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ABSTRACT: 
The relevance of the study stems from the changes in the natural environment of the territory and increasing man-
induced burden, accompanied with transformation of the processes occurring within the water bodies, and having 
negative impact on the surface water quality. Growing disruption of the natural and anthropogenic systems in the 
river basins substantiates the need for addressing the small river issues. The ecological status of the basins of these 
rivers largely determines the quality of water and the ecological status of larger water courses and water bodies. 
Small rivers, due to their multitude, constitute one of the most important elements of the geographic environment 
and play a major role in the status of the hydrosphere of the Baikal Region. Over 99% of total number of rivers in 
the region, accounting for over 80% of total river length, are less than 100 km long. In the end of the 20th century, 
pollution of Lake Baikal tributaries has dropped due to general decline in the industry, but the situation is 
changing with the recent trend of growing economic use of small rivers and their catch basins, including disposal 
of polluted wastewater, and tourist and recreational load. From this perspective, we have set the goal to describe 
the current status of the water courses of the estuarial areas of the Middle and the Southern Baikal, basing on their 
hydrochemical parameters. Hydrochemical studies and chemical analyses were conducted according to the 
generally accepted standard procedures. Basing on the results of the field studies in 2016, we described the current 
status of the water courses of the estuarial areas of the Middle and the Southern Baikal by their hydrochemical 
parameters. We revealed weak changes in the acid-base properties of the rivers of the Middle Baikal, with the 
exception of the Buguldeika River. Anthropogenic influence plays an important role in the formation of the water 
medium composition; we have detected increased levels of sulfates, chlorides, phosphates, ammonia in the river 
mouth areas. We observed substantial changes in the hydrochemical parameters (higher pH, sulfate, chloride, 
nitrite levels) in the tributaries of the Southern Baikal. The oxygen levels in all rivers and riverlets of the Middle 
and the Southern Baikal were increased. Maximal concentrations of biogenic elements were detected in the water 
of the Khorga, Kurma, Sarma Rivers (the Middle Baikal), and the Kultuchnaya, Angasolka Rivers and the 
Bolotnyi riverlet (the Southern Baikal). The results of this study are valuable for better understanding of the 
processes taking place in the estuarial areas of small rivers, with disrupted stability and accumulation of the 
biogenic elements and major pollutants, leading to the emergence of new, man-altered natural environment, and 
disturbance of the natural ecological status of the estuarial areas.  
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INTRODUCTION.  
Estuarial areas of rivers largely contribute to the 
social and economic development of the coastal 

regions, holding a unique position on the land 
surface, as they possess enormous natural 
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resources and are the water objects with the 
highest rates of biological production. Despite 
their relatively small size, their ecological and 
economic significance is very large. These water 
courses constitute the initial segment of the 
formation of the water resources in the area. The 
ecological status of the basins of these rivers 
largely determines the quality of water and the 
ecological status of larger water courses and 
water bodies. They are “intermediate” and very 
special natural systems, where two streams, 
fundamentally different in many ways, interact 
and transform. The estuarial river ecosystems 
are among the most vulnerable water objects, as 
all natural and man-induced changes in the river 
and the coastal area regimes and status have 
impact on these systems.    
Changes in the natural environment of the 
territory and increasing man-induced burden are 
accompanied with transformation of the 
processes occurring within the water bodies 
(water, thermal, hydrochemical regimes, 
sediment transport, etc.), and mostly have 
negative impact on the surface water quality. 
Growing disruption of the natural and 
anthropogenic systems in the river basins has 
substantiated the onset and the need for 
addressing the small river issues, manifesting as 
degradation of the river geosystems due to the 
growing economic use of small rivers and their 
catch basins, including disposal of polluted 
wastewater, and tourist and recreational load [2, 
8, 16, 20]. The river system, draining water from 
a certain territory, discharges itself into the 
receiving water body. The parameters of the 
river flow are directly influenced by the 
ecological status of the river basin. The river 
load on the water body is determined by the set 
of natural and anthropogenic factors, closely 
related to each other and forming the specific 
conditions in the river basin.  
Examination of the hydrochemical parameters of 
small rivers are of great theoretical and practical 
value. However, as compared to large rivers, 
lakes, and water reservoirs, these water bodies 
remain understudied, although lately, the interest 
in studying small water courses has substantially 
increased.  

