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STUDY OF DISTRIBUTION
OF BETA-POLLUTION IN THE CITY OF ALMATY

The present work is devoted to the study of the distribution of beta activity of natural radionuclides
in the surface soil of Almaty in the spring. The soil samples were collected during the period April-May
2018 in different parts of the city of Almaty. Sample preparation of soil samples was limited to soil se-
lection, which was dried overnight, crushed, its residual moisture was measured, and its beta spectrum
was further measured. The exposure time of the measurements of one spectrum averaged 90 minutes. In
addition to the background beta particles generated by cosmic rays, the influence on the intensity of the
beta spectrum is exerted by the existence of temporal variations in radon emanation, and within a day
the radon activity in air can vary in a relatively wide range. Consequently, the concentration of daughter
decay products (DDPR) on aerosols of air will affect the background of beta particles. In this connection,
after each measurement of the soil sample, background spectra of beta particles were measured. As a
result of the performed measurements and analysis of the intensity distribution of beta contamination of
surface soil in different parts of Almaty, the emergence of radionuclide radionuclides of radon DDPR in
the surface layer of the atmosphere and atmospheric precipitation was determined, which is mainly due
to aerosol particles. In turn, radon atoms emanating from the lower soil layers coagulate with aerosol
particles. The degree of concentration of beta radionuclides of radon DDPR depends on the chemical
composition of the soil cover, on meteorological conditions and on its own chemical properties, on
which the ability of migration and accumulation in the surface soil layer depends. The obtained integral
values of beta radionuclides of radon DDPR show the spatial fractal spread and correspond to the litera-
ture data taking into account abundant precipitation during the sampling period.

Key words: daughter products of radon decay; beta activity; natural radionuclides; beta contamina-
tion; natural background radiation.
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AAMAaTbI KAaAaCbIHbIH, 6€Ta-AaCTaHYbIHbIH, TAPAAYbIH 3epTTey

