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FEATURES OF THE ISOTOPIC COMPOSITION OF GROUNDWATER IN
THE MANGYSTAU REGION

Abstract. This paper presents data on the isotopic composition of fresh and mineral groundwater in the
Mangystau region.

The least studied component of the hydrologic cycle is groundwater involvement. Isotopes of natural origin
are used as indicators to find out whether groundwater is replenished, its genesis, how it moves, whether it is
at risk of pollution, and whether it is susceptible to changing climatic conditions. Waters of different genesis
have specific isotopic signatures that leave a unique “footprint”. This is used to track the movement of water
throughout the entire hydrologic cycle - evaporation, burial, infiltration, runoff, evapotranspiration, etc.

This paper presents the results of a study of groundwater genesis using a comprehensive approach that
would be relatively inexpensive and not require long observation cycles. In this case, to study the rates of
water exchange and groundwater formation conditions in the Mangystau region used data on the chemical
and isotopic composition of water (30, H), and the concentration of tritium (*H), obtained by sampling in
September 2021 The sampled areas are located within the Mangystau-Ustyurt hydrogeological basin, which
occupies the southwestern part of the vast Turan plate and is located south of the Caspian hydrogeological
basin.

Analysis of isotopic compositions (contents of deuterium, oxygen-18 and tritium) of water samples
was performed at the Institute of Radiation Safety and Ecology (National Nuclear Center of the Republic
of Kazakhstan) on a high-sensitivity laser spectrometer LGR 912-0008. VSMOW standards were used as
reference standards, Measurement of radionuclide *H was carried out on liquid scintillation beta spectrometer
TRI-CARB 2900TR.

Key words: groundwater, Mangystau region, isotope research methods, deuterium, tritium, oxygen-18.

Introduction. The efficiency of using isotope methods for solving hydrogeological problems has been
demonstrated by a large number of studies [1-14]. Convenience of application of isotope methods comprises
that the wide range of qualitative and quantitative parameters can be estimated on the basis of sufficiently
small volumes of one-time sampling.

The share of groundwater in the total water consumption balance of Mangystau Region is about 360
thousand cubic meters/day, which is one of the smaller indicators for the regions of Kazakhstan [15, 16].

To study the rates of water exchange and conditions of formation of groundwater of Mangystau Region
used data on the chemical and isotopic composition of water ('*0, *H), and the concentration of tritium
(*H), obtained by sampling the groundwater of Mangystau Region in September 2021 (Fig.1). Studies of
oxygen and hydrogen isotopes in the studied groundwater allowed to determine their genesis, and tritium
concentrations to estimate the rate of water exchange. The obtained data are shown in table 1 and figure 2.
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Figure 1. Groundwater sampling points. 1 - Kuiylys, 2 - Kuiylys 2, 3 - Zhyngyldy, 4 - Ulanak, 5 - Saubet,
6 — Sad - Dubskogo, 7 - Moinak, 8§ - Prohlada, 9 - Asar, 10 - Baskudyk, 11 - Sauskan, 12 - Tuesu, 13 -
Shagala, 14 - Beineu, 15 - Sam

The sampled areas are located within the Mangystau-Ustyurt hydrogeological basin, which occupies
the southwestern part of the vast Turan plate and is located to the south of the Caspian hydrogeological
basin. Four structural-geomorphological types of relief are quite clearly distinguished within it: the North
Mangystau Lowland (Bozashi Peninsula), the Mountain (Central) Mangystau, the South Mangystau Plateau
and the Ustyurt Plateau.