Small rivers, due to their multitude, constitute 
one of the most important elements of the 
geographic environment and play a major role in 
the status of the hydrosphere of the Baikal 
Region. Over 99% of total number of rivers in 
the region, accounting for over 80% of total 
river length, are less than 100 km long. 
There are over 25 thousand rivers and riverlets 
within the Baikal natural area, with total length 
of approximately 125 thousand km. About 53% 
of river water come from the territories of 
Buryatia, 27% – from Mongolia, 16% – from 
the Zabaikalsky Krai, and 4% – from the Irkutsk 
Oblast [5]. 
The hydrochemical composition of water of the 
large drainage basin of the Baikal Lake, located 
in the middle of Asia, depends on the water of 
the tributaries and rainfall, as well as on weakly 
leached igneous and metamorphic Archaean and 
Proterozoic rocks, which determines the similar 
ion proportions in the surface waters of the lake 
basin. These water courses belong to the first 
type of calcium bicarbonate waters (according to 
O. A. Alekin’s classification) with low levels of 
total dissolved solids (less than 150 mg/L) [1].  
Investigation of the processes in the river 
estuarial areas has always been considered an 
important interdisciplinary focus area. Systemic 
monitoring on the chemical composition of the 
river water and mud has been conducted in the 
USSR (and later in Russia) since 1950s, while 
certain rivers have been studied even earlier, yet 
the examination of the geochemical parameters 
of the estuarial areas has only recently started [7, 
13, 17, 22]. 
At this point, there is a large body of 
experimental data on the hydrochemical 
parameters of the surface and underground 
waters of Lake Baikal coastal territory [9, 11, 
14, 21, 22, 26].  
Over the last decades of the 20th century, 
extensive industrial development of the Baikal 
region has resulted in increasing levels of the 
pollutants in the river water, and higher flow of 
the pollutants. The tributaries and water area of 
the southern part of Lake are substantially 
affected by anthropogenic factors [25]. 
Today, pollution of Lake Baikal tributaries has 
dropped due to general decline in the industry. 
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Aim of study was to tdescribe the current status 
of the water courses of the estuarial areas of the 
Middle and the Southern Baikal, basing on their 
hydrochemical parameters.  
 
MATERIALS AND METHODS OF STUDY.  
The territory of interest was located in the 
coastal area near the Southern Baikal industrial 
hub, suffering from increasing tourist and 
recreational load.  
Lake Baikal and surrounding mountain ranges 
and valleys constitute a specific physiographical 
territory – Pribaikal’e, which is a part of a vast 
geographical region, the South Siberia 
Mountains, extending from the Altai Mountains 
to the Stanovoy Range. The middle part of the 
Pribaikal’e is occupied by the Baikal 
Depression, the basin of Lake Baikal, with the 
absolute water surface level of 455.5 meters. 
The Baikal Depression is surrounded with the 
mountain ranges, namely the Primorskii, 
Baikal'skii, Verkhneangarskii, Barguzinskii, 
Golondonskii, Ulae-Burgasy, Morskoi, Chamar-
Daban ranges and the Olkhinskoe plateau, and 
connected with other mountain valleys – the 
Tunkinskaya, Barguzinskaya and 
Verkhneangarskaya Depressions. Together, 
these structures constitute the system of 
mountain ranges and depressions of the north-
north-eastern course in the area of the bending 
fold of the Baikal type, or in the Baikal Rift 
(depression) Zone. All Baikal area, 2100 km 
along the water line, is divided into eleven 
physical and chemical regions [19]. According 
to M. N. Mel'kheev classification (1977), the 
area of studies belongs to the Primorskii, 
Ol'khonskii, South-Baikal, and, partly, South-
Western physiographic regions of the Baikal 
coast. According to the current system of 
landscape and ecological classification of 
Russian Federation, the territory of interest is 
included in the Predsayanskaya province of the 
subtaiga zone of the Mid-Siberian sector [15]. 
Climate has major influence on the river 
hydrochemistry. Climate on the Baikal coast is 
milder than the extreme continental climate of 
the surrounding regions of East Siberia. In 
summer, the temperatures are lower, and in 