ByA >kyMblC AAMaTbl KaAacCblHblH >Kep GeTiHAeri TomblpakTarbl TaburvM PaAMOHYKAMATEPAIH
6eTa-6eACEHAIAITIHIH  KOKTEM Ke3eHiHAEeri TapaAyblH 3epTTeyre apHaAfaH. Tomblpak, YAriAepi
2018 KblAAbIH, CaYip-MambIp arAapbiHAQ AAMaTbl KAAACbIHbIH SPTYPAI OOAIKTEPIHAE AABIHADI.
Tonbipak, YAriAepiHEH CblHaMa AaiiblHAQY, Gip TOYAIK iliHAE KENTipiAin, ycakTaAfaH, OHbIH KAAAbIK,
bIAFAAADBIABIFbI  OALLEHIeH >K8He OAaH o8pi OHblH 6eTa-CrnekTpi OALeHreH TOmMbIPaKTbl ipikTen
aAyFa Herizaeaai. bip cnekTpai eAlleyAiH 3KCMO3MUMSABIK, YaKbITbl opTawa aAFaHAa 90 MUHYTTbI
KypaAbl. fapbilll cayAeaepi reHepaumsiraHaTtbiH (DOHABIK, GeTa-6eAllekTepaeH 6acka GeTa-CrekTpAiH
KapPKbIHABIAbIFbIHA PAAOH 3MAHALMSCHIHbIH, YaKbITLIA BapuaLMSACbIHbIH GOAYbl acep eTeAi oHe 6ip
TOYAIK ilWIIHAE ayapa pasoH OGEACEHAIAITiIHIH MOHI CaAbICTbIPMaAbl KeH ayKbiMAA €3repyi MyMKiH.
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OCbIHbIH CaAA@PbIHAH aya a3p030AbAAPbIHAA bIAbIPAYAbIH YPMAKTbIK, 6HIMAEPiHIH (bIYO) wofbipAaHybl
6eTa-6eAwexkTepAiH (poHbiHA acep eTeAi. OcbiFaH GaiAaHbICTbI, TOMbIPakK, YATiCiHIH 8p6ip eAlemiHeH
KeriH GeTa-6eAweKkTepAiH (DOHAbIK, CMEKTPIH BALIeYy XYPrisiaai. OpbIHAAAFAH BALLEYAED MEH TaAAay
HOTMXKECIHAE AAMATbI KAAACbIHbIH 8PTYPAI ayAaHAAPbIHAQ, HETi3iHEH a3p030Ab BeAlLekTepi ecebiHeH
>Ky3ere acblpblAaTbiH, aTMOCEpaHbIH XXepre >KakbiH KabaTblHAQ >KoHE aTMOCKEPaAbIK, WeriHAIAepAE
PaAOH  bIAbIPAYbIHbIH,  YPMaKTbIK, OHIMAEPIHIH TabuFM pPaAMOHYKAMATEPI Manmaa OOAFaHAbIFbI
aHbIKTaAAbl. ©3 Ke3eriHAae, TOMEHri Tomnbipak, KabaTTapblHaH 3MaHaUMSIAQHFAH PaAOH aTOMAApbl
adpPOo30Ab  BOALLEKTEPIMEH  KOaryAsiumsAaHaabl  (BipikTipireai). PapOH  blAblpaybiHbIH, — YPraKTbIK,
eHiMAEepi  6eTa-paAMOHYKAMATEPIHIH LIOFbIPAAHY ASPEXXECi TOMbIPak, >XaMbIAFbICIHbIH XUMMSIAbIK,
KypamMblHa, METEOPOAOIMSABIK >KafAaAapFa >KOHE >KeKe XMMMSAbIK, KacueTTepiHe OaiAaHbICTbl, aA
OA ©3 Ke3eriHAe kep beTiHAeri Tonbipak, KabaTbiHAQ GOAATBIH KOLIM-KOHY >XoHE aKKyMYyASLMSAAHY
KabireTiHe 6arMAaHbICTbl. PAAOH biAbIPaYbIHbIH YPMAKTbIK, OHIMAEPI 6eTa-PaAMOHYKAMATEDIHIH aAbIHFaH
MHTErpasAblK, MOHAEPI KEHICTIKTIK (DpakTaAAbIK, LLALIbIPAYAbl KOPCETEAI XXKOHE CblHaMa aAy Ke3eHiHAe
MOA >KayblH-LLIALbIHAbI €CErNKe aAa OTbIPbIM, 8AE6M AepekTepre CoMKec KeAeA|.

Ty#in ce3aep: paAOH bIAbIPAYbIHbIH ypriak, eHIMAEpi; 6eTa-OeACEHAIAIK; TAOMFU PAAMOHYKAMATED;
6eTa-AacTaHy; TabMFK PaAMaALMSIAbIK, (DOH.
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U3yueHue pacnpesereHns GeTa-3arpsi3HEHHOCTH ropoAa AAmarbl

