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FEATURES OF HYDROCHEMICAL AND GEOCHEMICAL
INDICATORS OF THE NORTH-EASTERN PART OF THE CASPIAN SEA
(ZONES, OIL AND GAS FIELDS OF THE KAZAKHSTAN SECTOR)

Abstract. Changes in hydrometeorological conditions that play a major role in the life of the Caspian Sea are
combined with the impact on its ecosystem of economic activity, one of the types of which is pollution of the marine
environment. Much attention is paid to environmental safety in the search and exploration of hydrocarbon deposits in
the North Caspian, because without it, neither its high biological productivity, nor the fishery value can be
maintained. The Caspian Sea, and especially its northern shallow part, is a highly productive body of water. Such
extremely high productivity of the Caspian is combined with the relative poverty of the biological diversity of this
reservoir. A significant part of the Caspian hydrobionts is relict. This part of the sea is the richest in biological
productivity. And it is not by chance that the rich nutrients and the organic substrate of the waters of the Northern
Caspian have a great influence on the diversity of the flora and fauna of the entire Caspian. However, at present, the
Caspian Sea and especially the Northern Sea, like the other seas of the world, are experiencing increasing
anthropogenic impact, which is manifested in pollution with oil products and heavy metals, as well as in active
shipping and hydro-construction.

Keywords: heavy metals, concentration, salinity of water, dissolved oxygen, pH, hydro chemical and
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INTRODUCTION

The Eastern section of the North Caspian Sea adjacent to the Kazakhstan coast was selected as the
study area. The study area is characterized by a gentle slope of the bottom and a slow increase in the
depths. The soils here are predominantly silty and silty - sandy.

Seasonal fluctuations in the level of the Caspian Sea do not exceed a few dm. For the northeastern
coast of the Caspian Sea, high surge levels are characteristic.

MAIN PART

The study site is unique in its geochemical and hydrological and hydrochemical conditions, as well as
its hydrobiological characteristics. Comprehensive studies of the main geochemical, hydrological and
hydrochemical characteristics were carried out at stations located near the surface and bottom of the sea.

Heavy metals in bottom sediments. The main statistical parameters are shown in table 1.

Associations of chemical elements that form anomalies in areas of oil and gas fields are determined
by the primary presence of mobile elements in soils that can move and concentrate on the corresponding
barriers. Most often they include Pb, Zn, Mn, Cu, Ba, Co, Ni, Cr.
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Table 1 - The main statistical characteristics of the content of heavy metals (mg / kg) in bottom sediments.

parameter maximum average minimum
Cu 9,00 6,80 5,00
7n 22,00 16,68 10,00
Cd 4,70 2,28 0,80
Fe 8300,00 3468.,00 600,00
Mn 421,00 168,48 63,00
Co 19,00 12,34 6,00

Such associations of chemical ¢lements arise from the fact that gaseous products from hydrocarbon
deposits periodically enter the soil. These primarily include the hydrocarbons themselves, hydrogen,
carbon dioxide, and inert gases. Their bacterial decomposition, accompanied by various chemical
reactions, leads to the formation of numerous and diverse geochemical barriers (hydrogen sulfide, acid,
alkaline, sorption, and biogenic) in soils above the deposits. Redox reactions occurring on such sites (with
the participation of bacteria that decompose hydrocarbons) can increase the mobility of the regenerating
clements of variable valence, often leading them to "distillation" from the central parts of the sites. As a
result of all these processes, redistribution anomalies are formed in the soils, accompanying areas of oil
and gas fields.

The observation of the bottom sediments of the eastern part of the Northern Caspian was carried out
in the autumn and spring, and it was found that the concentration of heavy metals in the bottom sediments
in the autumn decreases as compared with the summer period.

From monitoring observations, it follows that the average concentration of zinc and cadmium in
bottom sediments on the Kashagan structure in 2003-2006 turned out to be lower than in 2000-2002.
(Table 2). These changes occurred both on the main test site and on the structure as a whole, but did not
affect manganese, the average concentration of which in the surface layer of bottom sediments increased,
unlike other heavy metals, and more so on the main test site. It is unlikely that the reason for this is to
carry out drilling operations, since when discharging drilling waste the pollution of the marine
environment is complex. Most likely, the difference in the rate of manganese accumulation between the
landfill and the background area as a whole was due to the specific behavior of this microelement in the
bottom sediments, its close connection with redox conditions and the acidity of these sediments, in which
by myself.

