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Abstract

The paper aims to evaluate hydrochemical composition of the Chernaya River waters,
which is the major supplier of fresh water in Sevastopol, as well as to assess the influence
of the river runoff on the ecological state of Sevastopol Bay. Flowing from the Chernore-
chenskoye Reservoir, the Chernaya River crosses the Baydar Valley and on its way takes
in several tributaries, not having passed through the reservoir geochemical filter. Then it
loses the most of its flow at several water intakes near the village of Khmelnitskoe and
turns into a stream. The stream again becomes a relatively full-flowing river after the in-
flow of circulating water from the treatment facilities near the village of Sakharnaya
Golovka, and finally, it discharges into Sevastopol Bay near the Inkerman basin. In order
to investigate the transformation of the river waters hydrochemical composition as it moves
from the Chernorechenskoye Reservoir to the river mouth, graphs of average concentration
for some hydrochemical elements for four hydrological seasons 2012-2023 were con-
structed for 10 stations located on the river and two conditional stations in the water area of
the bay (averaged data for the Inkerman basin and 30 stations of the bay). The waters of
the Chernorechenskoye Reservoir and Chernaya River were revealed to be close in com-
position along the length of almost the entire channel from the outlet to the water intake
near the village of Shturmovoe. Further, the composition of the river waters is determined
by wastewater. Directly (without taking into account wastewater), the Chernaya River sup-
plies significant amounts of nitrates, silicic acid and ammonium to Sevastopol Bay, but not
phosphates, which come with the wastewater.
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AHHOTAUMA

Ilens cTaTby — OLEHKAa T'HMAPOXMMHUYECKOIO COCTaBa BOJ Peku UepHOU, SBISIOLIEHCS
OCHOBHBIM IOCTABIIMKOM ITPECHBIX BOJ B I. CeBacTomose, a TaKkKe BIUSHHSI CTOKa 3TOH
pexu Ha 3kojoruio CeBacTonoibckoit 0yxTel. Pexa UepHast, BeiTekaromas u3 YepHopeueH-
CKOTO BOJIOXpaHWIHWINA, HA CBOEM IyTH mepecekaeT baiinapckyro moiuHy, BOUpaeT He-
CKOJIBKO TMPHUTOKOB, HE MPOMIEAIINX Yepe3 T'€OXUMHUYCCKHH (WIBTP BOJOXPAHWININA,
TepseT OONBUIYIO YaCTh CBOErO MOTOKA Ha HECKOJIBKUX BOA03a00pax B paiioHe ¢. XMelb-
HUIIKOTO U IPEBpaIaeTcs B pyyeid. BHOBb CTAHOBHUTCSI OTHOCHTENBHO MOJTHOBOIHON pPEeKOH
Hocjie NMOCTYIUIGHHS B Hee 0OOPOTHBIX BOJ OYMCTHBIX COOpykeHHuil Bosne c. CaxapHas
l'onoBka u HakoHel BragaeT B CeBacTONONBCKYIO OyXTy Bo3ie MHKEpMaHCKOTO KOBIIA.
Uto0bI TpOCIETUTH 32 M3MEHEHHEM THAPOXHUMHYECKOTO COCTaBa BOJ PEKH IO Mepe Ipo-
JBIKECHUS. OT UepHOPEYEHCKOro BOJOXPAaHWIMIIA 10 yCThs, At 10 craHmmii, pacmosno-
JKEHHBIX Ha PeKe, U JIByX YCIOBHBIX CTAHIWN Ha aKBaTOPHH OYyXTHl (OCPEIHEHHbIEC TaHHBIC
st Uakepmanckoro xoBma u 30 cranmmid OyXThl) OBUIM TOCTPOEHBI TPa(UKH CPETHUX
3HAYCHUH KOHIEHTPAIMH HEKOTOPHIX T'MIPOXUMHYECKUX 3JIEMEHTOB [UIS YEeThIpEX THAPO-
soruueckux ce3oHoB 2012-2023 rr. BersaBneHo, uTo Boabl UepHOPEUEHCKOTO BOJOXpaHH-
numa 1 pekn YepHo# CXOIHBI 10 COCTaBy Ha MPOTSHKEHUHU MTOYTH BCETO PYCia OT BBIXOJA
Ha TIOBEPXHOCTH JI0 Boj03abopa nox c. llITypMoBEIM, Jlasiee cocTaB BOJ PEKU ONPEEIISIOT
cTouHble BoAbl. HemocpeacTtBenHo peka YepHas (6e3 ydeTa CTOYHBIX BOM) MOCTABISET
B CeBacTonosiIbcKyo OyXTy 3HaYMTENbHBIE KOJIMYECTBA HUTPATOB, KPEMHEKUCIOTH U aM-
MOHHUS; pocdaThl MOCTYMAIOT CO CTOYHBIMHU BOJIAMHU.

