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Kasakcmar Pecniybriukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmeryze KabblndaHraHbiH xabapraldsi. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday wmaceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH Koramo0acmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil xypHan «Mseecmusi HAH PK. Cepusi xumuu u mexHosnoaul» bbin
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics Ona OanbHeliweao npuHamus xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0nis uccriedosameried, asmopos, usdamerel u yupexdeHul. BknwoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHCcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY 0 XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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CONTENT OF HEAVY METALS IN THE SEA WATER
OF THE NORTHERN CASPIAN SEA

Abstract. The article presents the results of chemical analysis for the content of heavy metals in the waters of
the fields in the northern part of the Caspian Sea. The content of heavy metals in water is a complex and informative
indicator of the degree of water pollution and can be used in environmental monitoring of water bodies. An analysis
was carried out on the content of eleven heavy metals at the Kashagan, Kalamkas Kairan and Aktoty deposits for the
period from 2006 to 2019. All results were averaged with indication of their minimum, maximum and average
values, and were also compared with the MPC of these heavy metals. Among the eleven heavy metals, only one
metal is characterized by a content below the MPC, this is barium. The barium content was determined by sweat in
all samples, but at the same time they did not exceed the MPC in all samples. A slight excess of the MPC is typical
for such metals as cadmium, arsenic and zinc. Almost in all samples, except for one sample, cadmium was found, but
at the same time it did not exceed 0.3 MPC. The maximum value was determined in samples from the Kashagan
field. Arsenic was found only in 3.4% of samples, mainly in deep-water areas of the Kalamkas field, in which the
content did not exceed 1.3 MPC. The zinc content was found in most samples with no excess of more than 0.3 MPC.
The rest of the elements are high and highly high in content such as mercury, lead, vanadium, chromium, copper,
nickel, and iron. The content of mercury was found in the samples over 1%, but with an excess of 10 to 47 MPC. The
content of lead was found in the samples over ten percent, with an excess of 11 to 60 MPC. Vanadium was found in
samples of about 20%, with an excess in the range of 2-6 MPC. Chromium was found in most samples with an
excess of 3 to 29 MPCs at Kalamkas in 2014 and Kashagan in 2019. Copper content was found in samples of about
90%, with high concentrations at Kashagan in 2006 and 2010 up to 10-38 MPC. Nickel is found in most samples
with a level of 0.9-1.1 MPC. The content of iron was found in more than 10 percent of samples with an excess of 15-
60 MPC with a decrease of almost 3 times from 2006-2010 to 2011-2019.

Key words: seawater samples, heavy metals, North Caspian deposits, maximum permissible concentration
(MPC), water pollution monitoring.

Introduction. The Caspian Sea is the largest inland undrained water on the planet, with all the charac-
teristics of the ocean. The Caspian Sea is characterized by unpredictable long-term cyclical changes.

Nowadays, the condition of the Caspian Sea ecosystem is constantly changing under the influence of
natural factors and human activities.

According to morphological and structural characteristics and natural geographical conditions, the
Caspian Sea is usually divided into three parts: the North Caspian Sea, the Central Caspian Sea and the
South Caspian Sea. The boundary between the North Caspian Sea and the Central Caspian Sea
conditionally extends along the Mangyshlak rapids from Cape Tupkaragan to the bank of the Kulalinskaya
River, and then to Chechnya. The border between central and southern is along the entrance of Absheron-
at Zhiloy Island and Cape Kuli. The northern part with an area of more than 80,000 square kilometers is
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shallow; the average depth is 5-6 m, and the maximum depth is 15-20 m. The North Caspian Sea is an area
where rivers and seawater are actively mixed [1].

