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HYDROCHEMICAL STUDIES OF SALT LAKES
IN THE NORTHERN PART OF THE CASPIAN LOWLAND

The article presents a hydrochemical analysis and heavy metal content of salt lakes of Atyrau region
on the example of salt lakes Inder, Karabatan and lake near Kh.Dospanova International Airport. Analy-
sis of heavy metals shows that the content of chromium, manganese, cobalt, nickel, copper, lead, zinc
and cadmium does not exceed the maximum permissible concentrations. The analysis of cations in all salt
lakes shows data that are identical in all three lakes and the lowest values are typical for potassium and
sodium ions, whose contents are about 3 mg/l and 9 mg/Il, respectively. The content of calcium and
magnesium cations exceeds hundreds and thousands of mg/I. The content of calcium ions in the lake near
the airport is almost twice as high as in other lakes and amounts to 1059 mg/I. The magnesium ion content
is minimal for Lake Karabatan and amounts to 801 mg/I, whereas in the other two salt lakes it exceeds
1.5 times. For anions, the lowest values are typical for hydrocarbonates and are in the range of 200-300
mg/I. The indicators for sulfates and chlorides are very diverse, as for sulfates they vary from 500 mg/I in
the lake near the airport to almost 8000 mg/I in Lake Karabatan. The maximum values are typical for
chlorides, while their contents are also diverse in all lakes and range from more than 4,000 mg/I to more
than 63,000 mg/I. At the same time, the following ratios of HCO3:S04:Cl anions are noted — in Lake Inder
1:4:32; in Lake Karabatan 1:39:316; and in the lake near Kh.Dospanova International Airport 1:1.8:14.8.
Thus, salts of magnesium and calcium chlorides, magnesium and calcium sulfates are formed in all lakes,
and the salt contents of sodium and potassium bicarbonates are the most minimal.

Key words: salt lake, Atyrau region, hydrochemical analysis, heavy metals, cations, anions.
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Kacnuit MaHbl oMnaTbIHbIK CONTYCTiK 6enirinaeri
Ty3Abl Kengepai r’MAPOXUMUAIbIK 3epTTey

Makanana WMHaep, KapabataH >oaHe X.[locnaHoB aTblHAaFbl Xasibikapasnblk ayexalt MaHbIHAaFb
Ty34bl KenaepaiH MbicanbiHaa ATbipay O6/bIChIHbIH, TY34bl KeNAEpiHiH ayblp MeTanaapbiHa Tangay xaHe
rMAPOXMMUANBIK CapanTay Xyprisingi. Ayblp MeTangapabl Tangay XpoMm, mapraHel, KobanbT, HUKeNb,
MbIC, KOPFAacCblH, MbIpbILL XaHE KaaMUIAIH Merilepi pyKcaT eTiNIreH WeKTi MeslluepAeH acnanTbiHbIH
kepceTeai. bapnblk Ty3abl kenaepaeri kaTuoHZapAbl Tanaay 6apnbik yw kenge 6ipaevt aepektepai
KepceTefi )XoHe eH TOMEHTi MaHAep Kanuii MeH HaTpuii MOHAAPbIHA ToH, ONapAbiH MenLepi colkeciHlwe
WaMaMeH 3 Mr/n xaHe 9 Mr/n Kypanabl. Kanbuuil MEH MarHWUi KaTUOHAAPbIHbIH MenLepi Xy3aereH
)K9He MblHAaFaH Mr/n-AeH acagbl. Oyexail MaHblHAarbl Kengeri KanbLMi MoHAapbiHbIH Meslepi H6acka
Kenaepaeri MenwepaeH eki ece aepnik »oaHe 1059 mr/n kypavabl. KapabaTtaH keni ywiH mMarHui
MoHAaPbIHbIH MenLwepi MMHUManabl xaHe 801 Mr/n Kypaiabl, an KanFaH eki Ty3abl kenge 1,5 ece ken.
AHvoHaap 60WbIHLIA eH TeMeHTi MaHAEep rMapokapboHaTTaprFa ToH xaHe 200-300 Mr/n apanbiFbiHAA
6onaabl. Cynbdatrap MeH xnopuaTep 6oMbiHWA KOpCeTKilTep eTe anyaH Typni, COHAbIKTaH
cynbdaTtTap 6oiibiHWA onap Oyexai MaHblHAarbl kenge 500 Mr/n-geH KapabaTaH keniHae 8000 mr/n-
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Hydrochemical studies of salt lakes in the northern part of the Caspian lowland

