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HUMAN TEETH ENAMEL AS A TEST FOR ASSESSING THE CONSEQUENCES
OF RADIATION POLLUTION OF THE ENVIRONMENT

Abstract. Technogenic radioactive contamination of the external environment has a radiation effect on
flora and fauna and humans. Radionuclides entering the biosphere become a source of external, contact and
internal radiation in a variety of combinations. The electron paramagnetic resonance dosimetry is a technique
that allows a retrospective assessment of an individual dose to be made. A reconnaissance and radioecological
survey of environmental objects was carried out using analytical methods, which made it possible to determine
the quantitative content of toxic components, priority pollutants and radioactive isotopes. The objects of study
are the Bokeyordinsky and Zhanibeksky districts of the West Kazakhstan region (WKR), adjacent to the
Kapustin Yar test site. The values of the volumetric activity of natural and technogenic radionuclides in soil
samples, drinking water and bio substrates (teeth, samples of human peripheral blood) from settlements of
the surveyed areas were studied. Measurements of gamma radiation showed that along the perimeter of the
polygon and in nearby settlements, the radiation level is in the range of 0.06—0.14 uSv/h. An insignificant
excess of the level of radioactivity persists near the fall of missiles in the Bokeyordin region. The indicators
of the general morbidity of the adult population of maternal and child mortality in the indicated regions were
also studied. It was found in the inhabitants of the Bokeyordinsky district with a reliability of p = 95% in
the studied teeth, betta and gamma activity is less than the natural level and indicates that the content of
radionuclides in the studied teeth is not higher than their natural level. A noticeable excess of the activity of
radionuclides K* and Ra** is noted among residents of Zhanibeksky district. In the surveyed districts of the
region, there is an unsatisfactory state of health of children and women, especially of fertile age, a high level
of primary morbidity, maternal mortality; there is a tendency for the growth of eco-dependent human diseases
(previously unrecorded forms of oncological diseases, congenital malformations, diseases of the hematopoietic
and nervous systems). The conclusions can be used to implement measures to improve the ecological state of
the region and the health of the population.

Key words: radionuclides, radioactivity, bio substrate, polygon, ecology, eco-dependent diseases

Introduction. The influence of one of the components that determine the intensity of the ecological
situation of prolonged ionizing radiation on the body, in general, has been sufficiently studied. Technogenic
radioactive contamination of the external environment has a radiation effect on flora and fauna, including
humans [1,2,3]. Anthropogenic disturbance of the earth’s crust is accompanied by the redistribution and
concentration of natural radionuclides. Radionuclides entering the biosphere become a source of external,
contact and internal radiation in a variety of combinations [4,5,6]. EPR dosimetry is a technique that allows
a retrospective assessment of an individual dose to be made. The electron paramagnetic resonance (EPR)
method is based on the resonant absorption of a microwave (microwave) field by a sample containing unpaired
electrons (free radicals, paramagnetic ions, hydrogen and oxygen atoms, etc.), placed in a magnetic field of
a certain value. The value of tooth enamel for EPR dosimetry is due to the fact that when it is irradiated, free
radicals (CO?) arise, the lifetime of which at +25 degrees is 107; the concentration of these free radicals is
proportional to the absorbed dose up to certain values.

Materials and methods. We have studied the indicators of the general morbidity of the adult population
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in two districts of the West Kazakhstan region, adjacent to the Kapustin Yar landfill: Bokeyordinsky and
Zhanibeksky. The total morbidity, maternal and child mortality rates were taken from the annual reports of
medical institutions and data from the WKR Department of Health. The main indicators of dental morbidity
(prevalence, intensity of caries) are also presented by the statistical data of the regional dental clinic.

In these settlements, 30 people were examined in indicator groups to determine the radiation doses. Individual
radiation doses were studied in samples of extracted teeth from residents living near the Kapustin Yar test site
for 10 and more than 30 years using EPR dosimetry. The basics of EPR dosimetry were described in [7,8]. To
determine the absorbed dose by the EPR method, the EPR spectrum of the original enamel was recorded, then
4-5 irradiation with known doses was carried out on a calibrated gamma source, then the EPR spectra were
recorded. The EPR spectra were measured using an upgraded IRES-1001 spectrometer (2014) operating in the
3 cm wavelength range. Measurements of the beta and gamma activity of tooth powder were carried out on
the Progress complex (2013), designed to measure beta and gamma emitting nuclides in counting samples by
the spectrometric method. The activity of the radionuclide in the sample used was determined by processing
the obtained spectrogram using a special program that allows identifying radionuclides and determining the
activity of the corresponding radionuclides in the sample.