The Volga and Zhaik rivers are the largest sources of pollutants entering the North Caspian Sea.
Nearly 90% of the total pollutants enter the Caspian Sea through river runoff. The Volga River accounts
for about 80% of the total surface runoff into the sea. In some high water years, river runoff may be 75%
of Beili sea volume [2,3]. Depending on the degree of pollution of the river waters, their contribution to
the pollution of the northern ocean is also different. Compared with the last decades of the last century, the
beginning of this century is characterized by the reduced concentration of petroleum products, synthetic
surfactants and organochlorine pesticides in the water of the lower Volga River. However, the
concentration of certain heavy metals (iron, zinc, nickel and copper) is still high [4,5].

The shallow depth and active mixing of water create conditions for the vertical distribution of
nutrients. In the area under consideration, the stratification of seawater in terms of nutrients is not obvious;
some signs of vertical differentiation were observed in the Kalamkas oil field, and a higher level of
ammonium nitrogen was observed in the bottom horizon, which was found in Kashgar In the opposite
relationship, the mineral forms of surface nitrogen and phosphorus are slightly dominant [6].

Methods. Marine ecology research is based on field guidelines: baseline research and environmental
impact assessment research. The concentration of certain pollutants was compared with the maximum
allowable concentration (MPC) of fishery reservoirs (MPC’s General List, 1990) [7].

In order to evaluate the impact of technical factors, we will conduct the environmental monitoring
station [4] and the comprehensive marine research station contract water long-term monitoring process of
the pollutant water physical and chemical parameter values and pollutant concentration obtained In order
to evaluate the biological resource status of Kazakhstan part of the Caspian Sea (independent research,
hereinafter referred to as "comprehensive marine research") 2010-2016 [8]. The complex marine research
work area covers the entire Kazakhstan part of the North Caspian Sea.

Results. During 2006-2019, in the samples of seawater, a multicomponent complex of microelements
consisting of 11 metals and arsenic (metalloid) was investigated. In 2009 (autumn) - 2010 (autumn),
aluminum was not detected. In the samples of sea water, trace elements of 1-4 hazard classes were
determined [9].

Cadmium. In 2006-2019, concentrations were below the limits of analytical detection, below the
MPC were recorded in 100% of cadmium samples, except for the 1st detection of 1.56 mg/dm? (0.2 MPC)
at Kashagan in 2011 (figure 1). At the stations of integrated marine research, cadmium was only detected
in 2010 and 2019 up to 0.3 MPC [10].
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Figure 1 — Cadmium content in marine samples waters of the Northern Caspian

Arsenic was detected in 3.4% of samples in the range of 0.74-12.8 mg/dm*® (figure 2). In the
monitoring site, an extensive joint distribution of Hg and As, stretching from Kalamkas to the coast, was
found in 2008 (spring, autumn). During the pollution period (2008), As concentrations were in the range
of 0.74-12.8 mg/dm? (up to 1.3 MPC). At Kalamkas, a deeper-water area, the arsenic concentrations in the
bottom horizon were slightly higher than in the surface one.
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Figure 2 — Arsenic content in marine samples waters of the Northern Caspian

Mercury was detected in 1.1% of samples in the range of 0.07-3.7 mg/dm® (figure 3). In the same
year (2008), Hg concentrations were in the range of 0.07-3.23 mg/dm?. At Kalamkas, the mercury content
(0.07-0.25 mg/dm?®) was detected in the surface and bottom layers. At Kashagan, the field of mercury
contamination covered only the surface layer, the center of concentration of relatively high Hg
concentrations (1.46 - 3.23 mg/dm?®) was in the area of islands A and EPC3. In all other water samples
during 2006-2016 As and Hg were absent, except for occasional detections of As (3.36-4.76 mg/dm?) and
the only Hg detection of 3.7 mg/dm* at Kashagan in 2016. As concentrations are below the MPC in 100%
of the samples. Hg concentrations > 0.5 mg/dm® in seawater are classified as extremely high pollution
levels. The sources of As, Hg input to the water area in 2008 are unknown. The joint appearance and
disappearance of pollutants could be provoked both by a single source and autonomous ones. It can be
noted that arsenic and mercury, being biocides, can be part of biocidal polymers for anti-fouling and / or
anti-corrosion coatings (corrosion inhibitors).