re fieviH esrepesi. MakcuManzbl MaHAEp XJIOpUATEPre ToH, onapablH KypaMmbl 6apnbik kengepae fe
ap Typni xaHe 4000 mr/n — aeH 63000 Mr/n — re aeiiH e3repeai. byn xaraaliaa aHMOHAAPbIHbIK kene-
ci kaTtbiHackl atan eTineai HCO3:S04:Cl-UHaep keniHae 1:4:32; KapabaTaH keniHae 1:39:316; »aHe
X.[locnaHoB aTblHAaFbl DyexaMblHbIH XaHblHAarFbl kenge 1:1,8:14,8. Ocbinaliwa, 6apnbik kengepae
MarHWii MeH KanbUWii XNOpUATEPIHIH Ty3A4apbl, MarHWin MeH KanbUmii cynbdaTtTapbl Ty3ineai, an HaTpuii
MEH Kanui rmapokapboHaTTapbIHbIH Ty3A4apbl eH a3 6onagbl.

TyiiiH ce3aep: Ty3abl ke, ATbipay 06/bIChl, FTMAPOXMMUSITBIK Tanaay, ayblp MeTanaap, KaTuoHzap,
aHVoHZap.
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FmapoxuMuueckue UCccnenoBaHuUs CoNEeHbIX 03ep CEBEpPHOIl YacTu
Mpukacnuiicko HU3MEHHOCTH

B cTaTbe npoBeAeH rMAPOXMMUYECKUIA aHaIN3 U COAEPXKAHME TSXKESNbIX METASIIOB CONTEHbIX 03ep
ATblpayckolt 0611acTn Ha npuMepe coneHblx o3epa MHaep, KapabaTaH 1 Bo3ne MexayHapoaHoro as-
poriopTa nMeHu X. [locnaHoBa. AHann3 No TsHKenbiIM MeTaslaM NoKasbliBaeT, YTO coAepXaHme Xpoma,
MapraHua, kobanbTa, HUKeNs, Meaun, CBMHUQ, LUMHKA M KagMus He MpeBbllaeT npeaenbHO-40nyCcTuMble
KOHLEHTpaummn. AHanun3 KaTMOHOB BO BCEX COJEHbIX 03epax MOKa3blBAET AaHHbIE, KOTOPbIE MAEHTUYHbI BO
BCEX Tpex 03epax M CaMble MMHWMasbHbIE 3HAYEHWs XapaKTepHbl A1 MOHOB Kanus W HaTpus, coaep-
XKaHWe KOTOPbIX HAaXOAATCS OKOMO 3 Mr/n n 9Mr/n cooTBeTCTBeHHO. CoaepyXaHMsa KaTMOHOB KasnbLms
N MarHusl NpeBbILAIOT COTHM M Thicaum Mr/n. CoaepkaHne MOHOB KanbLiMs B 03epe BO3/1e asponopTa
noYyTW B AiBa pa3a NpeBbIAeT coaepXXaHus B Apyrux o3epax u coctasnset 1059 mr/n. CogepxxaHue
MOHOB MarHusi MMHUMarnbHO Ans o3epa KapabataH u coctasnset 801 mr/n, Toraa Kak B ABYX APYrux
coneHbIX o3epax npesbiwatoT B 1,5 paza. 1o aHMOHaM caMble MUHUMAsbHbIE 3HAYeHUS1 XapaKTepHbl
Ans rmapokapboHaToB 1 HaxoaaTcs B npeaenax 200-300 mr/n. Mo cynbdatam u xnopuaam nokasare-
I 04eHb pa3HoobpasHbl, Tak Mo cynbdaTtam oHM MeHsaroTca oT 500 Mr/n B 03epe BO3/e asponopTta Ao
noytn 8000 mr/n B o3epe KapabataH. MakcuMmarnbHble 3Ha4YEeHUs1 XapaKTepHbl ANS X/I0pMAOB, NpU 3TOM
MX CoAepXKaHusa Takxxe pa3zHoobpasHbl BO BCcex 03epax M BapbupytoTcst oT 6onee 4000 mr/n go 6onee
63000 mr/n. Mpu 3TOM OTMe4YaeTcs cneayrowme cooTHoweHns aHnoHoB HCOs: SO4: Cl — B 03epe
NHpep 1:4:32; B o3epe KapabataH 1:39:316; n B 03epe Bo3ne X. JlocnaHoBa asponopTa 1:1,8:14,8.
Takvum ob6pa3oM, BO BCcex 03epax 06pa3ytoTcs COnv X0puaAOB MarHWs U Kanbumsi, Cy/bdaToB MarHus K

KaNbLWsl, a COAEpPXXaHMa COoNen rmapoKapboHaTOB HATPUA U Kanus CaMble MUHUMAJIbHbIE.
KnroueBble CoBa: coneHoe 03epo, ATblpayckasi 06/1acTi, TMAPOXMMUYECKUI aHaNN3, TSHXENble Me-

Tansbl, KATUOHbI, aHNOHbI.

