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Annotation. The article analyzes the aspects of monitoring the coastal and marine zones of
the Caspian Sea. The key task is to analyze the impact of human activity on the marine part and the
coastal zone of the Caspian Sea, which is an important ecosystem. Aktau city, located on the shore
of the Caspian Sea, is a unique object for geoecological research. As part of the research, the content
of humus, heavy metals and other soil parameters was determined. Humus and other chemical
characteristics of the soil were analyzed in the laboratory. Studies have shown that the content of
heavy metals in the upper layers of the soil most clearly reflects intense anthropogenic activity.
Special attention is paid to the importance of the Caspian Sea for transport, tourism, fishing and
industry. Solutions are also proposed to preserve the environmental sustainability of the region and
ensure the rational and balanced use of natural resources.
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Introduction

The Caspian Sea is currently attracting considerable attention from both economic and
political circles in many countries. It occupies a unique position due to its rich biological and mineral
resources. In this regard, the task of preserving its environmental sustainability and ensuring the
rational and balanced use of natural resources is particularly relevant. The successful resolution of
these issues directly affects the sustainable development of the countries and peoples living in this
region [1]. Particular attention is drawn to the Kazakh part of the Caspian Sea, where large oil fields
such as Tengiz and Kashagan are concentrated. Kazakhstan is one of the key players in the Caspian
region due to its rich oil and gas reserves [2]. The country holds high positions in terms of oil
production among the CIS countries. A significant part of the production is concentrated in the
Kazakh sector of the Caspian Sea. Important projects such as the Kashagan field are international and
attract large investments from all over the world, contributing to the development of the energy sector
and the country's economy as a whole [3].

Materials and methods

Samples of the marine environment and coastal zone from the village of Akshukur and the
village of Shapagatov in the Caspian Sea. Hydrological stations (HS) are designated as 14, 15, 16 and
17, research sites (RS) of the coastal zone are designated as 1, 2, 3, 4. As well as water and soil
samples from the facilities of Seaport-1, Seaport-2, Dostar-1, Dostar-2, Yacht Club-1, Yacht Club-2,
Koshkar-Ata-1, Koshkar-Ata-2, table 1 [3].

Table 1 - Location of hydrological stations and sampling points at research sites.

Station Ne Location Width Longitude Distance from
shore, m
HS-14 The area of the village 43°48'04.00" | 51°00'35.00" 1153,85
Akshukur
HS-15 The area of the village 43°46'58.00" | 51°00'00.00" 3627,17
Akshukur
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Station Ne Location Width Longitude Distance from
shore, m
HS-16 The area of the village of S. | 43°46'00.00" | 50°59'02.00" 6406,71
Shapagatova
HS-17 The area of the village of S. | 43°45'00.00" | 50°58'00.00" 8745,93
Shapagatova
HS-18 Nel SeaPort 43°37°56.00" | 51°101.00" 563
HS-19 No2 SeaPort 43°36°51.00" | 51°12°47.00" 842
HS-20 Nel Dostar 43°35°40.00” | 51°14°19.00" 374
HS-21 Ne2 Dostar 43°35°40.00” | 51°14°15.00" 685
HS-22 Nel Yacht Club 43°62°90.04 " | 51°16'84.99 " 201,25
HS-23 Ne2 Yacht Club 43°62°96.86 " | 51°17'13.18" 135
RS -1 The area of the village 43°48'1" 51°1'59" 303,65
Akshukur
RS-2 The area of the village 43°49'5" 51°2'14" 1635,1
Akshukur
RS-3 The area of the village of S. 43°49'0" 51°129" 2135
Shapagatova
RS-4 The area of the village of S. 43°55'19" 51°2'0" 9578
Shapagatova
RS-5 Dostar Beach 43°36°53" 51°12°48" 94
RS-6 Temporary storage 43°36°47" 51°13'44" 2000
warehouse
RS-7 Move 43°35'28" 51°14°5" 300
RS-8 1.3 t from the seashore near 43°36°20" 51°13°41” 130
Kaztransoil
RS-9 Nel Yacht Club 43°62°90.04” | 51°16'84.99" 350
RS-10 Ne2 Yacht Club 43°62°96.86" | 51°17'13.18" 300
RS-11 Ne 1Koshkar-Ata 43°70°93.28" | 51°19°09.03" Closer to the
airport
RS-12 Ne 2 Koshkar Ata 43°73°33.83” | 51°18°57.25" Closer to the
airport