The North Mangystau Lowland (Bozashi) is a marine accumulative plain. Its plain surface occupies
absolute marks from minus marks near the sea and within the saline lands of Dead Koltuk and Kaidak, and
in the south-west and the northern slope of North Aktau, and the downdraft plain in the central part to the
absolute mark of zero to 80-100 m. The surface of the latter is complicated by salt depressions (Ulkensor,
Kyzylsor, Myasteksor, Kyzansor, etc.) and small massifs of aeolian sands (Kyzylkum, Shol-Shagyl, Uakkum,
Zhinishke, etc.). To the south and south-west of the Mangystau Mountains stretches the South Aktau Upland,
the southern slope of which gradually turns into the South Mangystau Plateau. The latter in the northwest
direction includes the Tupkaragan Plateau, which with the South Mangystau Plateau itself forms a single
uniform type of relief. Their flat surface is composed of Neogene and Upper Cretaceous limestones. The North
Aktau elevation forms a similar relief type in the north of the Mangystau Mountains. Its surface slopes more
steeply towards the Bozashi depression, in the North Mangystau, from 250-280 m to 50-30 m, in the south-
west the slope of the North Aktau Upland passes into the Prikaratau Valley and the Caspian Sea depression
with a sharply steep precipice. The northern and central parts of the South Mangystau Plateau are complicated
by deep drainless depressions (Karagiya, Kaundy, Basgurly and Zhazgurly, Uzen). The large Karinzharyk
depression separates this plateau in the east from the Ustyurt plateau. In the northeast of the South Mangystau
plateau are the Sauskan, Bostankum and Tuyesu sand massifs. To the east and northeast of the Mangystau
plateaus and the Bozashi lowlands, separated from them by a steep scarp - chink, 100-200 m high, extends the
Ustyurt plateau. Its flat and armored surface with Neogene limestone-shells is complicated by rare enclosed
hollows, sinkholes and sand massifs in the north (Sam and Mataykum) and elevated sublatitudinal rampart -
in the central part.

The climate of the territory is deserted, the average annual atmospheric temperature varies from north to
south: January from -10 to -3°C and July from 27 to 38°C, and the average annual precipitation from 100-120
mm in the south to 200 mm in the north. The aridity of the climate determines the complete absence of surface
water sources in the region.

There are three major structural-tectonic zones in the basin: the Central Mangystau-Ustyurt dislocation
system, the Bozashy-Severustyurt and South Mangystau-Ustyurt deflection zones. Ancient formations
involved in the geological structure of the region are Permo-Triassic folded rocks and the Jurassic blanket
deposits, which come to the day surface in the central (mountainous) part of the region. They are exposed
within the Prikaratau valley framing Karatau mountain massifs and Alb Cenomanian deposits, which further
in the territory of the South Mangystau and Ustyurt plateau, as well as in the North Mangystau depression
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sink to a depth of 50-100 m, and in the Prekaratau valley to 700-800 m and more. They are overlapped by
Upper Cretaceous, Paleogene and Neogene sediments, the upper part (Upper Miocene-Pliocene) of which
composes the daily surface of the Southern Mangystau and Ustyurt plateaus. In some areas, in particular, in
the North Mangystau depression there are sand massifs.

Aquifers, aquifer systems and other groundwater data are mapped in Kazakhstan on the maps taking
into account the requirements for displaying geographical objects on digital hydrogeological maps [17-22].
The main aquifer complexes and horizons of the region containing low-salinity water are the following
sediments: Alb-Cenomanian, Upper Cretaceous, Upper Miocene-Pliocene and eolian sands. Groundwater
of Alb-Cenomanian deposits is the most widespread and water-bearing among all aquiferous deposits in
the basin and represented by different-grained sands and sandstones with interlayers of clay sediments, and
come out to the day surface in Prekaratau valleys and in bottoms of some drainless depressions. Depth of
occurrence of underground water complex in the basin as a whole varies from absolute levels of 100-150 m in
the Prekaratau valleys to minus 800 m in the South Mangystau and Ustyurt. In the zones of outcrop of water-
bearing rocks the discharge of springs does not exceed 1.5-2 L/sec. With dipping of the stratum and with the
increase of groundwater head their productivity increases: in Prekaratau valleys self-discharge well flow rates
are 5-40 L/sec, in the south and north of Mangystau reach 40-55 L/sec. Water-bearing complex of Upper
Cretaceous deposits containing groundwater of marl-chalk sediments with mineralization up to 5 g/L is spread
in the region on the limited area. Such waters are uncovered within the North and South Aktau monoclines.
Flow rates of water points do not exceed 1-1.5 L/sec under small drops in water level. Here their salinity is
1.5-5 g/L. Water-bearing complex of Quaternary sediments with salinity up to 5 g/L is connected mainly with
uncemented and weakly cemented sand massifs and in some limited in area sections of marine Quaternary
sediments in the form of lenses and interlayers in clay strata. Weakly mineralized groundwater is established
in the northern part of Ustyurt, in the northwest of the South Mangystau plateau, as well as in different parts
of the Bozashi Peninsula. The Sam sand massif is the largest with a total area of 2320 km? in the northern
part of Ustyurt. The sand massifs of the northwestern part of Southern Mangystau (Sauskan-Bostankum,
Tuyesu, Baskudyk) and the Bozashi Peninsula (Kyzylkum, Zhilimshik, etc.) have small areas (150-500 km?
each). The productivity of wells, laid especially in the sands in the north-west of Southern Mangystau and
Sam massif, varies from 0.2 to 6 L/sec at lowering the water level by 1.5-10 m. Mineralization of water in the
most part of massifs is mainly 0.2-1 g/L, and in their marginal parts and near salt depressions increases from
1.5-3 to 5 g/L. Weakly mineralized groundwater of marine Quaternary deposits in some parts of the central
upland part or in flat depressions of the relief, near lake and other depressions is revealed only in the South
and Central Peninsula Bozashi [23].

