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Abstract: The Volga River is the largest river in Europe in terms of basin area (1.36 mio. km2),
length (3531 km), and water content (annual flow 254 km3). We conduct long-term water quality
studies in the Volga headwaters: in the Upper Volga Lakes, the free-flowing section, as well as in
the Ivankovskoye and Uglich Reservoirs. At the source of the river, the water is very soft, slightly
mineralized, characterized by high color indicators (up to 400 degrees Pt-Co scale) and permanganate
oxidation (60.3–72 mgO/L). In the Upper Volga Lakes, water mineralization increases to 110 mg/L,
and the color of the water decreases significantly. In the Ivankovo Reservoir, higher concentrations
of manganese and BOD5 are noted than in the Volga above Tver. Based on total phosphorus
concentrations, the Upper Volga Reservoir (Lake Volgo) and the free-flowing section of the Upper
Volga (from Selizharovo to Tver) belong to the “mesotrophic” class, and the Ivankovskoye Reservoir
belongs to the “eutrophic” class. We characterize the Volga headwaters based on physico-chemical
parameters “balanced” and discuss the relevance of “natural pollution”. Especially the free-flowing
section comprises an important reference section for lowland rivers; thus, long-term monitoring of
abiotic and biotic aspects is an important issue.

Keywords: water quality; physico-chemical parameters; “natural pollution”; long-term monitoring

1. Introduction

The hydrosphere contains about 1.386 million km3 water [1], but about 97.5% of the
global water is salt water vs. only 2.5% freshwater, of which 68.9% is stored in glaciers
and permanent snow cover, 30.8% in the groundwater (including soil moisture), and only
0.3% in rivers and lakes [2]. The annual net transport from the sea to the land is 40,000 km2,
and the river flow to the oceans also amounts to 40,000 km2 per year [3]. Thus, among
freshwater resources, rivers are often referred to as lifelines [4–8] or arteries [9–12], as
lotic systems often formed the cradles of civilizations [13]. But we also need to take into
account “flying rivers” [14] and that 40% of terrestrial precipitation originates from land
evaporation [15]. In the context of long-distance moisture transport, the theory of the biotic
pump run by forests was developed, which predicts that forests supply moisture as well
as the winds that carry it [16]. The large boreal forests of Scandinavia and Russia provide
about 80% of the rainfall in China [15].

The catchment of Europe’s largest river, the Volga, is located in the southern taiga,
and a major part of the runoff comes from boreal forests [17]. Due to large forests and
minor anthropogenic activities, the headwater section of the Volga is of great interest
regarding long-term monitoring [18]. In Agenda 2030, water is highlighted in Goal 6,
“Clean water and sanitation”, and goal 15, “Life on Land” (which includes terrestrial and
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inland freshwater ecosystems) [19], but de facto is each of the 17 goals related to water and
water availability.

In the Russian Federation, the governmental monitoring of running waters (according
to RD 52.24.309-2016 [20]) includes quantity (discharge) and quality (physico-chemical
parameters) [21], and some scientific campaigns include biological parameters to assess
water quality [18,22]. In general, monitoring programs about physico-chemical param-
eters consider biogenic elements as well as organic substances [23]. Biogenic elements
include mineral substances that are actively involved in the life of aquatic organisms,
i.e., compounds of nitrogen, phosphorus, and silicon. Also, insufficient iron content can be
one of the limiting factors in the development of phytoplankton; therefore, iron is often also
included in the group of biogenic elements of water [21]. Organic substances in natural
waters are compounds of carbon with other elements. The simplest and most common way
to characterize the content of organic matter is the method of determining the oxidizability
of water by the amount of oxygen consumed for the oxidation of this substance. Depending
on the oxidizing agent used, permanganate or bichromate oxidizability is distinguished
(COD—chemical oxygen demand). The quantitative assessment of easily oxidized or-
ganic substances by the amount of oxygen is estimated by the BOD (biochemical oxygen
demand) [21].

Herein, we present results from long-term water-quality monitoring campaigns in
the headwaters of the Volga in order to exemplify (a) the hydrochemical regime of the
Upper Volga in the summer low-flow period, (b) the temporal and spatial variability of
physico-chemical parameters, (c) the problem of “natural pollution”, as well as (d) changes
in the content of biogenic elements and indicators of organic matter in the water of the
Ivankovskoye Reservoir.