KaroueBbie cioBa: peka Yepnas, KpbiM, rHIpOXUMUYECKUN COCTaB, OMOTEHHBIC 3JICMCH-
ThI, KapOoHaTHas cucteMa, CeBacTomoIbCcKas OyxTa

BaarogapHocTu: paboTa BhINONIHEHA B paMKax rocyaapctsenHoro 3aganus FNNN-2022-0002
«MOHUTOPUHT KapOOHATHOW CUCTEMBI, cofepxkaHust U MoTokoB CO2 B MOPCKOM cpene
YepHoro 1 A30BCKOT0O MOPEID».

das uutupoBanusi: Konopamves C. M. T'unpoxumudeckas CTpykTypa peku YepHoi
(Kpemm) B 2012-2023 romax // Dxonormdeckas 0€30MacHOCTh MPUOPEKHON U MIEThPOBOI
30H Mopst. 2024. Ne 4. C. 27-38. EDN OVGMMS.

Introduction

In fact, the Chernaya River flows out of the Skelskaya Cave, almost immedia-
tely (two hundred metres from the source) begins to fill the Chernorechenskoye
Reservoir (CR), then comes again to the surface through the water intake under
the reservoir and flows into the eastern apex of Sevastopol Bay after about 35 km.
This river is one of the most important elements of the Sevastopol ecology. Firstly, the
Chernaya River is the main external supplier to the bay waters of various hydro-
chemical components, such as nutrients [1], carbonate system elements [2], trace
elements [3], organochlorine compounds [4] and aromatic polycyclic hydrocarbons
[5]. Secondly, the waters of the Chernaya River are the main source of fresh water
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for the city of Sevastopol, and the quality of the water is deemed satisfactory. In
accordance with work Y, a mere 1.7% of the fresh water supplied to Sevastopol
fails to meet the requisite sanitary and chemical indicators. This water is drawn
from the North Side water supply system.

The influence of the Chernaya River on the hydrochemical composition of
the Sevastopol Bay waters has been the subject of considerable scientific investiga-
tion [6-8], including in the most recent works [1-5], yet the changes that occur
in the composition of waters on their way from the CR to the river mouth have
attracted much less attention from researchers. The population of Sevastopol is
so accustomed to the fact that the water supply system provides sufficiently clean
water (additional purification is still recommended for food use) that they demon-
strate interest in water supply problems only when there are interruptions in sup-
ply 2 or where the quality of running water is uncertain, as was the case following
the dam failure on the Baydarka River in 2006 .

In light of the significance of observations pertaining to the impact of the Cher-
naya River waters on the Sevastopol Bay ecosystem, Marine Hydrophysical Insti-
tute (MHI), which initiated its investigation into the hydrological and hydrochemi-
cal characteristics of the bay waters towards the end of the 20th century, incorpo-
rated the lower Chernaya River waters (from the CR to the Inkerman basin (1B))
into the scope of its study in 2006. The principal findings of the results of
the 2006—2011 observations published in [9] indicate that the Chernaya River waters
up to the water intake near the village of Shturmovoe exhibit a relatively consistent
hydrochemical composition with the CR water, which the surrounding villages
have been utilising for food purposes for an extended period without any notable
concerns. However, the hydrochemical composition of the water deteriorates signifi-
cantly between the village of Shturmovoe and the railway bridge across the river.

