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Several conjugate components represent the aquatic ecosystem of Lake Baikal: Baikal water (surface and
deep water), groundwater from boreholes, water of numerous Baikal tributaries, cold and hot mineral
springs around Lake Baikal, and the Angara River, the only runoff reflecting all this aquatic diversity.
River waters in the Baikal region are known to be deficient in some vital elements, including fluorine. This
article discusses the features of the fluorine distribution in the water from the conjugate components of the
Baikal ecosystem. Fluorine ion concentrations in the water of the Baikal ecosystem was determined using
the potentiometric method. The study represents the monitoring that was carried out between 1997 and
2022 years. We determine likely causes of high and low fluorine concentrations in the water from different
components, propose and substantiate the fluorine sources, geological and geochemical model of its influx

Sources and distribution features in the water of the Baikal ecosystem.
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1. Introduction

Lake Baikal is the only open water body in Russia
containing clean fresh water throughout the full depth (to
1642 m). Oxygen concentrations in Baikal water reach §-9
mg/L (at large depths) to 12—18 mg/L on the surface of the
lake, making the water pleasant in taste. Close concentrations
of major ions, as well as low concentrations of nutrients and
organic matter, are the main features of the ionic composition
of Baikal water. It is low mineralized (90-100 mg/L on
average), has a stable but time-varying ionic and trace
element composition with an obvious cyclicity, contains a
small amount of impurities, and is in demand not only in
Russia but also in other countries (Grachev MA, 2002;
Domysheva VM et al., 2019; Grebenshchkova VI et al., 2021;
Grebenshchikova VI and Kuzmin MI, 2022).

Lake Baikal receives water from numerous tributaries, the
chemical composition of which is often significantly different
from Baikal water. At the same time, not only mixing of all
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waters occurs in Lake Baikal but also some processes that
substantially change the initial chemical composition of water
from tributaries already in the littoral zone of the lake due to
various currents and self-purification ability.

The ionic composition of deep and surface water in Lake
Baikal varies insignificantly and does not depend on the
sampling site, despite the substantial length of the lake (over
2000 km) and the varying depth in three different basins.
Some researchers (Rossolimo L, 1966; Shimaracv MN et al.,
2012; Shimaraev MN and Troitskaya ES, 2018) explain this
to be a result of intensive mixing (upwelling/downwelling,
counterclockwise movement of water along the shores, cyclic
flow in three basins of the lake, etc.) and inflow of deep
(juvenile) water during seismic and geodynamic movements
in the Baikal Rift Zone (Didenkov YuN et al., 2006;
Novopashina AV and Kuz'mina EA, 2019).

Several spatially conjugate components represent the
aquatic ecosystem of Lake Baikal: Baikal water (surface and
deep), groundwater from boreholes located on Olkhon Island
and in the coastal part of the lake, water from a large number
of tributaries (over 360), numerous cold and hot mineral
springs around Lake Baikal, as well as at a distance of it, in
the Baikal Rift Zone, and the Angara River, the only runoff of
Lake Baikal, that reflects all this aquatic diversity. Flora and
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fauna of Lake Baikal are unique and mostly endemic. Lake
Baikal is a vast and exceptional source of drinking water that
can supply people with water for a long time.

Most of the area in the Baikal region belongs to the
biogeochemical province with F deficiency in the surface
water (Lomonosov IS, 1974; Lomonosov IS et al., 2011).
Within the south of the Baikal region and Transbaikalia, the
average concentration of F in natural waters is 0.2 mg/L (Fig.
1) (Grebenshchikova VI et al., 2008). The authors have
previously explained the elevated fluorine concentrations
(more than 1 mg/L) in the water of the Angara River and its
tributaries near the cities of Shelekhov and Bratsk
(Grebenshchikova VI et al., 2021). This was due to
anthropogenic factor, i.e. the impact of aluminum production
plants operating here). Moreover, the increase in the fluorine
concentrations was simultaneously recorded in soil, snow as
well as in organs and tissues of people living near the
aluminum plants.

The climate and wind direction in the Baikal region are
also important. Wind direction from aluminum plants (Fig. 1)

often occurs along the Angara valley towards Lake Baikal.
Therefore, snow from Lake Baikal and, hence, Baikal water
show a slight increase in the fluorine concentrations during
the spring (Grebenshchikova VI et al., 2021).