Samples of seawater and soil of the research object. Seawater samples were taken using a
Hydro Bios bathometer (1.7 liters) in accordance with GOST 17.1.5.05-85 and GOST 17.1.5.04-81.

Measurements of water parameters (pH, phosphates, nitrite and nitrate nitrogen, ammonium
nitrogen, total nitrogen and dissolved oxygen) were carried out at hydrological stations using modern
equipment, including a photocolorimeter and a gas chromatograph.

Soil samples were taken from the coastal territory of the Caspian Sea. Soil samples were taken
from a depth of 0-20 cm using the envelope method. The samples were taken at 12 research sites,
with 20 sampling points. Tools and methods of analysis. A photocolorimeter, a liquid analyzer, a pH
meter-ionomer and a gas chromatograph were used to analyze the composition of water and soil in
accordance with established standards.

Determination of heavy metals in the soil. To determine the content of heavy metals in the
soil, the method of atomic absorption spectrometry with plasma atomization was applied using a high-
precision AAS MGA-915M device (manufactured by Lumex, Russia).

Studies of the marine environment were conducted in a shallow water area near the city of
Aktau, located in the Mangystau region of the Republic of Kazakhstan, and adjacent territories. These
studies were carried out jointly by the Department of Ecology and Geology of the Yessenov
University (YU) and the P.P. Shirshov Institute of Oceanology of the Russian Academy of Sciences
(RAS) under the leadership of Doctor of Technical Sciences, Professor G.J. Kenzhetaev and Doctor
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of Geographical Sciences, Corresponding Member of the Russian Academy of Sciences P.O.
Zavyalov [4].

Research results and their discussion. The results of analyses of heavy metals in water were
also carried out in 2019 and 2023 for comparative analysis. Based on changes in the content of heavy
metals, it is possible to conclude whether the environmental situation has improved or worsened, and
assess the possible consequences for health and the ecosystem. This approach will provide a
systematic and detailed comparison of data, which will help identify long-term trends and understand
how the state of the environment has changed over this period.

In the spring of 2019, an analysis of the content of heavy metals in seawater was carried out
in an ecological laboratory accredited by the Department of Natural Resources and Environmental
Management of the Mangystau region. The study covered the measurement of concentrations of
metalloids (e.g., arsenic) and metals, including barium, cadmium, chromium, copper, iron, mercury,
nickel, lead, vanadium, aluminum, and zinc.

The results showed that the levels of arsenic, iron, mercury, vanadium, and aluminum were
below the detection limit. However, exceedances of the maximum permissible concentrations (MPC)
for cadmium (2.1 times), chromium (4 times), copper (3.7 times), nickel (5.2 times) and lead (4.6
times) were recorded. At the same time, the content of barium and zinc remained within the normal
range. The concentrations of heavy metals and arsenic are shown in Table 2.