Thus, the river is conditionally divided into two parts on the basis of water
quality. The water from one part is suitable for domestic purposes, while the water
from the second part, which contains significant amounts of nutrients, is compara-
ble to phosphorus-containing fertiliser for agricultural needs. All these unfavoura-
ble changes in water composition are attributed to the activity of the KOS-3 sew-
age treatment plant in the village of Sakharnaya Golovka [10], which discharges its
wastewater into the river below the water intake near the village of Shturmovoe.

Recent studies devoted to the Chernaya River have addressed the significant
issue of water composition alteration during the transition from fresh to saline con-
ditions in the estuary zone between the railway and highway bridges [4, 10-13].
Nevertheless, these studies fail to address the issue of changes in water composi-
tion on the route from the reservoir to the IB, which was the objective of the re-
search initiated in 2006 and continued until the present (the most recent survey was
conducted in December 2023).

D Antonova, A., 2017. You Can Drink Tap Water. Sevastopol'skaja Gazeta. Online available at:
https://sevastopol.press/2017/09/04/vodu-iz-krana-mozhno-pit/ [Accessed: 12 April 2024].

2 Aleshina, N., 2024. Emergency due to Mud. Sevastopol Remains without Water for the Fourth Day.
KRym.AIF.RU. Available at: https://krym.aif.ru/society/jkh/chs_iz-
za_gryazi_sevastopol_ostayotsya bez_vody_chetvertye_sutki [Accessed: 12 April 2024].

3 Ryabov, M., 2006. The Tap Water is Poisoned! Sevastopol'skaja Gazeta. Available at:
https://sevastopol.press/2006/11/09/voda-otraviena/ [Accessed: 12 April 2024].
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This study aims at analysing changes in the hydrochemical composition of
the waters of the lower Chernaya River in 2012-2023.

Materials and methods

The findings of the quarterly environmental monitoring of Sevastopol Bay
at 36 stations and the lower Chernaya River at 10 stations (Fig. 1), conducted
by the MHI Marine Biogeochemistry Department were employed in this study.
The sequence of the stations is as follows: 1-0-4—6-5—-3-2—24—7-8-9-10. Stations
11, 12 were carried out in advance, during the Sevastopol Bay expedition, for de-
tails see [15]. From 2012 to December 2023, a total of 36 expeditions were con-
ducted. While surveys were planned in each of the four hydrological seasons, not
all of them were carried out. The water samples were transported to a fixed onshore
laboratory within a timeframe of 2-3 hours after collection, where they were sub-
jected to immediate analysis. Before analysing dissolved mineral forms of nutrients
(silicic acid, phosphates, nitrate, nitrite, ammonium), water samples were pre-
filtered through a membrane filter with a pore size of 0.45 um.

Dissolved oxygen content was determined by the Winkler method [16], miner-
al forms of nutrients (phosphates, silicon, nitrate and nitrite nitrogen) were ana-
lysed photometrically in accordance with work 4.

12 Inkerman
H

Saé(hlevkaya
R Ternovka

Rodnoe

Balaklava Peredovoe

Gonchamoe 7 Rodnikovoe

@I’IDE

Fig. 1. Map of stations for sampling water from the River Chernaya. Nota-
tions are given in the table below

4) Bordovsky, O.K. and lvanenkov, V.N., eds., 1978. [Methods of Hydrochemical Studies of the Ocean].
Moscow: Nauka, 271 p. (in Russian).
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Station Coordinates _
number Reference points
N E
0 44.492033 33.809025 Reservoir surface over the water intake
1 44.490475 33.805073 Water intake under the reservoir
2 44.475604 33.790574 Baydarka River, former pond
2a 44.475604 33.790574 Concrete trough bypassing the pond
3 44486921 33.794287 Baydarka Rl_ver, pipe-bridge outside
the village of Ozernoe
4 44.492832 33.792845 Urkusta River
5 44492115 33.792624 Highway brlc_ige of the village Ozernoe—
the village of Peredovoe
6 44.496838 33.784174 Gauging station near Krasnaya Skala
Gauging station
/ 44.545083 33662152 near the village of Khmelnitskoe
8 44574922 33.629644 Highway bridge
near the village of Shturmovoe
9 44595650 33.609477 Railway bridge near Inkerman
10 44605719 33.601888 Highway bridge near Inkerman

Note: Station 11 — the average over three stations of the Inkerman basin, station 12 — the average
over 33 stations in Sevastopol Bay.

