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ASSESSMENT OF THE STATE OF THE WATER ECOSYSTEMS
OF THE TERRITORIES OF THE TURKESTAN REGION AT THE LEVEL
OF “ZERO BACKGROUND”, LOCATED IN CLOSE PROXIMITY
TO THE NUCLEAR POWER PLANT UNDER CONSTRUCTION
IN UZBEKISTAN

The article describes the radiobiological state of open reservoirs, drinking water in the settlements
of the Turkestan region, which are potentially affected by the nuclear power plant under construction in
Uzbekistan, as well as some biota objects that can serve as indicator organisms. The relevance is due
to the fact that the settlements of the Turkestan region of the Republic of Kazakhstan, located near the
border with Uzbekistan, fall under the potential impact of the future nuclear power plant. The objects
of the study were samples of drinking water from 5 settlements, bottom sediments and hydrobionts
(pike-perch — Sander lucioperca), carp (Gyprinus carpi), lake frog (Pelophylax ridibundus), water samples
taken from open reservoirs of the Turkestan region. On the basis of an accredited the test laboratory of
radiochemistry and radiospectrometry of the Institute of Radiobiology and Radiation Protection con-
ducted tests on the content of radionuclides. The results obtained on the content of radionuclides at the
stage of “zero background” before the construction of the nuclear power plant are generally within the
normal range, with the exception of samples of drinking water from the village of Zhyly-su , where the
total alpha activity exceeds 1.5 times the maximum allowable concentration. The results obtained will
allow us to estimate the probable dose loads of the population from the intake of radionuclides through
food chains and various scenarios. Data on the content of radionuclides in open water bodies and in
drinking water will be used as one of the criteria, for a full assessment of the “zero pho on the territories
of the Turkestan region.

Key words: “zero background”, drinking water, open reservoir, nuclear power plant, radionuclides.
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O36€eKCTaHAA CaAbIHbIMN XXATKAH aTOM 3AEKTP CTaHLMSACbIHA XXaKblH OPHAAACKAH
TypkicTaH 06AbICbI ayMaKTapbIHbIH, CY 9KOXKYHeAepiHiH, XKaFAaibIH
«HOAAK (DOH» AeHreliHAe OaFraray

Makanapa ©36ekcTaHaa CaAbIHbIN XKaTKaH aTOM 3AEKTP CTAHCACbIHAH bIKTMMAaA 3apAar LekKeH
TypKicTaH OBGAbICBIHbIH, €AAI MEKEHAEpIHAEri aliblk Cy KOWMaAapbiHbIH, aybl3 CYAbIH, COHAQM-ak,
MHAMKATOP OPraHmM3MAEep KbI3METiH aTKapa aAaTbiH Keibip 61oTa HbiCaHAAPbIHbIH PAAMOBUOAOTUSIABIK,
JKaraarbl  cunatTaAFaH. ©O3ekTiAiri ©36ekcTaHMeH Llekapara >KakblH OpHaAackaH Kasakcrad
Pecny6Amnkachl TypkicTaH 0GAbICbIHBIH EAAT MEKEHAEPIHIH HOAALLIAK, aTOM SAEKTP CTAHCACIHbIH bIKTUMAA
9CePiHiH acTbIHAQ KAAybIMeH GalAaHbICTbI. 3epTTey 0ObeKTiAepi PETIHAE 5 eAAI MEKEHHIH aybl3 CYbIHbIH
CbiHamMaAapbl, Ty6i weriHairepi MeH rmapobuoHTTapbl (wopTaH — Sander lucioperca), Tykbl (Gyprinus
carpi), keA 6akacbl (Pelophylax ridibundus), TypkicTaH 0OGAbICbIHbIH, alLbIK, CY KOMMaAapbliHaH aAblHFaH
CYy YATiAepi aAblHAbI. PaamMo6uoAOrus xeHe pasMaumsisaH KOpFay MHCTUTYTbIHbIH aKKpEAUTTEAreH
PaAMOXMMMS XKOHE PAAMOCTIEKTPOMETPUS ChiHAK, 3epTXaHachbl 6a3acbiHAQ PAAMOHYKAUATEPAIH KypPambl
GoiblHILIA CbiHaKTap >Ypriziaai. ADC KypblAbICbl 0acTaAFaHFa AEMiH «HOAAIK (DOH» Ke3eHiHAeri
PaAMOHYKAMATEPAIH KypamMbl GOMbIHLIA aAbIHFAH HOTMXKEAEp >KaAMbl aaFaHAd, YKbiAbl-CY ayblAbIHbIH
aybl3 Cy CblHamMaAapblH KOCMaraHAQ, KAAbIMTbl AManasoHAQ. aAbga OeAceHAIAiri wekTi pykcar
eTiAreH KoHUeHTpauusiaaH 1,5 ecepaeH acaabl. AAbIHFAH HOTUXKEAEP PAAMOHYKAUMATEPAI KOPEKTiK
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Ti3beKTep apKbiAbl KAObIAAQYAAH >KOHE 8PTYPAI CLieHapuiAep GOMbIHLLIA XAAbIKTbIH, bIKTUMAA AO3AAbIK,
JKYKTeMeAepiH Oararayra MyMKiHAIK 6epeai. TypkicTaH OOAbICbIHbIH ayMakTapbl GOMbIHILA «HOAAIK
hoHbI» TOABIK, GaraAay YyLIiH KpUTEPUIMAEPAIH Oipi peTiHAe allbIK Cy alAbIHAAPbIHAAFbI, aybl3 CyAafbl
>KaHe TMAPOBUMOHTTAPAAFbl PAAMOHYKAMATEPAIH KYPambl TypaAbl AepekTep NainAaAaHbIAAAbI.

