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Comparative analysis of the radiation situation in the Stepnogorsk district in the Akmola region

Abstract. The territory of the Akmola region is characterized by the presence of a number
of radiation factors caused by natural and man-made manifestations of increased
radioactivity, the main of which are numerous areas of anomalous increases in natural
radioactivity, uranium deposits and ore occurrences, as well as long-term large-scale
activities of uranium mines and enterprises for the extraction of other minerals, with
associated uranium mineralization.

In this article, we will show the results of a study of pollution in the Stepnogorsk district
in recent years and demonstrate the analysis of the data. The article will analyze the
research data of 2016 and 2020. Comparison of the results showed that the concentration
of pollution is present in high doses, in particular, special attention is paid to the village
of Aksu.
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Introduction

In 2015-2016, a scientific project was carried out, the study of which was «Study of the role of
microRNA in the regulation of cellular processes induced by radiation for the development of molecular
diagnostics and typing of lung tumors». In the course of the study, work was done to conduct assessments
of radiation risks for the population in the Republic of Kazakhstan living in areas with a high radon
content. Based on the results of this work, on the territory of the Republic of Kazakhstan, zones with an
increased level of radon and its daughter decay products (DDP) of natural and technogenic origin were
established: East Kazakhstan and Akmola regions [1].

The main criteria for identifying radon-hazardous zones are:

. Lack of development of loose sediment cover.

. The presence of magmatic formations of a predominantly acidic series.

. The presence of a manifestation of long-lived renewed and young tectonics.

. The presence of uranium deposits, manifestations and radioactive anomalies.

. Availability of water sources with radon manifestations.

. Presence of manifestations of high concentration of radon in the premises of settlements

and cities [2].

In the Akmola region there is a large part of one of the world's largest North Kazakhstan uranium
ore province, which includes more than 30 uranium deposits and ore occurrences of uranium, combined
into 7 ore clusters, and several hundred radiation natural anomalies, which forms the uranium
geochemical specialization of the region. The deposits were worked out by mining or opened by
exploratory mine workings, which led to the formation of a large amount of radioactive waste. All these
factors contribute to the manifestations of high radon activity in the region [3].
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Stepnogorsk is a city in the Akmola region, with about 50 thousand inhabitants, which is located
185 km northeast of Astana (Fig. 1).
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Figure 1. Map of Akmola region and locations of Stepnogorsk city and Aksu, Kvartsitka,
Zavodskoy settlements [4]

The city of Stepnogorsk previously housed the Tselinny Mining and Chemical Combine, which
was engaged in the extraction of uranium and other chemical elements for the nuclear industry, as well
as the Stepnogorsk Scientific Experimental Industrial Base, where bacteriological weapons were
developed and produced. Now Stepnogorsk is a city in which there are large enterprises, a chemical
industry, gold is mined outside the city, in which cyanide breakthrough periodically occurs, there are
burials of uranium waste and tailings.

The purpose of the work is to compare the data obtained from the studies of 2016 and 2020 and
show an analysis of the changes.

In 2016, at the Astana Medical University, a report was made on the topic "Problems of radon
safety in the Northern regions of Kazakhstan" from Berdimbaeva D.Sh. To conduct this study, settlements
were selected in the Akmola region - Aksu, Zavodskoy, Kvartsytka, adjacent to the operating Stepnogorsk
Mining and Chemical Plant (SMCP) and in the North Kazakhstan region, the Saumalkol settlement,
located 5 km from the mothballed mining department No. 5 of Tselinnoye Mining - chemical plant. In
this work, we measured the exposure dose rate of gamma radiation, the flux density of a- and (3-particles,
and the equivalent equilibrium volumetric activity (EEVA) of the daughter products of 222Rn and 220Rn
radon isotopes in residential areas of settlements [5].

