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STUDY OF THE BOTTOM SEDIMENTS OF RESERVOIRS OF URAL-CASPIAN BASIN

Abstract. Pollution entering the pond, especially heavy metals, is passed through the food chain to the
person. In this chain, an important role is played by bottom sediments. Bottom sediments are of particular
ecological interest among all parameters of the marine environment due to their important role in the processes
of biological transformation. Today, it is very important to analyze the level of accumulation of heavy metals
in bottom sediments. With an excess of their concentration, the problem is aggravated by the ability of heavy
metals to accumulate and retain for a long time at all levels of the ecological pyramid, which can lead to long-
term effects, since many metals are carcinogenic and mutagenic substances. The article presents the results
of studies of the sediments on the content of heavy metals in reservoirs of the Ural-Caspian basin. Samples
of the bottom sediments of the Ural (Zhayik), Kigach and the squares of the North-eastern Caspian were
studied at different periods of the year. In the Ural River, the maximum permissible concentration is exceeded
by the content of copper, chromium and lead. In the Kigach River, high levels of copper, chromium and
nickel are present. In the bottom sediments of the North-eastern Caspian, the chromium content exceeds the
maximum permissible concentration by several dozen times. In conclusion, I would like to note that studies
carried out in various water bodies of the Ural-Caspian basin have shown the presence of toxic pollution in
bottom sediments. Their concentration depends on the amount of runoff entering the reservoir. Although, at
different points of the study, they show different values, the point is that they exist and play an important role
in limiting the number of biological resources.

Key words: The Ural-Caspian Basin, the atomic absorption spectroscopy, the bottom sediments, heavy
metals, maximum permissible concentration.

Introduction. In the marine environment of the Caspian, along with hydrocarbons, pollutants are heavy
and transition metals - products of both natural origin (dissolved and sedimentary forms) and introduced as
components of industrial wastes with river runoff (Kuliyev 2014).

Due to the diverse activities of mankind in recent decades, heavy metals (HM) have become common
pollutants of aquatic ecosystems (Collective monograph 2001), and among the priority pollutants of
freshwater ecosystems they occupy a special position (Komov & Tomilina 1999) in contamination of the
biosphere and are of greatest interest for various environmental quality control services (Mudryi 1997).
Migration of chemicals in water bodies is closely related to the transition of substances in the system «water
- bottom sediments». Bottom sediments (BS) no longer interpreted only as a factor of improving the quality
of water due to precipitation and sorption of various pollutants from the water mass, such as heavy metals,
organic compounds of natural and anthropogenic origin and products of their degradation, radio nuclides,
pesticides, etc. The accumulation of substances in bottom sediments of water bodies is a temporary fact of
their elimination from the circulation and strengthen the self-purification of the aquatic environment, but
pollution of aquatic ecosystems is still retained (Linnick 2006).

Under certain conditions, bottom sediments can act as a source of secondary contamination. This indicates
that in the ecological assessment of the hydro ecosystem, bottom sediments are one of the most informative
objects of study. This fact can be explained by the fact that our studies did not take into account the type of
bottom sediments, and it is known that silty and clay bottom sediments keep heavy metals more firmly than
sand deposits, which causes different degrees of metal accumulation (Stepanova 2006, Golinskii 2009).

About ten microelements are included in the list of toxicants especially dangerous for biota. Their danger
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is associated, first of all, with the emergence of toxic risk zones in the water body. High concentrations of a
number of toxic elements in BS pose an immediate danger to benthos and fish inhabiting the bottom layer.
According to toxicological assessments of «stress indices», HMs rank second after pesticides. Particularly
toxic are HM salts, which are decreasing toxicity can be arranged in a row (Brekhovskikh V.F. et al.2017):

Hg>Sb>Pb>Cr>Cd>Ni>Zn>Cu>Fe

In this regard, the monitoring of water quality and ecological state of natural water body and watercourse
should include a comprehensive assessment of chemical concentrations in components of the ecosystem.
Most metals are natural components of the environment, they participate in a variety of enzymatic reactions
in the organisms’ life, and their deficiency is sometimes as harmful as the excess (Shulkin 2007). The effect
of sorption increases with the presence of clay particles with a diameter of about 20 microns. While changing
the temperature conditions in the reservoir, pH, chemical oxygen consumption, concentration of sulfur
compounds, bottom sediments can become a source of secondary pollution for water and hydrobionts: adding
a toxicant to the reservoir even in the absence of a source of contamination.

