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In terms of water chemistry, Lake Baikal is one 
of the most well studied lakes of the world. The hydro-
chemical studies of the lake and its tributaries began 
in 1925 with the organization of the Baikal expedi-
tion of the USSR Academy of Sciences. In 1926, A.G. 
Frank-Kamenetsky first obtained the data on the chem-
ical composition of Baikal deep water from a depth 
of 1000 m. In 1927, G.Yu. Vereshchagin, director of 
Baikal Limnological Station (BLS) of the USSR Acad-
emy of Sciences, characterized the water of the deep 
zone in South Baikal as low mineralized, with content 
of major ions, such as bicarbonate, calcium, sulfate and 
magnesium, less than 100 mg/L. Other components, 
such as oxygen, free carbon dioxide, silicon, and organ-
ic matter, changed in the abyssal zone (Vereshchagin, 
1927). At the same time, T.B. Forsh started studying 
the lake tributaries and obtained the most significant 

results. The chemical composition of the tributaries 
was compared with geological structure of their basins; 
there was an increase in mineralization of river waters 
during wintertime. G.Yu. Vereshchagin and I.P. Sido-
rychev carried out more detailed investigations of the 
Selenga River, in which they paid a special attention to 
its gas regime (Vereshchagin and Sidorychev, 1929). 
In 1930, G.Yu. Vereshchagin headed the development, 
publication and translation into foreign languages of a 
manual on standard chemical methods of field water 
analyses, which for many years served as a handbook 
for chemical hydrologists (Vereshchagin, 1933). Unfor-
tunately, many materials on the Baikal water chemistry 
remained unprocessed and then were lost.

The next stage in the hydrochemical studies 
began in 1948, when a new director of BLS chemical 
hydrologist V.A. Tolmachyov initiated studies of wa-
ter chemistry at a longitudinal section across the lake, 
monitoring observations near the Listvyanka settle-
ment, studies of the largest bays and tributaries of Lake 
Baikal, as well as the Angara River. The studies carried 
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ABSTRACT. This work is about the history and the main stages of the hydrochemical studies in Lake 
Baikal for the last 90 years. The first studies of Baikal water chemistry, including its deep-water zone, 
had been carried out at the late 1920s under the guidance of G. Yu. Vereshchagin. At the same time, 
the guide that was used during many years by chemical hydrologists for water chemistry analyses not 
only on Baikal had been developed. The long-term hydrochemical research of 1950s-1960s gave data 
on background concentrations of chemical components both in the lake and in its tributaries. The now-
adays data evidence that the content of major ions in the deep-water zone of Lake Baikal is constant. It 
is found that the temporal and space changes of nutrients concentrations in the pelagic zone of the lake 
depend mainly on phytoplankton growth, whereas the current increase of nutrients concentrations in 
the littoral is mainly induced by human activities and the development of tourism. 
It is found that the Selenga River, the largest tributary of the lake, undergoes the highest anthropogenic 
load. The pollutants, which enter the river in Mongolia, affect the content of major ions, nutrients and 
organic matter on the territory of Russia up to the mouth; more pollutants are   added by Russian local 
wastewater sources. Amid the ongoing low water levels and increased anthropogenic load, the annual 
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eralized rivers of South Baikal (Khara-Murin and Pereemnaya) whose water catchment areas were af-
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the industrial complexes of Pribaikalye are registered. 
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out on the instructions of government bodies ahead of 
designing the Irkutsk Hydropower Station (Tolmachy-
ov, 1957).

