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Scientific research works on studying the processes taking place in the Manych reservoirs are aimed
not only at obtaining new scientific knowledge, but also assessing the impact of these changes on the
species diversity dynamics and the structural and functional organization of communities of hydrobionts and
semi-aquatic fauna, as well as developing measures for optimization of water-salt balance, ecological
conditions of the Manych Cascade reservoirs bioresources conservation and reproduction. Information on
the current mineralization and the ionic composition state of the Proletarian Reservoir waters is important to
understand their origin, the possibility of using them for economic purposes, assessing their transformation,
and their influence on the environment and biota. It was found that the total mineralization in the surveyed
water area in the period of autumn observations remains at a high level (45 g /1), as in 2010 and 2011. (42.7
and 42.6 respectively). The waters at most stations were attributed to brines, the most western station - to
the waters of high salinity. Class of waters is chloride, sodium group, type Il. The observed lateral gradient of
salinity in the surveyed section of the Proletarian Reservoir is the process of mixing waters with different
salinity. The data obtained from expeditionary studies served as the basis for a database on the Proletarian
Reservoir (Lake Manych-Gudilo) ecosystem state.

Key words: lake Manych-Gudilo, ecological conditions, water-salt balance, ionic composition, biogenic
substances

[T.B. dunamoea, A.B. Knewerkos, E.I". AnewuHa, B.I". Coliep N'mgponornyeckue n ruyapoxmmmyeckue
xapakTepucTukm sop osepa MaHbiu-I'yauno]

HayuHo-uccnepoartenbckme paboTbl MO N3YYEHUIO NPOLIECCOB, NPOUCXOOSALLMX B BOAOEMAX CUCTEMBbI
MaHbl4a, UMeT CBOEW LIENbI0 HE TONbKO MOSyYEHWE HOBbIX HayYHbIX 3HAHWW, HO U OLEHKY BIMSIHUSA
OaHHbIX U3MEHEHUI Ha OUMHAMWUKY BMAOBOrO pasHoobpasvsi U CTPYKTYPHO-(PYHKLUMOHAMNbHYIO OpraHn3auuio
CcoOobLLEeCTB MMOPOOMOHTOB U OKONOBOAHOW dhayHbl, a Takke BbIpabOTKy Mep MO ONTUMWU3aLUU BOLHO-
coneBoro 6anaHca, 3KONorM4ecknx yCroBUiA COXpaHEeHMs1 U BOCMPOU3BOACTBa B1MopecypcoB BOAOXPaHUMULL
MaHblyckoro kackaga. CBefeHUss O COBPEMEHHOM COCTOSIHMM MWHEepanu3auum M MOHHOTO COocTaBa Bof
MponeTapckoro BogoXpaHMmmLLa BaxHbl 415 MOHUMaHUS UX MPOUCXOXAEHUS, BO3MOXHOCTM UCMOMb30BaHNSA
B XO3SIMCTBEHHbIX LIENsiX, OLEHKM MX TpaHcopmauuu, a Takke MX BNUSHUS Ha cpegy W 6uoty. Bbino
YyCTaHOBIEHO, YTO 06LLasi MMHepanuaaums Ha 06CcrnenoBaHHOM akBaTOPUM B OCEHHWUI Nepuog HabnoaeHun
COXpaHsieTCsl Ha BbICOKOM ypoBHe (45 r/n), kak u B 2010 n 2011 rr. (42,7 n 42,6 cooTBETCTBEHHO). Boapl Ha
GONbLUMHCTBE CTaHUUA ObINM OTHECEHbI K pacconaM, camasli 3anagHasi CTaHuMsi — K Bodam MOBbILLEHHOM
coneHoctn. Knacc Bog xnopuaHel, rpynna Hatpug, tvn Il. B ocHoBe Habniogaemoro natepanbHOro
rpagueHTa CcorleHoCcTU Ha obcnegoBaHHOM y4vacTke [ponetapckoro BOAOXpaHMMMLLIA NEXWUT npoLecc
CMeLleHVs1 BOA C pasHoW MuHepanusauuen. [lonydeHHble AaHHble 3KCNEeAULMOHHBLIX UccnegoBaHui
MOCNY>XUINKN OCHOBOW A5 6a3bl 4aHHLIX MO COCTOSIHMIO 3KocucTeMbl MNponeTapckoro BogoxpaHunuuia (o3epa
MaHbIu-IN'yanno).