This effect is also enhanced when the water content of the year decreases and the level of flood waters
decreases, which was noted in the middle reaches of the Ural River from 2006 to 2014. Settling in the river,
heavy metals accumulate in the bottom sediments and in living organisms inhabiting the reservoir (Miller et
al., 2012). Thus, we clarify that the physico-chemical properties of sediment largely determine the intensity
of accumulation of mercury compounds, as they are clusters of soil particles, mining (maternal) breeds of
vegetable, animal debris and clay on the bottom of the pond, which, subjected to processes of destruction
are becoming porous structure with a large number of active sites on the surface capable of attaching ions of
mercury as well as holding them (Bespamyatov & Krotov 1985).

Sediments of the Northern Caspian have a coarse-grained character of aleurite (silt composed of quartz)
mixed with crumb of shellfish, as well as terrigenous and oolitic sands. In the Ural furrow of the Northern
Caspian, the bottom sediments are of fine-grained character: limestone silt, mixed with shell sand. The type of
bottom sediments and granularity are dependent on the depth: the smaller the depth, the more coarse-grained
deposits (Meliakina E.I., et al., 20006).

Sediments are of particular environmental interest among all parameters of the marine environment due to
the important role in the processes of biological transformation. Their composition and structure are largely
determined by the characteristics of the formation and sedimentation, which in the North-East of the Caspian
sea are characterized by high content of carbonates and the high mobility of the material due to the transport
of water masses (Kostianoy & Kosarev 2005; Ogar et al. 2014).

Disruption of the equilibrium state in the pore water — solid phase system as a result of external influences
(acidification of the aquatic environment, erosion of BS, etc.) can lead to a noticeable increase in the flow of
trace elements into the water mass. This change in concentration occurs over a short period of time, which
is typical for the most typical emergency situations in the reservoir. (Brekhovskikh V.F. et al.2017, p.104).
The content of heavy metals in bottom sediments of the Northern and Southern parts of the Caspian Sea is
widely represented today in the publications of scientists dealing with this problem (Brekhovskikh et al.
2017, Hosseini, et al., 2018, Nasrollahzaden et al., 2015; Alizaden et al., 2018).

Studies on the level of toxicological contamination of bottom sediments North-East of the Caspian sea
and reservoirs of the Ural-Caspian basin are not so numerous, mostly work 10-20 years ago. The aim of our
research is to determine the content of heavy metals in the bottom sediments of the Ural-Caspian basin using
more modern methods of sample preparation.

Materials and methods. Toxicological studies were conducted in autumn 2015 and spring, summer,
autumn 2016. Sampling of bottom sediments for the analysis of metals, petroleum products was carried out at
15 stations, 6 of them are located in the estuary of Ural river, 3 — Kigach river (eastern branch of the estuary
of the Volga) at 6 stations the North-Eastern part of the Caspian sea were surveyed.

Determination of heavy metals in bottom sediments is carried out by atomic absorption method using a
spectrometer «MI'A-915», method with electrothermal atomization in a graphite cuvette, intended for the
quantitative determination of the content of various metals. The proportion of the prepared sample was 10 pl.
Preparation of samples — by mineralization at elevated pressure on “Minotaur-2” with micro-wave heating
method. The dosage of the prepared sample was 10 MKL (Methodology, 2014).

To compare the indicators of heavy metals in surface water bodies and in drinking water, water samples
were also taken from the tap. Sampling dates from the Ural River and from the tap are the same.

Concentration of heavy metals was determined by the atomic absorption MGA-915 spectrometer intended
for quantitative determination of heavy metal concentrations (Methodology PND F 2009).
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Results and discussion. To study the dynamics of the coming pollution produced by sampling of bottom
sediments of rivers Ural and Kigach River in six workstations studies and analyzed the content of heavy
metals.
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Figure 1. The heavy metals content in the bottom sediments of the Ural River in the autumn, 2015.

In 2016 sediments in the Ural River were chosen at the end of May from the shores of the reservoir.
Compared to the fall 2015(Fig. 1), the content of metals is much less, with the exception of lead, which
increased 2 times, but remained within the MPC (Fig. 2). The copper content at stations ‘“Balykshi” and “Start
channel” is higher than in the other stations of the study.
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Figure 2. The heavy metals content in the bottom sediments of the Ural River in the spring of 2016.

Almost all heavy metals come from the upper reaches of the Ural river. The lead content in the sediments
of the Ural river is in the range of 1.47-4,99 mg/kg. The content of cadmium on the coast of the river less than
in the middle, as indicated by the data. The concentration of chromium is also much less than in the sediments
of the middle of the river, which gives grounds to conclude about anthropogenic revenues contaminants. In
the Ural River the conditions on the content of chromium in the bottom sediments is dressed up.