2. Materials and Methods
2.1. Research Area

The source of the Volga is a limnokrene located near the village of Volgoverkhovye in
the Valdai hills (Tver Region) at the margin of a small mire at an altitude of 228 m above sea
level [24,25]. At the village of Kokovkino, the river enters the Upper Volga lakes, i.e., Sterzh,
Vselug, Peno, and Volgo (the latter is often divided into Upper and Lower, or Small and
Large Volgo). The Upper Volga Reservoir was formed in 1843 during the construction of a
dam (Beishlot) ~2 km downstream of the place where the Volga flows out of the lake Volgo.
The section of the Volga between the Upper Volga Beishlot and Tver is unregulated and
represents the least disturbed free-flowing section in the headwaters of the Volga [18,25].
The catchment area at Tver (including the Tvertsa River basin) amounts to 31,300 km2 [26].
Between Tver and Dubna, the Ivankovskoye Reservoir, created in 1937, is located. The
Ivankovskoye Reservoir is a large reservoir of the valley–hollow type, the surface area of
which is 327 km2, and the total volume is 1.12 km3 [27]. Approximately 50% of the reservoir
is up to 2 m deep, the average depth amounts to 3.4 m and the maximum depth is 17 m
near the dam. The multi-purpose Reservoir is used for water supply of Moscow [28], water
disposal after cooling the turbines of the Konakovskaya GRES (thermal power station),
hydropower, waterborne transport, as well as recreation.

Bedrock in the Upper Volga basin is represented mainly by Carboniferous, Permian,
and Jurassic deposits. The deposits of the Upper Carboniferous (limestones and clays) are
closest to the surface; they are overlain by deposits of the Jurassic period and thick strata
of Quaternary rocks. Upper Carboniferous rocks are represented by limestones and clays.
Quaternary rocks are represented by formations of various glacial epochs. The relief of
the region is rather monotonous. Landforms of glacial, lacustrine, and alluvial origin are
developed, represented mainly by slightly hilly and hilly plains.

The climate, in accordance with the geographic location in the center of the Russian
Plain, is temperate continental with alternating cyclonic and anticyclonic weather through-
out the year and with complex and diverse circulation processes of various directions
and intensities. The average annual value of the radiation balance for the study area is
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33.1 kcal/cm2 [26], and the average annual air temperature in Tver is 4.5 ◦C (1944–2017).
The average amount of precipitation in the region ranges from 330 to 890 mm, mainly
due to cyclonic activity. The duration of the growing season is between 100 and 170 days.
The main soil-forming rocks in a significant part of the catchment area are moraine loams,
less often sandy loams, fluvio-glacial sands, alluvial deposits, and peat bogs. In terms of
mechanical composition, moraine deposits are very diverse and are represented by light,
medium, and heavy loams. Soil-forming rocks in the northwest of the region are mainly
glacial, and in the east—fluvioglacial deposits. On the slopes of river valleys, carbonate
rocks protrude to the surface in many places [29].

The features of the relief, hydrological, and climatic conditions, as well as the diversity
of soil-forming rocks and plant associations, led to the formation of a rather variegated soil
cover in the catchment area. Soddy–podzolic soils (of varying degrees of podzolization),
podzolic, and, in depressions, soddy–gley and marsh soil types predominate. Meadow
and peaty soils are developed on the surface of river terraces and floodplains. The me-
chanical composition of soils varies from clayey and loamy to sandy and sandy loamy [29].
Hydrocarbonate waters of predominantly low and medium mineralization are formed
in the region since the thickness of podzolic and soddy–podzolic soils are everywhere
well-washed from easily soluble salts of sulfates and chlorides. Peat mire soils, having high
acidity, reduce the mineralization of surface waters and enrich it with organic (OM) and
biogenic substances. Some of the most important physical and geographical characteristics
of the river basin, which have a great influence on the regime of water runoff and the
chemical composition of river waters, are lakes, mires, and forest cover of the territory.
The mean share of mires amounts to 10% in the Tver region (Cadastre of peat deposits of
the Tver region). The lake content of various parts of the study area varies from 2 to 6%,
mires—from 2 to 7%, and forest cover—from 38 to 66% [30].