Materials and methods. Fifteen groundwater samples from wells in the Mangystau region were collected
for studies (Fig.1). For isotopic analysis, samples were taken only from self-discharging wells, and wells
operated by submersible pumps. This somewhat narrowed the range of observed water points, but also sharply
reduced the possibility of accidental influence of anthropogenic, seasonal, and other factors on the sampling
results [24].

The results of the isotope analysis are presented in Table 1. Stable isotope ratios of 2H/'H and "*O/'°O in
the measured sample were measured on a high-sensitivity laser spectrometer LGR 912-0008. Water samples
calibrated against the International Standard VSMOW (IAEA) were used as internal standards. The accuracy
of ?H and '30 measurements was = 1 %o and 0.5 %o, respectively.

Table 1. Measured values of indicators of chemical and isotopic composition of groundwater

Sample | Location of the water | Coordinates Aquifer Mineralization | 60 | 8H | °H pH
no. point NL EL mg/l %0 %0 | Bg/l
1 Kuiylys 43°50'| 51°38" K,, marls 2119 -14.1|-106.5 8.43
2 Kuiylys 2 43°55'[ 51°37' K., marls 145 -107 | <7 | 8.1
3 Zhyngyldy 44°11'| 51°42' | K, sands, sandstones 5117 -12.7] -94.5 7.53
4 Ulanak 44°14'| 51°32' | K, sands, sandstones -6.4 | -62.8 -
5 Saubet 44°22'| 50°33"' | K, sands, sandstones 4107 -12.3| -93.6 7.32
6 Sad-Dubskogo 44°35'| 50°17' | K, sands, sandstones 8739 -12.3 | -94.5 791
7 Moinak 44°14" | 51°47' Triassic 811 9 1-69.7 | <6 |824
8 Prohlada 43°34'| 51°43' | K, sands, sandstones 7503 -11.51] -95.1 7.44
9 Asar 43°33"| 52°19' | K, sands, sandstones 10451 -12.1{-100.6 7.59
10 Baskudyk 43%51'| 52°19' Q, sands 475 -7.7 | -66.6 8.24
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11 Sauskan 43949'| 52°51" Q, sands 494 -7.8 | -68.1 | <6 |7.94

12 Tuesu 43°22'| 53°24' | K, sands, sandstones 1008 -7.6 | -66.9 | <7 |7.94

13 Shagala sanatorium | 43°37' | 51°11' |K, sands, sandstones 8325 5.5 -54 7.79

14 Beineu 45°17'| 55°31" Q, sands -11.1 1] -92.5 -

15 Sam 45°14'| 55°52' Q, sands 395 95 |-80.6 | <7 |7.38
180! %o

"% “He

o
=)

-120

®a —b

Figure 2. Isotopic composition of groundwater in the Mangystau region.
a - groundwater, b - global meteoric water line

Tritium is an ideal tracer to study water circulation in the zone of active water exchange [25, 26]. Natural
concentrations of cosmogenic tritium in atmospheric precipitation are estimated to be about 1-5 TU (0.12-
0.6 Bg/L), and during fusion charge testing in 1952-1964 its maximum concentrations in atmospheric
precipitation reached 10* TU. Given the half-life of tritium T, = 12.26 years, we can assume that the tritium
that entered the groundwater in the pre-nuclear era to the present time has decayed completely, it allows us to
easily diagnose the contribution of modern waters in the structure of groundwater resources.

Concentrations of deuterium and oxygen-18 in natural waters experience the most significant, in
comparison with other substances, changes in isotopic composition due to fractionation during evaporation,
condensation, and freezing [27-29]. The regularity is strictly observed — the heavy isotope accumulates in the
more condensed phase. It should be emphasized that fractionation usually does not occur during water melting
due to too low diffusion rates of water molecules in ice. The isotopic composition of water is expressed in
relative units, using the Vienna standard of average ocean water as a reference:

0X = (Rsample/Rst — 1) x 1000, %o

where R =?H/'H or "*O/'°O — atomic ratio of hydrogen and oxygen isotopes in the sample and the standard
(indices sample and st, respectively).