In the late 1940s – early 1950s, the chemical 
hydrologists I.V. Glazunov and K.K. Votintsev start-
ed working in BLS. The publications by I.V. Glazunov 
were notable for versatility, singularity of reasoning, 
thorough collection and processing of materials. He 
collected data on water chemistry of the Listvennichny 
Bay, the Angara River head and the main tributaries of 
the lake. He first found an inflow of the Selenga waters 
distributed in 25-50 m layer in the area of the Listven-
nichny Bay, summarized results of investigations of the 
hydrological regime of the Angara River, and quantified 
the chemical flow from Lake Baikal (Glazunov, 1963). 
One of the first publications by K.K. Votintsev was the 
study of the Baikal ice phase. Based on the materials 
collected during 1948-1955, he wrote the monograph 
“Water chemistry of Lake Baikal” (Votintsev, 1961), 
where he examined in details the chemical composi-
tion of water, vertical distribution, seasonal and daily 
fluctuations of specific components, gave a general hy-
drochemical characteristic of open Baikal and isolated 
areas of the lake (bays, coves). He also briefly described 
the composition of bottom sediments and interstitial 
waters, discussed hydrochemical zonal distribution of 
the lake water masses, examined the water chemistry 
of the largest tributaries and the chemical composition 
of precipitations, and quantified the chemical balance 
of Lake Baikal. Great attention was paid to the dynam-
ics of nutrients, silicon migration pathways, cycles of 
organic matter and oxygen. This book was for decades 
and remains nowadays a handbook for those who stud-
ies Baikal.

In the late 1950s – early 1960s, A.I. Mesh-
cheryakova, N.V. Verbolova, T.P. Kozhevnikova, and 
L.A. Gorbunova continued hydrochemical investiga-
tions. Their hands sampled tons of water and carried 
out thousands of analyses that became a basis for char-
acterization of the hydrochemical regime of the whole 
lake up to 300- m depth and the abyssal zone of South 
Baikal up to the depth 1400 m (Votintsev et al., 1963). 
They processed and summarized all materials on wa-
ter chemistry of Baikal tributaries available at BLS. 
This work resulted in publishing the monograph “Wa-
ter chemistry of rivers of the Baikal catchment area” 
(Votintsev et al., 1965). This monograph characterizes 
the water chemistry of 250 tributaries of the lake and 
of a few rivers of its catchment area. It describes in 
details the hydrochemical regime of 18 main tributar-
ies that were regularly monitored for many years. All 
the tributaries were divided into 5 groups and referred 
to 5 types according to their water composition and 
hydrochemical regime. Until now, this book has not 
lost its importance being the integral reference book 
on the water chemistry of surface waters in the region. 
These materials were used as a basis for hydrochemical 
mapping of the Baikal catchment area and for the map 
of hydrochemical facies (Atlas of the Irkutsk Region, 
1962). The design and construction of the Baikalsk 
Pulp and Paper Mill triggered systematic investigations 
of the southern end of Lake Baikal and its tributaries in 

the area in 1960-1963. The construction of the mill also 
initiated the studies of possible impact of its effluents 
on the composition of Baikal water. This became one of 
the main research directions for many years, and when 
the mill began operating, they took form of regular ob-
servations.

Since 1962, synchronous limnological surveys on 
12 transversal profiles across the entire Baikal water 
area were carried out for several years. They were car-
ried out simultaneously on six vessels, and this allowed 
getting an “instant picture” of the whole state of Baikal. 
The results were included to the report of the National 
Program of the USSR, which was performed within the 
framework of the International Biological Program. At 
the same time, the data on annual integrated monitor-
ing at the network of regular stations in the Selenga 
area, the most important fishing area of Baikal, were 
summarized (Votintsev and Glazunove, 1963). In 1971-
1974, these studies were continued (Bogdanov, 1972) 
and included the Selenga shallows, as well as the sors 
(lagoons) Proval, Istok and Posolsk, where changes in 
hydrochemical composition associated with  the rise 
of water level in Baikal after the construction of the 
Irkutsk Hydropower Station Dam were recorded. The 
construction of the Baikal-Amur Main Line (BAM) and 
its influence on the water chemistry of North Baikal 
gave rise to investigations of the northern end of Lake 
Baikal and its tributaries. The comprehensive long-term 
studies at the Baikal portion of BAM allowed develop-
ing recommendations for reducing negative effects of 
the construction activities on the water quality in the 
basin of the Upper Angara River, which is the main 
tributary of North Baikal (Bogdanov, 1978). 