Ammonium nitrogen was determined using the modified method of Sagi-
Solorzano based on the phenol-hypochlorite reaction using sodium nitroprusside
and sodium citrate ®. The pH value was determined potentiometrically in an open
cell with calibration by NBS scale buffer solutions; total alkalinity was determined
by direct titration with potentiometric termination.

The Grafer programme was employed to plot the figures of sequential changes
in the composition of each hydrochemical element when progressing from the CR
surface to Sevastopol Bay.

% Bordovsky, O.K. and Chernyakova, A.M., eds., 1992. [Modern Methods of Hydrochemical Studies
of the Ocean]. Moscow: 10 AN SSSR, 199 p. (in Russian).
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Results

First, we explain the location of stations along the Chernaya River in more de-
tail (Table). Station O represents the reservoir surface waters, while st. 1 — the CR
bottom waters (water intake under the reservoir, from which the Chernaya River
flows out for the second time); further on, the river waters take in two tributaries:
the Baydarka River (st. 2, 3) and the Urkusta River (St. 4). Prior to st. 5, these three
rivers are combined. At st. 6, they have already become a homogeneous mass,
with multiple water intakes along the way. The first intake is located near the vil-
lage of Khmelnitskoe (st. 7), while the last intake is situated near the village of
Shturmovoe (st. 8). Following the diversion of the Chernaya River through a series
of water intakes, a residual stream of water remains. It receives wastewater from
KOS-3, which changes the water hydrochemical composition qualitatively to st. 9.
At st. 10, waters have already become partially distributed marine ones (their salin-
ity is rarely less than 16). Two more stations — 11, 12 — represent averaged data
for surface waters of the Inkerman basin (3 stations) and all Sevastopol Bay
(33 stations). Data from some stations in Sevastopol Bay, namely in the Southern
Bay apex, where 10-100-fold exceedance of MPC for nitrate and ammonium was
constantly observed [17], were not taken into account during averaging.

It is important to note that prior to the formation of the CR, the Chernaya
River had a considerable number of tributaries, which now contribute to the CR.
The volume of water from these tributaries is comparable to that of Sevastopol
Bay. The CR is a geochemical filter, which is why it is inaccurate to suggest that
tributaries flow into it. Biochemical processes extract nutrients, and the products of
this processing eventually settle to the bottom of the river. This transformation re-
sults in a natural self-purification of the waters which can be used for food without
additional treatment. All this becomes possible only because the reservoir, due to
its strategic importance, is not used as a recreation object at all; there are enough
artificially created stanks, ponds and other water bodies for recreation of the popu-
lation of the nearest villages.

Two principal tributaries of the Chernaya River exhibit a significant distinc-
tion. The Urkusta River originates from the pond near the village of Peredovoe,
traversing a geochemical filter. In contrast, a comparable filtration system for
the Baydarka River was dismantled due to an unanticipated incident in November
2006 and was not subsequently restored. Instead of constructing treatment facili-
ties for the Baydarka River waters and emergency discharge of the CR waters,
a concrete trough was constructed to collect rainfall parallel to the Baydarka River
bed (st. 2a). As a result, the Baydarka River, which collects waste from the village of
Orlinoe and agricultural lands as it goes, flows untreated into the Chernaya River.