For the analysis of natural groundwater formation conditions, the results of measurements were plotted
on the 480 + &°H diagram, which reflects the regular distribution of isotopic composition of atmospheric
precipitation, the so-called global meteoric water line (Figure 2). Global line of meteoric waters is a relation
between mean annual air temperature and mean annual precipitation isotopic composition according to
different meteorological stations of the Earth — from tropical latitudes to Greenland and Antarctica.

The fractionation of the isotopic composition of water, which takes place during phase transformations, is
also shown in relation to the global line of meteoric waters. In this case, the rule is strictly observed — during
evaporation, the isotopic composition of water changes in accordance with the evaporation line, where the
residual water is isotopically weighted, and the evaporated steam is lightened. In the process of freezing, the
forming ice is isotopically weighted and the residual water is lightened.

The content of stable isotopes in water samples of Mangystau region changes in the following limits: from
-14,5%o to -5,5%o for "*O; from -107,0%o to -54,0%o for H.

Tritium radionuclide *H was measured on liquid scintillation beta spectrometer TRI-CARB 2900TR
produced by Hewlett Packard company and designed for determination of specific activity of *H.

According to the results of B-spectrometric analysis it was established that in the analyzed samples the
concentration of man-made radionuclide is less than the detection limit of <7 Bg/L in water. In the 50s and
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early 60s, large amounts of tritium were released into the atmosphere as a result of atomic bomb testing. Thus,
the sediments were labeled [6, 30], and if the groundwater sample does not contain significant amounts of
tritium, it definitely indicates that the water has not been fed for the last two or three decades.

Results and discussion. Figure 2 clearly shows that the isotopic composition of groundwater of Mangystau
region is enriched by the heavy isotope 6'%0 relative to the generally accepted meteoric water line. This is
probably caused by evaporation concentration, during which the light isotope 6'°O is removed from water,
thus enriching water with heavier isotope 6'*O.

The exception is the samples taken from two wells of Kuiylys, which have relatively identical “light”
isotope composition and are not subject to changes caused by hydrogeological processes (evaporation
processes and weak water exchange). This may be due to the fact that these waters lie relatively deeper and are
localized in an impermeable aquifer, which excludes ingress of surface water and atmospheric precipitation.

Detection of light by composition groundwater (Kuiylys) 6’H <-107 and 8'%0 < -14 %o, suggests that these
groundwaters were formed in cold climatic conditions, with average annual temperature below 0° C [6].

In all other cases, groundwater is subject to change in isotopic composition. The samples taken from the
wells Sad-Dubskogo (thermo-mineral waters) and Saubet have a characteristic relationship, indicating one
source of formation and hydro-geological relationship. The opposite picture is observed on the samples of
Zhyngyldy, Ulanak and Moinak. Despite the fact that Zhyngyldy, Ulanak and Moinak are located next to
each other by coordinates, the waters from these points have a completely different isotopic composition.
The isotopic ratios indicate that the waters are taken from different aquifers without any correlation. Also, the
water from the village of Sam has no correlation in isotopic composition with the waters of Beineu, which is
located nearby. According to the comparative isotopic analysis, the waters of Sam are strongly subject to the
process of evaporation compared to the waters of Beineu, which indicates different aquifers.

Conclusion. Waters sampled from the Shagala Sanatorium (Aktau) are characterized by the “heaviest”
isotopes, perhaps these waters are subjected to an intense process of evaporative concentration.

Isotopic researches of underground fresh and low-saline waters spread in Mangystau region have allowed
to draw the following conclusions:

1. Ratios of stable isotopes 8'*0 and 6’H in groundwater of the region show a single atmogenic origin.

2. Tritium concentrations were measured in order to establish the rate of water exchange in the fields. For
the groundwater of the study area, trittum concentrations are less than the detection limit <7 Bq/l in water,
indicating difficult water exchange and lack of connection with surface water.

In conclusion, we note that for reliable determination of stable isotope ratios, seasonal sampling of
groundwater from the same sites throughout the year is necessary. The same should be used data on the
isotopic composition of atmospheric precipitation of Mangystau region. Global lines of meteoric waters are
obtained by interpolation cannot be considered reliable for the Mangystau region, as the nearest network
stations GNIP (Global Network on Isotopes in Precipitation) are at a considerable distance and near the
Caspian Sea, which affects the precipitation.