The water regime of the territory is characterized by well-marked flood, fairly stable
winter and summer low water, as well as summer and autumn floods. The change of
hydrological phases during the year and the differences in the water content of individual
years cause significant fluctuations in the mineralization and chemical composition of
surface waters [31].

2.2. Sampling and Data Analyses

Regular hydrochemical monitoring of the Upper Volga within the framework of the
state observation network of Roshydromet (Russian Federal Service for Hydrometeorology
and Environmental Monitoring) has been conducted since 1950. Currently, there are
8 monitoring sites operating on the uppermost 670-km section of the Volga River from the
source to the city of Kalyazin. Another 15 sites operate on water bodies (rivers, lakes, and
reservoirs) within the catchment area of the Volga River to Kalyazin.

The analysis of water samples at these sites is conducted by the Tver Center for
Hydrometeorology and Environmental Monitoring of Roshydromet. Sampling is carried
out from 4 to 13 (12 monthly samples + 1 sample during flood) times a year (depending
on the monitoring category of the monitoring point). All water samples were taken at an
adequate distance from the bank, at the surface, i.e., 0.2–0.3 m from the surface. Up to
40 hydrochemical parameters are determined in the samples using standard methods for
the analyses of surface waters [32]. The water color (chromaticity) was measured according
to the platinum–cobalt scale (Pt-Co scale). To assess the hydrological regime of the Volga
River, data on water discharge at the gauging station in the city of Staritsa are used. Based
on hydrochemical data, the shortened version of Kurlov’s formula [33] was used to describe
and compare the ionic composition of the water in the Volga headwaters in the summer
low-water period 2021 (Supporting Information Table S1).

In addition, hydrochemical and hydrobiological studies of the Upper Volga are con-
ducted by scientific institutions, such as Tver State Technical University [18,34,35] and the
Institute of Water Problems (IWP) of the Russian Academy of Sciences [26]. Since 1975, the
IWP has carried out scientifically-based research in support of water-related administration,
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facilitating the decision-making process of water management, as well as consulting the
public and private sectors at both local and regional scales. The “Ivankovskaya Research
Station” at Konakovo was founded in 1981 and facilitates research on the Ivankovskoye
Reservoir as well as the Volga headwaters.

In August 2021, the IWP studied the chemical composition of the water at the source
of the Volga, the Upper Volga lakes, as well as the unregulated section of the Volga and the
Ivankovskoye Reservoir, with 23 sampling sites in total (Figure 1, Table 1).
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Figure 1. Headwaters of the Volga and sampling locations in 2021 (details in Table 1).

Table 1. Sampling sites in the headwaters of the Volga in summer 2021.

Name of Site Distance from Source, km

1. Source of Volga 0
2. Lake Sterzh, v. Kokovkino 16
3. Lake Vselug, v. Gorka 41
4. Lake Peno, v. Peno 57
5. Lake Volgo, v. Selishche 106
6. Volga River, Rzhev 264
7. Volga River, Staritsa 353
8. Volga River, v. Ryabeevo 432
9. Ivankovskoye Reservoir, Gorodnya village 486

10. Ivankovskoye Reservoir, Nizovka Island 503
11. Ivankovskoye Reservoir, mouth of Shosha river 505
12. Ivankovskoye Reservoir, v. Ploski 512
13. Ivankovskoye Reservoir, Konakovo 522
14. Ivankovskoye Reservoir, Moshkovichi Bay 533.5
15. Ivankovskoye Reservoir, Korchev tract 537.5
16. Ivankovskoye Reservoir, Dubna 557
17. Ivankovskoye Reservoir, Peretrusovsky Bay 544
18. Ivankovskoye Reservoir, Novoselsky Bay 544.5
19. Ivankovskoye Reservoir, Fedorovsky Bay 550.5
20. Ivankovskoye Reservoir, Omutninsky Bay 552
21. Ivankovskoye Reservoir, Korovinsky Bay 558
22. Ivankovskoye Reservoir, Domkinsky Bay 558
23. Ivankovskoye Reservoir, 1st technical bay 562.5
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Further, between 2009 and 2021, the source of the Volga River was sampled 5 times
(23 June 2009, 24 July 2012, 14 August 2014, 7 April 2016, and 21 August 2021) in order to
characterize the natural composition of the water with high influence from a mire over
different years. At the sampling sites, some parameters (temperature, pH, conductivity,
and dissolved oxygen) were measured in situ. Analyses in the laboratories were carried
out with standard methods for the analyses of surface waters [32].