Research results. EPR dosimetry results. In our experiment, the doses of additional gamma radiation were
150, 350, 550, 750 rad (100 rad = 1 gray). The EPR spectra of an unirradiated sample and a sample irradiated
with the indicated doses were recorded. Further, the dependence of the intensity of the EPR signal of the tooth
enamel on the dose of the received radiation was built. As an illustration, the figure shows the dependence of
the amplitude of the EPR signal of the enamel of the teeth of two regions (curve 1 - Bokeyordinsky, curve 2
- Zhanibeksky). Determination of the absorbed dose is described in materials and methods. The actual values
are shown in figure 1
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line 1 - Bokeyordinsky district, line 2 - Zhanibeksky district
Figure 1 - Relative dose values depending on the amplitude of the EPR signal of tooth enamel.

From figure 1 it follows that the relative values of the doses received, depending on the amplitude of the
EPR signal of the enamel of the teeth of the two regions, practically do not differ. Noteworthy is the fact that
the dose from 25-30 rad and more, found in residents of the surveyed regions, on average, exceeds the average
dose for similar territories [9,10,11,12]. To determine the activity of radionuclides in the hard tissues of teeth,
we carried out measurements of beta and gamma activity in the radiological laboratory of the Scientific and
Practical Center for Sanitary and Epidemiological Expertise and Monitoring, Alma-Ata, Kazakhstan. The
results are shown in Table 1.2.

Table 1 - Activity of radionuclides in hard tissues of teeth of residents of Bokeyorda region of WKR

Radionuclide Activity Absolute activity value Confidence test
Bq \ kg raw sample Bq/kg (P>;<0,95)
Csl?7 Less than 49 14.0 £35 =0,5
K40 Lessthan3.2e+0.2 0.1 £318 #0,5
Ra2% Less than 95 19.6 £75 >0,5

Sampling date: 01.08.2018
14
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Table 2 - Activity of radionuclides in hard tissues of teeth of residents of Zhanibek district

Radionuclide Activity Absolute activity value Confidence test
Bq \ kg raw sample Bq/kg (P>;<0,95)

137 Cs Less than 32 12.0 £32 >0,5

40 K Less than 6.6 ¢ +0.2 314.0 £346 <0,5

226 Ra Less than 12 € +0.2 40.0 £76 >0,5

Sampling date: 02.08.2018

As follows from the data of tables 1 and 2 of the inhabitants of the Bokeyorda region with a reliability of
p = 95% in the studied teeth, the beta and gamma activity are less than the natural level and indicates that the
content of radionuclides in the studied teeth is not higher than their natural level. In turn, a noticeable excess
of the activity of radionuclides K** and Ra** is noted among residents of Zhanibeksky district.

Analysis of the incidence of the population of the surveyed areas. The negative impact of the landfill is
noted. As a result, the so-called eco-morbidity and mortality from individual causes are increasing. The study
of the morbidity structure of the population showed a significant dependence on the state of the environment
(eco-diseases - circulatory systems, respiratory cancer, congenital malformations, neuropsychic pathology),
which is confirmed by the literature data [ 13]. Infant mortality rates are one of the most important indicators of
the health of the population, primarily of pregnant women, young mothers and their children. We have studied
and calculated infant mortality rates in cities and districts of WKR for 2017-2018 (Table 3).

Table 3 - Dynamics of the decrease in infant mortality in the West Kazakhstan region for 2015 — 2018 years

Ne Years Indicator Absolute decrease Pace diminishing
1 2015 Year 14.9 -10 6.2

2 2016 Year 10.8 -4.1 27.5

3 2017 Year 10,5 -0.3 0.2

4 2018 Year 9.5 -1 9.5

This table gives the characteristics of infant mortality and the trend of the annual decrease in this indicator.
The highest rate of decline was in 2015 and amounted to 27.5%. It can also be seen that the infant mortality
rate in 2015 is the highest in Taipak District (21.1% - the landfill area), and the lowest in Syrym District (12.3%
- in a remote area). It is especially necessary to note the ranking of the infant mortality rate in the Bokeyorda
region: 2015 year - 17.5%; 2016 year - 4.8%; 2017 year - 11.3%; 2018 year - 6.6%. Such leaps can be
explained by environmental problems, unskilled medical care and other reasons. Thus, the conducted research
on the analysis of infant mortality showed that from 2015 to 2018 years there is an annual trend towards a
decrease in infant mortality both in the region and in the surveyed districts. These results are confirmed by the
literature data. The results of the study carried out by E.U. Kuandykov et al. [14,15,16,17,18] indicate a high
frequency of perinatal pathology in children born to pregnant women from the risk group by birth to children
with congenital malformations and hereditary pathology.