Expected seasonal variations in the distribution of oxygen are observed
across stations, with the highest concentrations in winter which gradually decrease
in spring and the lowest concentrations in summer which increase in autumn
(Fig. 2, a). The percentage of oxygen saturation in the waters of the CR and
the river at st. 5-7 up to the water intake is consistently maintained at a level of
approximately 100%. (Fig. 2, b) which indicates a low rate of photosynthesis
in the river waters in comparison with surface waters of the CR, the Inkerman
basin and the whole bay, oxygen saturation of which reaches ~110% in summer.
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Fig. 2. Oxygen content (a), water oxygen saturation (b), pH value (c) and total
alkalinity value (d) at the stations of the lower Chernaya River in 2012-2023

The change in pH value is similar to the pattern of oxygen saturation of waters
(Fig. 2, ¢), value 8.3 is typical for all seasons for the surface waters of the CR,
st. 5-7, IB and the bay waters. In summer, however, the pH is somewhat lower
than this value.

The tributaries of the Baydarka and Urkusta Rivers exert the most significant
influence on the alkalinity value of the river water, with a pH level exceeding
5 mg-eq/L. This results in an increase in the alkalinity of the Chernaya River water
following the discharge of the tributaries (Fig. 2, d). Seasonal variations of alkalini-
ty demonstrate a distinct pattern, with the highest values observed in winter, subse-
quent decline in spring and further reduction in summer. Conversely, autumn
marks a period of increased alkalinity. Nevertheless, these fluctuations have a neg-
ligible impact on the alkalinity of the IB waters, with the average alkalinity of
the bay surface waters remaining largely unaltered at ~3.4 mg-eq/L.
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Fig. 2 shows that the contribution of wastewater at st. 9 does not change
the values of these parameters too much. But the content of elements of the main
biogenic cycle is very much influenced by the wastewater appearing at st. 9
(Fig. 3). The phosphate concentration variations are the most contrasting in this
respect. In the CR waters, its content is insignificant in all seasons, at the level of
0.1 uM (Fig. 3, a). After the inflow of the Baydarka River waters (phosphates are
almost absent in the Urkusta River waters (st. 4) passing through the geochemical
filter), the phosphate concentration at st. 5-7 remains about the same as in the CR.
And after wastewater inflow, the minimum phosphate concentration at st. 9
becomes higher than 2 uM, which is 20-50 times higher than its content in the CR
waters.
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Fig. 3. Contents of phosphates (a), silicic acid (b), nitrates (c) and ammonium (d)
at the stations of the lower Chernaya River in 2012-2023
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The concentration of silicic acid in the CR waters during the summer months
is approximately equivalent to that observed in the waters of the IB and the entire
bay, ~ 5 uM (Fig. 3, b). In other seasons, the concentration of silicic acid in the CR
waters is noticeably higher, at 20 uM. This value increases markedly after the in-
flow of tributaries containing silicic acids about 5 to 8 times higher than in the CR,
ranging from 80 to 160 uM. This results in a slight increase in silicic acid content
at st. 5-7, which then almost doubles at st. 9 after wastewater intake. Thereafter,
a monotonic decrease in silicic acid concentration upon contact with seawater
at st. 10, 11, 12 takes place.

Seasonal variations in nitrate content in the CR waters have been observed,
with accumulation during winter, extraction in spring, and increased consumption
during summer and autumn. At the same time, nitrate concentration in the CR wa-
ters is always higher than in the bay waters (Fig. 3, ¢). The Baydarka River has
a nitrate concentration that is 3—4 times higher than that of the CR (it is important
to note again that the geochemical filter in the Urkusta River has a similar nitrate
concentration to that of the CR). This has a negligible impact on the water compo-
sition at st. 57 upstream of the water intake. Below the water intake, wastewater
inflow leads to a 2-4 times increase in nitrate concentration at st. 9 which then re-
mains at a stable level of 80 uM. The decrease in nitrate content upon contact with
seawater is gradual; at st. 10 nitrate concentrations become approximately the same
as in the CR, after which they decrease by an order of magnitude in the IB and
subsequently throughout the bay.