3. Results
3.1. Hydrochemical Characteristics of the Upper Volga in Summer Low-Flow Period

As a characteristic of the mineral composition of the water of the Volga River (and its
reservoirs) in the upper reaches, we present the formula of the ionic composition of water
(so-called Kurlov formula) in the different monitoring points for the summer low-water
period in 2021 (Table 2). Hydrologically, 2021 was characterized as a year of average water
content: the average annual water discharge in the Volga River in Staritsa in 2021 was
163 m3/s (the average annual discharge is 162 m3/s).

Table 2. Ionic composition of water in the Volga River and its reservoirs at the monitoring points of
Roshydromet (summer low water period in 2021).

Monitoring Sites Distance from
Source, km

Kurlov Formula of the Ionic Composition of Water
(Mineralization, g/L; Concentration of Ions,

% Equivalent)

Kokovkino 16 M0.107
HCO395SO43Cl1
Ca74Mg20Na5K1

Rzhev
(upstream the city) 263 M0.168

HCO389SO46Cl5
Ca71Mg21Na7K1

Tver
(upstream the city) 436 M0.224

HCO392SO44Cl4
Ca65Mg27Na6K1

Konakovo 523 M0.230
HCO390Cl6SO44
Ca61Mg29Na8K2

Kimry 583 M0.233
HCO383Cl9SO46NO31

Ca66Mg21Na11K2

Kalyazin 649 M0.220
HCO386Cl7SO47
Ca64Mg27Na8K2

Water mineralization (M, g/L) is steadily increasing downstream up to the city of
Kimry (583 km from the source). In the middle part of the Uglich Reservoir (monitoring
point Kalyazin, 649 km from the source), mineralization becomes slightly lower. The ionic
composition of the water in the upper reaches (up to the city of Rzhev) is bicarbonate
calcium, and below, it is bicarbonate magnesium–calcium. An increase in the percentage
equivalent of chloride ions downstream of the river can also be noted.

In terms of chemical composition, the water in the Volga River from the source to the
mouth of the Oka River throughout the year is characterized by a bicarbonate character
with a predominance of calcium ions in the composition of cations [36].

In 2021, the mineralization of water at the source of the Volga did not exceed 100 mg/L.
In the water of the Upper Volga lakes (Sterzh, Vselug, Peno, Volgo), mineralization in-
creased to 150 mg/L, in the unregulated section of the Volga—up to 175 mg/L, and in the
Ivankovskoye Reservoir—up to 280 mg/L (Figure 2).

In most sites in the Volga headwaters, the water color (chromaticity) did not exceed
56◦ Pt-Co scale (Figure 3a), while at the source of the Volga, it reached 300–450◦ Pt-Co
scale—also related to the influence of mires. Similarly, the Volga headwaters are charac-
terized by high values of easily oxidizable organic matter (BOD5, Figure 3b). The highest
BOD5 values in summer 2021 were recorded in Lk. Sterzh and Lk. Peno, as well as in the
bays of the Ivankovskoe Reservoir, where a significant phytoplankton bloom was observed.
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The mineral nitrogen values varied considerably in sections, i.e., from 0.55 mg/L
upstream of Tver (point 8) to 3.14 mg/L at the Konakovo gauge (point 13) (Figure 3c).
The maximum concentration of mineral phosphorus was recorded at the source of the
Volga (0.047 mg/L), while in most of the sections, the concentrations of mineral phosphorus
ranged from 0.025 to 0.044 mg/L (Figure 3d). Based on total phosphorus concentrations, the
Upper Volga Reservoir and the free-flowing section of the Upper Volga (from Selizharovo
to the city of Tver) belong to the “meso-trophic” class, and the Ivankovskoye Reservoir
belong to the “eutrophic” class.

The Volga River emerges from a mire at Volgoverkhovye. The water at the source is
characterized by organic substances, high chromaticity (360–450◦ Pt-Co scale), high per-
manganate oxidizability (58.8–72.0 mgO/L), low values of pH (6.1–7.4), and mineralization
(40–84 mg/L). The ionic composition at the source is dominated by bicarbonate and calcium
ions (Table 3).
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Table 3. Hydrochemical characterization of the water in the source of the Volga in different years.

