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The hydrochemical parameters’ characteristics of the river Chernaya and some its tributaries are 
represented based on the results of the observations in 2006–2010. The changes both of water 
hardness and the level of its contamination with the mineral nitrogen compounds (nitrates, nitrites and 
ammonium ions) are shown. The results of the investigations testify to rather noticeable 
anthropogenic effect (increasing at low norm of water content) upon the water chemical composition. 
The retrospective analysis shows that in the extreme cases mineralization, hardness, calcium and 
nutrient content levels in the river waters significantly exceed the hygiene and sanitary standards for 
drinking water. The river Chernaya waters (before the water supplying point) are constantly 
contaminated with the nutrients and organic matter brought by the tribute Baidarka and the slope 
drainage waters. Consistency of quality of the flood and low runoff waters inflowing the river 
Chernaya to the normative standards is assessed. Though water hardness exceeds the standards only 
in the extreme cases, the present trend towards growth of the river Chernaya water mineralization and 
contamination with organic matter and nutrients requires systemic solving of environmental 
problems. 
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The river Chernaya waters accumulated in the Chernorechenskiy reservoir is 

the main and the only surface source of water supply in Sevastopol. When the river 
waters discharge into the Sevastopol Bay, they largely determine its hydrologic-
hydrochemical regime and ecological state [1]. After the reconstruction (1977–
1984) total volume of the Chernorechenskiy reservoir makes up 64.2 million m3, 
approved operational reserves are 44.3 million m3/year. Currently this source gives 
~70–80 % of the water consumed by the city [2]. Therefore, the analysis of 
ecological state of these water areas and monitoring of compliance with the regulatory 
requirements of the water used are the urgent problems. 

Since 1916 regular stationary hydrometric work is being performed at the river 
Chernaya. At two gauging stations the Crimean Service for Hydrometeorology and 
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Environmental Monitoring (CrimeaSHEM) measure the water flow in the upstream 
of the river (g/s Rodnikovskoye) as well as the flow and chemical composition of 
the water at the backwater (g/s Khmelnitskoye). The Main Department of Natural 
Resources and Ecology in Sevastopol (Sevprirodnadzor) controls the chemical 
composition of the water from the upstream down to the entry during the main 
hydrologic phases. Central laboratory of drinking water of State Unitary Enterprise 
“Vodokanal” and Sanitary and Epidemiological Center in the Republic of Crimea 
and federal city of Sevastopol control sanitary and chemical parameters of the river 
and reservoir water as sources of water supply. Drinking water quality 
requirements are determined by sanitary rules and regulations (SanPiN 2.1.4.1074-
01, GN 2.1.5.1315-03). 

According to present ideas about the biological input in the water chemical 
composition and its impact on human health, the cause of some diseases can be the 
excess or deficiency of certain macro- and microelements. Among such elements 
are calcium and its salts which determine the hardness of water. 

Drinking water hardness is a significant criterion of the water quality. The 
water with high hardness index has unsatisfactory organoleptic properties and is 
unsuitable for industrial and household use. In addition, it is one of the factors in 
the development of non-infectious diseases. According to SanPiN 2.1.4.1074-01, 
water hardness target makes up 7 mg-eq/dm3, according to the instruction of Chief 
State Sanitary Doctor this target can be increased up to 10 mg-eq/dm3 for the 
centralized drinking water supply systems. Drinking of water of more than 
10 mg-eq/dm3 hardness usually leads to the development of endemic urolithiasis [3]. 

Currently, the city’s water supply is provided by the water of both the 
Chernorechenskiy reservoir and a number of underground water intakes (Orlovsky, 
Inkermansky and others). Due to over-normative operation of some underground 
sources of water supply, their water does not meet the established standards for 
mineralization indices, total hardness, nitrate and chloride concentrations. Thus, the 
hardness of Orlovskiy water intake is 11–15 mg-eq/dm3 at a mineralization (by dry 
residue) of up to 1630 mg/dm3. 

According to the monitoring data, Sevprirodnadzor noted low quality of 
drinking water supplied to citizens of Sevastopol. Chernorechenskiy reservoir 
water had a satisfactory oxygen regime and was assigned to the 2nd quality class 
slightly polluted water. According to the data represented in the Annual Report of 
Environment State, by the results of sanitary and chemical study 29 % of drinking 
water samples from the city’s water distribution system did not satisfy with SanPiN 
2.1.4.1074-01 [2]. 