TyviiH ce3aep: <HOAAIK (hOH», aybI3 Cy, ALLIbIK, CY KOMMAChl, aTOM AEKTP CTAHLMSICbl, PAAMOHYKAMATED.

A.M. FaHnHa", M.M. baxtuH, E.T. KauikuHbaes,
N.K. Kasbimbet, A.C. MNb6paesa, M.H. Aymaankosa
HAO «MeanumMHCKMIA yHMBEPCUTET ACTaHa», MHCTUTYT paano6uoAormm

1 PaAMaALMOHHOM 3alwmThl, KasaxcraH, r. ActaHa
*e-mail: anastassiya_smelova@mail.ru

OueHKa COCTOSIHUS BOAHBIX 3KOCUCTEM TeppuTopuii TypkecTaHCKOH 00AaCTH
Ha YpOBHe «HyA€BOro poHa», pacrnoAOXKeHHbIX B HEMOCPEACTBEHHOM 6AM30CTH
ot cTposierica ADC B Y3bekucrtaHe

B cratbe onuchiBaeTCS pPaAMOBUMOAOrMYECKOe COCTOSIHME OTKPbITbIX BOAOEMOB, MWUTbEBOM
BOAbl B HAaCEAEHHbIX MyHKTax TypKecTaHCKOW 06AacTM, KOTOpble MOMaAioT MoA MOTEHLUMAAbHOE
BAMsHMe cTposierics ADC B Y3bekucTaHe, a Takke HeKOTOpbIX 0ObEeKTOB OGMOTbI, KOTOPbIE MOTYT
CAY>KUTb MHAMKATOPHbIMW OpraHuM3Mamu. AKTYaAbHOCTb OOYCAOBAEHA TEM, UTO HACEAEHHbIE MyHKTbI
TypkecTaHckon obaactu Pecny6amkin KasaxctaH, pacnoAoskeHHble BOAM3M rpaHuLbl ¢ Y36eKMCTaHOM,
rae naaHupyetcs ctpouTteabctBo ADC. O6bekTamm MCCAEAOBaHUS ObiAM NMPOObI MUTHEBOM BOAbI 5
HaCeAEeHHbIX MyHKTOB, AOHHbIE OTAOXEHMUSI U TMAPOOMOHTBI (Cyaak — Sander lucioperca), casan (Gyp-
rinus carpi), o3epHas Asryuwka (Pelophylax ridibundus), npo6bl BoAbl, O0TO6GpaHHbIE M3 OTKPbITbIX
BOAOEMOB TypkecTaHCkoi obOaacTv. Ha 6ase akKpeAMTOBAHHOM WCMbITaTeAbHOM AabopaTopmm
paanoxummn 1 paamnocnektpometTpun HAO «MeAMUMHCKMIA  YHMBEPCUTET ACTaHa» MpPOBEAEHDI
MCMbITaHWUS HAa COAEpPIKaHUe PAAMOHYKAMAOB. Pe3yAbTaTbl COAEpIKaHUS PAAMOHYKAMAOB Ha CTaAMM
«HyAeBOro oHa» A0 cTponTeAbcTBa ADC, B LIEAOM HAxXOASITCS B MPEeAEeAax HOPMbl, 32 UCKAIOUYEHMEM
npo6 nuTbeBol BoAbl noceaka XKbiAbl-Cy, rae obuiee aAbda-akTMBHOCTb npesbiwaetr B 1,5 pasa
MAK. TloAyueHHble pe3yAbTaTbl MO3BOASIT OLEHUTb BEpPOSITHbIE AO30Bble HArpy3kv HACEAEHWs OT
MOCTYMAEHUSI PAAMOHYKAMAOB MO MULLEBbIM LIEMSIM U PA3AMYHbIM CLIeHapUsM. AaHHbIE O COAEP KaHUM
PAAMOHYKAMAOB B OTKPbITbIX BOAOEMAX, MUTHEBOM BOAE M MMAPOBMOHTAX MCMOAb3YIOTCS KAk OAMH
M3 KpUTEpUEB MOAHOWM OLIEHKM «HYAeBOro (hoHa» Ha TeppuTopum TypKeCTaHCKOW 06AacTu nepea
cTponTeAbCTBOM ADC Ha NpUrpaHNYHO TEPPUTOPUN.