Table 2 - The average concentration of heavy metals in the bottom sediments on the Kashagan structure in 2000-2006

Indicator Area observations years
2000-2002 2003-2006
Manganese, polygon 1225 405,0
mg/ kg background 113.6 1754
Zinc, polygon 20,74 12,87
mg/ kg background 19,28 16,94
Cadmium, polygon 2,07 <1
mg / kg background 287 <1

The main sources of iron and copper in the Caspian Sea are surface and underground runoff. In river
water, these elements are usually concentrated in unstable minerals or migrate in the form of solutions. As
a result, after entering the sea, iron and copper are actively involved in biogenic migration and the
formation of various forms of fine mineral and organic matter, which is deposited mainly in deep-sea
halistatic areas.

The concentration of iron in the bottom sediments on the main site was on average slightly higher
than on the Kashagan structure as a whole. However, both of these arcas tumed out to be very similar in
the dynamics of iron content in bottom sediments, since here and there in 2003-2006. it decreased relative
to 2000-2002. (Table 2). The difference in the level and dynamics of iron content between the studied
water arca as a whole and the main landfill may be due to different depths. It is known that the iron
28 ——
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content in the bottom sediments of the Caspian Sea increases with depth. At the same time, unlike deep-
water areas, where iron 1s concentrated in the thin-melt fraction, iron is often found in shallow water and,
especially, near river mouths in aleuritic and larger fractions of the surface layer of bottom sediments.

According to environmental monitoring in 2000-2002. Copper concentration in bottom sediments at
the main test site was on average somewhat higher than on the structure as a whole. However, both of
these areas turned out to be very similar in terms of copper content in bottom sediments, since here and
there it decreased from 2000-2002. (Table 3.). The difference in the level and dynamics of copper content
between the studied water area as a whole and the main range is explained by the greater depth of the
latter, because the copper content (as well as iron) in the bottom sediments of the Caspian Sea increases
with depth. At the same time, unlike deep-water areas, where copper is concentrated in the fine-grained
fraction of bottom sediments, coarse-grained fractions of bottom sediments are not rarely found in the
estuaries of river basins, as confirmed by environmental monitoring data.

Table 3 - Comparative characteristics of the concentration of iron and copper in the bottom sediments
of the Kashagan structure and the background area

Indicator Area Of observations years

2000-2002 2003-2006
Iron, Main polygon 3600 3120
mg / kg background 3340 2490
Copper, Main polygon 13,61 12,20
mg / kg background 14,20 9.36

Salinity of water.

The determination of the salinity of water in the water area of the structure revealed its gradual
increase from the north of the water area to the south throughout the entire water mass. The smallest
salinity (0.37-2.53) in spring was observed in the western and central parts of the water area, the eastern
part of the license arca was occupied by salinity up to 5-9.

In the fall in the north of the central part of the structure water area, the minimum salinity of water
was 0.54 in the surface layer, 2.96 - in the bottom layer. The maximum value of salinity (11.89 %o in the
surface layer and 12.00 in the bottom layer) was recorded in the south of the central part of the structure.

Dissolved oxygen. In a large part of the sea arca, the surface water layer is saturated with oxygen or is
in a state close to saturation. The exceptions are the western part of the Northern Caspian and local arcas
in the central and south-castern part of the water areca, where water saturation in the surface layer from 76
to 95% (in the western part) and from 90 to 98% (in local areas). In the bottom layer, the degree of
saturation of water with oxygen in its value and nature of distribution differed from those in the surface
layer. In the western, central and southern regions of the water area, local areas are registered, in which
oxygen deficiency is noted in the bottom layer. Practically in most of the Northern Caspian water area, the
degree of oxygen saturation in the bottom layer did not exceed 100%, with the exception of local zones in
the southern and northern regions.

Hydrogen indicator (pH).

The values of the pH in the license area in the spring and autumn periods are presented in Table. four.

Table 4 - Hydrogen indicator (pH) of surface and bottom waters of the northeastern part of the Caspian Sea

Horizon Spring Autumn

Surface 8.17-9.44 8.06-8.86
8,48 8,50

Bottom floor 8.20-9.44 8.20-8.84
847 8,49

Over the entire water area of the structure, the pH values on the surface and at the bottom are close in
magnitude. The distribution of pH values is homogeneous - a smooth decrease in pH values from
northwest, north to south, southeast is observed throughout the water mass. This distribution of pH is
typical for the water arca under consideration in the spring, characterized by the onset of spring flood
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waters of the Volga and Ural rivers, and in the summer-autumn period, characterized by a decrease in the
influence of river runoff and an increase in salinity as one moves south.