River Chernaya is not only the source of Sevastopol water supply but also the 
only permanent stream discharging its waters into the Sevastopol Bay. Although 
the river runoff is regulated, its waters exert a very appreciable influence on the 
hydrologic and hydrochemical regime of the bay. Thus, during the flood period the 
volume of river runoff can be comparable with the volume of water in the bay itself 
[1]. This is what determines the need to study the river waters during the 
Sevastopol Bay monitoring, especially in connection with the pollution of the river 
Chernaya downstream and significant contribution of anthropogenic sources to the 
nutrient supply (nitrogen and phosphorus) to the bay [4]. 
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Formation of water and chemical runoff of river Chernaya is determined by 
two main environment-forming factors – geological conditions and climate. 
Geological conditions are characterized by predomination of karsting rocks 
(Cretaceous and Upper Jurassic carbonate deposits) [5]. The catchment area of the 
river Chernaya belongs to mountain forest zone of the temperate climate with mild 
winters and mild-hot summers. The annual norm of atmospheric precipitation 
ranges from 500 mm (foothills) to 1000 mm (the Main Ridge of the Crimean 
Mountains). 

According to B. D. Zaykov classification [6], river Chernaya, along with other 
Crimean rivers, belongs to the group of rivers with a flood regime of the Crimean 
subtype. On these rivers floods are observed in any period of the year with 
a pronounced summer low-water. Summer low-water – a low-water summer-
autumn period (from May to October) – can be interrupted by irregular short-term 
floods of different intensity, up to catastrophic one. In the winter-spring flood 
period (from November to April) 80 – 85% of the runoff passes. Summer low-
water period is characterized by the river drying up in its middle section (gorge of 
the river Uzundzha). The main supply of the river at this time is the groundwater 
runoff. The most high-water month is March, and the shallow one is September. 
The Chernorechensky reservoir is located in the center of the Baydar Valley. Here 
the river is fed by its numerous tributaries (rough in autumn and winter and dry in 
summer). The most significant of them is the river Baydarka. 

The purpose of this work is to analyze the present conditions of river Chernaya 
hydrochemical regime formation and to estimate if the quality of the river water (as 
the main drinking water source of Sevastopol) meets regulatory requirements. 

 
Materials and methods of the study 

The work is based on the results of monitoring of the river Chernaya and 
Chernorechenskiy reservoir water hydrochemical structure (2002–2010). When 
performing the research, the data on the water hydrophysical and hydrochemical 
characteristics as well as on ecological state of water bodies were obtained. 

 

 
 

Fig. 1. Scheme of sampling stations 
 
Sampling of water in the river and reservoir was carried out in accordance with 

international standards ISO 6059: 1984, ISO 6058: 1984 and methods [7, 8]. The 
samples were taken during the main hydrologic phases along the river course – 
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from the Chernorechenskiy reservoir down to the place where the river flows into 
the Sevastopol Bay (Fig. 1), as well as at the entry of some tributaries. The analysis 
of hydrochemical characteristics was carried out according to requirements of 
standard methods [7, 8] and regulatory documents (ISO 6059:1984, ISO 
6058:1984, RD 52.24.468-2005). The oxygen content was determined by the 
Winkler method, the one of nutrients (phosphates, ammonium, nitrates and nitrites) 
– photometrically, the total mineralization – by dry residue [7]. General hardness 
(dGH) and calcium content were analyzed by complexometric titration according 
to international standards [8] and GOST R 52407-2005. Validation of the analysis 
of the general water hardness and calcium content was carried out using 
intergovernmental reference standards IRS 0397:2002 and IRS 0399:2002. 

 
Results and discussion 

By the chemical composition the river Chernaya water (table) belongs to 
bicarbonate class of the calcium group (HCO3

– > Ca2+ + Mg2+) of medium (0.3–
0.5 g/dm3), sometimes increased (> 0.5–1.0 g/dm3) mineralization, weakly alkaline 
(рН 6.8–8.5) type. 

Mineralization (ion composition) and river water hardness. As is known, the 
annual fluctuations of mineralization and components of the main ion composition 
of rivers are determined by the water regime, its seasonal variability and the nature 
of the river feeding. Estimations of multi-annual variations of the river Chernaya 
maximum annual expenditures allowed us to distinguish the phases of water 
content for the rivers of the Crimean Mountains northwestern slope: from 1950 to 
1980 and from 1999 to 2010 – low water; from 1981 to 1998 – high water [9]. 

Due to the fact that the river has a pronounced flood regime, chemical 
composition natural variability depends on seasonal factors. At the maximum water 
content inherent for winter-spring flood when the river is a rain-fed one, the 
minimum values of mineralization are usually observed. In warm period during the 
low-water season the river is mainly fed by groundwater intake, mineralization and 
the content of main ion composition components increase. 