KAtoueBble cAoBa: «<HyA€BOM (POH», MUTbEBAs BOAQ, OTKPbITbIA BoAoeM, ADC, paAMOHYKAMUADI.

Introduction

In early September 2018, the governments of
Uzbekistan and the Russian Federation signed an
agreement on cooperation in the construction of
nuclear power plants in the territory of the Republic
of Uzbekistan. Rosatom State Corporation plans to
build a complex of two generation 3+ power units
with VVER-1200 reactors. The site near Lake
Tuzkan in the Jizzakh region, located 50-80 km from
the Zhetysay district of the Turkestan region of the
Republic of Kazakhstan, was chosen as the priority
site for the construction of the station. In accordance
with the IAEA radiation safety requirements and the
legislation of the Republic of Kazakhstan, radiation
monitoring should be carried out around nuclear
power facilities [1-3].

Lake Tuzkan belongs to the Arnasay system of
lakes. When using lake water for heat exchange,
it can lead to pollution, which is also regulated by
the IAEA safety requirements [4]. The specificity
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of natural water bodies Tuzkan and the chain of
lakes Aydarkul, created as a result of recharge and
underground water lenses, is such that contamination
of water bodies with radionuclides may lead to their
spread to the area of underground lenses downstream
[5].

Lake Tuzkan in the Jizzakh region, located
about 40 km from the Turkestan region, the most
densely populated region of Kazakhstan. Near
Lake Tuzkan is the Shardara reservoir, a source
of drinking water and a reservoir of strategic
importance, located on the transboundary Syr
Darya River, the longest in Central Asia (flowing
into the Aral Sea).

The Shardara reservoir with a capacity of 5.2
billion m3 was put into operation in 1967, it is fed
by the Syr Darya, which is used by the agricultural
lands of two regions: Turkestan and Kyzylorda
[5]. As can be seen from the table 1, the distance
from the center of the Jizzakh region to the studied
settlements is from 73 to 126 km.
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Table 1 — Characteristics of the location of the study and the distance from the NPP under construction

Distance to the
Ne | Locality name Location Note center of Jizzakh
region of Uzbekistan
The admmls.trat.lve center of the The farms of the district contain 12.6%
Myrzakent | Maktaaral district of the Turkestan . . .
1 . . of cattle in the region, the textile and 85,9 km
settlement | region. 403 km southwest of the city of o .
clothing industries are developed.
Turkestan.
The center of the Zhetysay district of There are co.ttor.l—cleam.ng., beerand
. . . bread factories in the city; workshop
2 | Zhetysay city |the Turkestan region, the distance from . 84,3 km
X for the production of vegetable and
Turkestan is 393 km. .
cottonseed oil.
3 Shardara cit The administrative center of the Production of building materials. Food 126.1 km
Y | Shardara district of the Turkestan region. | businesses. Shardara HPP. ’
Zhvlv-su A settlement in the Maktaaral district of | The main occupations of the population
4 Yy the Turkestan region of Kazakhstan. It is |are seasonal cotton production and 84,4 km
settlement o )
part of the Zhylysu rural district. farming.
Zh. Kalshoraev A village in the Maktaaral district qf the The population is engaged in cattle
> settlement Turkestan region of Kazakhstan. It is breeding, clothing and textile industries 73,5 km
part of the Abai rural district. & & '