Introduction

Due to the fact that salt lakes are widespread in
the World, they are important and valuable natural
objects for the economy, culture, recreation and sci-
entific research, but at the same time: in some regions
of the World, salt lakes are intensively degraded and
are not objects of active conservation to the extent
that they deserve due to their unique resources.

Currently, there is no universal classification
scheme of lakes that allows us to consider natural
reservoirs based on any single limnological charac-
teristics. This is due to the existence of such a wide
variety of constantly changing (under the influence
of natural and anthropogenic factors) natural limnic
parameters.
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The Caspian basin is a flat loamy plain with
extensive development within its limits of sorov
(shore) and estuarine basins occupied by mineral
lakes and salt marshes. The chain of estuaries and
sores of the Caspian lowland is a relic of the previ-
ously existing river hydrographic network [1], the
topographic surface of the seabed, coastal ramparts
and terraces of the retreating sea. The coastline
of the Caspian Sea within the Caspian lowland is
strongly indented by small bays (kultuks) and del-
tas of the Kura, Terek, Kuma, Volga, Ural, Emba
and other smaller rivers. In the Caspian basin, there
are sub-basins: Primorsky, Delta, Mangyshlak, Ka-
ra-Bogaz, Chagishlyar, etc. These landscape facies
are stretched out in a narrow strip 10-12 km wide
around the Caspian Sea, and the delta basins have
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a peculiar landscape of the primary surface of the
accumulative marine plain, modified by the work of
“blind” rivers that do not have runoff into the sea.
These are the landscapes of the delta sub-basins of
the Volga, Kura, and Ural rivers [2].

The Ural-Embinsky basin occupies the northern
part of the Caspian lowland, which is a negative re-
lief form made of sedimentary rocks, among which
the thickness of marine brackish clays, loams and
sands of Neogene and Quaternary age has the great-
est thickness. In the southeastern part of the low-
land, the sifted sands represent barkhanno-bumpy
and ridge massifs. Salt domes are widespread in the
central part of the basin.

The conditions of salt accumulation and the for-
mation of the chemical composition of the salt lakes
of this basin are influenced by the recent regression
of the sea, salt domes and waste waters of oil fields.
All the waters of the Ural-Emben basin, both surface
and underground, are saline to one degree or anoth-
er. Halite, mirabilite, tenardite, glauberite, astrakha-
nite, epsomite and others are common in the bottom
sediments of lakes. Many lakes are characterized by
an increased content of potassium, bromine, iodine,
etc.

An integral part of the landscapes of the giant
salt domes of the Caspian Lowland are dry (root)
lakes [3]. Depending on the ratio of the water level
and tectonic activity, lakes in salt dome structures
can be divided into three groups. With sufficient
water supply to the lake and a weak manifestation of
the activity of salt dome structures, rapine and silt
lakes with low bottom sediment capacity and un-
stable water-salt regime are formed. The low water
content of the territory, accompanied by an active
growth of salt dome uplifts, leads to the fact that the
salt mirror is raised above the groundwater level, as
a result of which drying lakes are formed. A suf-
ficient amount of water entering the lake basin, to-
gether with the high activity of salt dome structures,
is the reason for the formation of dry (root) salt lakes
with powerful layers of lake salts filling deep com-
pensatory mulches. The Caspian lowland is a vast
area of salt lakes. These are unique aquatic ecosys-
tems, characterized by alkaline conditions and high
salt concentrations. It should be noted that, despite
numerous studies, the salt lakes of the region have
not been sufficiently studied, especially with the use
of modern scientific methods and methodology.

The purpose of this work was to study the hy-
drochemical characteristics of some salt lakes of the
Caspian lowland located in the Atyrau region. These
lakes have different volumes and are located both in
the city of Atyrau, in the immediate vicinity of

the airport, 30 km from the city, next to the Bolas-
hak plant on Karabatan and 180 km from the city of
Atyrau near the village of Inder, called Inder Lake.