Close relationship of hydrochemical regime with the water one of Σi = f(Q) type 
allows one to consider the mineralization (the sum of ions, Σi) as a function of 
expenditure (Q) [10]. Such relationship is also characteristic of separate ion runoff 
components (hardness, for instance). For the river Chernaya waters a close 
correlation of total mineralization and hardness with water expenditures in the river 
over the last decade (1995–2010) is revealed. However, in the second half of 1998 
a significant mineralization increase (> 1.0 g/dm3) with runoff value rise 
characteristic of high-water period of 1980–1990 [11] was observed. This is due to 
significant anthropogenic impact [12]. 

Seasonal multi-annual observations of the river Chernaya water content and 
hydrochemical regime over the observational period 1990–2010 are shown in Fig. 2. 
The analysis of features of intra-annual expenditure, mineralization and hardness 
indicates a complex mechanism of formation of the river Chernaya water chemical 
composition. The maximum values of hardness as well as concentration of the main 
ion composition and calcium are observed when expenditure increases in the flood 
period (Fig. 2, a, b). In the low-water period at the decrease of runoff and 
atmospheric precipitation norm, the distribution of hardness and calcium content 
during the flood period changes, in general terms, in direct proportion to the water 
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expenditure: during the expenditure increase the dGH value in the water increases 
(Fig. 2, b). 

 
 

Fig. 2. Intra-annual variations of water discharge (a), mineralization, hardness and calcium content 
(b), nitrate and total mineral nitrogen (c), phosphates (d) and oxygen (e), pH (f) in the Chernaya River 
water (g/s Khmelnitskoye, 1990–2010) 

 
In our opinion, such a mechanism for the water chemical composition 

formation during the observation period is determined both by the nature of the 
water regime and by anthropogenic impact. As it was shown above, observation 
period refers to low-water phase of the river water content. At a low norm of water 
content − in the period of atmospheric precipitation absence − in the soils and rocks 
of the catchment area the accumulation of movable forms of ion composition 
chemical elements is possible. Their leaching from the underlying rocks proceeds 
more intensively during the flood. 

Dissolved gases and nutrients. The concentration of dissolved gases (oxygen) 
and nutrients (nitrogen compounds, phosphates) demonstrates a dependence on 
expenditure; however, biogeochemical processes (respiration of hydrobionts, 
destruction of organic matter) and anthropogenic impact (flushing from agricultural 
lands, etc.) play a key role in the distribution of these characteristics. 

Oxygen in the river water is at satisfactory level: its mean concentration varies 
from 7.7 to 15.8 mg/dm3. Seasonal variability of oxygen depends on the river 
feeding character and biochemical processes. 
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During the autumn-winter flood at the rain-fed regime of the river, low 
temperature and active water mixing, the oxygen content is maximal (5.4–
13.6 mg/dm3). During the low-water period when the oxygen concentration is 
mainly determined by photosynthesis and the organic matter oxidation as well as 
respiration of hydrobionts, its content is from 6.0 mg/dm3 to 10.4 mg/dm3 (Fig. 2, 
e). During our observations oxygen saturation in the river Chernaya was 88–118 % 
and in its left tributary, the river Baydarka, – 75–109 %. The observed oxygen 
deficiency refers to the summer period. The minimum pH values are more 
characteristic of flood period (Fig. 2, f) when atmospheric precipitation is the main 
source of the river supply. 

Intra-annual nutrient dynamics is regular and it is determined by the activity of 
their consumption by the plants and mineralization of organic matter, as well as 
their inflow with the surface runoff from the catchment area and sewage discharge, 
were observed. Predominant form of inorganic nitrogen for the studied rivers is 
a nitrate one. The minimum concentrations of nitrates are in the vegetation period 
(April – June), while the maximum concentrations of nitrates, the sum of the 
mineral compounds of nitrogen ΣN (NO3

– + NO3
– + NH4

+) and phosphates are 
characteristic of autumn-winter floods when the surface runoff reaches its 
maximum, as well as in low-water period during the oxidation of autochthonous 
organic matters and relative increase in the part of sewage due to decrease in 
natural runoff (Fig. 2, c, d). In 1990–2010 nitrate concentration varied during the 
year from 0–1.30 mgN/dm3 (during the low-water period) to 0.02–2.58 (during the 
flood). Nitrites concentration did not exceed 0.037 mgN/dm3 during the year. The 
maximum ammonium concentration was observed during the summer-autumn low-
water period at 0.184 mgN/dm3 mean value which is two times higher than the 
values characteristic of the flood. Annual variations of phosphates were 0.002–
0.612 gP/dm3 with the maximum values in the flood period (Fig. 2, d). Despite the 
fact that the level of nutrient content in the river flow did not exceed the 
established maximum permissible concentration (MPC) (SanPiN 2.1.4.1074-01, 
GN 2.1.5.1315-03), the comparison of obtained results (table) with historical data 
(survey performed in 1939) when nitrogen compounds in the rivers Chernaya and 
Baydarka either were not detected (nitrites) or their content was very low 
(nitrates) – 0.07 mgNO3/dm3 [13], indicates an increase in anthropogenic 
contribution and river pollution. 