Fluorine in natural water is a biogenic element that is
important for human health and biota. Various diseases reflect
an excess or deficiency of F in water and, thereby, in living
organisms (Zhmakin IA et al, 2020; Liu RP et al., 2021, 2022;
Efimova NV et al., 2022). The optimal amount of fluorine in
drinking water prevents dental caries, improves the
functioning of the circulatory system, provides -easier
toleration of viral diseases, etc. Excess fluorine jeopardizes
human health, causing dental fluorosis, disrupting the
functioning of the thyroid, negatively affecting human brain
activity, etc. The average concentration of F in river waters of
the world is 0.09 mg/L (Dobrovolsky VV, 1983). Fluorine
concentration in medicinal waters is 15.0 mg/L, and in
medical table waters—10.0 mg/L (GOST 13273-88). The
maximum permissible concentration (MPC) for drinking
waters ranges from 0.7 mg/L to 1.5 mg/L (Kontrol', 1998;
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Fig. 1. Distribution of fluorine concentrations (mg/L) in the surface waters of the Baikal region (after Grebenshchikova VI et al., 2008).
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SANPIN 2.4.1116-02).

This study aims to compare and explain likely causes of
significant differences in the distribution of fluorine in the
waters of some conjugate components of the Baikal
ecosystem: in mineral springs around Lake Baikal and at a
distance from it, in boreholes of the coastal zone of Lake
Baikal and on Olkhon Island, in the surface and deep (to 1640
m) water of Lake Baikal, in estuarine waters of the large
Baikal tributaries and its single runoff, the Angara River.

To compare and identify the causes of the differences in
the fluorine concentrations determined in water from the
conjugate components of the Baikal ecosystem is an
important fundamental task. Previously, the authors have
identified such differences mainly by comparing the water
from the Angara source and Lake Baikal (Grebenshchikova
Vletal., 2021).

2. Geological setting

Lake Baikal is located in the Baikal Rift Zone that is
highly seismically active (Logatchev NA, 1984, 2003;
Lukhnev AV et al., 2013; Novopashina AV and Sankov VA,
2018; Radziminovich YB et al., 2020; Zorin YA et al., 2003;
Novopashina AV and Lukhneva OF, 2021) and is
distinguished by the shallow occurrence of the upper
asthenosphere boundary, thinning of the Earth’s crust (down
to 35 km in some places) (Zorin YA et all., 2003; Turutanov
EK, 2018) and, therefore, elevated heat flux (Sherman SI et
al., 1992; Lysak SV, 2002; Klyuchevskii AV et al., 2021).

Based on the geological structure of the area in the Baikal
region, two parts can be distinguished: Western part that
includes the south of the Siberian Platform (Southern Baikal
region) and eastern part represented by mountain structures
surrounding Lake Baikal on the eastern side (Transbaikalia)
(Figs. 1, 2).

The cover of the Siberian Platform in the south of the
Baikal Region consists of Phanerozoic saliferous terrigenous
sediments that lack fluorine mineralization. Here, surface
waters are depleted in fluorine (Fig. 1). At the same time,
fluorine concentrations are high in the Angara River and its
tributaries due to anthropogenic impact of the aluminum
production in such cities as Shelekhov, Bratsk and Zima
located on the shores of the Angara River (Figs. 1, 3).

The south of Transbaikalia is characterized by an
intensive development of rare-metal granitoids with high
fluorine concentrations and the presence of fluorite
mineralization. Fluorine concentrations in the surface waters
correspond to MPC (0.7-1.5 mg/L), but more often they are
below these values, accounting for 0.2-0.3 mg/L
(Grebenshchikova VI et al., 2008; Noskov DA, 2011). The
huge Angara-Vitim batholith composed of Paleozoic
granitoids and monzonites comes to the surface in the
northeast and east of the Baikal Rift Zone (Fig. 2).

3. Water sampling and analysis methodology

Several conjugate components represent the aquatic

ecosystem of Lake Baikal: Baikal water (surface and deep
water), groundwater from boreholes, water from numerous
tributaries of Lake Baikal, cold and hot mineral springs
around Lake Baikal, and the Angara River, the only runoff
reflecting all this aquatic diversity (Fig. 3).

The long-term annual (and monthly) monitoring of the
composition of the water from the Angara source (from 1997
to 2022), as well as analyses of water samples from mineral
springs, estuaries of tributaries, boreholes, and Lake Baikal,
which were carried out in different years, involving chemical
analysis for a wide range of elements, including fluorine,
facilitated the achievement of our goal. Previously, water
from boreholes was monitored in the Listvyanka settlement
(Alekseev SV et al., 2018; Alekseeva LP et al., 2023).