In 2020, the work of D. Ibrayeva was published on the topic “Radiation Situation in the Territories
Affected by Mining Activities in Stepnogorsk Areas, Republic of Kazakhstan: Pilot Study”. The purpose
of this investigation was to study the radiation situation of the technogenically modified natural
environment in the settlements of the Stepnogorsk region in order to understand the sources of pollution
and the potential source of radiation hazard. For this, work was carried out to measure the equivalent
equilibrium volumetric activity (EEVA) of radon in indoor air and to study the vertical distribution of the
activity of the concentration of natural radionuclides (226Ra, 232Th and 40K) in the soil [6].
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Research methods

In the work of Berdimbaeva D.Sh. radiometric measurements were carried out with «RKS-01-
Solo» dosimeter and with Ramon-02 radon monitor. Pedestrian gamma survey on the territory of
settlements was carried out using a network of 500 x 500 m with detailing in areas of radioactive
contamination. At each of the identified sites, a detailed gamma survey was carried out using a 1x1m
network with the measurement of gamma background, alpha and beta radiation.

In a 2020 study, the equivalent equilibrium volume activity of radon in indoor air was measured
with Ramon-02 and Ramon-02A automatic small-sized radon and thoron radiometers [7]. The
measurements were carried out in residential and administrative underground premises. And the
concentration of radionuclide activity 232Th, 226Ra and 40K in the soil was measured on the «Progress-
BG» beta-gamma spectrometer with a Nal detector with a relative efficiency of no more than 30% [8].

Results and discussion
According to the results of a study in 2016, it turned out that in the Aksu village, the concentration

of radon in administrative buildings exceeds 4 times, and in the private sector 5 times, compared with
radiation safety standards (Fig. 2).
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Figure 2. Equivalent equilibrium volume activity of radon, Bq m-3 [5]

In the private sector, in the area of the abandoned quarry in the Saumalkol settlement, a high level
of radon concentration was detected, which exceeds the norm by 21 times.

Also, abnormally high radon activity was detected in a number of surveyed residential premises
(Saumalkol, Aksu), probably associated with the use of local building materials containing elevated
concentrations of natural radionuclides.
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Figure 3. Measurement results equivalent equilibrium volumetric activity of radon in residential
premises of Aksu, Zavodskoy, Kvartsytka and Akkol settlements, Bq m-3 [6]

The results of the study conducted in 2020 (Fig.3) showed that the main factor of the increased
natural radiation background of the environment was not the impact of the removal of radionuclides
from the territory of the tailings dump in the territory of the Akmola region. However, the high values of
radon and soil pollution in abnormal areas in the studied territories could be explained by the fact that in
the 1930s there was a gold mining site.

The equivalent equilibrium volume activity of radon (indoors) reaches values of 313-858 Bq m-3
(which exceeds the permissible level) in buildings located near former gold mining enterprises. High
concentrations of the activity of natural radionuclides in the soil up to 226Ra-4060, 232Th-1170 and 40K-
4080 Bq/kg, respectively, were established on the territory of the former gold mining complex in
Stepnogorsk district.

Conclusion

The results of 2016 showed that abnormally high radon activity was detected in a number of
surveyed residential premises (Saumalkol, Aksu), probably associated with the use of local building
materials containing elevated concentrations of natural radionuclides. And the results obtained in 2020
also revealed high concentrations of air and soil pollution near the location of gold mining. Ultra-high
values of the equivalent equilibrium volume activity of radon were detected in the school premises of the
village of Aksu.

Referring to the results of data from studies that were conducted in 2016 and 2020, it is possible
to see buildings and territories with high local pollution. However, in 2016, the reason for such anomalies
was the use of local building materials that contain elevated concentrations of natural radionuclides, and
in 2020, these contaminants are explained by the location of the place where gold ore has been mined and
processed since 1932.
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AxMoaa 00abichl CTEITHOTOPCK ayAaHbIHAAFBI paAVIalVIsIABIK JKaFdaiabl
Taaaay