Methods

Sampling was carried out in June 2023 from the
reservoirs of the Inderbor and Kabatan salt lakes.
The cation content was carried out in accordance
with GOST 26449.1-85 “Stationary distillation
desalination plants. Methods of chemical analysis of
salt water”, potassium — chapter 18.1, sodium
— chapter 17.1, calcium — chapter 11, magnesium
— chapter 12. The anion content was carried out on
the basis of the following documents: chloride — ST
RK 1SO 9297-2008 “Water quality Determination of
chloride content”, sulphates — ST RK 1015-2000
“Graphimetric method for determining sulfate con-
tent in natural wastewater”, bicarbonates — HDPE F
14.1:2:4.190-03 “Quantitative chemical analysis of
waters. The method of measuring bichromate oxi-
dizability (chemical oxygen consumption) in sam-
ples of natural, drinking and wastewater by photo-
metric method using a liquid analyzer “Fluorat-02”.
Sampling was carried out in accordance with ST RK
GOST R 51592-2003 “Water. General requirements
for sampling.” and ST RK GOST R 51593-2003
“Drinking water. Sampling.”

Salty continental reservoirs, in particular lakes,
are very numerous. Their origin is quite clear. Any
lake, unless it is flowing, closed, i.e. has no runoff,
sooner or later must become salty due to evapora-
tion of water, especially .if it is located in arid areas
and on highly saline rocks. The degree of salinity of
such reservoirs can be very significant, up to the
precipitation of salts from a saturated solution. The
waters of the lakes are very diverse in their chemi-
cal composition and mineralization. In contrast to
seawater, lake waters do not have constant ratios be-
tween basic ions. According to the degree of salin-
ity, lake waters are divided into the following types:
fresh (up to 1%0), brackish (from 1 to 24.7%0), salty
(from 24.7 to 47%0), mineral or salt (over 47%0).

The first person who tried to create a classifi-
cation for salt lakes was M.G.Valyashko, 1952 [4],
who identified the main classification features of salt
(salt) lakes, considering the specifics of their devel-
opment as an emerging mineral deposit. He classi-
fied the lakes by:

1. Concentrations of lake solution characterizing
the general course of salt accumulation. At the same
time, a group of fresh waters was distinguished
— with a sum of dissolved substances less than or
equal to 0.1% (by weight), a group of brackish wa-
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ters — with a sum of dissolved substances from 0.1
to 3.5%, a group of salt waters — with a sum of dis-
solved substances higher than 3.5%.

2. According to the chemical composition of the
lake solution, when, depending on the predominance
of that Lakes are divided into carbonate (Na CO -,

NaHCO_, Ka CO_, NaCO, H0), sulfate (>Na,

2K*, S07, CI, HO) and chloride (CaCl, FeCI?,
NaC1l, H,0).

3. According to the state of the lake solution
(brine). At the same time, rapnye, dry and sub-san-
dy lakes differ. Rapnoe Lake is characterized by the
year-round presence of water in the lake, in a dry
lake brine occurs only during the wet season, and the
sub-sandy lake is characterized by the complete
absence of surface brine throughout the year, when
the level of bottom brine lies below the surface of
solid lake sediments. At the same time, the stratifi-
cation of sediments is abnormal.

To determine the type of salt lakes, the Do-
brovskiy and Todorov classifications were applied,
the basis of which is aimed at the content of anions

and cations in saline reservoirs. According to the
Dobrovskiy classification, it is necessary to take into
account the contents of the most maximally
significant cations and anions, the content of which
exceeds 25% of the total of all ions. For designation,
the formulas are used first for the anion, then for the

cation. According to the Todorov classification, cat-

ionic and anionic series are distinguished and deter-
mined in descending order of ion concentration. It is
often used in engineering geology, hydrogeology
and hydrology.

According to the total number of ions of chem-
ical elements that determine the salinity of water, in
1958 the Venetian system was adopted, accord- ing
to which natural waters are divided into fresh (up to
0.5%), mixogaline or brackish (0.5-30%), eugaline
or marine (30-40%), and hypergaline or saline
(>40%). Mixohaline are divided, in turn, into
oligohaline (0.5-5%), mesohaline (5-18%) and
polyhaline (18-30%). However, this classification
has not been widely used in modern limnological
research.