winter – 5-10 0С higher than, for instance, in 
Irkutsk. Baikal, due to a large amount of water, 
has enormous heat capacity. It confers certain 
features of oceanic climate to the Baikal climate 
[19].  
Climate conditions within the Pribaikal’e vary 
substantially, for instance, mean temperature in 
July in the Primorskii physiographic region 
ranges from 13.5 to 15.5 оС, the temperature 
maximum is 31–32 оС, mean temperature in 
January –16–18.5 оС, the temperature minimum 
is – 40–44 оС, and the rainfall amount varies 
within the range of 310–433 mm.  In the 
Ol'khonskii region, summer is hot (temperature 
in July is 15–16 оС), and winter is cold 
(temperature in January is –19–20 оС), the 
rainfall levels are low (190–300 mm). The 
specific feature of the South-Baikal region is 
the close interaction within the “water body – 
high mountain range” system. The climate is 
humid, with moderate temperatures: 
approximately 17–18 оС below zero in January, 
14 –15 оС above zero in July. Large amounts of 
rainfall are observed on the northern and north-
western slopes, from 939 (Tankhoi) to 1442 
(Snezhnaya) mm. The mean temperature in July 
in the South-Western physiographic region is 
approximately 15 оС, the temperature maximum 
reaches 30–31 оС, the temperature in January is 
–16.5–17.5 оС, the rainfall levels – 470–521 
mm [19]. 
The patterns of river discharge into Lake Baikal 
vary greatly due to the differences in 
physiographic conditions between the 
individual parts of the basin. They can be 
divided into five types of hydrochemical regime 
[24]. 
The Siberian type is marked with dramatic 
decrease in the water salt content during the 
spring flood and the warm months, and 
maximal values during the winter (Sarma, 
Utulik Rivers). 
The rivers of the Kazakhstan type have the 
minimal annual values of mineralization in 
spring, increasing during the summer low-water 
period, decreasing during the spring and 
autumn flood, and gradually growing over the 
subsequent autumn and winter months 
(Selenga, Turka Rivers). 
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The rivers of the East-European type maintain 
high and relatively stable levels of salt content, 
for a short period of time decreasing during the 
spring flood (Krestovka, Khargino).          
The Baikal type is marked with maximum salt 
content in winter, dramatically dropping in 
spring, during the floods, and gradually 
growing over the summer and autumn months 
(Goloustnaya, Snezhnaya, Bol'shaya 
Polovinnaya, Tyya, Tompuda, Barguzin). 
The rivers of the condensational type undergo 
substantial gradual decrease in the salt content 
from early spring till September and 
progressive increase till spring (Rel'). 
The rivers are mostly rain-fed, and the rainfall 
levels vary in different seasons. Apart from the 
rainfall, the rivers also collect water from the 
groundwater, and the proportion of groundwater 
feeding varies from several percent to 30-40% 
in different rivers, substantially rising in winter, 
when small rivers are fed by subsoil water 
exclusively [18]. 

Baikal and most of its tributaries are largely 
(13-18%) rain-fed, which explains extremely 
low salt content in its water [24]. 
Small Baikal tributaries can converse from one 
hydrochemical type to another, depending on 
the water regime.  
Our research was focused on the estuarial areas 
of the Middle and Southern Baikal water 
courses, belonging to the Chamar-Daban and 
the Pribaikal’e regions, according to A. N. 
Afanas'ev’s classification of water resources 
[4]. 
Hydrochemical studies and chemical analyses 
were conducted according to the generally 
accepted standard procedures [3]. The content 
of chemical elements was measured with 
Optima 2000DV, an optical emission 
spectrometer with inductively coupled plasma 
and computer control (Perkin Elmer LLC, 
USA). 

RESULTS AND DISCUSSION. 
 
This research is based on the data, collected during the field season of 2016 (Fig. 1, Table 1).   