KntoyeBble cnoea: 03epo MaHbIY-I'yauno, sKkornormiyeckne ycrioBusi, BOAHO-CONEBON 6anaHc, NOHHbIN
cocTaB, bmMoreHHble BellecTBa.

' The publication was prepared within the framework of the implementation of the PFR of the Presidium of
the Russian Academy of Sciences 1.52 “Ensuring the sustainable development of the South of Russia in
conditions of climatic, environmental and technogenic challenges” (SB of the SSC RAS for 2018, project no.
AAAA-A18-118011990300-9)".
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Qunamoesa TambsiHa bopucosHa — Hay4YHbIl compyOHUK. FOXHbIU Hay4YHbIU yeHmp Pocculickoli akademuu
Hayk. Pocmos-Ha-LoHy, Poccus.

KneweHkos Anekceli Brnadumuposuy — kaHOudam z2eonoauveckux Hayk, 3agedyrouuli omoenom. FOXHbIl
Hay4HbIl yeHmp Poccutickol akademuu HayK. Pocmos-Ha-LJoHy, Poccus.

AnewuHa EneHa eHHaObesHa — uUHXeHep-uccriedoeamerb. ®edeparibHbili uccriedogamenbckul UeHmp
tOxHBIU Hay4HbIl yeHmp Poccutickol akademuu Hayk. Pocmos-Ha-[JoHy, Poccus.

Coliep Bsdecnas [puzopbesud — KaHOUOam XUMUYECKUX Hayk, cmapwuli Hay4Hbll compyOHUK.
®eldeparbHbili  uccriedogamernbckuli yeHmp HOxHbIl Hay4yHbIl UeHmp [Pocculickoli akademuu Hayk.
Pocmoe-Ha-LJoHy, Poccusi.

The proletarian reservoir is formed by a dam on the Western Manych River, by
flooding and interconnection of a number of lakes in the Manych cavity, including the relict
Lake Manych-Gudilo. Above the mouth of the Yegorlyk river is the Novo-Manych dam,
dividing the Proletarian reservoir into the western and eastern sections with different
salinity regimes: the western part is brackish water, the eastern part is saline. The western
compartment can be classified as a high flowing reservoir, while the eastern one, which
retains mainly the morphometric characteristics of the Manych-Gudilo Lake, is a region of
closed drainage. The proletarian reservoir creates a backwater of highly saline
groundwater, which is the reason for the development of salinization of soils at a
considerable distance from the coast. The climate in the research area is moderately
continental with a moderately cold winter, warm and very warm in summer with a stable
manifestation of arid and dry-arid type of weather, the Proletarian Reservoir is located in
the steppe arid zone of the south of Russia.

In October 2013, the Institute of Arid Zones of the SSC RAS conducted a hydro-
hydrochemical survey in the water area between the Barannikovskoy Dam and Lake
Manych-Gudilo, one of the main tasks of which was to study the hydrological and
hydrochemical characteristics of the waters in the autumn period. Sampling of water was
carried out on October 17, 2013 from 10. 35 up to 13 hours. 56 min. according to the
approved grid at 7 stations in accordance with the requirements of the Manuals [8]. The
composition of the hydrochemical observations included the determination of the active
reaction of the medium (pH), the concentration of dissolved oxygen (CRC), determination
of the ionic composition, determination of nutrients (ammonium nitrogen, nitrogen nitrites,
nitrogen nitrates, phosphate phosphorus and silicic acid). Water samples were taken from
the surface horizon using a plastic bucket.

The water temperature and pH were measured using a portable HANNA pH meter
directly on the place. The samples for the determination of the dissolved oxygen
concentration were fixed during the selection and subsequent analysis by iodometric
titration (Winkler method) on the same day. Analysis of water samples for the purpose of
determining the nutrients content was also carried out on the day of sampling in the
Hydropower Laboratory of Manych station. Analytical definitions were carried out
according to the methods set forth in the Guidelines [6] on the spectrophotometer “Expert-
003”. Samples for the ionic composition were processed in a stationary hydrochemical
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laboratory of the IAZ of the SSC RAS. As a result of fieldwork and data processing, the
following results were obtained.