In the hydrological and hydrochemical terms, the area is distinguished by extremely unstable salt and
temperature regimes over the seasons.

During the summer period of studies, the water temperature was marked by elevated values and
ranged from 20.95 - 29.03 ° C at the bottom and 26.10 - 29.20 ° C on the surface. In the autumn - winter
period, the range of water temperature fluctuations was 6.32 - 12.13 © C at the bottom and 6.10 - 12.00 ° C
at the surface. The temperature values at the surface and at the bottom indicate a uniform heating of water
along the vertical (homothermy), which is associated with the shallowness of the studied water area.

The research zone was distinguished by low and constantly fluctuating salinity (in the summer period
it was 3.84-10.5% o at the bottom and 3.81-10.3% oat the surface with average values of 7.5 and 6.98% o,
respectively; in the winter period - 2.4 - 12.5% o and 2.39 - 12.5% 0, respectively, with average values of
9.85 and 7.49).

One of the most important hydrochemical characteristics is the oxygen content in water. The oxygen
regime in the studied water area, due to hydrological, hydrochemical, and geomorphological features of
individual regions of the structure, was characterized by significant contrast in time and space.

The summer O2 content was 6.86-8.56 mg O2 /| at the bottom and 6.80 - 8.86 mg at the surface with
average values of 7.75 and 8.04 mg O 2 / 1, respectively; autumn-winter period. - 9.89 - 12.0 mg 02 /1 and
10.17 - 12.38 mg 02 / 1, respectively, with average values of 10.8 at the bottom and 11.4 mg O2 /1 at the
surface. The oxygen regime was formed under conditions of increased hydrodynamic activity and low
temperature - salinity stratification of water masses. In a large part of the water area, the surface water
layer was saturated with oxygen. The exception was local arcas where the oxygen saturation of water in
the surface layer ranged from 89 to 97%. In the bottom layer, the degree of saturation of water with
oxygen in its value and nature of distribution was slightly different from those in the surface layer.

CONCLUSION

Localized areas with relatively low oxygen content, identified by surveying materials, were confined
to lower, deep-water parts of the bottom topography. Apparently, they were carried out by the influx of
oxygen-depleted sea waters from the Middle Caspian, as evidenced by the materials of a synchronous
survey of currents, which revealed in these areas of the water area the total transfer of sea waters to the
north.
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KACIH# TEHI3THIH COJTYCTIK-IILIFBIC BOITTHIH T'HIPOXAMMSILIK
’KOHE FEOXMMUSAIBIK KOPCETKIITEPIHIH EPEKIIEJIIKTEPI
(KA3AKCTAH CEKTOPLIHBIH 30HY, MYHAM )KOHE I'A3 OHJIPICI)

Annortamus. Kactimii TeHi31HIH 6MIpiHAEC MAHBI3IBI PO aTKAPATHIH THAPOMETCOPOJIOTHAIIBIK >KaFJaiIapIarsl
©3rePiCTCP OHBIH 3KOKYHECIHE ocep eTyiMCH OipikTipineai, OmapasiH Oipi TCHI3 OPTACHIH JTacTay OOJBIN TAOBLIATEL.
Courycrik Kacnmifne xemipcyTeri MMKI3aThIH i3A€CTIpY MEH Oapiayna SKOJOTHSUIBIK KAyiNCI3AIKTI cakrayra Ken
KOHII OeMiHel OHChI3 OMOJIOTHSIBIK OHIMIUITL ¢, OaNbIK aynay KYHIBUIBIFBI A cakraiManapl. Kacmmii TeHisl,
acipece OHBIH CONTYCTIK KaIbIH O6iri - CyAbIH >KOFapbl eHiMaimiri. Kacmmiiain MyH#a# sKoFrapbl 6HIMALIITI OCHI
Ppe3epBYapabIH, OMOTOTHSIIBIK OPTYPIIUIITIHIH CATBICTRIPMANBI KeactmiriMeH Oipikripinren. Kacmmit ruapoOnoHTTA-
PBIHBIH MaHBI3ABI O6iri pexukTi Oombin TabbuTaabl. TeHI3AIH Oy 66iri OHONOTHSUIBIK OHIMAUTIKTET] eH Oait. JKoHe
Kacmmit TeHi3iHiH (nopacst MeH (ayHackmHbH amyan typautrine Conrycrik KacmumiiniH cybIHBIH 0alf KOPEKTIK
3aTTap MCH OPTaHHKAJBIK CyOCTpaThl ocep ermehmi. Amaiima kasipri yakerrta Kacnmit TeHi3i, ocipece Comrycrik
TCHIi3, dJMIEMHIH 0acka /Ja TEHi3mepl CHAKTBHL, MYHAH OHIMAEPI MEH ayblp METAINAPIBIH JACTAHYBIMEH, COHIAH-aK
OCICCH I JKYK TACBIMAJIIAY *KOHC THAPOKYPHLUIBICTA KOPIHIC TANIKAH AHTPOTIOTCHIK dCCpi OacTaH 6TKepy ac.