Hacrosuas paboTta noceBsuleHa W3y4YeHUI0 pacrpeAeAeHnst 6eTa-akTMBHOCTM  MPUPOAHbIX
PAAMOHYKAMAOB HAXOASLIMXCS B MOBEPXHOCTHOM MOYBE I. AAMATbl B BECEHHWI MepuoA. 3abopbl
006pa3sLOB MOUBbI ObIAM BbINOAHEHbI B NeproA anpeAb-Mait 2018 roaa B pasAmMUHbIX YaCTIX ropoAa
AAmartbl. [po6oNoAroToBka nouvBeHHbIX 06Pa3LOB CBOAMAACL K OTOOPY MOUBbI, KOTOPAs B TeyeHue
CYTOK MpPOCYLUMBAAACh, U3MeAbYaAacChb, M3MepPSAach ee OCTaTOYHas BAQXKHOCTb U Aaaee U3MEPSIACS
ee Gera-crnekTp. Bpems 3KCno3vumm M3MepeHuii OAHOrO CMEeKTpa B CPEAHEM COCTaBAIAO 90 MMH.
INomMnmo hoHOBbIX BeTa-4acTuLl, reHepUpPyembIX KOCMUYECKMMM AyHamu, BAUSIHUE HA MHTEHCUBHOCTb
feTa-crnekTpa OKasblBaeT CyLIeCTBOBAHME BPEMEHHbIX BapuauMii 3MaHauMK PaAOHA, U B TeueHue
CYTOK 3HaueHWe aKTMBHOCTM PaAOHa B BO3AYXE MOXKET MEHSTbCS B CPDAaBHUTEAbHO LUMPOKMX MPeAeAaXx.
BcAeACTBME 3TOroO KOHLEHTPALMs AOUEepHMX NPOAYKTOB pacnasa (AIMP) Ha aspo3oAsx Bo3ayxa byaet
BAMATb Ha (hoH BeTa-yacTuil. B CBA3M C 3TWMM, MOCAE KaKAOrO M3MEpeHusi NMouBeHHOro obpasua,
BbINMOAHSIAMCh M3MepeHust (DOHOBOrO criekTpa 6eta-yacTuy,. B pesyAbrate BbIMOAHEHHbIX M3MEPEHUI 1
aHaAM3a pacrpeAeAeHus MHTEHCMBHOCTU GeTa-3arpsi3HEHHOCTM MOBEPXHOCTHOM MOYBbI B PA3AUUHbIX
paoHax ropoAa AAMaTbl 6bIAO OMPEAEAEHO BO3HUKHOBEHUE MPUPOAHBIX PAAMOHYKAMAOB AP pasoHa
B MPM3EMHOM CAOe aTMocepbl M aTMOC(EPHbIX 0CaAKax, KOTOPOEe OCYLLECTBASIETCS, B OCHOBHOM, 3a
CUeT a’P030AbHbIX YacTuL. B cBOIO ouepeab aTOMbl PaAOHA, SMaHMPYIOLME M3 HUXKHUX MOUYBEHHbIX
CAOEB, KOAryAMPYIOT C a3P030AbHbIMK YacTuLamm. CreneHb KOHUEHTpaumm 6eta-paanoHykanaos AP
paAOHa 3aBMCUT OT XMMMUYECKOrOo COCTaBa MOYBEHHOrO MOKPOBA, OT METEOPOAOrMUYECKMX YCAOBMIA U
OT COBCTBEHHbIX XMMUUECKMX CBOMCTB, OT KOTOPbIX 3aBUCUT CMIOCOBHOCTb MUMPaLIMK 1 aKKYMYASILIMMA B
NMOBEPXHOCTHOM MOYBEHHOM CAO€. [1oAyUeHHble MHTErpaAbHble 3HaveHus 6eTa-pasroHykAMaoB AP
pasOHa MOKa3blBAOT MPOCTPAHCTBEHHDbIN (hpPaKTaAbHbIA Pa3bpoCc M COOTBETCTBYIOT AMTEPATYPHbIM
AQHHBIM C Y4eTOM 0OMAbHbBIX OCAAKOB B neproa 3abopa npoo.

KAtoueBble CAOBa: AOuYepHME TMPOAYKTbl PACNasd PaAOHA; 6eTa-akTUBHOCTb;
PaAMOHYKAMABI; 6eTa-3arpsi3HEHHOCTb; MPUPOAHbBIA PAAMALIMOHHBINA (DOH.

NMPUPOAHbIE

Introduction

The study of the distribution of natural radio-
nuclides in the atmosphere and earth, with the help
of which the radiation background of the earth is
formed, is an urgent task. This is due, above all, to
cancer caused by radionuclides that enter the human
body through the respiratory tract and digestive sys-
tem. With internal irradiation of the human body,
such natural radionuclides as potassium-40, which
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are mainly contained in the nervous and muscular
tissues, radium deposited in bone tissue, radon iso-
topes and its decay products (DDPR), accumulating
in the respiratory tract, and radioactive isotopes of
carbon-14, rubidium-87 [1]. For example, radon has
long been recognized as the cause of lung cancer
and in 1986 it was identified by the World Health
Organization as a carcinogen for the lungs (WHO,
1986, IARC, 1988). The main source of information
about the risks of lung cancer caused by radon was
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epidemiological studies of miners (ICRP, 1993),
and later studies provided informative data on risks
at low levels of exposure (for example Lubin et al.,
1997; NRC, 1999; EPA, 1999, 2003; Tomasek et al.,
2008).