The discussion of the results. A comparative analysis of literature data shows the presence of similar
effects in areas with increased background radiation of natural and technogenic origin [18-25]. This study was
aimed at assessing the ecological scenario in a semi-arid region located in northeastern Brazil. We measured
the concentration of metals, alpha and beta radiation in water, as well as the concentration of radon in the room
and gamma emitters (U, K and Th). In our studies, we also analyzed the drinking and ground waters of the
surveyed areas [16]. The results, as noted by the authors of this study, emphasize the role of high background
radioactivity can help explain the exacerbation of cancer incidence in such areas. In work [9,10,11,12,15],
similar to our work, several methods of presenting the results of gamma-spectrometric measurements of
environmental samples for calculating doses are presented and discussed. It has been shown that the primary
measurement results, modified according to the quantification limit, can lead to an underestimation of the
annual dose. On the other hand, the best estimates lead to an overestimation of the annual dose. Annual doses,
calculated from measurements obtained in accordance with an EC-recommended procedure that does not
deal with uncertainties, fluctuate between underestimated and overestimated depending on the frequency of
measurements exceeding the detection limit. As the authors note, the average value based on the results of
primary measurements is about 80%. The mean value obtained by Bayesian hindsight by 85% and treatment
according to the EC recommendation underestimates the value of the annual radiation doses by 89% at
Zhanibek district.

Conclusion. 1. In residents of the Bokeyorda region, with a reliability of p = 95%, the beta and gamma
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activity in the studied teeth samples is less than the natural level and indicates that the content of radionuclides
in the studied teeth samples is not higher than their natural level.

2. A noticeable excess of the activity of radionuclides K* and Ra?*® is noted among residents of the
Zhanibeksky district.

3. In the region, there is an unsatisfactory state of health of children and women, especially of fertile age, a
high level of primary morbidity, maternal mortality, there is a tendency for an increase in eco-dependent human
diseases (previously unrecorded forms of cancer, congenital malformations, diseases of the hematopoietic and
nervous systems). The conclusions can be used to implement measures to improve the ecological state of the
region and the health of the population.
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AJIAM TICIHIH SMAJIIH KOPIIATAH OPTAHBIH PAIUALUAJIBIK JIACTAHYbI
CAJITAPBIH BAFAJIAYFA TECT PETIHJIE HAHJAJIAHY

Annorauus. Kopiiaran opTaHblH aHTPONOTEHIIK JIaCTaHybl PaAHalUsIHBIH OCIMIIKTEp MEH jKaHyapiap
oleMiHe, COHBIH iMIiHIE agaMaapra ocepiH Turizendi [1]. DIeKTpoHAbl MapaMarHUTTIK Pe30HaHC Heri3iHaeri
JO3UMETPHS — OYJI )KeKe J03anapasl peTPOCIIeKTHBTI Oaranayra MyMKiHAIK 6epeTiH axic. XKymbicta bartsic Ka-
3aKcTaH oONbIChIHBIH JKoniOek xone bekeiliopaa aynannapeina ipresnec Kanyctun Slpra aynannapsl 3epTTeni.
[amma-coynenenyi eniiey MOJUTOHHBIH MEPUMETPi OOMBIHIIA JKOHE KAaKbIH OpHAJIACKAH el MeKeHAepe
paauanus aexreiii 0,06-0,14 m3B/car 1ierinae eKeHiH KOpceTTi. PainoakTHBTIIIK JEHIeHiHIH IIaMaJibl apTYhI
Bexeit Opaace! aynaHbIHAAFBI 36IMBIPAHAAPBIH KYJIaybIHA JKaKbIH jKkepae cakranansl. CoHmai-ak, ochbl ayaaH-
Jap/iarbl epeceK TYPFhIHAAP/BIH aHa MeH 0aja eJliMiHe KaThICThI JKaJIbl CHIPKATTaHyIIBUIBIK KOPCETKIITepi
3eprrengi. OOIBICTBIH TEKCepUIreH aydaHAapblHaa Oananap MeH SWenjepaiH, acipece GpepTUiIbIi KacTarhl,
JCHCAYJBbIFBIHBIH KaHAFaTTaHFBICHI3 YKai-Kyii, 0acTaIrKbl ChIPKaTTaHyIIbIIBIKTBIH, aHa ©JIIMiHIH KOFaphl ACH-
reiii OaiiKasnapl; aJJaMHBIH SKOJIOTHSFA TOYeI Al aypyJaapblHbIH ocy ypaici Oalikanaasl (OypbiH TipKEIMEHTIH,
TBK, xaH eHzipy oHe KYHKe Kyieci aypyaapsl). AJIbIHFaH HOTHKEIEPIi OHIPAIH SKOJIOTHSIIBIK JKal-KYHiH
aHBIKTayFa JKOHE XaJIbIKTBIH JCHCAyNbIFbIH JKaKcapTy MKOHIHJETI ic-mapanap/sl iCKe achlpy YIIiH Haijana-
HBLTyFa OONajabl.