Spring research of bottom sediments in the river Kigach 26.04.2016 during the floods, from samples
at two points of the “Kamyshinka”. Data on the content of heavy metals in bottom sediments of the river
Kigach to both objects of study show almost similar data. Compared with the last period (Tulemisova, et
al., 2016) there are some changes in the direction of deterioration. The copper content in both points Kigach
River exceed the MPC almost 2.6 times, cobalt is also a significant concentration compared to cadmium and
molybdenum (Fig. 3).
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The chromium content in the bottom sediments of the Kigach River is also high, as does the nickel content
in the spring, apparently the introduction of industrial effluents into the reservoir.

The chromium content in the bottom sediments of the Kigach River is also high, as does the nickel
content in the spring, apparently the introduction of industrial effluents into the reservoir. Same investigations
showed that these metals can be deposited and magnified in the sediment and aquatic biomass (Hosseini M,
et al., 2018) and reach a harmful level in the upper trophic leves. Concentration of lead, although within the
limits of sanitary standards, but more than in the bottom sediments of the Ural River (Fig. 3). River water
contains chemical elements in various forms: simple and complex ions, neutral molecules, and colloidal and
suspended particles of various sizes. Different methods are used for their identification, which makes the
interpretation of the data difficult. Contamination of the Volga aquatic systems is manifested mainly in an
excess of HMs (Cu, Pb, and Cd) in suspended matter over the global background values, most notably in the
flood period (Lychagin, et al., 2018).
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Figure 3. The heavy metals content in the bottom sediments of the Kigach River, spring.

After the floods, summer studies showed still high concentrations of chromium, cobalt and copper. In
the studied stations “Pesok” and “Kamyshinka” of Kigach River approximately the same order values for
content of heavy metals in the sediments were detected. In summer the content of lead, cadmium and copper
decreased slightly to the MPC limits (Fig. 4).
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Figure 4. The heavy metals content in the bottom sediments of the Kigach River, summer.
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With an excess of their concentration, the problem is aggravated by the ability of heavy metals to
accumulate and retain for a long time at all levels of the ecological pyramid, which can lead to long-term
effects, since many metals are carcinogenic and mutagenic substances. North-Eastern Caspian.

Studies of bottom sediments of the North-east Caspian were carried out by sampling in squares 12,25 in
the pre-estuarine space of the Ural River and the Kigach River at 62,87 at the end of the flood. In general, the
toxicological state of the water area of the North-east Caspian is diverse. The content of copper (Cu) in bottom
sediments in significant amounts was found in square 12, but was not found in the foreheads of the Kigach
river. Molybdenum, cadmium and lead are identified in small quantities in all the investigated sections of the
sea. However, the cobalt content increased in all the squares of the North-east Caspian (Fig. 5). Obviously,
this is the effect of the river’s discharge during floods, yet the source of supply must be discovered. Perhaps,
these are historical pollution of bottom sediments accumulated over the years.
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Figure 5. The heavy metals content in the bottom sediments of North-east Caspian Sea

Therefore, different points show different contents of heavy metals. According to (De Mora et.al. 2004),
the studies of the content of heavy metals in bottom sediments in waters of the Caspian sea conducted in
2004, the content of chromium was 103,0 mg/kg, on the contrary the research of Agip KCO (2006-2010)
(Review of the Potential for Environmental Impacts in the North Caspian ERM, 2008) showed the maxi-mum
content of chromium was in the range 78,0 mg/kg. This is quite comparable with our data flood studies of
chromium in squares 25, 62 (Fig. 5), which is the most maximum value for the entire measurement period.
So in autumn of 2015 (Tulemisova et al. 2016), determined maximum value was in square of 25, 26 in the
North-east Caspian.

The content of pollutants in bottom sediments are not regulated (Kenzhegaliev et al. 2019), but in
the post-Soviet space, it was compared with the MPC for soil. Average concentration of all metals in the area
Island D is higher than in the area of Island A. In all seasons we did not find any excess of the MPC for all
pollutants, except for one case of chrome content stations at the level of one MPC.

The content of molybdenum (Mo) and cadmium (Cd) increased slightly compared to the previous
period (Fig. 6). Concentration of lead from the investigated areas of the sea is lower in square 12 and above 25
in comparison with the flood period. The chromium content as the previous research period has high values
several times higher than the MPC, this time in the square of 12 (Fig. 6).
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Figure 6. The heavy metals content in the bottom sediments of the North-east Caspian Sea in July, 2016.