23 June 2009 24 July 2012 14 August 2014 4 July 2016 21 August 2021

(a) Physico-chemical parameters
pH 7.4 6.4 6.3 6.1 6.2

Alkalinity, mg-eq/L 0.6 0.6 0.4 0.6 0.6
Hardness, mg-eq/L 0.8 0.8 0.6 0.7 1.4

(b) Concentration of the main ions and mineralization (M), mg/L
HCO3

− 36.6 38.3 24.4 37.4 36.8
Ca2+ 10 10 6.6 6.4 13.4
Mg2+ 3.7 3.6 3.5 4.4 9.0
SO4

2− 19.0 3.0 0.1 1.3 16.3
Cl− 3.2 0.8 0.7 0.7 2.9
M 75 56 40 53 84

(c) Concentrations of biogenic elements (mg/L)
N-NH4

+ 1.21 0.51 0.16 0.07 0.37
N-NO3

2− 0.61 0.15 0.36 0.21 0.15
N-NO2

− 0.040 0.004 0.021 0.002 0.045
P-PO4

3+ 0.009 0.016 0.027 0.004 0.047
Ptotal dissolved 0.030 0.079 0.107 0.022 0.105

Fe total dissolved 0.66 0.73 1.02 0.48 0.10
Si - 2.1 0.1 2.6 3.5

(d) Concentrations of organic elements
Color, ◦ Pt-Co scale 360 400 400 450 300

Permanganate oxidizability (PO), mgO/L 60.3 69.0 72.0 66.4 58.8
BOD5, mgO2/L 1.6 2.1 4.2 1.0 3.5

Mn, mg/L 0.52 0.04 0.07 0.01 0.01

3.2. Temporal and Spatial Variability of Hydrochemical Parameters

It is known that the water quality in rivers is influenced by the prevailing sources
of water feeding (snowmelt, rain, ground vs. mire water), as well as meteorological
parameters. Therefore, it is interesting how the properties of water change along its length
in different hydrological phases and seasons of the year.

For this purpose, the timing of water sampling dates for different phases of the water
regime has been determined. Then, the values of hydrochemical indicators were pooled for
7 years (2012–2018) in various hydrological phases: winter (low water), spring (high water),
summer (low water) and rain flood (Figure 4). Some indicators have a tendency to increase
downstream in all hydrological phases, for example, the sum of ions, sulfates, nitrites, and
hardness. There are indicators that can either increase downstream or decrease in different
seasons: BOD; BO; and iron.

The analysis of the long-term series (2001–2018) from governmental monitoring made
it possible to determine the modal intervals of hydrochemical indicators [37] of the upper
Volga, that is, the intervals of the most common concentrations (Table 4). According to the
recommendations of the State Hydrochemical Institute of Roshydromet [38], the status of
river ecosystems can be classified into five classes: natural; balanced; crisis; critical; and
catastrophic. Modal intervals of hydrochemical and hydrobiological parameters, as well as
the frequency of exceeding the MPC of priority pollutants, are used as classification criteria.
The key hydrochemical indicators are as follows: dissolved oxygen (regarding minimal
concentration); BOD5; and ammonium nitrogen. Based on this classification, as well as
the catchment characteristics, we classify the status of the Volga River ecosystem on the
uppermost 670 km section (calculated from the monitoring points of Roshydromet, see
Table 2) as “balanced”.
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Table 4. Modal intervals (concentration interval with the highest frequency) in the headwaters of the
Volga (2001–2018), Roshydromet data from the locations in Table 2.

Indicator Modal Interval

Cl−, mg/L 2.0–5.9
Hardness, ◦ 2.33–3.52

Bichromate oxidizability, mg/L 29.7–37.8
BOD5, mg/L 0.54–1.30

Ammonium N, mg/L 0.007–0.129
Nitrite N, mg/L 0.002–0.007
Nitrate N, mg/L 0.008–0.269

Phosphate P, mg/L 0.003–0.028
Fe, mg/L 0.031–0.187
Cu, µg/L 0.9–4.6
Mn, µg/L 39.5–72.7

Oil products, mg/L 0.016–0.029

3.3. The Problem of “Natural Pollution”

It is important to note that in the upper part of the Volga basin, mires have a great
influence on water quality. Due to mires, increased concentrations of difficult-to-oxidize
organic substances, iron, manganese, zinc, copper, and phenols are very often observed in
the water [31]. Such natural features should be taken into account when assessing water
quality using formal criteria.