An increase of hardness, calcium content and mineralization is observed in the 
low-water period when the main source of the river feed is groundwater runoff 
(Fig. 2, b). Although the bicarbonate-calcium groundwater at the unloading sites in 
the Baidaskaya Basin has low mineralization (200–500 mg/dm3) [5], according to 
our observations, in the summer period the concentrations of Са2+ and dGH in the 
river Uzundzha waters significantly exceed the ones in the river Chernaya and in 
the surface waters of the Chernorechenskiy reservoir. Thus, in June 2009 in the river 
Uzundzha entry the hardness reached 5.52 mg-eq/dm3 at 541 µS/cm electric 
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conductivity, while on the reservoir surface waters these parameters were 3.24 mg-
eq/dm3 and 329 µS/cm, respectively. 
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Previously it was shown that the chemical composition of waters in the river 
downstream is substantially transformed and the actual supply of nutrients with the 
downstream waters of the river is considerably (1.5–2 times) greater than the 
outflow [4]. Unfortunately, the pollution of the river Chernaya occurs not only in 
the downstream but also above the water intake for drinking water supply. This is 
noticeable when considering the variability of mineral substance concentrations 
along the river (Fig. 1, 3). It was determined that the hardness, concentrations of 
calcium and mineral nitrogen in the river Baydarka waters are higher than in the river 
Chernaya due to pollution (Fig. 1; 3, a). The increased concentrations of nitrates and ΣN 
are also noted in the mid-stream of the river (Fig. 1; 3, b). It should be pointed out 
that regulatory indicators (MPC) for these parameters were not exceeded in winter. 

 
Fig. 3. Variability of the hydrochemical parameters of the river Chernaya waters along its stream 
2006–2010. (st. 2 – the Baydarka River): а – hardness and calcium content; b – content of nitrates 
(NO3–) and total mineral nitrogen (ΣN) 

 
There are several types of pollution that affect the quality of river and drinking 

water. The most significant of them are: 
– pollution of catchment area of the river and its tributaries, 
– high turbidity of water during the floods, 
– pollution of the Chernorecheskiy reservoir water. 
The main source of pollution is an anthropogenic one. Even in water protection 

zones municipal sewage and contamination with household garbage are noted. 
In the river Chernaya catchment area there are about thirty ponds used not only 

as regulators of water runoff and water consumption but also as storage ponds of 
wastewaters. Below the Chernorechenskiy reservoir the ponds exist on rivers-
tributaries such as the Baydarka, the Urkusta, the Uppa and the Ay-Todorka [14]. 

In the conditions of failure and sometimes gross violations of requirements of 
main regulatory documents determining the water use procedure, both previously 
imposed (SanPiN 2610-82) and currently in force (SanPiN 2.1.4.1110-02), the 
Chernirecenskiy reservoir contamination takes place. 

The main violations: 
– the zones of sanitary protection are not approved in accordance with the 

legislation on sanitary and epidemiological welfare of the population (Part 2, Article 
43 of the Water Code of the Russian Federation and SanPiN 2.1.4.1110-02); only 
from 2015 within the framework of Sevastopol ecological program realization the 
works on implementation of sanitary zones for water bodies were started [15]; 

– economic activities are conducted within the boundaries of sanitary 
protection zones; 
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– since the reservoir putting into operation and until now the settlements 
Shirokoe, Novobobrovka, Rodnikovskoe and others, entering the second zone of 
the sanitary protection area, were not provided with sewage system. This leads to 
the intake of pollutants along the tributaries with surface slope runoff and also to 
the contamination of underground aqueous layers; 