Anaarmia. AKMo1a OOABICBIHBIH ayMarbl JKOFapbl PaAVOaKTUBTiAIKTIH TaOMFY SKoHe TeXHOTeHAIK
KepiHicTepiHe OaitaaHBICTHI OipKaTap paguanmsAbK GpakTopaapAblH 00aybIMeH cunatradaabl. OaapAbiH
HerTisrizepi: TabuFy paAMOaKTUBTIAIKTIH KaABIITaH THIC JKOFaphlAaybIHBIH KOIITeTeH aiiMaKTaphbl, ypaH
KeH OpbhIHAapbl MeH KeH KOopiHicTepi, cOHAall-aK ypaH KeHillITepi MeH ypaH MuUHepaaaaHybl Oap Oacka aa
nanAaasl Kasdalapasl ©HAIPY >KeHiHAeri KoCiIOpBIHAAPABIH KOIDKBIAABIK ayKBIMABL KbI3MeTi. bya
MakaJa/a COHFBI JKblagapAarbl CTEITHOTOPCK ayAaHBIHBIH AaCTaHybIH 3epTTey HOTI KeAepi JKoHe aAbIHFaH
AepekTepai Taagay kepceriaeai. Makaaaaa 2016 >xene 2020 xplagapaarsl 3epTTey JdepeKkTepi TaasaHaAbl.
Hatimxeaepai caabICTRIPY gepeKTepi apKblabl AacTaHy KOHIIEHTPaIMsCHl KOFaphl Jo3adapaa eKeHAiri
KoepiHedi, acipece AKCy ayblabIHa epeKlIlle Ha3ap ayJapblaajbl.

TyitiH cesgep: paAMOaKTUBTIAIK, ayaHBIH JAacTaHybl, SKBMBAJAEHTTI Telle-TeH KoAeMAiK
OeaceHAiAiK, pajOH, TONBIPAKTBIH AacTaHYBbI.

A.A. barpamosal, K.I1I. J)Kymaanaos!, A. Cakary4an?
IEspasutickuti Hayuonarvultl ynusepcumem umeru /A.H.I'ymureéa, Acmana, Kasaxcman
SYuusepcumem Llyxyoa, Llyxyoa, Snonus

CpaBHHMTeABHBIN aHAAW3 PaAMalIMOHHONM 00cTaHOBKM CTEMHOTOPCKOro parioHa B AKMOAMHCKOM
o0aacTu

Annorams. Tepputopusa AKMOAMHCKONM 004acTy XapaKTepu3yeTcs HaAudMeM 11e40ro psija
paAManoHHEIX  (PaKTOPOB, OOYCAOBAEHHBIX €CTECTBEHHBIMU I TeXHOTeHHBIMM ITPOSIBACHUAMU
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IIOBBILIEHHON PaAMOAaKTUBHOCTY, TAaBHBIMM U3 KOTOPBIX SBASIOTCS MHOIOYMCAEHHbIE y4YacTKMU
AQHOMAABHBIX  IIOBBIIIEHUN  HPUPOAHON  PAAMOAKTUBHOCTY, YpPaHOBbIE  MECTOPOXKACHMSI U
PyAONpoOsBAeHMs, a TakkKe MHOIOJAeTHsAS ~ MacIiTaOHas AeATeAbHOCTb YpPaHOBBIX PYAHUKOB U
NpeATIpUATUIL 1O  AO0OBIYe APYIMX IIOA€3HBIX MCKOIIaeMBIX, C COIYTCTBYIOIIelNl YpaHOBOII
MUHepaau3anyen. B JaHHOI craTbe MBI IOKaXkeM pe3yAbTaThl MCCA€AOBAaHMS — 3arpsA3HEHNs
CremHOrOpcKoro paitoHa 3a IIOCAeJHye TOoAbl U IIPOAeMOHCTPUpPYeM aHaAM3 JaHHBIX. B craThe OyayT
aHaAM3VpoBaHbl JaHHble yccaedosaHuit 2016 u 2020 rogos. CpaBHeHMsl pe3yAbTaToB IOKas3ad, 4TO
KOHIIeHTpalMsl 3arps3HeHNs IPUCYTCTBYeT B ITOBBIIIEHHBIX A403aX, B OCOOEHHOCTU OcoDOe BHUMaHUe
yAeasieTcs moceaky Akcy.

KaroueBble ca0Ba: paali0aKTUBHOCTD, 3arps3HeHNe Bo3ayxa, DPOA, pasoH, 3arpsi3HeHNsI ITIOUBHI.

References

1. Zhabaeva D.B., Kusainova A.A., Bulgakova O.V., Bersimbaeva R.I.. The level of circulating
microRNA miR19 as a prognostic biomarker for lung cancer // Proceedings of the international scientific
and practical conference "Methodology. Theory and practice of modern biology". - 2016. - P.127-13

2. Biyasheva Z.M., Zaripova Yu.A., Demakova O.V., Zhuralieva A.A. Some issues of protection
against radon in Kazakhstan // Law series - 2020. - No3 - P.95. doi: 10.26577/JAP].2020.v95.i3.03.