Using the example of the Roshydromet monitoring points located in Tver (above
and below the city), it can be seen that the values of some hydrochemical indicators often
exceed the MPC (maximum permitted concentration; defined in the order of the Ministry
of Agriculture of the Russian Federation No. 552 dated 13 December 2016 “On approval of
water quality standards for fishery waterbodies, including maximum concentration limits
of pollutants in the water”) even upstream of the city (Figure 5).

Meanwhile, there are definite problems with water quality associated with the phe-
nomenon of secondary pollution that occurs in certain periods of the year (complete
freezing in late winter as well as algal blooms in summer), and mainly—in reservoirs where
sediments accumulate. Sometimes, the concentrations of the element manganese in the
water of reservoirs reach 2000 mg/L.



Water 2024, 16, 491 9 of 15Water 2024, 16, x FOR PEER REVIEW 10 of 16 
 

 

 
Figure 5. Monthly dynamics of hydrochemical indicators in the Volga River upstream (green) and 
downstream (orange) of Tver: (a) Fe, mg/L (MPC = 0.1 mg/L); (b) Bichromate oxidizability (COD), 
mg/L (MPC = 15 mg/L). 

Meanwhile, there are definite problems with water quality associated with the phe-
nomenon of secondary pollution that occurs in certain periods of the year (complete freez-
ing in late winter as well as algal blooms in summer), and mainly—in reservoirs where 
sediments accumulate. Sometimes, the concentrations of the element manganese in the 
water of reservoirs reach 2000 mg/L. 

The reason for the high concentrations of manganese is the lack of oxygen in some 
periods. Under reducing conditions, active diffusion of manganese into water goes from 
bottom sediments, and, accordingly, a sharp rise in concentration is observed. 

3.4. Changes in the Content of Biogenic Elements and Indicators of Organic Matter in the Water 
of the Ivankovskoye Reservoir over a Long-Term Period 

The content of biogenic elements and organic matter in the water of reservoirs are 
important characteristics of the ecological state of the reservoir; therefore, the study of 
these indicators is included in the mandatory monitoring programs.  

Previous studies have shown that the Ivankovskoye Reservoir is characterized by 
relatively high concentrations of nitrates and phosphates, which is due to the anthropo-
genic load on the reservoir and its catchment [26,39–41]. For nitrates in the long-term con-
text, there is an insignificant upward trend (Figure 6a) [40]. The analyses of average annual 
concentrations of nitrates in the water of the Ivankovskoye Reservoir revealed a slight 
tendency to increase. This is related to an increase in the supply of nitrates as a result of 
the development of the coastal zone of the reservoir, as well as the establishment of dacha 
(a seasonal or year-round second home) zones. 

Figure 5. Monthly dynamics of hydrochemical indicators in the Volga River upstream (green) and
downstream (orange) of Tver: (a) Fe, mg/L (MPC = 0.1 mg/L); (b) Bichromate oxidizability (COD),
mg/L (MPC = 15 mg/L).

The reason for the high concentrations of manganese is the lack of oxygen in some
periods. Under reducing conditions, active diffusion of manganese into water goes from
bottom sediments, and, accordingly, a sharp rise in concentration is observed.

3.4. Changes in the Content of Biogenic Elements and Indicators of Organic Matter in the Water of
the Ivankovskoye Reservoir over a Long-Term Period

The content of biogenic elements and organic matter in the water of reservoirs are
important characteristics of the ecological state of the reservoir; therefore, the study of these
indicators is included in the mandatory monitoring programs.

Previous studies have shown that the Ivankovskoye Reservoir is characterized by
relatively high concentrations of nitrates and phosphates, which is due to the anthropogenic
load on the reservoir and its catchment [26,39–41]. For nitrates in the long-term context,
there is an insignificant upward trend (Figure 6a) [40]. The analyses of average annual
concentrations of nitrates in the water of the Ivankovskoye Reservoir revealed a slight
tendency to increase. This is related to an increase in the supply of nitrates as a result of the
development of the coastal zone of the reservoir, as well as the establishment of dacha (a
seasonal or year-round second home) zones.