Water classification
Yegorov, 2001 | Societal Dahl, 1956 Par., 1972 Kiener, 1978
Internationalis
Limnologiea,
1959
200-
150-
Hypersaline Hypersaline Hypersaline Hypersaline
100-
90-
80- /
70- .
60- E
50- Metasaline Metasaline o EE;
40- N g Saline
30- g
:M g’
&
20- | - Polysaline . 2 Hypersaline
--------- Mixo- =
_________ polyhaline %
Mixo- <
Mesohaline
Mixo-
Olygohaline Olygosaline
Freshwater

Figure 1 — Classifications of salt lakes by various authors in terms of mineralization
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One of the latest classifications of natural wa-
ters by their mineralization and the corresponding
classification of biological species for the pur- poses
of paleogeographic analysis was proposed by
Gasse et al. (1987) and presented in Figure 1 [5].
As can be seen from the data in Table b, the
classification boundaries differ from those proposed
by other authors, for example Ham- mer U.T.
(1986), which divides salty waters into hyposalted
(3-20 g/l), unsalted (20 — 50 g/l) and hypersalted
(>50 g/lI) and coincide with the data of Javor
(1989), which refers lakes with a min- eralization
above 70 g/l to hypersalted lakes, but many
researchers consider lakes with a salinity exceeding
35 ¢/l to be hypersalted (i.e. , the min- eralization of
seawater) .

When managing water resources (for agricul-

ture, industry and drinking water supply), specific
salinity gradations are used: “fresh water” — less
than 0.3 g/l, “slightly salty” — 0.3-1.0 g/1, “salty” —
1.0-3.0 g/I and “strongly salty”” — more than 3.0 g/I.

Thus, the total salinity of salt lakes is considered
in the range from 3 to more than 500 g/l (Williams,
1998) and the author rightly believes that there are
no universal criteria for determining on the basis of
biological and physico-chemical characteristics of
“fresh” and “salty” waters. However, given the fact
that there are certain differences between the bio-

logical and physico-chemical properties of fresh and
salty waters, W.D.Williams considers it possible to
accept a threshold value of mineralization of 3 g/I,
below which water is considered fresh, and above —
salty. As it turned out, this threshold of mineraliza-
tion corresponds to the loss of calcium from natural
waters and the possibility of taste determination of
salinity [6].

Results

Therapeutic mud of salt lakes is formed under
certain geological conditions. Brines accumulated
on low-lying areas of the earth, fed by precipita- tion
and other various water sources, mainly in arid
conditions, evaporate and form various mineral salts
in some parts, and therapeutic silt mud accumulates
under them for a long time.

To assess the prospects for increasing resourc-
es, the conditions of formation and patterns of their
placement in the salt lakes of the Ural-Emba district
of the Caspian region, such as Inder, in the Kara-
batan area and near the Atyrau airport, were ana-
lyzed.

Inder Lake (Fig. 2) is located in Atyrau region,
170 km north of Atyrau and 1.2km from the left
bank of the Ural River. The length is 13.5 km, the
maximum width is 11 km. Its area is 123 km?[7].

Figure 2 — Inder Lake

The Karabatan group of lakes (Fig. 3) is locat-
ed 45 km from Atyrau, directly near the Atyrau-
Kandahach railway line. The area of the Northern
Karabatan is 1.08 million m?, the southern one is
0.14 million m2, The therapeutic mud on the lakes

of Karabatan lies at a depth of 45 cm and has a ca-
pacity of 40 cm. Lake Karabatan is located on the
left bank of the river. The Urals is located 150 km
south of Inder Lake, near the paved Inder-Atyrau
road [8].
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Figure 3 — The Karabatan group of lakes

Not far from the Kh.Dospanova International
Airport in Atyrau (Fig. 4), at a distance of 1.33 km,
there is a salt lake. The length is 1.72 km, the maxi-
mum width is 0.77 km. Its area is about 1.3 km? or
4.36 km in circumference.

Hydrochemical analysis of heavy metal ions was
carried out in all three salt lakes [9].

Data on the content of heavy metals are present-

ed in Table 1.

As can be seen from Table 1, the content of
heavy metals in all salt lakes of the Atyrau region
does not exceed the maximum permissible concen-
trations.

Figures 5 and 6 show analyses of the content of
cations and anions in the waters of the Inder Salt
Lake [10].

Figure 4 — Salt lake near Kh.Dospanova International Airport in Atyrau
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Table 1 —The content of heavy metals in the salt lakes of the Atyrau region.