L
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Omin Bmax Daverage OMPC
Figure 3 — Mercury content in marine samples waters of the Northern Caspian

Lead was found in significant quantities in 6.4% of samples in the range of 0.17-43.6 mg/dm?. The
average long-term lead content at Kashagan and Kalamkas is within 0.2-0.3 MPC (figure 4). At Kairan
and Aktoty, lead was not found in 100% of the samples. At Kalamkas, lead was detected in 2007, within
the MPC in all samples. At Kashagan in 2012, the zone of relatively high lead concentrations was adjacent
to the artificial islands A, D, EPC3. In the water area of the field pipelines, the lead detection zones
were located in the marginal areas: near the northern border of Kashagan and higher concentrations
(1.7-2.2 MPC) - in the landfall area. According to independent comprehensive marine studies, lead
concentrations did not exceed the MPC level [11,12].

— 4 ——
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Figure 4 — Lead content in marine samples waters of the Northern Caspian

Vanadium was found in the range of 0.2-240 mg/dm?® in 18% of the samples (figure 5). The long-term
average concentration of vanadium in 2011-2016 was significantly lower than that in 2006-2010. The
currently recorded concentration range is 2-5 mg/dm® (2-5 MPC), which is probably determined by the
natural geochemical background. In the autumn of 2008, extremely high concentrations of vanadium
(129-222 mg /dm®) were discovered in the western part of the Kalamkas mine. In Kashagan, high
concentrations of vanadium were mainly detected in 2006 (up to 120 mg/dm?®) and 2008 (up to
139 mg/dm?).
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Figure 5 — Lead content in marine samples waters of the Northern Caspian

The total chromium content found in 94% of the samples was 0.1-1.059 mg/m?. The average annual
concentration of chromium in 2011-2019 has decreased compared with the concentration in 2006-2010.
The long-term average chromium concentration in the Kairan and Aktoty regions of Kalamkas is low, at
3-4 mg/dm’. In the fall of 2008, in Kalamkas, an abnormally high chromium content of 583 mg/dm® was
recorded; in 2016, the concentration recorded at various monitoring stations was 15-75 mg/dm’. The
dynamics are shown in figure 6.
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Figure 6 — Chromium content in marine samples waters of the Northern Caspian
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The zinc content found in 90% of the samples was 0.35-154 mg/dm’ (figure 7). From 2006 to 2016,
the annual average zinc concentration remained at a fairly stable level at all observation points at
0.1-0.3 MPC. According to a comprehensive marine research, the zinc concentration is lower than the

MPC level [11,12].
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Figure 7 — Zinc content in marine samples waters of the Northern Caspian

The copper content found in 88% of the samples was 0.5-192 mg/dm?. The high concentration of
copper (123-172 mg/dm?®) in Kashgan State can be traced back to 2006. According to independent
comprehensive marine research [Bio-Confirmation, 2010-2015, 2016], the average copper content in
seawater is 0.5-7.1 mg/dm?. The maximum concentration level of this element was recorded in 2010,
reaching 34 mg/dm?, and the value was lower than the MPC level in the rest of the time. From 2011 to
2016, at all observation points, the copper concentration usually did not exceed 10 mg/dm?3. The
distribution of copper concentration can be seen in figure 8. In the fall of 2015, in the waters of the on-site
pipeline, the recorded copper concentration was very different (129 mg/dm?).
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Figure 8 — Copper content in marine samples waters of the Northern Caspian

The nickel content found in 93% of the samples was 0.16-44,2 mg/dm? (figure 9). The average annual
nickel concentration from 2006 to 2016 remained at the level of 0.9-4.1 MPC.