During the survey in the waters of the surveyed water area, the pH varied within a
narrow range (8.3 - 8.5). By the value of the active reaction of the medium, the water was
slightly alkalescent and was characterized by the presence of calcium hydrogen carbonate
and magnesium hydrogencarbonate. The water of the Yegorlyk River had a pH value of
8.8, which indicated the presence of sodium carbonate and sodium hydrogen carbonate
and allowed it to be attributed to alkalescent waters. [9]. It is known that the natural waters
pH is determined to some extent by the geology of the catchment basin [13], and the
maximum water productivity is between 6.5 and 8.5 pH. The waters of the surveyed water
area had high oxygen content significantly approaching to 100% (94 and 98% saturation)
or exceeding 100%, that is, the oxygen regime was favorable for the development of
hydrobionts. The oxygen content dissolved in water was observed in the range from 94%
saturation (station No. 3) to 156% saturation (article No. 15). The waters of the Yegorlyk
river (197%) were rich in oxygen. High concentrations of dissolved oxygen can be
explained by the lowered water temperature at the stations at this time of year, as well as
by wind mixing. With a salinity decrease in the water, the concentration of oxygen in it
increases, what the results of our observations showed (the KRK increased with the
decrease in total mineralization from station No. 2 to station No.18). In addition, significant
amount of oxygen may point to the active photosynthesis even in conditions of highly
mineralized waters.

During our observations, mineral forms of nitrogen, phosphorus and silicon were
detected at a level below the detection limit (as in 2008), which can be explained by a
higher rate of these elements consumption by phytoplankton and low rate of their
regeneration. In autumn 2009, the content of mineral phosphorus was also at the level of
analytical zero, which was apparently caused by the development of algoflora [14]. The
content of biogenic elements was considerable in the Egorlyk river: ammonium nitrogen
0.38 mgN / I, nitrogen nitrite 0.43 mgN / |, nitrogen nitrate 3.1 mg N / |, phosphate 0.54
mgP /|, silicic acid - 0.38 mgSi / I.

The dynamics of mineralization of water was studied from the sum of the ions to be
determined. When moving from west to east, from the station. No 18 to art. No 2, the total
mineralization of the waters of the surveyed area gradually increased from 34 g/1to 53 g/
[, an average of 45 g /1. In the Egorlyk river, the total mineralization was 3.61 g /| and the
waters were characterized as saline. The water of station No. 18 with a total mineralization
of 34 g / | refers to the waters of increased salinity, and the values of total mineralization
(53, 52, 44, 41, 39 g / I) at stations NoNo. 2-17 allow to attribute these waters to brines
[15]. The greater mineralization of water in the eastern part of the surveyed area compared
to the western one can be explained by the proximity to the Lake Manych-Gudilo proper
with highly mineralized waters, the lithological composition of the rocks that form the
catchment area, the coast and the bottom, the mineralization of groundwater, the
distribution of salt marsh and alkali soils [4, 5, 7]. The poorly mineralized waters of the
Yegorlyk river exert a freshening effect.

In the autumn period, atmospheric precipitation, decrease in the degree of
evaporative concentration and an increase in the runoff of rivers, feeding the lake, lead to
a regular decrease in the total mineralization of the water compared to summer (in July the
average total mineralization was 52.5 g / |, in October it was equal to 45 g / I). During our
research in waters, chlorine anions and sodium-potassium cations dominated, the content
of which mainly determined the values of total mineralization, the contribution of sulfates
and magnesium was less significant. The tendency toward an increase in the
mineralization of Lake Manych-Gudilo and its transition to the class of salt lakes was
confirmed in the works [1, 16].
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The change in the composition of river and lake water depends on the interaction of a
number of natural and anthropogenic factors, including geological features of the terrain
(type of soil and rocks), climatic and weather conditions, the type of source of food in the
form of surface runoff or groundwater, flow velocity, on ionic and gas composition of
biological processes and human economic activity. The cationic and anionic composition
of natural waters is determined by the presence of highly soluble minerals in the
sedimentary rocks. The graph shows a synchronous increase in the content of chlorine
ions, sulfate ions and sodium-potassium ions from west to east from less saline to highly
mineralized waters (these ions are characteristic of highly mineralized waters). Generally,
for some ions, a certain increase in the concentrations was characteristic, but the
concentration of hydrocarbonate ions decreased slightly, which confirms the conclusion [2]
that the flowing processes of metamorphic ion composition of the incoming mixture of the
river and collector-drainage water in the lake Manych-Gudilo lead to the fact that the
average content of hydrocarbonates decreases as the total mineralization of water
increases.