A change in the anthropogenic load leads to a change in the content of biogenic
elements in the water of water bodies. The most intensive agricultural use of the territory
adjacent to the Ivankovskoye Reservoir was in the 80s of the last century; this is reflected
by the highest concentrations of phosphates (Figure 6b) in the water of the reservoir in this
period [40].
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4. Discussion

Our study provides a holistic view on the physico-chemical condition of the head-
waters of the Volga. The hydrochemical features of the region are mainly associated with
a large number of mires and consist of increased values of chromaticity, oxidability, and
high concentrations of iron, manganese, zinc and copper [35,42]. At the border of the mire
and forest landscapes, surface waters are intensively saturated with various inorganic and
organic substances, which is explained by the contact of acidic mire waters containing large
amounts of fulvic acids with mineral soil and the subsequent formation of water-soluble
and colloidal complexes. This is described herein as “natural pollution”. Further, data from
Ivankovskoye VDHR revealed that the bottom sediments accumulated in reservoirs under
certain conditions became a source of secondary water pollution, in particular manganese.

Based on the calculation of modal intervals of values of hydrochemical indicators in
accordance with the criteria of the Hydrochemical Institute of Roshydromet, we assign
the status of the Volga River ecosystem on its uppermost 670 km section as “balanced“. It
is important to note that the specific combinatorial index of water pollution (UKIZV; see
RD 52.24.643-2002 [43]) is currently used to assess the quality of surface waters in Russia.
This indicator has a significant drawback since its value is also influenced by naturally
caused exceedances of MPC of such indicators as oxidizability, iron, manganese, copper,
zinc, and phenols. In accordance with the values of the UKIZV in the monitoring points of
Roshydromet, the uppermost 670-km section of the Volga River is officially characterized
as “very polluted” [31]. The system for assessing the quality of surface waters based on
comparison with the country-wide MPC standards does not take into account the regional
hydrochemical specifics of water bodies and leads to a distorted view of water quality
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(worse than it actually is). Thus, modal values of hydrochemical parameters determined
on anthropogenically undisturbed sections of the river flow can be an alternative to MPC
for assessing water quality.

Within different scientific projects biological sampling is also carried out. Based on
this data, the free-flowing section between the Upper Volga Lakes and Tver is characterized
as beta-mesosaprobic based on phytoplankton [44] and macroinvertebrates [18]. Also,
the free-flowing section provides important habitats for rare species, such as the mayfly
Prosopistoma pennigerum [45].

Our long-term data from the Volga headwaters reveal a good overview of dynamics
and seasonal changes in water quality. However, from the scientific point of view, the
existing data (mostly monthly time series) have limitations regarding the identification
of extreme (minimum and maximum) values. This could be overcome with automatic
observation stations that allow for studying the dynamics of hydrochemical indicators with
minimal time discreteness, i.e., real-time water quality (RTWQ) monitoring [46,47]. An
attempt to create such a station was made by the Tver division of Roshydromet in 2018 on
the Volga River in Staritsa (Figure 7). Water was pumped continuously through the station,
where temperature, oxygen, pH, Eh (redox potential), conductivity, as well as turbidity
were measured at 10 min intervals. If critical changes were recognized, automatically, the
samples were filled within the station and stored in a fridge. Unfortunately, due to technical
reasons (blockage of the intake system by sediments), this station worked only for less than
a year. Future research and monitoring campaigns along rivers, i.e., longitudinal studies,
should consider the construction of automatic observation stations, as well as the joint
use of hydrochemical and hydrobiological methods for assessing the status of the aquatic
environment.
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An analysis of the literature sources [27,39–41] and data from our own field studies
showed that over a long period in the water of the Ivankovskoye Reservoir, the concentra-
tions of ammonium and nitrate nitrogen increased, which is evidence of a deterioration in
the sanitary condition of the reservoir. The concentrations of total iron and the values of
permanganate oxidizability, due to natural factors, on average, change in the same ranges
as in the first years of the reservoir’s existence. The intra- and inter-annual variability of all
analyzed indicators is still noted. The study in 2021 confirmed the earlier conclusion that
it is necessary to clarify the critical concentrations of nitrogen and phosphorus at which
intensive algal blooms could occur in the reservoir. It is also necessary to take a number of
environmental measures (e.g., riparian vegetation) to reduce the ingress of nitrogen and
phosphorus into the reservoir.