Nickel
Omin Emax Daverage OMPC

Figure 9 — Nickel content in marine samples waters of the Northern Caspian
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The barium content in 94% of the samples was in the range of 1-442 mg/dm?. The maximum value
was recorded in the waters of the on-site pipeline in the spring of 2016. The annual average dynamics of
barium at the observation site is similar to that of nickel. No more than the maximum allowable
concentration was detected in 100% of the samples (figure 10).
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Figure 10 — Barium content in marine samples waters of the Northern Caspian

The total iron content found in 11% of the samples was 0.7-3112 mg/dm? (figure 11). From 2011 to
2019, the annual average iron concentration in Kashagan State dropped three times compared with the
annual average concentration from 2006 to 2010.
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Figure 11 — Iron content in marine samples waters of the Northern Caspian

According to the published data [Caspian Sea, 1994], the HM content in the northern water of the
Caspian Sea has the following characteristics: copper — 8 mg/dm’, zinc-23 mg/dm?®, lead-1.3mg/dm’,
cadmium-0.5 mg/dm”.

The current annual average copper concentration (7 mg/m’) is no different from the concentration at
the end of the last century. The concentrations of zinc (14-18 mg/dm’) and lead (2-4 mg/dm?®) are very
close to historical data [13].

Conclusion. Due to the inhomogeneity of natural geochemical conditions, the shift of the center of
gravity of man-made loads and various operations, the distribution of metal content varies in space and
time. Therefore, in the dynamic changes of the metal content index, in the last few years of the period
under consideration Among them, the concentration level has a downward trend. Generally speaking, the
metal content of seawater in the contract area can be considered satisfactory. The average concentration of
metals such as cadmium, zinc, barium, total iron and arsenic did not exceed the standard. Except for
vanadium and copper, the average annual concentration of metals is within the MPC range. In Kashagan
in the spring of 2014, an abnormally high concentration of chromium (400 mg/dm?), iron (1672 mg/dm?),
and nickel (138 mg/dm®) was found in a sample. The observation area is characterized by initial
(background) contamination of copper (1.3 MPC) and vanadium (2-6 MPC). In 2008, a wide area with
increased mercury and arsenic, vanadium, and total chromium content was discovered. In the Kailan and
Aktoti deposit areas, isolated cases exceeded the maximum allowable concentrations of lead, total chlorine
and lead along the pipeline in Kashagan, Kalamkas. During the study period, the long-term average
average concentration of nickel stabilized at the level of 0.9-1.1 MPC.
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KACHHMMA TEHI3IHIH COJITYCTIK BOJITT AUJBIHBIHIAFBI
AYBIP METAJIJAP KYPAMBI