Namiofthe |nQ|catorto MPC, mg/l | Salt Lake Inder | Salt Lake Karabatan Salt Iak'e near !(h.Dqspanova
e determined International Airport in Atyrau
Chrome 0,5 <0,005 <0,005 <0,005
Manganese 0,1 <0,002 <0,002 <0,002
Cobalt 0,01 <0,0005 <0,0005 <0,0005
Nickel 0,1 <0,005 <0,005 <0,005
Copper 0,1 <0,0005 <0,0005 <0,0005
Lead 0,03 <0,002 <0,002 <0,002
Zinc 1,0 <01 <0,1 <01
Cadmium 0,001 <0,0001 <0,0001 <0,0001
Na K Ca™
OcHoBHOM OcHOBHOI OCHOBHOI
OcHoBHOM OCHOBHOIT OCHOBHOI1
%ﬂosuoﬁ HOBHOI HOBHOIT
HOBHOM % . HOBHOH
$ HOBHOH .
=HOBHOM Cg ~ HOBHOI
CléHoaHoﬁ HOBHD% HOBHOI1
CRHOBHOM %HOBHOH (R HOBHOIL
OcHoBHOM OtHOBHOM OCHOBHOIT
OcHoBHOM }ﬁ%grof sampling OcHOBHOI OCHOBHOIT »
i er -
m The quarry is the central part Ocuostiolt pyace o sampiing _ place of sampling
® Quarry left side u The quarry is the central part uThe quary is the central part
® Quarry right side B Quarry left side - Quan‘y lefi sui_z
The source of the lake = Quarry right side - %uany 1‘1g ! is~lﬂe lak
mFrom the middle of the lake Ihe source of the lake 1 NS rny
® From the middle of the lake ® From the middle of the lake
u Average m Average m Average

Mg~

OCHOBHOIH
OCHOBHOI

(gHOBHOI
(ﬁHOBHOﬁ
OE-GHOBHOﬁ

: w
%HOBHOH OCHOBHO#H .
@HOBHOﬁ Cations
OCHOBHOH HOBHOI1

5
OcHosHoH Iace of sampling &
Genosmoit
m The quarry is the cennal part g
m Quarry left side
® Quarry right side OcHoeHOH
The source of the lake Inder BNa+ WK+ BCat+ 5 Mg+
mFrom the middle of the lake
m Average

Figure 5 — The content of cations in the salty waters of Lake Inder, mg/I
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In the Inder salt lake, the minimum values were
noted for potassium ions, the content of which is
about 3 mg/l (2.45-3.38 mg/l), sodium slightly more
than 8-9 mg/l. The calcium content is much higher
than the previous two cations and ranges from 320
to 720 mg/l. The maximum values were noted for
magnesium cations, the content of which is in the
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range of 670-1412 mg/l. The average content of all
cations shows that the magnesium content is more
than 300 times higher than the content of potassium
ions, sodium by 70-100 times and calcium by 2-3
times. Thus, the main predominant cations in the
water of the Inder Salt Lake are magnesium and cal-
cium cations.
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Figure 6 — The content of anions in the salty waters of Lake Inder, mg/|

Among the anions in Inder Lake, the minimum
values are typical for bicarbonate ions ranging from
262.3 to 366 mg/l, the second place is occupied by
sulfate ions with a content from 736.6 to 2086.2
mg/l, with an average content of 1310.5 mg/l. And
the maximum concentrations are typical for chloride
ions with a content from 5814 to 16592 mg/l. The
content of chloride ions is more than 20-45 times
higher than that of bicarbonate ions, and 7-8 times
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higher than that of sulfate ions [11].

Thus, calcium and magnesium cations, as well
as sulfate and chloride anions, predominate in the
Inder salt lake, which indicates that the main salts in
the salty waters of Inder Lake are magnesium and
calcium chlorides, as well as magnesium and calci-
um sulfates. Thus, according to the classification of
Dobrovskoye Lake Inder, chlorides and sodium —
Cl-Na predominate. The chloride content is more
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than 80% of the total volume of anions and sodium
cations, the content of which is more than 65% of
the total content of cations. According to Todorov’s
classification, the water of Lake Inder belongs to the
sodium chloride series. Thus, the waters of Lake In-

der are characterized by the highest mineralization
due to the high concentration of chlorides and so-
dium. Figures 7 and 8 show analyses of the content
of cations and anions in the waters of the salt lake of
the Karabatan territory.
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Figure 7 — The content of anions in the salty waters of the Karabatan area

In salt lake Karabatan, a low content of potas-
sium and sodium cations was observed, and their
content in Lake Inder ranges from 3.01-3.38 mg/I
(K+) to 8.67-9.34 mg/l (Na+). The calcium con- tent
is higher and ranges from 605 to 612 mg/l. The
maximum value is the magnesium cation, whose
content ranges from 798-804 mg/l. According to the
average content of all cations, the content of
magnesium is more than 237-266 times higher than
the content of potassium ions, sodium 86-92 times
and calcium 1.3 times. Thus, the main cations in

the water of Salt Lake Karabatan are magnesium and
calcium cations.