This research has been funded by the Science Committee of the Ministry of Education and Science of the
Republic of Kazakhstan (Grant No. BR10965134).
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MAHI'BICTAY OBJIBICBIHIAATBI JKEPACTBI CYBI U30TOIIThbI KYPAMbBIHBIH
EPEKIIEJIKTEPI

Annotamus. byn makanana MaHFbIcTay OOJIBICHIHIAFBI TYIIBI )KOHE MUHEpPAJIAaHFAH )KEPACTHI CYBIHBIH
M30TOMNTHIK KYPaMbl Typasbl alThUIAbI.

I'maponorusiibIK NUKIIIH €H a3 3epTTeNTeH KOMIIOHEHTI JKepacThI Cybl eKeHi Oenrini. TaOuru Typ/e naiiia
OONAThIH CY/BIH H30TOINTHIK KOPCETKIIITEPIH, KEPACThI CYTapPbIHBIH TOJBIFYBIH, OHBIH TECHE3HCIH, Kanai
KO3FaJIaThIHBIH, JIACTAHY KayIli 0ap Ma *oHe KyObUIMalbl KIMMATTHIK JKaFaaiinapra OeHiIMAUTITIH aHbIKTaY
MaKcaThIHa HHJUKATOp PETiHIe MaiijganaHyra Oonaapl. OPTYPIi TEHE3UCTI JKePaCThl CyIapbIHBIH ©31HJIIK
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Oiperell i3 KaJlJpIpa alaTblH €peKIlie U30TONTHIK Oenriiepi Oomaapl. M30TONTHIK aHAMU3AEp/AiH KOMETIMEH
CYIIBIH OYKIiJ THIIPOJOTHSIIBIK ITUKJIIETT KO3FAIIBICHIH OaKplIayFa 0oaabl: OyJaHybl, JKOWBLTYBI, CY3TUICHYI,
arbIHbI YKOHE TaFbl COJI CUSIKTHI.

By xymbIcTa, campICTBIpMaibl TYp/A€ ap3aH OOJBIN KEJEeTiH JKoHEe y3aK OaKblulay HMUKIIEPIH KaxeT
eTIeWTIH, KeIIeH T TOCUII MmaiaanaHa oTeIpbIN, MaHFbICTAay OONIBICHIH/IAFBI JKEPACTHI CYIapPBIHBIH TeHE3HUCIH
3epTTey HOTHKEeNepi YChHBUIabl. by perte, 2021 KbUIIBIH KBIPKYHEK aiiblHAA ajbIHFaH ChIHAMAJAP/IbIH
XUMUSIIBIK, H30TONTHIK Kypamaapsl (30, 2H) skone TpuTHii KoHIeHTparwscel (*H) Typansl aepekrepmi, cy
aJIMacy JKbUTIAM/IBIFBIH XKOHE CYIBIH KaJIbITITACy KaFAaiapblH 3epTTeY YIIIiH Mai/1aTaHbUTFaHbl KOPCETIITeH.
CriHama anpIHFaH aliMakTap Kacrmii MaHBI THIPOTEOIOTUSIIBIK OHNIATHIHBIH OHTYCTITIH/IS, YIIKEH ayKbIMIbI
TypaH TaKTachIHBIH OHTYCTiK-Oarbic OeuiriHaeri, MaHfbIcTay-Y CTIPT THAPOTEOJOTHSIIBIK OMUITaThIHIA
OpHAaJIacKaH.

Pammanusieik Kayirncizaik skoHe sxonorus HHCTUTYThIHAA (KP ¥nTThIK snponbik opransirsiaaa) LGR
912-0008 »xoFapbl ce3iMTal JIa3epiiK CIEKTPOMETpE Cy YIrUIEepiHiH U30TONTHIK KypamaapbiHa (neirepui,
otreri-18 sxoHe TpuTHit) Tangay xyprizingi. Crangapt peringe VSMOW cranmaprrapsl KoIaansuias, *H
pamuonykimuai TRI-CARB 2900TR cyibIK CHHHTHILTSIUSIIBIK O€Ta CIIEKTPOMETPIH/IE OJIIICH/I].