Table 2 — Concentration of heavy metals and metalloid in water 2019, Akshukur

Station mg/l
s As Ba Cd Cr Cu Fe Hg Ni Pb Zn \ Al
HS-14 0 505 0.008 | 0,017 | 0,11 | 1,9 | <0.1 | <0.0002 | 0,37 | 0,092 | 0.03 <0i00 <0.04
HS-15 0 ;05 0.007 | 0,015 | 020 | 23 | <0.1 | <0.0002 | 0,51 | 0,097 | 0.03 <0i00 <0.04
HS-16 0 go s | 0.008 | 0021 | 013 | 37 | <01 |<00002 | 045 | 0,138 |0.02 <0i00 <0.04
< <0.00
HS-17 | 00s | 0.007 | 0,019 | 0,18 | 1,85 | <0.1 | <0.0002 | 0,39 | 0,117 | 0.03 |~ <0.04
max. ; 0,008 | 0,021 | 020 | 37 - - 045 | 0078 [0,03] - -
min. - 0,007 | 0,015 | 0,11 | 1,85 - - 029 | 0,028 [002] - -
A"Zrag - 0,0075 | 0,018 | 0,155 | 2,775 | - - 0,37 | 0,053 0’;)2 - -
MPC
fish | 0.01 2.0 0.01 | 0.001 | 0.005 | 0.05 | 0.0001 | 0.01 | 0.01 [0.05| 0001 | 0.04
farm*
MPC
of 0.05 0.1 001 | 005 | 1.0 | 03 | 00005 | 01 | 003 | 50 | 0.1 0.1
water
* %
Meant | B Ryl Bvell VT R I T I R P ]
SD 3 | 0748 0,004 | 0,020

Note: *Consolidated list of MPC and approximate permissible exposure levels (APEL) of hazardous substances
for waters of fishery reservoirs. 1990.
* *Sanitary requirements for the safety of drinking water (Order Ne 147. 229.506).

The chromium content shows an uneven distribution. The minimum values, about 2.1 MPC,
were recorded in the coastal part of the sea, while the maximum values, about 4 MPC, were recorded
on HS-15 at a distance of 3627 m from the shore.

The copper concentration at a distance of 8.74 km from the coast turned out to be lower, about
2 MPC, compared with HS-16, located closer to the coastline of the Caspian Sea. As for nickel, its
high concentration (5.1 MPC) is observed on HS-15, while on HS-14 and HS-17 concentrations
decrease to 3.7 and 3.8 MPC, respectively.
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The maximum concentration of lead exceeding 4.6 MPC was recorded on HS-16 in the
shipping lanes area, while lower values (about 3 MPC) were noted on HS-14 at a distance of 1.15 km
from the coast.

The minimum concentration of cadmium (1.07 MPC) was detected at HS-15 (at a distance of
3627 m from the shore, depth 17.8 m), while the maximum concentration exceeding 2 MPC was
observed at HS-16 (distance 6407 m from the shore, depth 18.5 m), also in the shipping lanes area.

The toxicity of heavy metals mainly stems from their ability to form complex compounds in
organisms, establish covalent bonds with carbon atoms, and participate in redox processes that alter
the valence of the metal. As a result of these processes, the normal activity of biologically active
substances in the tissues of aquatic organisms is disrupted. This leads to an increase in the ability of
trace elements to overcome biological barriers, a violation of the balance of microflora and various
phenomena that worsen their viability. Thus, all heavy metals have a common property - biological
activity. When they enter the natural environment as a result of human activity, they begin to circulate,
becoming involved in the biological cycle. Under certain biogeochemical conditions and
concentrations, they exhibit toxic effects on living organisms. In this regard, there is a need to control
the level of their concentration in natural environments [5].

The results of studies conducted in 2019 show that the soil is polluted with heavy metals such
as copper in these areas. High concentrations of copper at some observation points may be associated
with industrial processes or other sources of pollution specific to the region.

Excess copper content was found in soils at three research sites: RS-1 (3.2 MPC), RS-2 (4.7
MPC) and RS-3 (3.6 MPC) (Figure 1). However, at the background site (RS-4), a value is observed
that is lower than the maximum permissible concentration (2.1 MPC), and the copper content at RS-
11 and RS-12 located in the Koshkar-Ata region does not exceed the MPC and amounted to 2.23
mg/kg at RS-11, as for RS-12 there The value is lower and amounted to 2.04 mg/kg, but compared
with other heavy metals, the value of copper is higher. This fact may be due to natural processes
associated with the accumulation and migration of copper in the soil cover [6].
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Figure 1 — The content of heavy metals in the soils of the study site for 2019

Possible causes of excess copper content on RS-1, RS-2, and RS-3 may include anthropogenic
influences such as industrial activity, runoff from transportation, or the use of fertilizers with a high
copper content. It is also worth considering the geological features and natural processes that affect
the distribution of elements in the soil environment [7].