Fluorine ion concentrations in the water of the conjugate
components of the Baikal ecosystem were determined by the
potentiometric method at the Centre of Isotopic and
Geochemical Research in IGC SB RAS (Skuzovatov SYu et
al., 2022; Table 1).

4. Results of the analysis of natural water in the conjugate
components of the Baikal ecosystem and their discussion

4.1. Mineral springs

In the Baikal Rift Zone around Lake Baikal and at a
distance from it, there is a large number of both natural outlets
of mineral springs with different chemical composition and
those uncovered by boreholes. This has always aroused the
interest of many researchers and, thereby, contributed to many
publications discussing their origin, chemical composition,
different water temperatures, and balneological properties of
various types of mineral waters (Lomonosov IS, 1974;
Zamana LV, 2000; Speizer GM, 2010; Plyusnin AM et al.,
2013, 2008; Sklyarov EV et al.,, 2015; Kuz’mina EA and
Novopashina AV, 2018; Novopashina AV and Kuz’mina EA,
2017, 2019). Residents of the Baikal region and Russia
actively use mineral waters for the treatment of different
diseases because they contain a various chemical elements
necessary for health. Sanatoriums and tourist bases have been
built near many mineral springs in the Baikal region. There
are also some wildlife resorts (Fig. 3).

«Wildlife» tourism is widespread on the Baikal shores in
different seasons, even in the winter. Such tourism often has a
negative impact on the lake and causes many problems for the
authorities due to the pollution of the littoral zone of Lake
Baikal and coastal areas. Recently, Victor 1. Danilov-
Daniliyan, editor-in-chief of the international peer-reviewed
journal «Water Resources» has proposed charging a monetary
fee to “wild” tourists for cleaning the coastal places they visit.

At the same time, all state resorts and sanatoriums in the
Baikal aquatic ecosystem undergo official inspection, have
medical staff and specific medical recommendations for the
treatment and health care of patients.

The available information about the fluorine ion
concentrations in 14 mineral springs (32 detections of fluorine
in different seasons) indicated variations from 23 mg/L to 2
mg/L, to 40 mg/L (according to Lomonosov IS, 1974) and 0.1
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Fig. 2. Schematic map of the geological structure of the Baikal aquatic ecosystem (after Sklyarova OA, 2017).

mg/L at a distance from Lake Baikal (cold springs in the
Khudyakovo and Nikola settlements, etc.) (Fig. 4, Table 1).
Elevated (sometimes by a factor of 100 or more) F°
concentrations in the water with relatively average values for
the region, which amount to 0.2 mg/L (Grebenshchikova VI et
al., 2008), were characteristic mainly of hot mineral springs
such as Kotelnikovsky, Zmeiny, Kulinye bogs and others.
Springs with lower F~ concentrations (2 to 3.5 mg/L) are
Goryachinsk, Frolikha, Khakusy and others. Elevated F~
concentrations in hot mineral springs testified to their
relationship with deeper fluid and hydrothermal systems of
the Baikal Rift Zone (Lomonosov IS., 1974). In this case, the
mantle (asthenospheric) supply of fluorine, sulfur, chlorine,
and other elements was assumed. Some researchers (Zamana

LV, 2000; Plyusnin AM et al., 2013, 2020; Shvartsev SL et
al., 2007), who admitted deep entry of elements, believed that
their high concentrations, in particular fluorine concentration,
can also be due to its additional entry from host granitoid
rocks with fluorine-bearing minerals (fluorite, beryl,
lepidolite, sericite, etc.) during the interaction of hydrothermal
fluids with aluminosilicates. This is rather logical and was
demonstrated on the example of some tributaries of Lake
Baikal (Plyusnin AM et al., 2008, 2013, 2020; Pavlov SK and
Chudnenko KV, 2013; Zamana LV, 2000).

Sklyarov EV et al. (2015) suggested that some thermal
springs around Lake Baikal might be “natural pollutants” of
Baikal water because ore elements were often found in
mineral springs. However, due to specific currents (cyclic in
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Fig. 3.

Scheme of water sampling from the conjugate components of the Baikal ecosystem (blue dots mark Baikal water, squares with

dots—sampling sites of deep water and water from the Angara source, red dots—water from boreholes, green circle-water from mineral springs).

Table 1. F concentrations (mg/L) in the water from the conjugate components of the Baikal ecosystem.