The characteristics of the chemical composition of the water of the Ivankovskoye
Reservoir at the beginning of the backwater (Tver, 100 m below the mouth of Tvertsa River)
and in front of the Ivankovskoye HPP in the first years after the creation of the reservoir
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(1938, 1944–45) were published by D.D. Kudryavtsev [39]. Total iron concentrations in
1944–1945 downstream of Tver ranged from 0.12 to 0.60 mg/L; ammonium nitrogen
concentrations ranged from 0.04 to 0.23 mgN/L, and the maximum concentrations of
nitrates did not exceed 0.16 mgN/L. In 1938, the values of oxidizability in the water of the
reservoir varied from 9.9 (September) to 15.8 mg/L (June), and in 1944, they ranged from
11.2 to 17.1 mg/L.

Analyses of the current state of surface water quality in the upper Volga basin make it
possible to assess the existing levels of pollution, trends in change, and possibilities for its
restoration. In order to assess the possibility of restoring water quality, it is necessary to de-
termine the concentrations of pollutants. Nutrients, primarily nitrates and phosphates, are
the limiting factors of water “blooming”, which is typical for shallow water bodies of slow
water exchange, in particular, the Ivankovo reservoir. Previous studies [40] showed that the
maximum concentration of phosphorus and mineral nitrogen, at which the phytoplankton
biomass did not exceed its background value (0.81 mg/L), was 0.07 mg/L, respectively
1.5 mg/L.

Concentrations of ammonium nitrogen in the water of the Ivankovskoye Reservoir
in the period from 2018 to 2021 changed, on average, in the range of 0.03–1.61 mgN/L
and were higher in certain periods than in the first years of existence [40]. An increase
in concentrations is evidence of a deterioration of the sanitary condition of the reservoir.
The concentrations of nitrate nitrogen in the water of the reservoir in recent years have
fluctuated in the range of 0.06–0.88 mgN/L and were higher than in the first years of the
existence of the reservoir [40,41] but below the limit at which the phytoplankton values
exceed the background values.

Total iron concentrations from 2018 to 2021, on average, fluctuated in the range of
0.06–0.34 mgN/L. The maximum concentrations were recorded in winter at the Bezborodovo
gauge. The range of their change in comparison with the first years of the existence of
the reservoir [39] has practically not changed, which is not surprising since the content of
iron in the water of the reservoir is determined mainly by natural factors. The seasonal
dynamic in the iron concentrations in rivers with paludified catchments is also known from
other catchments, e.g., [48,49], which is linked to fluctuating pH [48] as well as the source
(surface water vs. groundwater) [50].

The maximum values of color and permanganate oxidizability in recent years in all
observation sites were noted in spring. The range of values varied from 24 to 90 degrees
(Pt-Co scale), respectively, from 6.6 to 21.2 mgO/L. The range of changes in permanganate
oxidizability in recent years, on average, has remained the same as in the first years of
the reservoir’s existence. But the minimum and maximum observed values in some years
differed from those observed in the first years of existence. For indicators of the content of
organic matter and biogenic elements, spatio-temporal variability is characteristic under
the influence of changes in water discharge and anthropogenic load.

Since 2004, the ECOMAG (ECOlogical Model for Applied Geophysics) model has been
used for the simulation of hydrological characteristics and water inflow into reservoirs
of the Volga–Kama cascade [51], and recently, heavy metals were also included in the
model [52,53]. A future application could be the modeling of nitrogen loads toward the
Ivankovskoye Reservoir based on the data presented herein.

In the last century, in European rivers and lakes, the water temperature rose in the
range from +0.05 to +0.8 ◦C per decade, and our case study along Tudovka—a tributary of
the Volga in Tver region—revealed an increase of 0.20 ◦C/decade [54]. For the free-flowing
section of the Volga River in the Tver region, we are currently analyzing the available
dataset in order to compare the data from a mid-sized tributary with the main channel.

5. Conclusions

Our case study showcases the effect of mires on river water quality, which is recog-
nized globally, e.g., [55–57], and establishes a methodological framework for water quality
monitoring. Overall, long-term research and monitoring support the process of under-
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standing a natural system, and it is important to address changes associated with climate
change [58,59] and, subsequently, rising water temperatures.

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/w16030491/s1, Supporting Information S1: Physico-chemical
characterization of Volga in summer low water period 2021.
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