 
 

Legend:   - location of the study area; 1-10 - numbers. 
Fig.1. Area of water sampling. 
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Table 1. Water samples collected in the study area. 
Area № Sample № Water course 

Middle Baikal 
1 4 Kurma 

5 Sarma, 1st arm  
7 Sarma, 2nd arm  
8 Sarma, 3rd arm  
9 Sarma, mainstream  
11 Sarma 
18 Khorga 
19 Kuchulga 

2 26 Anga 
3 27 Buguldeika 

30 Buguldeika(mouth) 
Southern Baikal 

4 35 Goloustnaya (mouth) 
37 Goloustnaya (mainstream) 

5 6L Bol'shaya Cheremshanka 
8L Malaya Cheremshanka 
15L Bannaya 
17L Kamenushka 

6 52 Snezhnaya 
54 Pan'kovka 

7 55 Malaya Osinovka 
56 Bol'shaya Osinovka 

8 57 Solzan 
61 Kharlakta 
60 Krasnyi klyuch 
59 Bolotnyi 
58 Babkha 
68 Utulik 
62 Kurkavochnyi 

9 63 Bezymyannaya 
65 Burovshina 

10 66 Pokhabikha 
69 Kultuchnaya 
71 Angasolka 

 
The following parameters were chosen for the 
hydrochemical description of the estuarial water 
courses: pH, levels of suspended solids, 
dissolved oxygen, chlorides, sulfates, ammonia, 
nitrites, nitrates, phosphates, petrochemicals.  
The quality of water in the water course reflects 
the complex of man-induced load in the context 
of the specific natural features of the territory. 
Despite their small size, the river estuaries and 
adjacent territories play an important role in the 
global cycle of matter and energy, being a 
component of the transfer line for the matter, 
transported from the continents to the ocean; 

transformation of the chemical flow indicates 
the changes (both natural and man-induced) in 
the catchment basin of the river; the estuarial 
areas are vulnerable to pollution and are the 
places of accumulation of the pollutants. 
Basing on the results of the studies, conducted 
during the summer period of 2016, we revealed 
certain specific patterns in the hydrochemical 
changes in the estuarial zones.  
We revealed weak changes in the acid-base 
properties of the rivers of the Middle Baikal (pH 
varying from 6.7 to 7.2), with the exception of 
the Buguldeika River (pH 8.3) (Table 2). The 
ionic composition of the Middle Baikal rivers 
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has the highest proportion (in terms of absolute 
values) of bicarbonates, followed by sulfates and 
chlorides. Nitrogen-containing substances 
(ammonia, nitrates and nitrites) are formed in 
water as a result of chemical processes and 
putrefaction of the plant debris, as well as 
decomposition of the protein substances, almost 
always making its way to the river with 
household wastewater, and ammonia is the final 
product of protein decomposition. Presence of 
plant- or mineral-derived ammonia in water is 
sanitary safe. Various nitrogen-containing 

compounds, present in water, indicate the time 
elapsed after pollution. Presence of ammonia 
and lack of nitrites indicates recent pollution. 
Combined presence of these substances suggests 
that certain time has passed after the moment of 
pollution. Absence of ammonia with presence of 
nitrites and, especially, nitrates indicate that 
pollution has occurred a long time ago, and 
water has already been self-purified.  
The water in the Middle Baikal rivers contains 
both nitrite and ammonia ions, suggesting 
pervasive pollution of the water courses.    

 
Table 2: рН values, levels of petrochemicals and major ions in the water of the tributaries of the Middle and 
Southern Baikal in 2016 

Sample №  
рН 

 
HCO3

- 

O2 
 

SO4
2- 

 
Cl- 

 
NO2

- 
 

NO3
- 

 
РО4

3- 
 

NH4
+ 

 
Total 
ions 

Suspended 
solids, g/L 

Petrochemi
cals, mg/L 

mg/L % 

Middle Baikal 

4 6.7 30.5 11.2 97.0 < 0.10 2.84 0.008 0.40 0.055 0.57 34.37 0.063 0.001 
5 6.9 48.8 - - 0 4.26 0.008 0.05 - 0.37 53.49 0.060 - 
7 6.9 67.1 10.24 84.3 13.10 3.55 0.008 0.70 - 0.21 84.67 0.060 - 
8 7.2 36.6 4.32 35.6 0 3.55 0.008 0.05 - 0.42 40.63 0.060 - 
9 7.2 48.8 - - 0 4.26 0.004 0.20 - 0.35 53.61 0.070 - 

