371eMeHTapHO! PTyTH) B aTMocdepe Haj
akBaTropuel o3. Baiikas, olleHeHB IOTOKM Ha BOAHYIO
IIOBEPXHOCTh oO3epa. IloBblllleHHe KOHIIeHTpaluu [0
180 pa3 ot ¢oHoBbIx 3HaueHuii i [1AY, go 10 pas
st PM, ) (onpefiesieHHbIX B YKMCTHIX paroHax o03epa),
Habmonmanucek B FOxHOM bBalikasie y HacesJleHHBIX IyH-
ktoB (1. JluctBsiHKa, rr. CimofsHKa, Balikaibck) B
yCJIOBUAX WITUJIEBOU moroAsl U B McToke AHrapsl npu
ceBepo-3anagHoM BeTpe. [Ipu 3TOM KOHI[eHTpanuu
6eH3(a)nupeHa 1 a3pO30JIbHBIX YAaCTUI] He IpeBhIIIaIn
CTaHAapTOB KavecTBa Bo3ayxa. OOHapyxeHa IO0JIOXKU-
TeJIbHasA KoppeJsiAnuA KOoHIeHTpauuu cyMmmel ITAY c
cpeaneir (PM, < 1mkm) u rpy6oavcnepcHon (PM ot
1 mo 10 MxM) dpaxkiUsAMU a3po30Jid, YTO yKa3plBaeT Ha
CXOJTHOE pacCIIOJIOKeHNe UX UCTOUYHUKOB. [ToToku ITAY
Ha BOJHYIO IIOBEpXHOCTb 03epa ObLIX B 15 pa3 Huxe
3HauyeHui, INOJIy4YeHHBIX B II0XKAPOOIACHBIN INepHof
2016 roma. CpenHaA KOHLEHTpauuA PTYTH B aTMOC-
depe Ham osepom (0.74+0.17 ur/m®) omnpenesieHa
HIXe YPOBH:A OeperoBbIX 3HaUYeHUI Ha CTAHIMU MOHHU-
TopuHra B 1. Jiuctesauka (1.6 +£0.15 Hr/m3).
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