In general, the condition on heavy metals in the sediments is satisfactory. In conclusion, it should be
noted that studies conducted in various water bodies of the Ural-Caspian basin showed the presence of toxic
contaminants in the bottom sediments. Their concentration depends on the amount entering the drainage
basin (Tulemisova et al. 2015). Although, at different points in the study, they show different mea-nings, the
fact is that they exist and play an important role in limiting the number of bioresources.

Conclusions. The elemental composition of bottom sediments reflects the biogeochemical situation in
a particular subregion of the biosphere; therefore, the content of metals in the soils of various water bodies
varies greatly. As noted by V. I. Vorobyov, the absence of clarke norms for soils of fishery reservoirs, norms
similar to the MPC values for water, significantly complicates the assessment of both their supply with
microelements and the assessment of their pollution. To prevent, control and reduce transboundary impact,
the maximum permissible concentrations of emissions from point sources (dis-charges) should be based on
the concept of best available technology.

Teaemicoa I.b.*, 9oainoB P.I11., AmanrocoBa A.F., barbipbaeBa I.Y.

X. JJocMyxamezioB aTeIHAArbl ATbIpay YHUBEpcHTET1, ATbpay, Kazakcran.
E-mail: tulemisova62@mail.ru

KAUBIK-KACIUI BACCEIHI ©3EHAEPI CY TYBI IIOT'THLIEPIH 3EPTTEY

Annoranusi. Cy o0ObEKTICiHE TYCETiH JIacTayIlIbl 3aTTap, cipece ayblp MeTalaap, aiaMaapra KOPEeKTiK
Ti30eK apKpUIbl Keneni. by Tizoekre cy TyOi merinainepi MaHb3Ibl peit arkapaasl. Cy TyOi merinainepi
OHMOJIO-TUSUTBIK TpaHC(OPMAIIUs IPOIECTEPIHICTI MAHBI3IbI POJIiHE OAUTAHBICTHI TCHI3 OPTACBHIHBIH OapIIbIK
napameTpliepi apacblH/ia epeKIIe IKOJOTHSIIBIK KbI3bIFYIIBUIBIK TYIBIPaIbl. BYTiHT1 KYHI ayblp MeTalgapabiH
cy TYOl HIeTiHIi-JIepiH/Ie )KUHAKTAJTY JICHIeliHe Taliay xacay eTe MaHbI3/1bl. OJapblH KOHIICHTPAIUSCHIHBIH
achlll KETYIMEH ayblp MeTalAapIblH JKOJOTHSUIBIK MUPaMUAAHBIH OapliblK JCHreHIepiHae KUHAKTATYbI
JKOHE Y3aK YaKbIT caKTalybIMEH Macelle KUbIHAAH Tycei, Oy y3ak Mep3iMai dddexTinepre okeryi MyMKiH,
OUTKEeHI KOITereH MeTalgap KaHIepo-TeHMIK >KOHe MyTareHIiK 3arrap Oonbln TalbuIagsl. Makanmana
XKaiibik-Kacnuit GacceiiHiHIH Cy KOWMajapblHIaFbl MIOTIHAUIEPC ayblp METAJIAp/AbIH KYPaMbIH 3epTTEy
HoTIKenepl kenripuireH. JKeuiabiH op keseHinge Kaitbik, Kuram e3enmepi meH Counrtycrik-LIbIFbic
Kacnuiifia kBajpaTTapblHbIH CY TYOIHJIET MIOTTHIUICPAiIH YATIepi 3epr-Teial. JKalblK e3eHi meriHaiiepi
KypaMbIH/1a MbIC, XpoM >koHe KoprackiHHBIH LIIPK apTeik Memmepi Oaiikanran, Kurai e3eHiHAe MbIC, XpOM
JKOHE HHKeNbJiH Meimiepi xorapbutaraH. Conrycrik-Ibirbic Kacnuiinin cy TyOi merinminepinge Xpom
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memmiepi [IIPK-nan OipHemie onaran ece achin Tyceai. Kopeitbiaabuaii kene, JXKalibik-Kacrmii 6acceiiHiHiH
op TYpIi Cy aliIbIHIAPBIH/IA KYPTI3UITeH 3epTTeyiep, ¢y TYOl MeriHaiIepiHae YhITTH JJacTa-Hy 0ap eKeHiH
KOPCETKEHIH aTaIl eTKiMi3 keneai. OJxapablH KOHIEHTPALMACH Cy KOMMachlHa TYCETiH aFbIHHBIH MeJI-IIepiHe
OaimaHbICTBI. 3ePTTEYNIH 9p TYPIl HYKTEIEpiHIe Oap SpTYpJii HOTHXKEJIEP KOPCETKEHIMEH, MACeIIe OIap-IblH
KOJI JKETIMILTITTH/IE KOHE OMOIOTHSIIBIK PECYPCTap/IbIH CAHBIH MIEKTEY/Ee MaHBI3/IbI POJI aTKApaThIHIBIFBIHIA.