In the early 1960s, new fields of research ap-
peared in the water chemistry: chemistry of interstitial 
water, exchange processes at the water-bottom inter-
face, processes of early diagenesis in sediments, and 
biogeochemical migration of individual chemical ele-
ments in the Baikal ecosystem, which were headed by 
I.B. Mizandrontsev. He and his team studied the com-
position of bottom sediments, their physical and chem-
ical properties, processes of consolidation and transfor-
mation, as well as diagenetic transformations of iron 
and manganese. They gave a theoretical description of 
the matter exchange between the water and bottom in 
the oxygen-depleted hypolimnion of some water bod-
ies. They made a theoretical analysis of the influence 
of sedimentation conditions on the physicochemical 
environment and functioning of the benthic organisms 
(Mizandrontsev, 1990). 

In 1965, E.N. Tarasova headed the studies of 
organic matter: the direct measurements of organic 
carbon, COD, organic nitrogen and phosphorous con-
centrations were introduced both in lake water and in 
the suspensions of the water column (Tarasova, 1975). 
Developing studies of balance and cycling of organic 
matter in Baikal K.K. Votintsev quantified the role of 
organic matter in the biological productivity of the 
lake. In this regard, he proposed a general quantitative 
scheme for the bioenergetic transformation of organ-
ic matter in food chain of the ecosystem in the pelag-
ic zone of the lake (Votintsev, 1971; Votintsev et al., 
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1975). Since 1976, the studies have been resumed on 
the chemical composition of precipitation and eolian 
particles falling onto the surface of the lake (Votintsev 
and Khodzher, 1981). These studies allowed clarifying 
the role of the atmospheric component in the chemical 
balance, assessing the changes since 1950s, indicating 
local atmospheric pollution, and detecting its sources 
(Khodzher, 1988). In 1975-76, the draft of the National 
Baikal Water Quality Standard was developed. Mathe-
matical processing of more than 700 complete analyses 
of the lake water yielded average values and confidence 
intervals for individual chemical components and con-
firmed their homogenous distribution both throughout 
the lake water area and by depths (Votintsev and Mi-
zandrontsev, 1981).  

The study of the formation of the hydrochemi-
cal regime of the Angara River and the Angaro-Yeni-
sei basinwas one of the important research areas of 
the Laboratory of Hydrochemistry and Atmosphere 
Chemistry. The most extensive studies concerning fore-
cast and formation of the hydrochemical regime in the 
Bratsk, Ust-Ilimsk, Sayano-Shushensk and Kureisk res-
ervoirs were carried out in 1980-1990. The studies at 
the Nizhyaya Tunguska and the Lower Yenisei Rivers 
served as a basis for predicting the water quality of 
the intended Turukhansk Reservoir. The data obtained 
during these studies in cooperation with other institutes 
of the Siberian Branch of the Academy of Sciences of 
the USSR for the first time in Soviet limnology prevent-
ed the construction of this hydroelectric power plant. 

From the beginning of the 90s, a new stage of 
hydrochemical research began, a distinctive feature 
of which was the development and implementation 
of new methods of analysis, careful quality control of 
the data obtained, and close cooperation with foreign 
scientists. Thus, in the late 80s and early 90s, within 
two international expeditions there were studies of the 
major ions and trace elements in the pelagic zone of 
the lake from the surface to the bottom along all three 
basins. The results of these studies were published in 
the journal Limnology and Oceanography (Falkner et 
al., 1991; 1997), and they once again confirmed the 
conclusions of the previous long-term studies that the 
concentrations of major ions in different basins and 
at different depths of open Baikal are the same. M.A. 
Grachev summarized the results of international stud-
ies at Lake Baikal performed in the 80s and 90s were in 
the monograph “The current state of ecological system 
of Lake Baikal” (Grachev, 2002), which provides an 
overview of the main data on the chemical composition 
of Baikal water that had been obtained by Russian and 
foreign researchers.

atmosphere in the Baikal Natural Territory, including 
analysis of the composition of gas impurities, aerosols, 
precipitation and snow cover; Geochemical processes 
at the water-air and water-bottom interfaces, chemical 
composition of Baikal pore waters; Hydrochemical re-
gime and water quality forecast of Siberian reservoirs.