In contrast, the lower copper content on RS-4 may be due to a lower impact of anthropogenic
factors on this territory or its remoteness from sources of pollution. Also, natural processes such as
phytoremediation or physico-chemical processes in the soil can contribute to reducing the
concentration of copper at this site [8].
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Thus, excess copper content at certain sites may be the result of various impacts, both
anthropogenic and natural, and requires additional research to identify the specific causes of this
phenomenon.

The level of heavy metals and arsenic metalloid in the soil at the RS-2 research site, located in
the area of an open warehouse of road construction materials near the highway, indicates a high
degree of soil contamination. A comparative analysis with other sites shows that the highest content
of copper, nickel, zinc, arsenic, cadmium, chromium and lead is observed here. At the same time, the
least soil contamination was recorded at the RS-4 background site.

Conclusion

A comprehensive analysis of the water and soil resources of the coastal zone of the Caspian Sea
near Aktau showed the presence of significant concentrations of heavy metals such as copper, nickel,
and lead, exceeding the maximum permissible concentrations at a number of observation points.
These results indicate the negative impact of anthropogenic factors, primarily industrial activity and
maritime transport, on the environmental condition of the studied area. A comparative analysis with
the results of 2019 reveals a slight improvement in certain environmental indicators, which may be
associated with the implementation of environmental protection measures and partial modernization
of industrial facilities. However, zones with persistently high levels of pollution remain, especially in
areas adjacent to industrial sites and port infrastructure.

The identified spatial heterogeneity of contamination emphasizes the necessity of continuous
geoecological monitoring and the application of an integrated approach to environmental
management in the coastal zone. Further studies should focus on identifying the main sources of
heavy metal input, assessing their long-term ecological and health risks, and developing effective
mitigation strategies aimed at reducing anthropogenic pressure and ensuring the sustainable use of
the natural resources of the Caspian Sea coastal region.
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OIIEHKA I'EOJIOTMYECKOI'O COCTOSIHUS MMTPUBPEKHOM 30HBI
KACIIUACKOI'O MOPS B PETUOHE AKTAY

ikananmesa H.IIL., "KakanoBa A.A., 2Jlzka0bbiknaesa M.A.
'Yessenov University, Kazaxcran, Akray
2Puman TOO «KMI Unsxunupuary «KasHUTIMyHaiiras»
e-mail:nurgul.janaliyeva@yu.edu.kz, Aimira2.zhakanova@yu.edu.kz,
M.Dzhabykbayeva@kmge.kz

AHHoOTanusA. B ctatbe aHaNM3UpyIOTCS ACHEKTHl MOHUTOPUHTA TPUOPEKHOIN U MOPCKON 30H
Kacnmiickoro mopsi. KitroueBoii 3ajaueit ABiIsi€TCsSl aHaIu3 BO3JICHCTBHS JEATEIBHOCTH YEJIOBEKA Ha
MOPCKYIO 4acTh 1 MPUOpekHYI0 30Hy Kacnuiickoro Mopsi, KOTOpbI€ SIBISIOTCS Ba)KHOM 9KOCHCTEMOH.
I'opon Axray, pacnonokeHHbIM Ha Oepery Kacmuiickoro mops, siBisieTcsl YHUKAIbHBIM OOBEKTOM
JUIs. TEOIKOJIOTUYECKUX HCCleloBaHui. B paMkax mcciemoBaHHii ObUIO OINpeseNieHo CojepiKaHue
rymyca, TSOKENbIX METAJIOB W JAPYTUX IMapamMeTpoB IMOYBBL. ['ymMyc M Jpyrue XUMHUYECKHE
XapaKTepUCTUKH MOYBbI OBLIM NMPOAHAIN3UPOBaHbI B 1aboparopuu. MccnenoBanus mokasaiu, 4YTo
coJiep’KaHue TSHKEJIbIX METAJUIOB B BEPXHHUX CIIOSIX MTOYBBI HanboJiee YeTKO OTpakaeT HHTEHCUBHYIO
aHTPOIIOTEHHYIO JiesiTenbHOCTh. Ocoboe BHMUMaHuE ynensercss BaxHocTH Kacnumiickoro mopst amns
TPAHCHOPTA, TypU3Ma, PHIOOIOBCTBA M INMPOMBIIUIEHHOCTH. Takke MpelaraloTcs pelieHus uis
COXpAaHEHHs HKOJIOTUYECKOM yCTOHYMBOCTH peruoHa M OOecrmeyeHHs] palroHaJIbHOTO U
cOaaHCUPOBAHHOT'O UCIIOJIb30BaHUS IPUPOHBIX PECYPCOB.