The dynamics of ammonium content in the CR surface waters are qualitatively
opposite to those of nitrate content. During the winter and spring months, when
nitrate levels are elevated, ammonium concentrations are typically low, with
an average value of less than 0.5 uM (Fig. 3, d). In summer, nitrate begins to be
consumed during photosynthesis, while ammonium accumulates as a result of
decomposition of suspended organic matter (SOM) (SOM decomposition process
provides higher ammonium concentrations in the CR bottom waters compared to
the surface waters). By autumn, the process of ammonium accumulation in the CR
surface waters intensifies (photosynthesis weakens, SOM decomposition contin-
ues). It is also noteworthy that while the nitrate concentration in the CR surface and
bottom waters is approximately equivalent, ammonium is consistently present
at higher levels in bottom waters than in surface ones. It can be assumed that this is
caused by the decomposition of deposited SOM near the bottom. Wastewater
increases ammonium content at st. 9 predictably, about 2—4 times higher than
at st. 5-7. The decrease in ammonium as well as nitrate concentrations in contact
with seawater during the progression from st. 10 to st. 12 is not immediate, but
gradual.

Discussion

Among the above results, the main ones should be highlighted: the role of
the tributaries of the Chernaya River (the Baydarka and Urkusta Rivers) and
the sewage treatment plants in changing the composition of the CR waters; the rate
of assimilation of the river waters by the bay seawater.

Figs. 2, 3 demonstrate that the inflow of tributary waters (st. 2—4) contain-
ing significantly more of all nutrients and having higher alkalinity than the CR
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waters does not significantly affect the composition of the Chernaya River wa-
ters. Only silicic acid content at st. 5-7 (river waters up to the intake) exhibits a
notable increase following the inflow of tributary waters. In contrast, the concen-
trations of other nutrients and alkalinity value remain approximately at the same
level as in the CR.

With regard to the waters of wastewater treatment facilities, the impact of
which is evident just before the mouth at st. 9, they contain significantly higher
levels of nutrients throughout the year than the waters of the Chernaya River
at st. 5-7: phosphates by 10-100 times, silicic acid, nitrates and ammonium
by about 2 times.

Such an increase in concentrations is almost levelled out before the river water
enters the IB, the concentrations of all biogenic elements are markedly reduced
atst. 10 compared to st. 9, and the composition of water in the IB is almost
the same as in Sevastopol Bay. That is, the main decrease in the content of nutri-
ents and alkalinity value occurs at the river mouth, between st. 9 and st. 10, where
the Chernaya River waters are diluted with marine waters and finally turn into
them at st. 10, where salinity is rarely less than 17. It is no coincidence that this
area has attracted increased attention from the scientific community [4, 5, 10-13].

A comparison of the composition of the waters of the CR (st. 0-1) and the bay
(st. 12) reveals that the waters of the Chernaya River contribute only silicic acid
and nitrates to the bay, while phosphates enter the bay exclusively from the wa-
ters of the Sakharnaya Golovka wastewater treatment facilities. Furthermore, the
effluent from the wastewater treatment facilities contains silicic acid, nitrates and
ammonium.

Conclusions

The hydrochemical monitoring of the Chernaya River waters shows the fol-
lowing:

1. The oxygen saturation of the waters of the CR and the lower Chernaya Riv-
er up to the water intakes is approximately 100% in all seasons, and the pH value is
within the range of 8.25-8.30.

2. The total alkalinity of the CR and the Chernaya River exhibits seasonal var-
iations. During the winter and spring months, it is higher than the alkalinity of the
Sevastopol Bay waters. Conversely, during the summer and autumn, it is lower.

3. The waters of the CR and the Chernaya River exhibit elevated concentra-
tions of silicic acid and nitrates throughout the year, in comparison to the Sevasto-
pol Bay waters. The ammonium concentrations in the river and bay waters are
found to be approximately equivalent.

4. The phosphate content of the reservoir and river waters is approximately
equivalent, yet the river subsequently becomes the source of phosphates for the bay
following the introduction of wastewater from the treatment plant.

5. The waters of the Baydarka River (a tributary of the Chernaya River), which
have not undergone geochemical filtration via the CR, consistently exhibit marked-
ly elevated concentrations of silicic acid, nitrates, ammonium and phosphates as
well as a higher alkalinity value than the river waters. This presents a potential risk
to the quality of the water supplied to Sevastopol.
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