In the studied period, the ratio of the concentrations of Mg2 + and Ca2 + was 5, as in
2010. Depending on the concentration, the cations and anions were located in the following
sequences: sodium-potassium ions> magnesium ions> calcium ions; ions of chlorine> sulfate
ions> hydrocarbonate ions. The examined waters belonged to the chloride class, the sodium
group, type Il. At the same time, the waters of the Yegorlyk river, which have a desalinating
effect, possessed an increased content of sulfate ion with a general low salinity and belonged
to the waters of the sulfate-sodium type, and according to the hardness value to the very hard
type (more than 20 meq / I) [3], which agrees with the obtained data (23.40 meq / I). When
comparing the concentrations of the main ions at the utmost stations, which differ
significantly in total mineralization (34 g /| and 53 g / I), the following was observed: the
concentration of chloride, sodium-potassium and calcium ions at the station 2 were almost
2 times higher than at st. 18; the concentrations of magnesium ions and sulfate ions were
1.3-1.4 times higher, the content of hydrocarbonate ions was the same. These differences
can be explained by the influence of the hyper-rich Lake Manych-Gudilo in the east and
the freshening effect of surface runoff in the west of the surveyed water area. During the
sampling and on the eve, the east wind was observed, which could ensure the diffusion of
water boundaries with different salinity, a greater supply of water from the eastern side.
Perhaps the gradient would be greater in a calm weather. The ion composition of the
investigated waters in comparison with the results of previous years and with the waters of
the World Ocean is presented in the table 1.

Table 1 — The ion composition of the World Ocean waters, of the examined section of the
Proletarian Reservoir and the Manych-Goodilo lake in weight percent of the sum of ions

World Ocean Manych-Gudilo lake R Prolgtar/an
lons (according to N.N (2008) eservoir (October
2013)
Zubov)

Na* + K" 31,71 27,62 25
Ca*’ 1,16 1,22 1,4
Mg** 3,69 5,73 7,2
cl 55,04 37,41 38
S0," 7,68 27 46 27 4
HCO5' 0,41 0,55 0,6
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As is known, the salt composition of ocean water is a kind of geochemical constant,
and the data obtained by us showed that despite the increase in the salt reserve, the ion
composition of water, the ratio of the main ions, remained practically unchanged, which
confirms the conclusions of other researchers [14, 17], who studied the dynamics of the
water-salt regime of the Manych-Goodilo lake. Comparison of the ionic composition of the
waters of the World Ocean and the waters of the water area examined by us, genetically
related to sea water, showed that the relative content of chloride and sodium ions is
reduced in it and the content of sulfate ion is markedly increased, which is explained by
the transforming effect of surface runoff. The content of calcium ions is noticeably lower
than that of magnesium ions that is connected with the setting of calcium salts in highly
mineralized waters and better solubility of magnesium sulphates and carbonates. The low
concentration of the hydrocarbonate ion in the waters of the surveyed section of the
Proletarian Reservoir, as in the waters of the World Ocean, is explained by the calcium
carbonate.

The results, obtained in the expedition of the IAZ of the SSC RAS in October 2013,
basically agree with the data obtained earlier by staff of the IAZ SSC RAS, the SSC RAS
and other published data. It was found that the total mineralization in the surveyed water
area in the autumn period of observations remains at a high level (45 g /1), as in 2010 and
2011. (42.7 and 42.6 respectively). Waters at most stations were attributed to brines, the
westernmost station - to the waters of high salinity. Class of waters chloride, sodium
group, type Il. The observed lateral gradient of salinity in the examined section of the
Proletarian Reservoir is the process of mixing waters with different salinity. It is planned to
continue research work on studying the processes, taking place in the Manych reservoirs
in order not only to obtain new scientific knowledge, but also to assess the impact of these
changes on the dynamics of species diversity and the structural and functional
organization of communities of hydrobionts and near-water fauna, to develop measures for
optimization of the water-salt balance, as well as ecological conditions for the conservation
and reproduction of the bioresources of the reservoirs of the Manych cascade. The
obtained data of expeditionary studies can also serve as the basis for a database on the
Proletarian Reservoir ecosystem state (Lake Manych-Gudilo). It is important at the same
time to take into account hydrometeorological and hydrological conditions (for example,
wind, runoff, level regime) preceding the survey period.
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