11 7.0 36.6 - - < 0.10 4.97 0.006 0.20 0.040 0.38 42.20 0.060 0.026 
18 7.4 12.2 11.36 98.4 < 0.10 3.55 0.007 0.80 0.044 0.80 17.40 0.065 0.011 
19 7.3 85.4 11.44 99.0 8.00 4.97 0.004 0.30 - 0.24 98.91 0.060 - 
26 7.2 67.0 - - < 0.10 2.13 0.008 0.05 0.049 0.60 69.84 0.053 0.005 
27 8.3 128.0 9.92 92.3 6.00 2.86 0.004 0.40 0.053 0.60 137.92 0.059 0.002 

Southern Baikal 

35 8.0 61.00 8.48 86.4 14.40 4.26 0.084 0.10 0.013 0.25 80.11 0.033 0.006 
37 8.2 70.15 8.24 83.9 16.20 4.97 0.001 0.20 0.001 0.23 91.75 0.029 0.005 
52 7.5 27.45 9.76 112.6 < 0.10 4.97 0.004 1.20 0.012 0.30 33.94 0.010 - 
54 7.2 18.30 9.44 108.9 < 0.10 4.62 0.013 0.30 0.008 0.23 23.47 0.034 0.008 
55 7.5 39.65 9.20 106.1 10.60 4.26 0.001 1.20 0.005 0.22 55.94 0.006 0.005 
56 7.3 39.65 10.40 120.0 6.00 3.91 0.001 1.00 0.001 0.22 50.78 0.047 0.011 
57 6.8 18.30 9.04 104.3 0.70 3.55 0.001 1.05 0.021 0.24 23.86 0.010 0.011 
58 6.3 24.40 13.44 139.9 3.00 4.26 0.001 0.45 0.001 0.20 32.31 0.033 0.006 
59 6.9 39.65 10.24 106.6 20.80 3.91 0.052 0.10 0.015 0.25 64.78 0.037 0.008 
60 7.0 48.80 8.00 83.2 1.30 4.26 0.008 5.80 0.014 0.22 60.40 0.033 0.009 
61 7.0 42.70 11.20 116.5 3.00 4.97 0.039 0.75 0.014 0.20 51.67 0.039 0.010 
62 7.1 64. 05 11.20 116.5 6.50 5.33 0.001 0.75 0.003 0.21 12.79 0.036 0.010 
63 7.2 39.65 9.68 100.7 4.00 5.68 0.004 0.75 - 0.21 50.29 0.150 - 
65 7.3 85.40 10.40 108.2 4.00 5.68 0.044 2.20 0.008 0.22 97.55 0.040 0.008 
66 7.6 97.60 9.60 99.9 6.00 6.39 0.001 4.20 0.006 0.22 114.42 0.051 0.006 
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69 8.2 70.15 12.00 138.4 < 0.1 4.26 0.004 5.80 0.016 0.30 80.53 0.033 0.007 
71 7.9 36.60 9.60 110.7 2.00 20.59 0.008 11.60 0.015 0.36 71.17 0.042 0.008 

L6 7.5 71.37 - - 4.95 0.02 0.040 0.01 0.001 0.04 76.43 0.004 0.027 

L8 7.7 83.57 - - 4.95 0.02 0.040 0.01 0.001 0.04 88.63 0.002 0.016 

L15 7.5 40.18 - - 4.95 2.02 0.040 0.01 0.001 0.02 47.22 0.001 0.014 

L17 7.5 45.11 - - 4.95 0.01 0.040 0.01 0.001 0.02 50.14 0.009 0.014 

Note: «-» ˗  not measured. 
Anthropogenic factors play a substantial role in 
the formation of the water medium composition, 
with major parameters including the levels of 
sulfates, chlorides, phosphates, ammonia 
(Kurma, Sarma, Kuchulga, Anga, Buguldeika 
Rivers).  
Hydrochemical parameters of the estuarial areas 
of the Southern Baikal rivers have been altered 
more significantly. The changes in the acid-base 
conditions were reflected by the рН values, 
varying from 6.3 (Babkha) to 8.2 (Goloustnaya). 
The levels of sulfates, chlorides, nitrates were 
higher in most water courses. According to the 
data of K. K. Votintsev [12], there are no 
nitrates or phosphates in the water of the 
Goloustnaya River, while the studies conducted 
by P. F. Bochkarev [4] indicate that “nitrate 
nitrogen is always detected in the water of the 
river, often at high levels – 0.10 to 3.04 mg/L of 
NO3