– more than two decades the sewage treatment plants of Orlinoye settlement 
did not work, and the issue of building of two sewage pressure collectors for 
pumping untreated sewage of Orlinoye settlement to the Ozernoye settlement 
treatment plant was not resolved. The sewage of Orlinoye and Tylovoye 
settlements came to the river Baydarka and storage ponds, and then it polluted the 
river Chernaya due to the dumping, infiltration and flushing under intense 
atmosphere precipitation. Ultimately, this led to an emergency situation: in 
November 2006, as a result of the dam failure, the water from the storage pond on 
the river Baydarka near Ozernoye settlement, where 220 thousand m3 of 
wastewaters were accumulated, got into the river Chernaya. More than 70 % of 
Sevastopol population had been remaining without water supply for a week. It was 
stopped due to the inadequacy of water for use according to sanitary and chemical 
indicators [16, 17]. Currently, the efficiency of Ozernoye settlement treatment 
plants is also insufficient. According to observations carried out in 2006–2010, 
ammonium concentration in the river Baydarka (its water gets into the river 
Chernaya below the reservoir water intake appliance) is more than two times 
higher than its values characteristic of the river Chernaya water. This indicates a 
constant fresh contamination as ammonium nitrogen is primarily a product of 
organic matter destruction in sewage. The data on the biochemical oxygen demand 
(BOD5), phenol and bichromate oxidability (presented by Sevprirodnadzor in the 
Annual Report for 2015), which exceed the regulatory limits, also show the 
constant contamination of the river Chernaya and the Chernorechensky reservoir 
waters with nutrients and organic matter [2]. 

The study of the Chernorechenskiy reservoir water column in summer period 
(June 2002 and 2006) revealed heterogeneity of hydrochemical composition. If the 
content in the surface 7 m layer corresponds to the regulatory indices (oxygen 8.6–
10 mg/dm3, saturation 106–116 %), then in the bottom layer of the deep-water part 
(25–30 m) there is a significant decrease in the oxygen concentration (4.2–
5.7 mg/dm3 at 40–75 % saturation). The main cause is the oxygen consumption on 
allochthonous and autochthonous organic matter oxidation during the summer 
stagnation when the aeration of the water layers is hindered and the reservoir is fed 
mainly by groundwater with the minimum oxygen content. Nutrient content here 
does not exceed regulatory limits but it is about 10 times higher than in the surface 
water layer [18]. In the near-bottom layer the hardness – 3.76–3.84 mg-eq/dm3 (at 
3.06 mg-eq/dm3 average value in the surface layer) and calcium concentration in 
the bottom waters are significantly higher. This is also due to groundwater feeding. 

Another factor affecting the drinking water quality is high turbidity of water 
(suspended matter concentration) during the floods (up to 250 mg/dm3, see the 
Table), which creates certain difficulties in water treatment and leads to excess of 
the regulatory values for turbidity. 

From the analysis of interannual variation of mineralization (Σi), hardness 
(dGH) and calcium for Khmelnitskoye waterworks facility (Fig. 4) it follows that 
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interannual variability of the considered parameters usually does not exceed the 
established regulatory parameters except for the extreme results obtained in 1998. 
At the same time, there is a trend for the increase of mineralization of the Crimean 
river waters, including the river Chernaya, as a result of anthropogenic pressure 
[6]. 

 

 
Fig. 4. The river Chernaya: interannual variability of mineralization, hardness and calcium content 
(g/s Khmelnitskoye, 1995–2010) 

 
Conclusion 

Thus, due to the absence of sewage system in the settlements located within 
the water protection zone, the pollution of the river Chernaya and underground 
aqueous layers occurs during surface-slope runoff and infiltration of wastewater 
from storage pounds. As a result, the quality of water getting to the Waterworks 
Facility No. 3 for preparation is so low that it is not always possible to perform its 
normative treatment, since the treatment capabilities of the waterworks facility are 
not designed for such pollution level. 

It should be noted that the issue of supplying high-quality drinking water to 
Sevastopol cannot be considered satisfactory. At the current state of water 
protection measures in the catchment of the river Chernaya and in the sanitary 
protection zone of the Chernorechenskiy reservoir, and also in the absence of an 
alternative surface water source at present, the city is not immune to extreme 
situations such as those that occurred in 1998 and 2006. The problem of protecting 
the catchment areas and river waters from pollution by domestic wastewaters 
requires urgent consideration. The demand for quality drinking water will increase 
with the growth of the population, with the development of the tourism and 
industry. At an increase in the demand for drinking water, the attempt to increase 
the proportion of groundwater (the quality of which often does not meet regulatory 
requirements) in the total volume of water supply does not compensate the deficit 
of water suitable for consumption. With the current trend of the water 
mineralization increase and the growth of pollution, it is necessary to introduce 
systematic environmental measures aimed to solve the identified problems. 

 
The authors of the article express their gratitude to the staff of Sea 

Biogeochemistry Department and personally to S.I. Kondrat’ev for help in 
obtaining full-scale data when sampling and performing chemical analysis. 
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