Tyi#iingi ce3nep: xepactsl cybl, MaHFbICTAay OOJBICHI, U30TONTHI 3€PTTEY OAiCTEpi, AEHTEpUil, TPUTHIA,
orreri-18.
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OCOBEHHOCTH U30TOITHOI'O COCTABA IOA3EMHbBIX BOJ MAHTI'MCTAY CKOM
OBJIACTH

AnnHoranus. [IpuBeieHs TaHHBIE TIO U30TOMTHOMY COCTaBY MPECHBIX U MIUHEPAIN30BAHHBIX ITO/I36MHBIX
BoJl MaHTHCTayCKOi 00macTy.

HanmeHnee m3yueHHBIM KOMITOHEHTOM THIPOJIOTHYECKOTO ITUKIA SIBISIETCS Y4acTHEe IOI3EMHBIX BOJ.
M30TOnBI MPUPOTHOTO TPOUCXOKICHHS HCIIONB3YIOTCS B KAYECTBE MHIUKATOPOB, TIO3BOJISIFOIINX BBISICHUTD,
BOCIIOJTHSIFOTCSI JTH TTOJI3EMHBIE BOJIBI, UX T@HE3HC, KaK OHU JABIIKYTCSI, TOJIBEPIKCHBI JTH OHU PUCKY 3arpPsI3HEHHS
¥ BOCHPHHMYHBBI JIU K MEHSIOIIUMCS KIMMATHYECKUM YCIOBHSAM. BOJBI pa3inmyHOTO TeHe3uca UMEIOT
0COOBIC M30TOMHBIC MMPU3HAKH, OCTABIISAIONINE YHUKABHBINA «CIIeM». DTO UCTIONB3YEeTCs ISl OTCIIC)KUBAHUS
JIBMOYKEHUS BOJIBI Ha MPOTSHKEHUHU BCETO THAPOIOTHUECKOTO ITUKIIA - HCTIApSHHE, 3aX0pOHEeHNE, HH(PHITBTPAIHS,
CTOK, 3BAITOTPAHCTIHPAIIHS U T.]I.

B nmanHoOIf paboTe mpeacTaBIeHBl Pe3yNbTaThl U3YyYeHHs TeHE3HCa MOJ3EMHBIX BOJl C UCIOJIh30BAHUEM
KOMITJIEKCHOTO [TOJIX0/1a, KOTOPBIH SIBIISIETCSI OTHOCUTEBHO HEZIOPOTHIM U HE TPEOyeT POBEICHUS ITTUTEITbHBIX
LUKIIOB HaOmoneHuit. [Ipu 3TOM /1715 M3y4eHUs: TEMIIOB BOJJOOOMEHA U YCIIOBUI OPMHUPOBAHUS TIOA3EMHBIX
BOJI MaHrUCTayCKOM 00JIaCTH UCIIOIb30BaHBI IAHHBIE O XUMHUYECKOM U M30TOITHOM cocTaBe BofbI (*0, 2H) u
KoHIeHTpauusx Tpuths (*H), mony4eHnsie B pesynbrare onpoboBanus B ceHTsIOpe 2021 . OnpoboBaHHbIe
YYaCTKH PACIIONIOKEHBI B Ipenenax MaHTucTay- YCTIOPTCKOTO THIIPOT€OJIOTHYECKOTO OacceifHa, KOTOpbIi
3aHHMAaeT IOTO-3aMajHyl0 4acTh oOmupHOM TypaHCKOM TIWTHI W HaxoAuTcs rokHee llpukacmuiickoro
THJIPOTEOJIOTHYECKOTO OacceiiHa.

AHanH3 U30TOITHBIX COCTABOB (COMEPIKAHUM AeUTepHst, KUCIOpona-18 u TpuTHsi) IpoO BOIBI BHITTOTHSIICS
B MHcTHTYyTE pammarmioHHOW Oe3zomacHOCTH U 3konoruu (HammonanbHBIH sinepHbIi 1eHTp PecrryOnuku
KazaxcTan) Ha BBICOKOUYBCTBHTENBbHOM JiazepHoM crekrpomerpe LGR 912-0008. B kauectBe 3TajioHOB
UCIOJIb30BaKCh cTaHmaptel VSMOW, Wsmepenue paguonykiuma *H HpoBOAMIOCE HA KHIAKOCTHO-
CHMHTWLIAIMOHHEIN OeTta-criekTpomerpe TRI-CARB 2900TR.

KuaroueBsbie ciaoBa: mom3eMHble BOAbI, MaHTUCTaycKass 00JacTh, M30TOITHBIE METOABI WCCIIEIOBAHUS,
JIeUTepuid, TPUTHH, K1cIopoa-18.
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