Tyiiin ce3aep: ayblp Meranggap, INOFBIPIAHY, CYJBIH TY3IBUIBIFBI, €pireH oTTeri, pH, THAPOXHMUAIBIK *KOHE
TCOXUMISLTBIK KOPCETKIIITED.
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OCOBEHHOCTH I'HIPOXUMNYECKHX H TEOXUMHUYECKHX MOKA3ATEJIEA
CEBEPO-BOCTOYHOU YACTH KACIIMUCKOT'O MOPH (30HbBI, HE®@TEI'A3OBBIX
MECTOPOKJEHHUU KASAXCTAHCKOI'O CEKTOPA)

AnnoTtanmsi. M3MeHEHHSI THAPOMETEOPOIOTHICCKUX YCIOBHH, WTPAIONIME TNIABHYIO POJb B >Ku3HM Kacmmii-
CKOTO MOPSI, COUCTAFOTCSI C BO3JACHCTBHEM HA €r0 3KOCHCTEMY XO3SHCTBECHHOM ACATEIBHOCTH, OTHHM W3 BHIOB
KOTOPOTO SIBJBIETCS 3arps3HCHHE MOPCKOH Cpenbl. bompImoe BHEMAHHE YICIACTCS 3KOJOTHUCCKOH 0€30IacHOCTH
TIPH TIOMCKE U Pa3BEIKE MECTOPOXKACHUH YTICBOXOPOAHOTO ChIpbsa Ha CepepHoM Kacmwii, T.k. 6€3 3TOTO HE ymaercs
COXPAHHTh HH €r0 BBICOKYIO OHOJOTHYCCKYIO IMPOAYKTHBHOCTh, HH PHIOOXO3MHCTBEHHYIO IIEHHOCTh. Kacmmiickoe
Mope, m ocoOecHHO ero (eBepHAas MEJIKOBOAHAS YACTh, SBISICTCS BBICOKOMPOAYKTHBHBIM BOJOEMOM. Takas
HCKTFOUYHUTEILHO BBICOKAS IMPOAYKTUBHOCTH Kacmus COYETaeTcsi C OTHOCHTEIBHON OCTHOCTBIO OHOJIOTHYECKOTO
pa3HOOOpa3usd 3TOTO BOAOSMA. 3HAYHTCIIFHAS 4YacTh THAPOOHOHTOB Kacmus sABAACTCS peIMKTOBOH. MIMCHHO 3Ta
YacTh MOPSA ABIACTCA CamMol OoraToH TO OHOJOTHYCCKONH MPOAYKTHBHOCTH. M HE CiaywaiiHO, 4T0 OOTaThIC
OMOTCHHBIMH 3JICMEHTAMH M OpraHmdecKuM cyOcTparoM BoAsl Ceseproro Kacmms okaseiBaroT 00IBINOE BAMSIHUC HA
pasaooOpasue (aopsl 1 payusl Bcero Kacmmsa. Ognaxo B Hacrosmee Bpems Kacmmit m ocobeHHO CeBCpHBIH, KaK H
JpyTHE MOPS 36MHOTO IMapa, UCHBITHIBACT YCHUIMBAOLICECS AHTPOIIOTEHHOE BO3ACHCTBHE, KOTOPOE IPOSBIIETCA B
3arpsA3HCHUN HE(TENMPOAYKTAMH W TSDKEJBIMH  MCTAUIAMH, A TaKKE B AKTHBHOM CYIOXOJACTBE H
THAPOCTPOUTEILCTBE.

KimoueBpie cj0Ba: TSDKENbIE METAIBL, KOHLICHTPALMS, COJCHOCTh BOJBL, PACTBOPEHHBIH KHCIOPOZ,
BOJIOPOJHBIN TOKA3ATENb, THAPOXUMHUYCCKUC H TCOXUMHICCKUC MTOKA3ATCIIH.
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