Concentration/component ~ Mineral springs ~ Groundwater (boreholes)  Tributaries Lake Baikal (surface and deep water)  Source of the Angara River
Maximum 23.0 1.13 0.65 0.40 0.30
Minimum 0.1 0.07 0.02 0.16 0.11
Average 11.0 0.35 0.17 0.22 0.20
Median 12.0 0.30 0.13 0.22 0.20
Number of samples 32 23 214 118 488

three basins of Lake Baikal, counterclockwise along the
shores of Lake Baikal and other features of water movement),
as well as the deposition of elements on geochemical barriers
in the littoral zones of the lake and rapid mixing of water in
Lake Baikal, these pollutants do not change significantly the
concentrations of elements in Baikal water, including fluorine.
Thus, its low concentrations in Baikal water, and the water of
its only runoff, the Angara River, clearly reflect this (Fig. 4).

4.2. Groundwater (boreholes).

The authors analyzed groundwater from 17 boreholes to

determine the fluorine concentrations in the waters around
Lake Baikal (Listvyanka, Nikola, Olkha, and other
settlements) and on Olkhon Island. From some boreholes,
groundwater was sampled twice in different seasons, and the
F concentrations were close in the water (Table 1). Water
from seven boreholes was analyzed in the Listvyanka
settlement (southwestern coast of Lake Baikal). There was no
correlation between fluorine concentration in the water from
the boreholes and their depth. The water from the boreholes
had lower fluorine concentrations than the water from hot
mineral springs but sometimes-reached normal MPCs, i.e.
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0.75 mg/L to 1.5 mg/L (Olkhon Island, Elantsy settlement,
Nikola settlement, Olkha in the suburbs of Irkutsk, etc.). Such
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Fig. 4. Distribution diagram of F~ concentrations in the conjugate
aquatic components of the Baikal ecosystem (mg/L).
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water is obviously good for residents due to the lack of
fluorine in the Baikal region. Overall, we carried out 23
analyses to determine F~ concentrations in boreholes and
springs.

Elevated fluorine concentrations in the groundwater of the
Baikal region were owing to its elevated concentrations in
Paleoproterozoic granitoid and subalkaline rocks common on
the west coast of Lake Baikal (near the Elantsy settlements,
on Olkhon Island and at other sites) (Baicalogy, 2012). High
fluorine level is also because of the occurrence depth of
aquifer, like in the Olkha settlement (depth 310 m) where
table mineral water “Irkutskaya” with the human-beneficial
fluorine concentration (>1 mg/L) is extracted (Alieva VI and
Zagorul'ko NA, 2013) (Fig. 4). The genetic relationship of
fluorine with the host rocks drained by deep water can be
traced by its relatively high concentration in the water from
boreholes.
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Fig. 5. Distribution of fluorine ion concentrations in the water from the estuaries of the Baikal tributaries: Summer of 2007, spring of 2019 and
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4.3. Tributaries of Lake Baikal.

The chemical composition of water sampled from 30 to 35
estuaries of the tributaries around Lake Baikal was studied
between 2007 and 2022 in different seasons. Water in
tributaries surrounding Lake Baikal significantly differed in
the fluorine ion concentrations due to the influence of drained
bedrocks with different composition. According to the
geological map of Lake Baikal (Baicalogy, 2012; Sklyarova
OA et al, 2017), high F~ concentrations (0.3 mg/L-0.65
mg/L) were recorded at the estuaries of large tributaries that
drain granitoid rocks of different ages on the eastern (huge the
Angara-Vitim granitoid batholith) and the western side of
Lake Baikal (Paleoproterozoic granites): the Rel, the Anga,
the Upper Angara, the Buguldeika, the Kuchelga, the Ust-
Barguzin, and some other rivers.

Most tributaries in the southeastern part of Lake Baikal
(the Snezhnaya, the Khara-Murin, the Slyudyanka, and other
rivers), always showed low F° concentrations in different
seasons (Fig. 5), 0.05 mg/L to 0.1 mg/L. Here, the basic
composition of the Khamar-Daban mountain range with low
fluorine concentrations represents host rocks.

In the southwestern part of Lake Baikal, numerous
tributaries (the Angasolka, the Marituy, the Polovinka, the
Shumikha, and other rivers) drain Archean metamorphic
rocks (marbles, quartzites, crystalline schists, etc.). The
fluorine ion concentrations were two times higher at the
estuaries of these tributaries than in the southeastern
tributaries (up to 0.2 mg/L). They were close to the values for
the water from Lake Baikal and the Angara source.

At the source of the Selenga River, the F~ concentration
sometimes reached 0.4 mg/L in different seasons, but
anthropogenic factor can also influence here due to the
industrial facilities in its basin.