It was established that the contribution of in-
ternal irradiation (1.34 mSv / year) in the effective
equivalent dose capacity is approximately 2 times
higher than the contribution of external irradiation
(0.65 mSv / year). Among the radionuclides that
make the greatest contribution to the dose rate of
internal irradiation, short-lived decay products of ra-
don-222 (about 60%) are on the first place. Next are
potassium-40 (13%), radon-220 (13%), and lead-
210, polonium-210 (8%).

Determination of DDPR activity in soil is direct-
ly related to radon emanation, which, in turn, has a
direct effect on the lungs and airways of a person.
The activity of radon isotopes and their DPR in air,
soil and water, as well as the doses received by a
person during their irradiation are regulated by our
legislation [2-6].

Method and results of measurements

In this paper, samples of soil from the surface
layer of the earth were collected from various places
in Almaty. For the period of sampling from March
to May 2018 in Almaty, the maximum precipita-
tion was observed, in March — 74 mm; April — 120
mm; May 129 mm at an average annual value of
40 mm. 18 soil samples were taken at a depth of
0-5 cm from the surface in various locations and
parts of the city to measure their beta spectra. The
measurement procedure is based on recording the
spectra of beta radiation emitted by the substance
of the object under study. To measure the activity
of radionuclides in the studied soil samples, a scin-
tillation beta spectrometer of the “SCS-99” Sputnik
type was used. Sampling of soil samples was as fol-
lows: the selected soil was dried for 24 hours, then
it was crushed, its moisture content was measured
and then it was poured into a measuring container
with a uniform layer with a diameter of 70 mm. The
average exposure time was 90 minutes. In addition
to the background beta particles generated by cos-
mic rays [7, 8], the influence on the intensity of the
beta spectrum is exerted by the existence of tempo-
ral variations in radon emanation, as we showed in
[9], and within a day the radon activity in air can
vary in comparative wide limits. As a result, the
concentration of DDPR on aerosols of air will affect
the background of beta particles. In this connection,

after each measurement of the soil sample, the back-
ground spectrum of the beta particles was measured.

Figures 1, 2 show the background beta spectrum
and the beta spectrum of the soil sample. Figure 3
shows the spectrum of the excess of the flux of beta
particles from the soil sample over the background
beta-particles flux. As a result, the beta spectra of all
samples were processed and their integral values are
presented in Table 1. The map of beta-contamination
distribution of Almaty was constructed for integral
values (Fig. 4). Preliminary results of distribution
of beta contamination in Almaty were published in
[10]. All integral values do not exceed the regulated
level of 200 parts / (min-cm?) [2-6].

It can be seen from Figures 1 and 2 that the
beta spectrum is of a complex nature. This is
explained by the fact that several successive beta
decays occur in the sample. In addition, the sample
consists of a complex composition of natural beta
radionuclides. So, in addition to the DDPR, in the
sample of the soil surface layer there are natural beta
radionuclides of potassium-40 and rubidium-87. It
can be seen from the figure that the excess of the
beta activity of the samples over the background is
quite high. Excess of activity of the sample over the
background, on average, is 10-20%. In this case,
the shape of the spectrum, as shown in Fig. 3, is
different for different samples. This indicates that
the concentration of these or other radionuclides
in the samples is different. Such a distribution of
different beta-radionuclides in the samples is fractal.

To monitor the measured beta activity of the
samples, Table 1 shows the sample mass and its
moisture content after sample preparation. It can
be seen that the controlled quantities vary in a
small range. This, in turn, has small errors in the
measurement of beta spectra of samples, which, in
this paper, can be neglected.

Thus, the radionuclides of radon DDPR in the
surface layer of the atmosphere and atmospheric
precipitation are mainly due to aerosol particles.
In turn, radon atoms emanating from the lower
soil layers coagulate with aerosol particles.
Accumulation of beta radionuclides of radon DDP
depends on the chemical composition of the soil
cover, on meteorological conditions and on its
own chemical properties, on which the ability of
migration and accumulation in the surface soil
layer depends. The obtained integral values of beta
radionuclides of radon DDPR show the spatial
fractal spread and correspond to the literature data
taking into account abundant precipitation during
the sampling period.
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Figure 1 — Background beta spectrum
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Figure 2 — A typical beta spectrum of a soil sample
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Figure 3 — Exceeding the beta spectrum of soil sample No. 1 over the background