Earlier, within the framework of the international
project, large-scale studies of the level and nature of
pollution of the Syrdarya river basin in the territory
of the Republic of Kazakhstan were carried out.
The results obtained made it possible to generally
characterize the radioecological situation in this
region. In the eastern part of the Shardara reservoir,
near the territories of the uranium deposit in the
Syrdarya River, arecas were identified where high
concentrations of technogenic radionuclides of
the uranium and thorium series were identified.
Elevated concentrations of heavy metals were found
in the bottom sediments of the Shardara reservoir
and in the vicinity of the large cities of Shymkent
and Saryagash, which have a negative impact on
the state of the water of the Syrdarya River [6-7].
It should be noted that the available data on the
pollution of the Syrdarya River must be taken into
account in the final formation of data for the “zero
background” assessment.

Thus, the purpose of this work is to assess the
state of aquatic ecosystems, drinking water in the
settlements of the Turkestan region, located in
close proximity to the nuclear power plant under
construction. This study is part of a comprehensive
radioecological monitoring to ensure the radiation
safety of the population and comparison of zero
background data with data obtained at each stage of
the operation of the future nuclear power plant.

Materials and methods

Taking into account the distances of the
settlements of Kazakhstan to the priority site of the
nuclear power plant under construction, samples of
environmental objects (water, bottom sediments)
from open reservoirs and drinking water were taken
from the settlements of Kalshoraev, Zhetysay,
Zhyly-Su, Myrzakent, Shardara of the Turkestan
region.

The analysis of literature data on the study of
hydrochemical parameters of the Shardara reservoir
was carried out.

Water samples were taken in accordance with
the guidelines of GOST 17.1.5.05-85 “Nature Pro-
tection. Hydrosphere. General requirements for the
sampling of surface and sea waters, ice and precipi-
tation” GOST R 51592-2000. “Water. General re-
quirements for sampling”. Each sample was taken
with a volume of 5 liters. Water samples taken for
the determination of radionuclides were filtered,
then evaporated, and the dry residue was ashed at
a temperature of 350 °C. Then the method of radio-
chemical analysis was applied.

When sampling bottom sediments, we were
guided by the standards of GOST 17.1.5.01-80.
“General requirements for sampling of bottom
sediments of water bodies for pollution analysis”.
Samples were taken with a special sampler at a dis-
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tance of 5 meters from the shore and a depth of
20-30 cm.

A survey was conducted to determine the food
basket of the population. When analyzing personal
data, it was found that the main food ration of the
inhabitants of the selected territories is: meat, pasta,
from cereals: rice, in the summer — vegetables and
melons. For residents of the city of Shardara, fish
is also included in the diet. In this regard, zander
(Sander lucioperca), carp (Cyprinus carpi) from the
Shardara reservoir were selected for laboratory anal-
ysis. The lake frog (Pelophylax ridibundus) was also
taken for laboratory analysis.

Laboratory radiospectrometric and radiochem-
ical research methods.

Laboratory radiochemical and
radiospectrometric analyzes of water samples,
bottom sediments, biosamples were carried out in
the Testing Laboratory of Radiospectrometry and
Radiochemistry of the Institute of Radiobiology
and Radiation Protection of NJSC “Astana Medical
University”, which is accredited in the accreditation
system of the Republic of Kazakhstan for compliance
with the requirements of GOST ISO / IEC 17025-
2009 “General requirements to the competence of
testing and calibration laboratories™.

The determination of the total alpha, beta activity
of water samples was carried out in accordance with
the “Methodological recommendations for radiation
hygiene”, as well as “GOST 31864-2012. Drinking
water. Method for determining the total specific
alpha activity of radionuclides”, “ST RK ISO 9697-
2006 Water quality”.

The total alpha and beta activities of bottom
sediment samples were measured using the UMF-
2000 low-photon radiometer (No).

Measurement of the specific activity of
radionuclides in samples of bottom sediments
was carried out using the spectrometric complex
“Progress-BG” gamma with beta spectrometric
tracts, according to the method “Method of
measuring the activity of radionuclides using a
scintillation gamma, beta spectrometer with the
software” Progress “, No. KZ. 07.00.00303-2004.
Before that, the dried sample was crushed, dried and
poured into the Marinelli vessel.