Among Salt Lake Calabatan anions, the mini-
mum value of bicarbonate ions is 109.8 to 292.8
mg/L, followed by sulfate ions with a content of
7700.3 to 8254.5 mg/l, with an average content of
7977.4 mg/l, and the maximum concentration is
chloride ions with a content of 61888 to 65234 mg/I.
the content of chloride ions is more than 223-568
times higher than that of bicarbonate ions and sul-
fate ions.
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Figure 8 — The content of anions in the salty waters of the Karabatan area

Therefore, calcium and magnesium cations, as

well as sulfate and chloride ions, dominate the salty
lake Kalabatan, which indicates that the main salts
in the salt water of Lake Kalabatan are magnesium
and calcium chlorides, as well as magnesium and
calcium sulfates. Therefore, according to Dom-
brovsky’s classification, chloride and magnesium
Cl-Mg dominate the water of Lake Karabatan, and
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according to Todorov’s classification, it will belong
to the chloride-magnesium series. Therefore, due to
the high concentration of chloride and magnesium,
the waters of Lake Karabatan have the highest de-
gree of mineralization.

Figures 9 and 10 show analyses of the content of
cations and anions in the waters of the salt lake near
the airport.
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Figure 9 — The content of anions in the salty waters near the Atyrau airport

In the Salt Lake near the airport, the lowest val-
ues of potassium and sodium cations are characteris-
tic, ranging from 2.27-3.01 mg/L (K+) to 8.67-8.89
mg/L (Na+). The calcium content is high, from 1058
to 1060 mg/l.the maximum value of the magnesium
cation is from 1266 to 1272 mg/liter.The average

content of all cations indicates that magnesium is
422 to 557 times more than potassium ion, 143 to
146 times more than sodium, and 1.2 times more
than calcium. Therefore, the main cations in Salt
Lake water near the airport are magnesium and cal-
cium cations.
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Figure 10 — The content of anions in the salty waters near the Atyrau airport

Among the anions in the salt lake near the air-

port, the minimum values are typical for bicarbon-
ate ions ranging from 296 to 298.9 mg/l, the second
place is occupied by sulfate ions with a content from
531.2 to 558.4 mg/l. And the maximum concentra-
tions are typical for chloride ions with a content
from 4325 to 4467 mg/l. The content of chloride
ions is more than 14 times higher than bicarbonate
ions and 8 times higher than sulfate ions.

Thus, the salt lake near the airport is dominated
by calcium and magnesium cations, as well as sul-
fate and chloride anions, which indicates that the
main salts in the salty waters of the lake near the
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airport are magnesium and calcium chlorides, as
well as magnesium and calcium sulfates. Thus, ac-
cording to Dombrowski’s classification, water in the
salt lakes near the airport belongs to CI-Mg- Ca
and according to Todorov’s classification, it belongs
to the chloride-magnesium-calcium series. Thus, the
waters of the lake near the airport are characterized
by the highest mineralization due to the high
concentration of chlorides, magnesium  and
calcium.

Figures 11 and 12 show analyses of the content
of cations and anions in the waters of the salt lakes
of Atyrau region.
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Figure 11 — The content of anions in the salt lakes of Atyrau region

In terms of the content of cations in all salt lakes,
the minimum values are typical for potas- sium and
sodium cations, the contents of which are identical
for all salt lakes and range from 2.64 to 3.19 mg/I
for potassium ions and from 8.78 to
9.12 mg/I for sodium ions. The content of calcium
and magnesium ions is maximum in the salt lake
near the Kh.Dospanova Aeroport, amounting to

1059 calcium and 1269 mg/l magnesium ions, are
minimal in salt lake Karabatan, respectively
608.5 mg/l calcium ions and 801 mg/l magnesium
ions, and in salt Lake Inder low content of cal- cium
ions, i.e. 599.4 mg/l, whereas the content of
magnesium ions is close to the content in the salt
lake near the Kh.Dospanova Aeroport and is equal
to 1223 mg/l.