4.4. Baikal water.

From 2011 to 2022, 118 water analyses were carried out
to determine F  concentrations. The fluorine ion
concentrations were very close in deep and surface water and
did not exceed 0.2 mg/L-0.3 mg/L. Within 2018 to 2022,
there were no significant changes in the fluorine
concentrations from the surface of the lake to a depth of 1640
m (Fig. 6). There were also no differences in the fluorine
concentrations in different seasons of the year (spring and
autumn). The maximum F~ concentration (0.4 mg/L to 0.54
mg/L) was recorded only two times, in the spring and autumn
of 2020, in the surface water from the center of Lake Baikal,
opposite the estuary of the Selenga River, in which the
fluorine concentrations reached 0.4 mg/L (Fig. 4). This can be
explained only by a rapid current during a sharp change in
weather (storm, hurricane, strong wind, etc.) at the estuary of
the Selenga River and at Lake Baikal or by a one-time
increase in the fluorine concentrations in the water of the
Selenga due to the anthropogenic impact of industrial
enterprises in its basin. The influence of frequent seismic
movements in 2020 in the Baikal region was possible.

4.5. Water from the Angara source.

The monthly monitoring sampling at the site of the
Angara source yielded results of the analysis for fluorine ion
based on 488 water samples taken from 1998 to 2022 (Figs. 4,
7, Table 1). The F concentrations in the water from the
source were rather low (down to 0.11 mg/L); the maximum
rarely reached 0.3 mg/L, and the average and median were the
same (0.2 mg/L). In other words, the F~ concentration was
five to ten times lower than MPC for drinking water (0.7
mg/L to 1.5 mg/L). During the study period, relatively high F~
concentrations in the water of the source were recorded from
1997 to 2003 (Fig. 7). Then, since 2007, there was an obvious
decrease in the fluorine concentrations. Between 2017 and
2022, the average annual fluorine ion concentrations in the
water of the Angara source increased insignificantly to 0.22-
0.23 mg/L (Fig. 7). This may be due to an increase in the
tourist pressure during this period in the southern basin of
Lake Baikal and at the Angara source (Suturin AN et al.,
2016). In recent years (2020 to 2022), fluorine concentrations
have slightly increased at the source of the Angara River. This
can be due to an increase in the number of tourists visiting
Lake Baikal during the pandemic.

5. Discussion

High fluorine concentrations in thermal springs of the
Baikal region are still the subject of discussion among
researchers. Previously, Lomonosov IS (1974) stated that
solutions of magmatic genesis (juvenile waters) were the
source of this element in thermal springs. However, currently,
many researchers consider host rocks a fluorine source. At the
same time, the mechanism of fluorine mobilization from rocks
is understood differently. Some researchers associate it with
high concentrations of this element in the host rocks,
particularly in micas (Plyusnin AM et al., 2008), based on the
equilibrium-nonequilibrium state of the water-rock system,
the time of interaction of water with rocks and the nature of
the geochemical environment (Shvartsev SL et al., 2015,
2017).

In recent years, new patterns of relationship between the
chemical composition and temperature of thermal waters with
tectonic and seismic processes have been revealed for the
Baikal region (Kuzmina EA, 2011, 2022; Kuz’mina EA and
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Fig. 7. Monthly (blue) and average annual concentrations (red) of
fluorine ion in the water of the Angara source from 1998 to 2022
(mg/L).
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Novopashina AV, 2018). The number of thermal springs grew
with an increase in the degree of the Earth’s crust
fragmentation by active faults, and the maximum and average
temperature in the springs decreased due to the possible
dilution of thermal water in more disturbed environment by
low-temperature waters of near-surface aquifers.

The data on the distribution of fluorine in water
components of the Baikal ecosystem allowed the authors to
present a geological and geochemical model of the likely
influx of fluorine to thermal sources from high-temperature
juvenile water-gas fluids that were probably present in the
conductive layer of the Earth’s crust in the Baikal Rift Zone at
depths of 7 km to 27 km under depressions and 15 km to 35
km under uplifts (Fig. 8). It was assumed that fluorine can

diffuse and penetrate along active faults through the layers of
the dry upper mantle and lower Earth’s crust from the
asthenospheric melt at depths of 78 km to 130 km
(Berdichevsky MN et al., 1999; Nielsen Ch and Thybo H,
2009; Seminsky KZh and Tugarina MA, 2011; Ten Brink US
and Taylor MH, 2002). Active faults can also provide transit
of fluorine to the surface from the conductive layer of the
middle crust, leading to the elevated concentrations of many
chemical elements, including fluorine, in modern thermal
springs (Letnikov FA 2006; Lomonosov IS et al.,, 2011;
Novopashina AV and Kuz'mina EA, 2019).