Tyiinai ce3mep: JKaiibik-Kacruii Oacceiini, aroMapl-aOCOpOIMOHIBIK CIEKTPOMETpHUs, Cy TyOi
MeTiH/INepi, ayblp METaNIap, MIeKTi payaibl KOHIICHTPAIHsL.
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Atpipayckuii yauBepcutet uMenu X. Jlocmyxamenosa, Ateipay, Kazaxcran.
E-mail: tulemisova62@mail.ru

HCCJIEJOBAHUE JOHHBIX OTJIOKEHHU BOJJOEMOB YPAJIO-KACIIUHCKOI'O
BACCEMHA

AHHOTauusl. 3arps3HeHNs], TOCTYNAIOIUE B BOJOEM, OCOOCHHO TSDKEJIBIE METaJlIbl, Yepe3 MULICBYIO
LETOYKY NepelaoTcs YeloBeKy. B 3Toil menu HeManoBaXKHYIO POJIb UIPAIOT AOHHbIC OTIOXKeHUs. JJoHHbIe
OTJIOKEHUS TPEICTABISIIOT OCOOBIH 3KOJOIMYECKHH HMHTEpPEC CPEAM BCEX IMapaMeTpOB MOPCKOH Cpebl
BCJICAICTBUE BAKHOM POJIM B Mpoleccax Ouosnorndyeckoidl Tpancdopmannu. Ha ceropnsimnuil eHp BecbMa
aKTyaJbHO aHAJIM3 YPOBHsI HAKOIUICHHUS TSDKEJIBIX METAJUIOB B JOHHBIX OTIOXeHMsX. Ilpum n30biTKEe MX
KOHLEHTpaLuuy npobiieMa ycyryomsieTcsi CHocOOHOCTBIO TSDKENbIX METAJUIOB HaKaljuBaTbCs U JUIUTEIBHOE
BpEeMs YACP)KUBAThCS HA BCEX YPOBHSIX SKOJIOTMYECKON MUPAMMIIbI, YTO MOXKET MPHUBECTH K OTAAJICHHBIM
s¢dexram, Tak KaK MHOTUE METaJLIbI SIBJISIIOTCS KaHIIEPOI€HHBIMHU U MyTareHHbIMHU BELIECTBAMH.

B crarbe npuBoAATCs pe3yabTaThl UCCIICAOBAHUI TOHHBIX OTIOKEHHH HA COIEPKAHNE TSDKEIBIX METAIJIOB
B BojloeMax Ypano-Kacnuiickoro 6acceiina. MccnenoBansl npoObl JOHHBIX OTIOXKEHUH pek Ypan (JKaiibik),
Kurau u xBagpatoB Ceepo-Bocrounoro Kacnust B paznuunbie nepuoasl roga. B pexke Ypan nadmonaercs
npesbienre 11K o copeprkanuio meau, XxpoMa U CBUHLA, B peke Kurad - moBbIlIeHHOE COAEPIKaHUST MEIH,
XxpoMma U HUKensd. B ponHBIX omnoxeHusax Cesepo-Bocrtounoro Kacnust copep:kaHue Xpoma MpEBBIILIAET
[TAK B HECKOIBKO AECATKOB pa3. B 3akioueHHe XO04eTcss OTMETHTh, YTO MCCIICAOBAHUS, IIPOBEACHHBIC B
pasnnuHbIX BojmoeMax Ypano-Kacnuiickoro OacceiiHa, NMOKa3ald HaJMYUEe TOKCHYHBIX 3arps3HEHUI B
JOHHBIX OTIOKEHUAX. KOHLIEHTpanus uX 3aBUCHT OT KOJIMYECTBA, MOCTYHAIOLIET0 B BOAOEM CTOKa, XOTs
B Pa3JIMYHbIX TOYKAX MCCIIEOBAHUS OHM MOKa3bIBAIOT pa3Hble 3HaueHus. CyTb B TOM, YTO OHH MMEIOTCS U
UTParoT HE MOCIIEIHIOI POJIb B JIMMUTALUHN YUCICHHOCTH OHOPECYPCOB.

KiroueBbie cioBa: Ypano-Kacnuiickuili GacceiiH, aroMHO-aOCOpOLMOHHAS CIEKTPOMETPHS, JOHHBIC
OTJIOKEHUS, TSHKENIbIE METAJUIbI, IPEIEIbHO JOMYCTHUMbIC KOHLICHTPALIUH.
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