Anions

OCHOBHOH

OCHOBHOI

o

CHOBHOH

HOBHOH

HOBHOH

confént irfgy/l

OCHOBHOH

OCHOBHOH

Inder
S04

Karabatan
mHCO3-

OCHOBHOI

uCl-

Airoport I/_{)lacc of sampling

verage

Figure 12 — The content of anions in the salt lakes of Atyrau region

Analysis of the cation content in salt lakes by
three anions shows that the minimum values for
all three lakes are characteristic of the bicarbonate
ion and range from 201.3 to 325.74 mgl/l, in sec-

ond place are sulfate ions, the content of which is
very diverse, so the lowest values in a salt lake are
about Kh.Dospanova Airport and is 544.8 mg/I, then
in the salt lake Inder 1310.5 mg/l, which is 2.5
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times higher than previous data and is increased by
Lake Karabatan and is 7977.4 mg/l, which is more
than 14 times higher than in the salt lake about
Kh.Dospanova Airport and 6 times salt lake Kara-
batan. The highest values are typical for chloride
ions, while among the three lakes the content of
chloride ions is the minimum value typical for the
salt lake near the airport 4396 mg/l, in second place
in the salt lake Inder 10410.8 mg /I, which is 2.3
times higher than the previous lake, and the maxi-
mum values are typical for the salt lake Karabatan,
the content of which It is 63561 mg/l, which is 14.4
times higher than the data for the salt lake near the
airport and 6.1 times higher than the salt lake Inder.
Thus, in all three salt lakes, according to the max-
imum contents, it can be concluded that they contain
the following salts in descending order: magnesium
chloride—calcium chloride—magnesium sulfates
—calcium sulfate, and the remaining salts in smaller
guantities.

Discussion

The analysis results show that salt lakes in the
Atyrau region are mostly transparent due to chemi-
cal analysis of water and are characterized by an in-
crease in the content of cations and anions of the
same composition [12].

In general, there are high values of such cations
as magnesium and calcium and chloride and sulfate
anions. If we look at each lake, the magnesium cat-
ion content is the same in Lake Inder and the lake
near Kh.Dospanov Airport and 1.5 times higher than
the magnesium content in Lake Karabatan. The
content of calcium ions is higher in the lake near
Kh.Dospanov Airport and is almost twice as high as
the calcium content in the other two salt lakes. The
contents of potassium and sodium ions are in close
values in all three salt lakes.

At the same time, different indicators were
observed for anions, especially chloride ions, the
highest of which is typical for salt Lake Karabatan,
which is 6-14 times higher than in the other two
lakes. There is also a sulfate-ion structure in Lake
Karabatan, the content of which is 6-14 times higher
than the content of sulfate ions in the other two lakes.
However, compared with chlorides, their content is
almost 8 times lower than that of chloride ions. In all
three lakes, the hydrocarbon content is close, and
compared to other chloride anions, it is 14 times less
than in lakes near the airport, 32 times less than in
Lake Inder, and 316 times less than in Lake Kara-
batan, compared to sulfates.

110

These studies have shown that the main salts
formed in these three salt lakes are magnesium
chloride and calcium chloride, followed by magne-
sium sulfate and calcium sulfate, as well as the least
amount of sodium bicarbonate and potassium.

Conclusion

In conclusion, it can be concluded that in three
salt lakes of the Atyrau region of different volume
and nature of origin, as well as located in different
territories of the Atyrau region, there is a similar
hydrochemical composition, the predominant cat-
ions in which are magnesium and calcium ions and
chloride and sulfate ions from anions. At the same
time, cations show almost the same indicators for all
cations, especially for potassium and sodium, the
content of which is close to 3 mg/l for potas- sium
and about 9 mg/I for sodium. The values for calcium
are diverse, while in the Inder and Kara- batan lakes
they amount to about 600 mg/l, and in the salt lake
near the Atyrau airport they exceed 1000 mg/l. In
terms of magnesium, the indicators differ from those
of calcium ions and similar indi- cators are typical
for Lake Inder and the lake near the airport and
above 1200 mg/l, whereas in Lake Karabatan it is
slightly above 800 mg/l. Ratio of contents Ca:Mg in
Lake Inder is 1:2, in Lake Kara- batan 1:1.3 and Salt
lake near Kh.Dospanova In- ternational Airport in
Atyrau 1:1,2. For anions, the lowest values are
typical for bicarbonate ions and are in the range of
200-300 mg/l. The indicators for sulfates and
chlorides are very diverse, as for sulfates they vary
from 500 mg/l in the lake near the airport to almost
8000 mg/l in Lake Karabatan. The maximum values
are typical for chlorides, while their contents are also
diverse in all lakes and range from more than 4,000
mg/l to more than 63,000 mg/l. At the same time, the
following ratios of HCO,: SO,:Cl anions are noted —
in Lake Inder 1:4:32; in Lake Karabatan 1:39:316;
and in the Salt lake near Kh.Dospanova International
Airport in Atyrau 1:1.8:14.8. Thus, salts of
magnesium and calcium chlorides, magnesium and
calcium sul- fates are formed in all lakes, and the salt
contents of sodium and potassium bicarbonates are
the most minimal.
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