The data on the F distribution in the water of the Baikal
ecosystem indicates its regular development. Fluorine is
found everywhere in water, but it is distributed differently in
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Fig. 8. A generalized scheme of geological and geochemical model of fluorine influx to the water of the Baikal region (after Lomonosov IS
and Pokatilov YuG, 1986; Didenkov YuN et al., 2006) with the additions: 1-Cenozoic deposits (Q—polygenetic facies of the Quaternary
molasse formation; N2—coarse-grained clastic molasse formation of the Upper Neogene; N1—fine-grained molassoid formation of the Lower
Neogene); 2—Earth’s crust (magmatic and metamorphic formations of the Archean-Proterozoic age, AR+PR); 3—conductive layer according
magnetotelluric sounding data (Pospeev AV, 2012); 4—upper mantle roof according velocity structure (Nielsen Ch and Thybo H, 2009); 5—as-
thenosphere according magnetotelluric sounding data (Berdichevsky MN et al., 1999); 6-modern thermal springs; 7-natural cold water outlets;
8—chemical elements in the gas phase; 9—fractures in rocks; 10-active faults reaching the Moho depth (Seminsk KZ and Tugarina MA, 2011);
11-melatinization zone (Letnikov FA, 2006); 12—direction of supposed fluorine movement; 13—direction of meteoric water movement; 14—pre-

cipitation.
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different components of Lake Baikal. In the water from Lake
Baikal, the Angara source and the Baikal region (Fig. 1), the
fluorine concentration is below the MPC for drinking water.
In the waters of numerous tributaries and groundwater of
Lake Baikal, its concentrations increase to the MPC level.
Moreover, the maximum concentrations of F ion are typical of
only numerous thermal springs around Lake Baikal, which
residents of the Baikal region actively use for medicinal
purposes. Nature compensates and, perhaps, correctly
redistributes such biogenic element as fluorine necessary for
humans in the Baikal region.

6. Conclusions

An analysis of the obtained geological and geochemical
information about the distribution of fluorine concentrations
in the water of the conjugate components of the Baikal
ecosystem draws the following conclusions:

(1) The water in the rivers of the Baikal region is deficient
in fluorine due to the geological structure and originally low
fluorine concentrations in rocks and soil. However, aluminum
production plants operating more than 60 years in the region
demonstrate a significant input of fluorine and its negative
impact on the surrounding soil, snow and river water as well
as on people living near the plants.

(i1) Significant differences in the fluorine concentrations
from different aquatic components of the Baikal ecosystem
indicate the influence of its confinement to the Baikal Rift
Zone where earthquakes and geodynamic movements often
occur, accompanying by insignificant changes in the fluorine
concentrations in Lake Baikal and, hence, in the Angara
source. At the same time, the activity of thermal springs
surrounding it continues.

(iii) Climate change and continental climate (from +35°C
to —40°C) in the Baikal region, frequent warming and drought
(2000 to 2014), as well as a decrease in the industrial pressure
in the region during these years, led to a slight increase in
fluorine in the Angara source. Cooling between 2017 and
2020 was replaced by an increase in the water level in Lake
Baikal, flooding on the tributaries and the Angara River and
high tourist pressure on Lake Baikal due to the pandemic and
other events that caused an increase in the fluorine
concentrations in the Angara source.

(iv) Elevated fluorine concentrations in the water from
boreholes on Olkhon Island and some coastal areas of Lake
Baikal, which were close to those necessary for human health,
indicate the impact of drained granitoid rocks with relatively
high fluorine concentrations on groundwater.

(v) Under favorable structural and tectonic conditions
(zones of deep faults), hydrothermal fluid solutions from deep
layers of the Earth (2—5 km) can deliver juvenile solutions to
the surface, which are enriched in many elements, including
ore from the water-containing layers of the Earth.

(vi) Some factors ensure the stability of Baikal water and
its safety: the possible entry of deep elements into Baikal
water and its renewal, deposition of toxic elements at the

estuaries of numerous tributaries on geochemical barriers, etc.

(vii) To keep the water of the Baikal ecosystem clean,
which is of the global importance (protected by UNESCO), it
is necessary to significantly improve the integrated tourism
recreation and socioeconomic development around Lake
Baikal.
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