AnHoranusi. Makanana Kacrwmif TeHI3iHIH CONTYCTIK OeJiriHaeri KeH OpBIHIAPHI CYJIapBIHIAAFBl ayBIp
MeTalIapaAblH KypaMblHA XUMISUIBIK TaJIIayAbIH HOTIDKeNnepi kentipinreH. Cymarpl ayslp MeTalIapAblH MeIiepi
CYIBIH JIACTaHY OOPEXKECIHIH KYpHeli XOHE aKHmapaTThIK KOPCETKIlIl OOJBII TaObUIAIbl JKOHE Cy HBICAHIAPBIHBIH
9KOJIOTHSUTBIK MOHUTOPHUHTIHAE Konnanbuianasl. Kamaran, Kanamkac Kaiipan skone AKTOTHI KeH opbIHaapsiHaa 2006
xbuaad 2019 sxputra IeiiiHri Ke3eH imiHae oH 6ip ayblp MeTayul KypaMblHa Tajaay >Kypri3inai. bapisik HoTmkeIep
OJIap/IbIH MUHUMAJIJIBI, MAKCHMAJIJIbI )KOHE OpTallla MOHAEPIH KOPCETy apKbLIbl OpTalllaiaH/Ibl, COHBIMEH KaTap OChI
aybip Metannapabie LIIPM-men canbicTeipbuiabl. OH Oip aybslp MeTanbly inriHAe Tek Oip FaHa Oapuii MeTaJbIHBIH
kypambl [IIPM-nen temen. bapuit Kypambl Oapiblk chlHaMa OOMBIHIIA aHBIKTAIIBI, Oipak COHbIMEH Oipre oJjap
Oapunbik cerHamManarel [IIPM-nen acnaner. [IIPM mramagaH ThIC apThIK OOTYBI KaAMUM, KYIISK XKOHE MBIPBIII CHIKTHI
MeTanjgapra ToH. bapiblk celHama OoifpiHINa, Oip chIHaMaHBI KOclaraHja, KagMuil aHbIKTanasl, oa 0,3 [IIPM-xen
acmanel. MakcuManasl MoH Kamaran KeH OpHBIHBIH ChIHAMANIAPBIHIA aHBIKTANABL. MBIk Tek 3,4% crlHamMamaH
TaOBUIBI, HeTi3iHeH Kamamkac keH OpHBIHBIH TepeH CYJbl ydackenepinae, oHbIH Kypamsl 1,3 IIIPM-meH acmansl.
Mseipeimr memmrepi 0,3 IIPM-nmeH acmalThIH KenTereH ChIHAMAna aHBIKTAIAbl. KairaH sieMeHTTep KYpambl
OOWMBIHIIIA CBIHAI, KOPFACHIH, BAaHAAUN, XPOM, MBIC, HUKEIb )KOHE TeMip CHUSKTHI )KOFaphl )KoHE oTe jKoFaphl. ChiHaMa
Kypambl chiHamamgaH 1%-maH sxorapbl, Oipak 10-man 47-re meiinri mexti aeHreiizeH aceim KeTkeH. ChlHamanga
KOpFachlH MeIiepi OH maibi3gan acein, 11-mer 60-ra geiin [IIPM apteik Oosran. Bamammit mamamen 20%
cplHaMaaaH TaObuIIbI, OHBIH Memmepi 2-6 IIIPM apanbirsiana. Xpom 2014 xeutbl Kanamkacra xone 2019 skbuibt
Kamaranna 3-ren 29-ra aeiiinri [IIPM-aeH acarelH ChIHAMAaHBIH, KOIIIUIITHAE aHBIKTAJIIbL.

Msic kypambl mamameH 90% ceiHamagan TaObuiael, 2006 xome 2010 >xpuimapbl Karmaranga >KOFapbl
koHneHTpanuscel 10-38 IIIPM apanerrsiaga. 0,9-1,1 [IIPM geHreiineri kenTereH ChIHAMana HHUKEIh Ke3IECell.
Temip memmepi 10 maiteizgan actam, 2006-2010 xeutnapaan 6acran 2011-2019 sxpurnap apanbFeHIA 3 ecere AeHiH
azarobl Herizinge 15-60 IIIPM-neH acaTblH cblHaMagaH TaObLIbI.

Ty#in ce3nep: TeHI3 CYBIHBIH ChIHAMalapbl, ayblp Mmertanmap, Contyctik Kacrmii keH OpbIHOApHI, IIEKTi
koHneHTpanus memmepi (LLIKM), cynsiH nacTanyslH OakbLiay.
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COAEPKXAHMUE TAXKEJIBIX METAJIJIOB
B AKBATOPUU CEBEPHOM YACTHU KACIIMIACKOI'O MOPSI