KiroueBble c10Ba: MOHUTOPHHT, MOpPCKas cpena, NpuOpexHas 30HA, TSHKEIble METalIbl,
II04Ba, MOPCKas BOJA.
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AKTAY AMAFBIHJATBI KACIHIA TEHI3IHIH )KAFAJIAY AUMAFBIHBIH
T'EOJIOT USLIIBIK KAF JAVMBIH BAFAJIAY

skananmmesa H.IIL., "YKakanoBa A.A., 2Jlzka0biknaea M.A.
"Yessenov University, Kasaxcran, Akray
2 (KMT Umxnanpusry KIIC «KazF3KUmyHaitrasy Guamanst
e-mail:nurgul.janaliyeva@yu.edu.kz, Aimira2.zhakanova@yu.edu.kz,
M.Dzhabykbayeva@kmge.kz

Anaarna. Makamana Kacnuii TeHI3iHIH JKarajay jKoHE TEHI3 ailMaKTaphlH Oakbuiay
acTeKTiIepi Tamaanaabl. MaHbI31bl 9K0KYie 0ok TadbiaTeiH Kacnuil TeHi31HIH TeHi3 Oeiri MeH
Karajay aiiMarblHA aJlaM KbI3METIHIH ocepiH Tanjay Herisri MiHjeT Oonbin TaObuiansl. Kacnuit
TEHI31HIH )aFachIHJIa OPHAJIACKaH AKTay KaJIaChl T€OAKOJIOTHSIIBIK 3epTTEYJIep YIIiH Oipereit 00beKT
Oosbinm  TaObUIAABL.  3€pTTEYJIEp TyMYCTBIH, ayblp METalJapIblH KOHE Oacka TOIBIPaK
napaMmeTpJiepiHiH Ma3MYHBIH aHBIKTaJbl. 3epTXxaHana ['yMyc jkoHE TOMBIPAKTHIH 0acKa XUMHUSIIBIK
CHIIaTTamajapbl TajaaHAbl. 3epTTeyJiep KOPCETKEHCH, TOMBIPAKTHIH JKOFAPFbl KaOaTTapbIHIAFbI
aybIp METAJIIAp/IbIH MOJIIIEPi KAPKBIHIBI aHTPOIIOTCHIIK OCICEHAUTIKTI alKbIiH KepceTeni. Kacnuit
TEHI31HIH KOJiK, Typu3M, OaiblK ayjay >KOHE OHEPKOCIN YIIiH MaHbI3JBUIBIFBIHA €peKIle Ha3zap
aynmapeutanel. CoHJai-ak, alMakKTBIH OSKOJOTHSUIBIK TYPAKTBUIBIFBIH CakKTay »JKOHE TaOWFu
pecypcTapibpl  YTHIMIBI JKOHE TEHIepiMIi IMaijalaHyAbl KamTaMachl3 €Ty VIIH IIeHnMaep
YCBIHBUIA]IBI.

Tyiiin ce3gep: MOHUTOPUHT, TEHI3 OPTAChl, Karajay aliMarbl, ayblp METaJap, TOIbIPAK,
TEHI3 CYBI.
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