The measurements carried out at present using 
the methods developed in the Institute have high ac-
curacy: up to 15% for biogenic elements and 5-7% for 
major ions (Baram et al., 1999; Vereshchagin et al., 
2000). Comparison of the 1940 – 1960 data with mod-
ern ones showed that the results of analyses performed 
by classical methods of the early 20th century are com-
parable with the data obtained today. Over the past 18 
years, Russian and international qualification compara-
tive tests monitor the results of annual chemical water 
analyses. According to the international qualification 
comparative tests, the deviations of the analysis results 
from the true values in general do not exceed 10-15%, 
which indicates the reliability of the data on the hy-
drochemistry of natural waters (Khodzher et al., 2004).

Currently, the study of the chemical composition 
of Baikal waters and its tributaries remains the urgent 
task due to the climate change and the increasing an-
thropogenic load on the lake ecosystem. Due to the 
long time of water exchange in Baikal (more than 300 
years), the content of major ions in its water column 
remains constant, without variations by depths and ba-
sins. The regular expeditions around Baikal carried out 
at 20 deep-water stations and 7 cross sections across 
the lake confirm this feature. Seasonal sampling is per-
formed in the mouths of large tributaries and the litto-
ral zone of the lake. During each expedition, 350-400 
water samples are taken. Gas composition and nutri-
ents are analyzed onboard, and macro and microele-
ments are analyzed in the laboratory (Khodzher et al., 
2017). Table 1 shows the content of major ions in the 
pelagic zone of Lake Baikal. It indicates that the water 
composition in the abyssal zone of Lake Baikal current-
ly remains constant. Statistical processing of the data 
showed that the variations in alkalinity and concentra-
tion of sodium, calcium, magnesium, and sulfate ions in 
Baikal water do not exceed ± 5%. The statistical error 
is significantly more, up to 10%, in determining K+ and 
Cl-, which concentrations are low (Grachev, 2004).

In contrast to the major ions, the content of ox-
ygen and biogenic elements in the Baikal water has an 
obvious vertical stratification and seasonal dynamics 
due to biological processes and the dynamics of the 
lake water masses. During 2014-2018, more than 1500 
individual water samples at 20 deep-water stations 
from 10-14 depth horizons at each station were taken 
and analyzed for silicon and various forms of phospho-
rus and nitrogen. In spring, the maximum concentra-
tion gradient of mineral phosphorus is observed in the 
upper 200 m layer in the southern and central basin, 
and in the upper 100 m layer in the northern part of the 
lake due to its later ice-breakup (Fig. 1). The content 
of mineral phosphorus increases with depth and in the 
near-bottom area is 15-16 μg/L in the south and north 
basins, and 18-20 μg/L in the central basin of the lake. 
Interannual variations of the average concentration of 

2. Hydrochemical investigations of Lake 
Baikal and its tributaries in 2000-2017.

Since the beginning of the 2000s, the main hy-
drochemical studies have been expanded both by ob-
jects and by territory studied and are currently being 
carried out in the following areas: Water chemistry of 
Lake Baikal and its tributaries under climate change and 
anthropogenic load; The chemical composition of the 
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mineral phosphorus throughout the water column, ex-
cept for the upper 100 m layer, are insignificant and 
do not exceed 8% of the average value in each basin. 
In the upper 100 m layer of the southern basin, these 
variations are higher (up to 30%) due to the different 
development intensity of spring phytoplankton.

The distribution of total phosphorus is similar 
to mineral. The content of organic phosphorus in the 
deep-water area of the lake is 2-3%, and in the upper 
100 m layer it reaches 20-30%. 

Mineral forms of nitrogen in Baikal are mainly 
represented by nitrate. The seasonal dynamics and ver-
tical distribution of nitrate are similar to those of min-
eral phosphorous, with minimum values in the surface 
layer and maximum values in the near-bottom waters 
(Fig. 2). The concentration of nitrates in the near-bot-
tom water reaches 0.16 mg N/L; in the upper water 
layer it varies from 0.01 to 0.07 mg N/L depending on 
seasons. Interannual variations of the nitrate concen-
trations throughout the water column are also insignif-
icant and do not exceed 8%. 