Table 1 — Integral values of beta spectra of soil samples

No. sample Weight of samples, grams Humidity, % N/(minxcm?)
1 42 6 153
3 42 2 66
4 41 4 76
5 40 3 181
6 39 6 46
7 44 4 82
8 46 3 81
9 44 3 107
10 43 3 61
11 45 3 47
12 45 3 168
14 41 5 54
15 46 3 46
16 43 3 63
17 46 4 70
18 44 2 85

Xabapisl. Ousuka cepusicsl. Ned (67). 2018




Dyachkov V.V. et al.

200

150

100

1/(min*cm?)

50

DAIANL

Figure 4 — Distribution of contaminants of beta contamination in Almaty

Since the radiation contamination of soil
samples was studied, this distribution is scalar,
but in the period of elevated precipitation levels
due to flat flushing and penetration into the soil,
this distribution should be considered as a vector
distribution. The latter circumstance substantially
changes the methodology for measuring radiation
contamination, in which weather conditions must
be taken into account. Taking into account the
above, the obtained numerical characteristics of
the radiation distribution of beta-radionuclides are

of great practical importance when planning both
agricultural works and residential buildings.

Acknowledgments

This work was supported by the state grant
financing of basic research (project No. IRN
AP05131884 “Fundamental research of the
mechanisms of formation of nanoscale onco-
radiogenic structures in the body and development
of anticancer express devices for their detection”).

References

1 Jlesun M.H., Herpo6os O.I1., l'mmmn B.P., CenuBanosa O.B., iBanosa O.A. [Ipuponuslii panuannoHHbiil poH: YueOHOEC

mocobue. — Boporex, 2008. — 52 c.
2 TUrdeHUYECKHE HOPMATHBbI

«CaHI/ITapHO-3HI/I,H€MI/IOJ'IOFI/I‘ICCKI/I6

Tpe60BaHI/I${ K 00eCreYyeHHIo paHI/IaHI/IOHHOﬁ

Oe3omacHOCTH» Y TBEPXKJICHBI IPUKAa30M MUHHCTpa HaMOHAIBHOH 3koHOMUKH Pecrybmiku Kazaxcran ot 27 despains 2015 rona

Ne 155.

3 Dxonormyeckuii kogexc Pecy6mmkn Kazaxcran ot 9 staBapst 2007 roga Ne 212.

4 O pammanuoHHOU Oe3omacHOCTH HaceneHus. 3akoH PecnyOnuku Kazaxcran ot 23 anpens 1998 roma Ne 219.

5 TlpaBuia KOHTPOJS M y4eTa MHAMBUAYAIBHBIX 1103 OOJIYyYEHHs, MOJYYCHHBIX I'paXIaHAMH MpH paboTe ¢ MCTOYHHKAMHU
MOHU3UPYIOIIETO H3IyYCHHUs, TPOBCACHUH MEIMIUHCKUX PEHTTCHOPAIUOIOTHYCCKUX MPOIEAYyp, a TaKkKe O00YyCIOBICHHBIX

ISSN 1563-0315

Recent Contributions to Physics. Ne4 (67). 2018 9



Study of distribution of beta-pollution in the city of Almaty

TEXHOTCHHBIM paJuanuoHHbIM GoHOoM. [Ipuka3 1.0. MUHUCTpa HAMOHAIBHON dKOHOMUKH PecriyOnukn Kazaxcran ot 27 mapra
2015 roga Ne 259.

6 Canwnrapssle npasmwia «CaHHUTapHO-3NNAEMHOIOTHUECKHE TPEOOBAHUS K O0ECHEYEHHIO PaJHAllMOHHON 0€30I1acHOCTI»
[Tpuka3 n.o. MuHnCTpa HalMOHAIBLHOW SKOHOMUKH Pecnybnmkn Kazaxcran ot 27 mapra 2015 roma Ne 261.