Radiochemical analysis to determine the
specific activity of 1*’Cs and *°Sr in drinking water
samples was carried out in accordance with the
“Methodological recommendations for sanitary
control over the content of radioactive substances
in environmental objects” approved by the Ministry
of Health of the Republic of Kazakhstan MUK No.
5.05.008.99.
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The content of uranium in the bones and tissues
of bioassays was determined by inductively coupled
plasma mass spectrometric method on Agilent-7800
equipment using regulated analysis methods.

Statistical processing of the results was carried
out by standard methods using the Student’s criterion
and a package of documents submitted by Microsoft
Excel programs.

The LIETDOS-BIOS software was also used to
calculate the oral dose when a person consumes fish
from the Shardara reservoir.

Results and discussion

The Shardara reservoir has an important
influence in the studied regions. Samples were taken
from the left bank (flat, dissected by bays and bays).
The total content of dissolved substances showed
that the water is brackish [8], with a predominance
of sulfates and sodium ions. In the zone of influence
of the river flow of the Syr-Darya, the amount of
sodium, magnesium, calcium and sulfates slightly
increased. The highest concentration of potassium
was registered on the left bank of the reservoir.
The concentration of biogenic compounds in the
water was at a low level and did not exceed the
maximum allowable concentration established for
fishing in the territory of reservoirs [9]. The content
of phosphates in water varied within a small range.
Thus, the water in the reservoir can be characterized
as slightly alkaline, with a concentration of sodium
sulfates, and brackish. These data, in turn, require a
detailed study to establish the influence of the above
indicators on the degree of impact of the studied
radionuclides on biocenoses and biota.

The reservoir is fed from the water of the
Syrdarya and Keles rivers. The transparency of the
water reached 0.4-3.2 m, the temperature of the
surface layers was 25.6-30.7°C, pH was 8.5-8.

The phytoplankton of the Shardara reservoir
was studied, which is formed mainly from green
and diatom algae (Chlorophyta, Bacillariophyceae),
as well as blue-green algae (Cyanobacteria).
Phytoplankton was analyzed by comparative
floristic similarity of different algae species.

Zooplantcon is mainly represented by rotifers
(Synchaeta stylata Wierzejski) [10-11]. Thus,
the authors of [10-11] characterize the Shardara
reservoir as freshwater, with sources of pollution
from rivers and agricultural canals.

According to the research results of the authors
[12], salinity increased from depth to the surface of
the water due to high evaporation in the arid climate
of southern Kazakhstan. The low content of mineral
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phosphorus in the reservoir is due to regional
and climatic features, as in most reservoirs of
Kazakhstan, primarily the absence of phosphates in
bedrock. Among the analyzed heavy metals, copper
and zinc were the most abundant [12].

The data can be used in assessing the
environmental conditions of the reservoir to the
potential impact of man-made pollutants before the
start of operation of the Uzbekistan NPP.

Further, samples of drinking water taken from 3
settlements of the Turkestan region were analyzed
and showed that the content of *’Cs and *°Sr was
within the acceptable range (Figure 1).

In a sample of drinking water from the Zhyly-su
settlement, an excess of the value of the total specif-
ic a, B activity by 1.5 times was revealed compared
to the permissible intervention level for drinking
water (table 2).
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order No. 155 dated February 27, 2015.

Picture 1 — Content of ’Cs and *°Sr in samples of drinking water (Bg/1)

Table 2 — Values of total specific a-, B-activity of water samples (Bq/dm?)

Ne Place of selection, locality Geographical coordinates Oz-}gaqc/té:;g’ Ezbzc/g:gg, ’
1 |Zhyly-su column (drinking water) Diprsens 0,30 0,27
2 | Shardara column (drinking water) I]\EI g;giggg ;) 0,04 0,15
3 vszﬂz}rl)oraev column (drinking T]\EI g;gigssg) 0.20 0.19
Intervention level (IL) for drinking water [13]. 0,20 1,0
4 gﬁzgzz’resewoir I]\EI gégf?;gg 0,18 0,27
5 | Zhetysay, open reservoir I; gg ?gﬁgg% 0,42 0,01
6 | Zhetysay, open reservoir é\] 6%024:)614;%% 0,09 0,04
7 | Kalshoraev, open reservoir I]::I gz(g) ?;; ggz 91 0,26 0,05
8 | Myrzakent, open reservoir 1\11546%1;053224263 0,52 0,07
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This excess is possibly due to the location of
uranium deposits in the Shu-Sarysu and Syrdarya
provinces.