Small amounts of ammonium and nitrite nitro-
gen are found only in in the upper water layers, mainly, 
at the end of the algae vegetation period, as well as in 
the bottom horizons. The littoral zone of the lake usu-
ally contains ammonium and nitrite nitrogen, but the 
content of these forms of nitrogen is insignificant.

At present, there is a problem of pollution in the 
Baikal littoral zone driven by discharge of insufficiently 
treated wastewaters from towns and settlements locat-
ed on the coast, as well as increase in tourist load and 
vessels, which negatively affect the ecosystem of the 
lake. Climate change aggravate negative consequences  
affecting the water regime of the lake and its catchment 
area, duration of the ice period, temperature of the up-
per water layers, and productivity processes. Over the 
past decade, detailed seasonal studies of the dynamics 
of biogenic elements and gas composition in the Baikal 
littoral zone were conducted in the area of South Bai-
kal (Golobokova et al., 2009; Domysheva et al., 2010; 
2012; 2013; Sakirko et al., 2015). 

The most detailed seasonal studies in the litto-
ral zone were conducted near Bolshiye Koty (western 
shore of South Baikal). Figure 3 shows the results of 
measurements of the surface and near-bottom water 
performed each 3 hours within 24 hours in separate 
cycles during 2013-2015. The content of biogenic ele-
ments clearly shows the annual variation with a max-
imum in the winter and a minimum in the summer. 

Table 1. Concentrations and the sum of major ions in the pelagic area of Lake Baikal measured in different years, mg/L

Fig. 2. Mean nitrate concentration in the individual ba-
sins of Lake Baikal in May-June 2014-2016.

Fig. 1. Mean mineral phosphorus concentration in the 
individual basins of Lake Baikal in May-June 2014-2016.

Authors Ca2+ Mg2+ Na+ K+ HCO3
- Cl- SO4

2- ∑i

Vereshchagin, 1947 15.2 4.1 3.9 2.3 63.6 0.7 5.0 94.8

Votintsev, 1961 15.2 3.1 3.8 2.0 66.5 0.6 5.2 96.4

Falkner et al., 1991 16.1 3.1 3.6 0.9 66.7 0.4 5.5 96.3

Grachev et al., 2004 16.4 3.0 3.3 1.0 66.6 0.4 5.2 95.9

LIN SB RAS data, 2015-2016 16.0 3.1 3.4 1.0 64.9 0.5 5.4 94.3

During intensive development of phytoplankton, there 
were significant diurnal changes in pH values and satu-
ration of water with oxygen.

In addition, in June and September 2014-2016 
the investigations were carried out in the littoral zone 
of more than 30 permanent stations around the lake. 
Analysis of the results indicated that in June the con-
centrations of biogenic elements and organic matter in 
the littoral water were significantly higher than in Sep-
tember due to the intra-annual dynamics of the com-
ponents concentrations in Baikal water and the coastal 
runoff in spring and summer, when the lake level rises. 
During the observations, the phosphate concentrations 
varied from 2 to 11 μg Р/L in June, and in September 
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they did not exceeded 7 μg Р/L. The total content of 
mineral nitrogen (NO2

-+NO3
-+NH4

+) varied from 0.01 
to 0.3 mg N/L. To determine reference concentrations 
of biogenic elements in the littoral water of Baikal, 63 
water samples at 23 stations located outside the zone 
of influence of permanent settlements and towns were 
collected and analyzed. The results showed that the 
phosphate concentrations were in the range 0-6 μg Р/L 
in 90% of the analyzed samples; the content of mineral 
nitrogen did not exceed 0.05 mg N/L in 89% of the 
samples (Fig. 4).

The determination of the N and P reference con-
centrations allowed assessing the situation in the lit-
toral zone under anthropogenic pressure. Despite the 
high phosphate concentrations in some seasons, their 
average values did not exceed reference values during 
the period of observations in these areas. At the same 
time, the average concentrations of mineral nitrogen 
can be 2.5-3 times higher than reference values (Fig. 5). 