7 Owmkos A.B., [psukoB B.B., 3apunosa 10.A., Meneror b.JK., Hayp3taesa A.JK. VccnenoBanue Bapuanuii nanaroreit
Ha IOBEPXHOCTh 3eMJIM IDIOTHOCTH IIOTOKA JHEpPrHMHM OT Kocmudeckoro mimydenus // Mssectmss HAH PK. Cepus ¢usnko-
MatemaTtmdeckas. — 2013. — Ne 2(288). — C. 138-141.

8 Oskomov V.V., Sedov A., Saduyev N.O., Kalikulov O., Kenzhina I., Tautaev E., Muhamedzhanov E., Dyachkov V.V., Utey
Sh. Data collection system for a wide range of gas-discharge proportional neutron counters // Journal of Physics: I[C-MSQUARE. —
2017.—-Vol. 936 (12047). — P.1-5.

9 Dyachkov V.V., Zaripova Yu.A., Yushkov A.V., Shakirov A.L., Bigeldiyeva M.T., Dyussebayeva K.S., Abramov K.E.
Periodic variations in time of atmospheric radioactive nanoparticles // Physical sciences and technology. — 2017. — Vol.4, No.1. —
P. 20-26.

10 JpsukoB B.B., Paxman A.E., 3apumopa 10.A., IOmkoB A.B., Ulakupos A.JI., burenpmueBa M.T., [rocebacBa K.C.,
AbpamoB K.E. M3yuenne (pakTaJbHBIX CBOICTB B TOIOJOTHM paclpelielieHust 0eTa-3arpsi3HEHHOCTH pPerrMoHa AJIMaTHHCKON
o6uacty // COOpHUK HaydHBIX TPYJIOB V MeXIyHapoIHOH HayuHOU KoH(pepeHunu. Anmatsl. — 2018, — C. 115-119.

References

1  M.N. Levin, O.P. Negrobov, V.R. Gitlin, O.V. Selivanova, O.A. Ivanova, Natural radiation background. Textbook, (Vo-
ronezh, 2008), 52 p. (in Russ).

2 Hygienic standards “Sanitary-epidemiological requirements to ensure radiation safety” Approved by the order of the Min-
ister of National Economy of the Republic of Kazakhstan dated February 27, 2015 No. 155. (in Russ).

3 Ecological Code of the Republic of Kazakhstan. The Code of the Republic of Kazakhstan dated January 9, 2007 No. 212.
(in Russ).

4 On radiation safety of the population. Law of the Republic of Kazakhstan dated April 23, 1998 No. 219. (in Russ).

5 The rules for monitoring and recording individual exposure doses received by citizens when working with ionizing radiation
sources, conducting medical X-ray and radiological procedures, and also caused by anthropogenic radiation background. Order of
the Minister of the National Economy of the Republic of Kazakhstan No. 259 of March 27, 2015. (in Russ).

6 Sanitary rules “Sanitary and epidemiological requirements for ensuring radiation safety” Minister of National Economy of
the Republic of Kazakhstan dated March 27, 2015, No. 261. (in Russ). (in Russ).

7 A.V.Yushkov, V.V. Dyachkov, Yu.A. Zaripova, B.Zh. Medetov, A.Zh. Naurzbaeva, [zvestiya NAN RK. A series of phys-
ics and mathematics, 2(288), 138-141 (2013). (in Russ).

8 V.V.Oskomov, A. Sedov, N.O. Saduyev, O. Kalikulov, I. Kenzhina, E. Tautaev, E. Muhamedzhanov, V.V. Dyachkov, and
Sh. Utey, Journal of Physics: IC-MSQUARE, 936(12047), 1-5 (2017).

9 V.V.Dyachkov, Yu.A. Zaripova, A.V. Yushkov, A.L. Shakirov, M.T. Bigeldiyeva, K.S. Dyussebayeva, and K.E. Abramov,
Physical sciences and technology, 4(1), 20-26 (2017).

10 V.V. Dyachkov, A.E. Rakhman, Yu.A..Zaripova, A.V. Yushkov, A.L. Shakirov, M.T. Bigeldieva, K.S. Dyusebaeva, and
K.E. Abramov, Proc. of the V Intern. Scientific Conf. 2018. Almaty, 115-119 (2018). (in Russ).

10 Xabapuibl. Ousnka cepusicel. Ned (67). 2018