3. Fedorov G.V. Uranium production and environment in Kazakhstan [Electronic resource]. -

IAEA CM-362/20. - P. 191-198. - Mode of access:
https://inis.iaea.org/collection/NCLCollectionStore/_Public/33/032/33032913.pdf.
4 Map of Earth - Mode of access:

https://satellites.pro/Google_plan/Stepnogorsk_map.Aqmola.Kazakhstan

5. Berdimbaeva D. Sh. Report: Issues of radon safety in the northern regions of Kazakhstan
[Electronic resource]. - 2016. - Mode of access: http://elib.sfu-
ras.ru/bitstream/handle/2311/8978/Berdimbaeva.pdf?sequence=1&isAllowed=y.

6. Ibraeva D., Bakhtin M., Kashkinbaev E. Kazymbet P. Zhumadilov K., Altayeva N.,
Aumalikova M., Shishkina E. Radiation situation in the territories affected by mining operations in
Stepnogorsk region, Republic of Kazakhstan: experimental study // Radiation protection dosimetry. -
2020. - No. 4. - S. 517-526. d0i:10.1093/prd/ncaao68

7. ASTM International. ASTM D6327-10 Standard Test Method for Determination of Radon Decay
Product Concentration and Working Level in Indoor Atmospheres by Active Sampling on a Filter.West
Conshohocken, PA: ASTM International. -2016.

8. Spectrometric complexes for measuring the activity of alpha, beta and gamma-emitting
nuclides. Execution number in the State Register of the Russian Federation: 15235-01. -2012.

Information about authors:

A.A. Bazpamosa — PhD doxmoparm, Eepasutickuil nayuonarvroli yrueepcumem, Kaxvimyxan 13, 2.
Acmana, Kazaxcman.

K.III. 2Kymaoduroe — PhD, npogeccop, sasedyroujuii “Mexdynapodnoii xagedpuvl sdeprotl Gusuxu,
HOBbLX MAMepUaros u mextorozuit”, Espasutickuil nayuonarvroul yrnusepcumem, Kaxvimyxkarn 13, 2. Acmana,
Kasaxcman.

A. Caxazyuu — Jouenm 6 ueHmpe UCCAEDOBAHUTI USOMONO0E U OUHAMUKY OKpYyXKatouweli cpedbvl,
Yrusepcumem Lyxyoa, 1-1-1 Tennodaii, 2. Liyxyoa , npepexmypa Nbapaxu, Snorus.

A.A. Bazpamosa — PhD doxmoparmol, Eypasus yammork yrnusepcumemi, Kaxuvimyxan 13, Acmana,
Kasaxeman.

K.III. 2Kymaduroe — PhD doxmopui, npodeccop, Eypasus yammorx yrusepcumemi «A10porvix pusuxa,
Kana mamepuardap xave mexrorozusrap» kapedpacviroir; mexzepyuiici, Kaxvimyxan 13, Acmana, Kasaxcmar.

BECTHWMK EHY umenu A.H. Tymuresa. Cepus Qusuxa. Acmporomus Ne 4(141)/2022 11
BULLETIN of L.N. Gumilyov ENU. Physics. Astronomy Series



Comparative analysis of the radiation situation in the Stepnogorsk district in the Akmola region

A. Caxazyuu — doyerm, usomonmap mer Kopuiazar opma OUHAMUKACOIH 3epmmey opmavievl, Llykyoa
ynusepcumemi, 1-1-1 Tennodaii, Llyxyoa, Moapaxu npedpexmypacor, 2Kanonus.

A.A. Bagramova — PhD student, Eurasian National University, Kazhymukan 13, Astana, Kazakhstan.

K.Sh. Zhumadilov — PhD, Professor, Head of the "International Department of Nuclear Physics, New
Materials and Technologies”, Eurasian National University, Kazhymukan 13, Astana, Kazakhstan.

A. Sakaguchi — Associate Professor, Center for Research in Isotopes and Environmental Dynamics,,
University of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki Prefecture, Japan.

12 Ne 4(141)/2022 A.H. Tymunes amvindazor EYY Xadapuvicer. Qusuka. Acmporomus cepuscol
ISSN: 2616-6836, eISSN: 2663-1296