Notably, in the coastal water near the settlements 
of Khuzhir, Maksimikha, Sakhyurta, Severobaikalsk, 
Kultuk and others, there were rather high concentra-
tions of ammonium nitrogen (up to 0.04 mg N/L). In 
certain periods, ammonium nitrogen dominated ni-
trates, which is not typical of well-aerated Baikal wa-
ters with a high pH value. 

One of the most important abiotic factors that 
determine the chemical composition of Baikal water is 
the river runoff. The waters of most rivers as well as 
those of the lake by relative content of major ions cor-
respond to the bicarbonate class of the calcium group. 
The main regularities and the first most complete data 
on the formation of chemical water composition of the 
tributaries were obtained in 1940-1960 (Bochkarev, 
1956; Votintsev et al., 1965). These data characterize 
the natural regional chemical composition of river wa-
ters and can serve as a reference in assessing its chang-
es caused by the development of industry and agricul-
ture in river basins. In the late 1990s, the concentration 
of sulfate and its runoff into the lake with the waters 
of the Selenga River, the main tributary of the lake, 

Fig. 3. Concentrations of mineral phosphorus, silicon, pH value and oxygen saturation in the littoral zone of South Baikal 
(Bolshye Koty), 2013-2015.

Fig. 4. Variation curves reflecting the distribution of 
phosphate (a) and mineral nitrogen (b) concentrations in the 
littoral water samples.

Fig. 5. Mean mineral nitrogen concentrations in the 
coastal water of Lake Baikal, 2014-2016, mg/L
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already twice increased compared to Votintsev et al. 
(1965), nitrate nitrogen – by 57%, mineral phosphorus 
– by 42% (Sorokovikova et al., 2000a; 2000b). In the 
past two decades, the chemical composition and hydro-
chemical regime of the rivers in the Baikal catchment 
area are formed under climate change, prolonged low 
water level and increased anthropogenic stress. The 
Selenga River experiences the highest technogenic load 
due to intensification of economic activity both in the 
Russian and Mongolian parts of the river. In the 1990s, 
the sulfate concentrations at the Naushki settlement 
bordering with Mongolia remained at the reference 
levels of 7.5-10.5 mg/L (Sorokovikova et al., 1995); by 
2010 they increased to 10.6-16.4 mg /L (Tomberg et 
al., 2010; Sorokovikova et al., 2013), and in 2018 they 
were 17.1–21.7 mg /L. The increase in anthropogen-
ic load under the low water conditions also caused an 
increase in concentrations of biogenic elements in the 
water of the Selenga River and their runoff into the 
lake. 

In 2010-2016, the average runoff of total phos-
phorus into the lake increased and was 1770 tons/
year. At the same time, the minimum runoff (670 tons) 
occurred in an abnormally low water level in 2015, 
whereas the maximum one (3200 tons) – in 2013 (Fig. 
6). The average runoff of mineral phosphorus during 
this period reduced to 206 tons/year, i.e. 34% of the 
corresponding value of the 1990s (Sorokovikova et al., 
2000b). Obviously, the structure of phosphorus intake 
into the lake changed: the runoff of its mineral com-
pounds decreased, while the runoff of its organic com-
pounds increased. The excess of the runoff of organic 
phosphorus over mineral phosphorus in the low-water 
year was 769 tons, in the high-water year – 2886 tons, 
whereas in 1983-1984 the excess was at the level of 
120 tons (Tarasova and Meshcheryakova, 1992).

The concentrations of the major ions and their 
total content in the Barguzin and Upper Angara rivers 
and their tributaries changed slightly in the perenni-
al aspect, except for sulfate concentration, which in-
creased in the Barguzin River (Drucker et al., 1997; 
Sorokovova et al., 2015). The seasonal dynamics of 
concentrations of biogenic elements in the rivers not 
subjected to pollution by sewage water is mainly de-
termined by changes in water runoff and the intensity 
of plankton development. The smallest concentrations 
of biogenic elements were determined in the water of 
the Upper Angara River due to the low development of 
its basin. 