-» (p. 43.) Today, the water of the 
Goloustnaya River (mouth) contains nitrogenic 
ions (nitrites, nitrates, ammonia), and 
phosphates, indicating their anthropogenic 
origin.  
High content of sulfates, nitrogen-containing 
ions and phosphates was observed in the 
Bolotnyi riverlet, flowing in the orchards, and 
the Angasolka River. There is a settlement and a 
sewage water collector in the valley of this river. 
The water samples were collected downstream, 
near the mouth area, which explains the 
observed values.   

The results obtained by many researchers show 
that the levels of dissolved oxygen in the surface 
layers of the Baikal water are 11–14 mg/L on 
average. The Middle Baikal rivers have rather 
high content of oxygen – 9.92–11.44 mg/L 
(Buguldeika and Kuchulga Rivers, respectively).  
We observed 100% and higher oxygen 
saturation levels in the rivers and riverlets of the 
Southern Baikal. These values of the oxygen 
levels in the water courses of the Middle and 
Southern Baikal are in compliance with the 
results of K. K. Votintsev (1965) and P. F. 
Bochkarev (1959).    
The content of biogenic elements and organic 
substances in the Baikal tributaries depends on 
the natural features of their basins and the levels 
of man-induced load, which is why they vary 
significantly. The highest content of biogenic 
elements was observed in the water of the 
Khorga, Kurma, Sarma Rivers (the Middle 
Baikal), and the Kultuchnaya, Angasolka Rivers 
and the Bolotnyi riverlet (the Southern Baikal). 
There are settlements (towns and cities), garden 
plots, camping sites, and industrial plants in the 
basin of these rivers.  
Our results provide evidence for pollution of the 
water bodies with household wastewater from 
the adjacent territories. Moreover, there is a 
large amount of suspended solids in water, 
caused by the high-water period (after the rains), 
disturbed underlying surface of the water-
collecting basins, and transformation of the 
water course beds.  
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The results of the studies show that the content 
of chemical elements in the coastal water to a 
certain extent depends on the discharging water 
courses. Blending of the river and lake water is a 
slow process, which is why the parameters of 
the river water remain unchanged for a long 
time (Fig. 2). The coastal water composition is 
directly affected by the rain- and snow-water 
flow, whose chemical composition is 
determined by dissolution of the components of 
the underlying surface (snow, soil, rocks) [10].  

 
Fig. 2. Leaching of the suspended solids with the 
Krestovka River into Lake Baikal (the photograph 
was taken on 25th August 2016, with the PHANTOM 
3 quadcopter, from the height of 106 m, by S. A. 
Makarov). 
 
CONCLUSION. 
The analysis of the results of the examination of 
the estuarial areas of Lake Baikal tributaries has 
shown that one of the major sources of the 
pollutants is their leaching with the river flow. 
Moreover, physical transfer of many 
components prevails over their transformation, 
and large proportion of substances reaches the 
mouth areas. Such nitrogen-containing 
substances (ammonia, nitrates and nitrites) are 
formed in water as a result of chemical 
processes and putrefaction of the plant debris, as 
well as decomposition of the protein substances, 
almost always making its way to the river with 
household wastewater. Stability of the estuarial 

areas is disrupted, and they become less 
sustainable, causing higher risks of adverse 
ecological events.  Biogenic elements and major 
pollutants are accumulated, leading to the 
emergence of new, man-altered natural 
environment with changed parameters. The 
natural ecological status of the estuarial areas 
becomes disturbed.  
The high content of suspended solids in water, 
exceeding the permissible limits, is largely 
related to transformation of the water-collecting 

basins, floodplain valleys, and water course 
beds. It was found that narrow estuarial areas of 
the rivers provide mechanical differentiation and 
sedimentation of the suspended solids, changes 
in the content and composition of the dissolved 
substances in the river flow, and emergence of 
water with novel physical, chemical, and 
biological properties.  
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