In terms of hydrogeology, according to G. M.
Shor [14], a complex artesian basin (Shu-Sarysu)
is formed in this territory, in which several aquifers
and aquifers are distinguished, which can contribute
to the spread of radionuclides in aquifers.

Based on their literature data, the leading radia-
tion factor in uranium-ore provinces with an indus-
trial type of seam-infiltration uranium deposits is the
natural contamination of groundwater of ore-bear-
ing aquifers with uranium series radionuclides.

The assessment of the radionuclide composition
of bottom sediments is important not only for as-
sessing the contamination of an open water body,
but also for assessing the contamination of ground-

water, characterizing the functioning of aquatic eco-
systems, given the fact that bottom sediments affect
the vital activity of benthic organisms, as well as
in assessing the migration of radionuclides. In ad-
dition, bottom sediments are more stable in their
performance, unlike water masses. Using transfer
coefficient calculations, it is possible to establish the
degree of transfer of the studied radionuclides from
water to bottom sediments. Due to the high absorp-
tion capacity and strong fixation of radionuclides
in them, bottom sediments precipitate and retain a
significant part of the radioactive substances coming
with water, becoming the main source of irradiation
of benthic organisms [15-16].

Further, the specific activity of radium-226, tho-
rium-232, potassium-40 and cesium-137 in samples
of bottom sediments was established (table 3).

Table 3 — Specific activity of radium-226, thorium-232, potassium-40, and cesium-137 in bottom sediment samples of the Shardara

Reservoir (Bg/kg)
232Th ZZGRa 40K 137CS
Sample code Geocoordinates
Specific activity values

n.141°12°17»

Sh-DO-1 ] 67°55°52 62,6+26,3 13,5+11,2 178,5+116,2 12,549,7
n.1 41°20°449»

Sh-DO-2 o1 67°92°984y 45,4+16,3 15,3+9,26 145,3+£99,2 9,546,66
n.141°20°365»

Sh-DO-3 o1 67°93°036» 61,9+23.9 18,4+7,22 330,4+178.3 13,4+9,56

For a comparative assessment of the specific
activity of thorium-232, potassium-40 and radi-
um-226, literature sources on the content of radio-
nuclides in bottom sediments from reservoirs locat-
ed on the territory of the United Arab Emirates and
Ukraine were studied. The first reservoir is located
in the background location of the Baraka Nuclear
Power Plant (Gulf Coast, UAE). The results of the
specific activity of bottom sediment samples had the
following values: *Ra —4.73+3.1, **Th — 18.3+1.6,
YK — 130.14+105.2. The calculated concentrations
of activity in this study, according to the authors,
were lower than the world average and lower than
the levels recorded in neighboring countries [17].
Further, information about the Sofievsky reservoir,
located in the area of the Ingul River in the Nikolaev
region (Ukraine), was considered. In this case, the
authors did not exclude the influence of the Cher-
nobyl NPP, but the results indicate the values of
the specific activity of radionuclides included in the
conditional reference interval: 2*Ra — 20.3, 2Th
-49.2, “K —420.1 [18].
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In accordance with the literature sources, the
specific contents of 22°Ra, 2?Th, “°K and *’Cs in our
studies are in acceptable values compared to the
world values, which are: for 226Ra from 4.9 to 60
Bq/kg, for 232Th from 11 to 64 Bq/kg kg, for 40K
from 140 to 1700 Bg/kg, for 137Cs from 5 to 30 Bq/
kg. [19, 20, 21].

Based on the reviewed literature data, it can be
concluded that the results of the specific content of
radionuclides in bottom sediments indicate moder-
ate activity [22].

We have established the total specific activity in
samples of bottom sediments of the Shardara reser-
voir (Table 4).

The result of total specific activity of alpha-
emitting radionuclides in bottom sediment samples
taken from three different points of the Shardara
reservoir ranges from 564,2 Bq/kg to 699,1 Bg/kg.