The rivers of South Baikal (Snezhnaya, Utulik, 
Khara-Murin, Solzan, Pereyomnaya) are characterized 
by low mineralization (14-115 mg/L) due to the signif-
icant heights of their basins and higher moisture. For 
fifty years, the catchment areas of these rivers were 
under influence of emissions from the Baikalsk Pulp 
and Paper Mill and the regional transfer of pollutants 
from the Angaro-Cheremkhovsky industrial complex, 
which affected the chemical composition of precipita-
tion and, consequently, the composition of river waters 
(Sorokovikova et al., 2004). Acidic precipitation (4.7-
5.3 pH) with a high content of nitrogen and sulfur com-
pounds made the extremely low mineralized waters of 

Fig. 6.  Changes in the mineral (1) and total (2) phospho-
rus runoff by the Selenga River in years with different water 
content (3)

the Khara-Murin and Pereemnaya rivers less resistant 
to acidification. The waters of these rivers correspond 
to the sulfate class of calcium group for a significant 
part of the year. The waters of the Solzan, Utulik and 
Snezhnaya rivers have a higher buffer capacity; their 
composition remains stable and corresponds to the bi-
carbonate class of calcium group (Obolkin et al., 2016; 
Tomberg et al., 2016). 

Increasing economic and tourist activities in List-
vyanka (the western shore of South Baikal), particu-
larly, the construction of hotels and the discharge of 
untreated wastewater, led to an increase in the nitrogen 
and phosphorus content in the estuaries of the Krestov-
ka River, as well as in Kamenushka, Malaya Cherem-
shanka and Bolshaya Cheremshanka streams flowing 
into Lake Baikal (Chebunina et al., 2018). In recent 
years, Listvyanka has been experiencing an “environ-
mental crisis” − the death of endemic plant and animal 
species and their replacement by widespread species, 
one of the reasons for which may be an increase in bio-
genic elements in the Baikal littoral zone (Kravtsova et 
al., 2012; 2014; Khanaev et al., 2018).

Long-term hydrochemical studies conducted in 
the Limnological Institute and analysis of recent years 
(2014-2017) showed that the Baikal deep waters are 
low mineralized and belong to the bicarbonate class of 
calcium group. The content of the major ions (calcium, 
magnesium, sodium, potassium, bicarbonates, sulfates, 
and chlorides) is constant throughout the water column 
of the abyssal zone of the lake. There is small number 
of biogenic elements (nitrogen, phosphorus, and silica), 
and their concentrations increase with depth. The tem-
poral and spatial dynamics of biogenic elements in the 
trophogenic layer is due to the intensity of phytoplank-
ton development. 

Though the pelagic zone of the lake remains 
stable, the problems of local pollution of the coastal 
waters of the aquatic area with biogenic elements, or-
ganic matter coming along with the tributaries from 
settlements, tourist complexes located on the coast of 
the lake, and the number of ships constantly increasing 
remain the main thread for the ecosystem of the lake. 

3. Conclusion
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Changes in the littoral zone of the lake increase under 
climate warming. 

In the 1970-1980s, the development of industry 
and agriculture in the basin of the main tributaries of 
the lake caused an increase in anthropogenic load and 
decrease in the water quality. In recent years, there is a 
high content of major ions in the waters of the Selenga 
River due to a decrease in the river water level and 
an increase in the groundwater supply. Concentrations 
and the runoff of mineral phosphorus by the river into 
the lake decreased, whilst the intake of total phos-
phorus, organic matter and phytoplankton biomass 
increased. The content of total phosphorus in certain 
periods reaches the values characteristic of eutrophic 
waters. The influence of small tributaries on the chemi-
cal composition of the chemical composition in the lake 
water is insignificant and is found only in the estuaries.

Hydrochemical studies of the Baikal water and 
its tributaries performed in the monitoring regime with 
the modern analytical equipment and by high-precision 
analytical methods provide reliable results on the state 
of the lake ecosystem. This work is extremely import-
ant and will be continued in order to develop a strategy 
to protect the lake from pollution.
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