AHHoOTanusl. B crarbe npuBeneHs! pe3yabTaThl XMMUYIECKOTO aHAIN3a HA COIEPKaHNE TSOKEIBIX METAJUIOB BOJ
MECTOpOXKIeHHH ceBepHOU dacTu Kacmmiickoro mopsi. ConepkaHue TSHKEIBIX METAaJUIOB B BOJE SIBISIETCS KOMILICK-
CHBIM U MH()OPMATUBHBIM [IOKA3aTEJIEM CTEIICHU 3arPSI3HEHHS BOJbI U MOXKET OBITh MCIIOJIB30BAHO B HKOJIOTHYECKOM
MOHHUTOPHHI€ BOJHBIX 00BeKTOB. [IpoBeeH aHaIN3 MO COAEPKAHUIO OAMHHAIUATH TSHKENBIX METAJUIOB HA MECTO-
poxnenusx Kamaran, Kamamkac Kaiipan n Akrtotel 3a mepuon ¢ 2006 mo 2019 roxer. Bee pesynsraTel ObLTH
YCpEIHEHBI C yKa3aHWEM UX MUHUMAIbHOTO, MAKCUMAIILHOTO W CPEIHEro 3HAUeHUH, a Takke cpaBHuBanuch ¢ [1JIK
JaHHBIX TAXKCIIbIX MCTAJIJIOB. Cpezu/l OJWHHAAUATH TAXKCIIBIX METAJUIOB TOJBKO OAWH MCETAJIJI XapaKTCPECH COACpIKa-
unuem Hwke [1JIK, ato Gapuii. Conepxkanue 6apusi ObIIIO OMPEEICHO MOYTH BO BCEX Mpodax, HO MPH 3TOM OHH HE
npessimany [1JIK Bo Bcex nmpodax. Hesnauntensnoe npessimenue [1JIK xapakrepHo /Ui TAKMX METaUIOB, KaK Kaj-
MU, MBIIIbSIK U IUHK. [TodTn Bo Beex mpobax, KpoMe 0JHOH NpoObl 0OHAPY’KEeH KaJIMHU, HO ITPH 3TOM OH HE IPEBbI-
man 6onee 0,3 I1JIK. MakcumanbHOe 3HaueHHE OBUIO ONpEeAeseHo B npodax mecToposkaeHus KamaraH. MbIbsik
6bu1 0OHapyskeH Tonbko B 3,4% mpoO, B OCHOBHOM Ha ITTyOOKOBOJHBIX Y4acTKax MecTtopoxiaeHus Kamamkac, B
KOTOpBIX comepskanue He mpesbimaino 1,3 TIJIK. Conep:kaHue IIUHKA HAWICHO B OONBIIMHCTBE MPOO C HETpeBHIIIe-
Huem 6onee 0,3 ITIK. OcranbHbIe 37IEMEHTHI XapaKTEePHU3YIOTCSI BRBICOKUM M CHIIBHO BBICOKHM COJCP)KaHHEM, TaKUe
KaK pTyTh, CBHHEI], BAHAIMA, XpOM, Mellb, HUKEIb U jkene30. Conepxanne pTyTH HaieHo B mpobax 6onee 1%, HO ¢
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npessitieHreM ot 10 o 47T1JIK. Coneprxanue cBUHIIA OOHAPYKEHO B pobax 0oJiee AECSITH MPOLEHTOB C MPEBHIIIe-
HueMm ot 11 mo 60 IIJIK. Banaguii o6HapyxeH B mpobax oxoino 20%, ¢ mpesbimenue B naTepBane 2-6 I1JIK. Xpom
HaiijieH B OonbimHeTBe Npo6 ¢ npesbimenneM ot 3 1o 29 [1/IK Ha Kanamkace B 2014 u Kamarane B 2019 ronax.
Conepxanue Menu 0OHapyKeHO B mpobax okoiio 90%, ¢ BrICOKUMHE KOHIIeHTpalusMu Ha Kammarane B 2006 u 2010 ro-
nmax mo 10-38 ITJIK. Hukens oGHapyxken B OosbiimHcTBe mpod ¢ ypoBHem 0,9-1,1 TIJIK. Conepkanue xeinesa
obOHapyxeHO B Ooiee yem B 10 mporeHTax mpod ¢ mpessimeHneM 15-60 TIJIK ¢ cokparienueM moutu B 3 pasa ¢
2006- 2010 romoB k 2011-2019 rogam.

KiroueBbie ci10Ba: mpoObI MOPCKOW BOJBI, TSKEIBIE METAIUTBI, MecTopoxkaeHus CeBepHoro Kacnwist, mpemesb-
HO nomyctuMast kKoHnenTpanus (IT1K), MOHUTOpHHT 3arps3HEHUS BOBI.
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