Analyzing the biological objects of the Shardara
reservoir, it is possible to establish the migration of
radionuclides along the corresponding food chain.
According to the literature data, uranium isotopes
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are unevenly distributed in the fish body [23]. The
highest concentration is observed in the body and
head of fish, based on this, tissue samples from the

body of fish (Sander lucioperca, Cyprinus carpi)
were analyzed for the content of U and the

Table 4 — Total specific activity of alpha-emitting radionuclides in bottom sediment samples (Bq/kg)

following results were obtained (table 5).

Ne Geocoordinates Sample code Total specific activity of alpha-emitting radionuclides, Bq/kg
1. 2% ‘6‘;; ;;: Sh-DO-1 5414+ 1074
2. 2} g;zgg:ggz: Sh-DO-2 564.2+111,5
3. 2% 2;5(3)(3)22: Sh-DO-3 526,1+129,6

Table 5 — Content of 2%U in fish from the Shardara reservoir

. . . 28U concentration 28U concentration Worldwide range*
Ne | Inhabited locality | type of product (ng/l) (mkBg/kg) of 238U, uBq/kg
_ bones-183,768
1 Shardara fish- zander bones-14,88
meat-1,92 meat-23,71
bones-69 bones-852,15 100000
2 Shardara fish- ca
P meat-6,54 meat-80,769

After determining the uranium-238 content, calcu-
lations were performed in the LIETDOS-BIOS system
for the distribution of preoral dose, the results indicate
that the annual effective dose to humans will be only
0.1 puSv, which is typical for background values.

Determination of the content of uranium-238 in
the bones and muscles of the lake frog (Pelophy-
lax ridibundus) showed that the results obtained
are included in the conditional reference values of

the concentration of the natural content of uranium
in the body of animals and humans (in terms of
mgl/1-0.00033 for bones and 00001- 0.0002 pg/1 tis-
sue) [24] (Picture 2). Frogs have thin skin that has
good water absorption capacity, thereby being ex-
posed to radionuclides from the environment both
inside and outside [24]. Therefore, from a biological
and ecological point of view, frogs can serve as a
good bioindicator of radioactive contamination.

bones

soft tissues ‘

0 5E-05 0,0001

0,00015

® max norms of natural content of uranium-238 (ug/1)

detected concentration of uranium-238 (ng/l)

0,0002  0,00025 0,0003 0,00035

Picture 2 — The content of uranium-238 in the bones and soft tissues of the lake frog
(Pelophylax ridibundus)
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The literature indicates that uranium is found
in small amounts in many tissues and organs of
humans and animals [24-25]. Amphibians and
other objects of aquatic fauna can be used as a
bioindicator of changes in the radioecological
situation in the study area during certain periods of
reservoir monitoring.

Conclusion

Based on the results obtained, it can be concluded
that most of the water and bottom sediment samples
taken from the settlements of the Turkestan region
from the Shardara reservoir correspond to the
reference values. With the exception of the sample
from the Zhyly-su village, where the total alpha
activity of drinking water samples exceeds 1.5
times the maximum allowable concentration. This
is probably due to the influence of uranium deposits
in the Turkestan region (Shu-Sarusuy and Syrdarya
uranium-ore provinces). The obtained data will be
used for the results of a full assessment of the “zero
background” of the territories under the potential
influence of the NPP. In addition, at each stage of
NPP operation (commencement of operation, annual

monitoring, completion of operation), the obtained
data can be used for comparative assessment and
monitoring. In view of the fact that the Shardara
reservoir and the Arnasay system (a priority site
for the construction of a nuclear power plant on
the shore of Lake Tuzkan) of lakes are connected
by a water artery, the established concentrations of
radionuclides in water samples, bottom sediments
and some objects of aquatic fauna are the key point
for further calculations of the intake of radionuclides
by food chains. The concentration of uranium-235 in
fish (Cyprinus carpi), as well as bones and tissues of
a frog (Sander lucioperca, Pelophylax ridibundus) is
at the background level.

Taking into account seasonality, it is necessary
to monitor water samples from the Shardara
reservoir at least 1-2 times a year, with the study
of natural (during the pre-operational period) and
man-made (operational period) radionuclides. It
is also necessary to monitor fish products once a
year, because in this region, fish is a product often
eaten. If concentrations are found in the fauna of
the Shardara Reservoir above the background,
measures are necessary to prevent the migration of
radionuclides along the associated food chains.
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