Tyiiinai ce3aep: patnoHyKIUATED, pAANOAKTUBTIK, OMOCYOCTpAT, OJIUIOH, YKOJIOTHSIFa Tayeli aypyJap.
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3MAJIb 3YBOB UYEJIOBEKA KAK TECT JIJISI OIEHKHM MOCJEJICTBHI
PAIMAIIMOHHOI'O 3ATPA3HEHUSA CPEbI OBUTAHUSA

AHHoTanus. TeXxHOreHHOe PaJMOaKTUBHOE 3arpsi3HEHNE BHEITHEN cpe/ibl OKa3bIBaeT pajlalliOHHOE BO3-
JeficTBHE Ha pacTUTENbHBIN U KUBOTHBIH MHp, B TOM YHCJIE U YeJIOBeKa. PalHOHYKIUABI, TOCTYNAIOIINE B
ouocdepy, CTaHOBSATCSI HCTOYHUKOM BHEIIHET0, KOHTAKTHOTO U BHYTPEHHETO O0JIyUeHHS B CAMBIX PA3THUHBIX
coueraHusx. [losumerpus Ha ocHoBe DIIP sBiseTcs MeTon0oM, KOTOpas MO3BOJIAET CAETIaTh PETPOCIEKTHB-
HYIO OLEHKY WHAWBUAYaIbHON 036l [IpoBeneHO peKOrHOCIMPOBOYHOE M PaAH03IKOIOrHYecKoe 00cIe0Ba-
HUE 00BEKTOB OKPY’KalOIIEel Cpeabl C UCTIONIb30BAHUEM aHATUTHYECKUX METOJHK, YTO TIO3BOIHIIO ONPEICIUTh
KOJIMYECTBEHHOE COJIEp’KaHNE TOKCHUYHBIX KOMIIOHEHTOB, IIPUOPUTETHBIX 3arpsA3HUTENECH U PaIUOAKTHBHBIX
n3oronoB. OObEKTaMH HCCIIEAOBAHUS SBIAIOTCS palionsl 3amagHo-Kazaxcranckoii oonactu (3KO) Boxkeiiop-
OUHCKUH 1 XKannOekckuil, npuineratomue K nonurony Kanyctun fp. M3yyenst 3nadennst 00beMHON aKTUBHO-
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CTH MIPUPOAHBIX M TEXHOT'CHHBIX PaJMOHYKIINAOB B po0ax MOYBHI, MUTHEBOM BOABI U OHOCyOcTpaTax (3yObl,
00pasipl nepudepruueckoil KpOBH YeJIOBEKa) N3 HACEICHHBIX TyHKTOB 00CIIEIOBAHHBIX PaiioHOB. M3MepeHus
raMMa-M3Iy4eHUH MoKa3aiu, 4To [0 NEPUMETPY TEPPUTOPUH MOJUIOHA U B OJNM3JICKAIUX HACEICHHBIX MyH-
KTax ypoBeHb paauanuu HaxoxuTcs B mpeaenax 0.06—0.14 mx3B/4. HeznaunrenbHOE MPEBBIICHUE YPOBHS
PanMoaKTUBHOCTH COXpaHseTCsl BOMU3MU MajeHus pakeT B bokeilopauHckoM paiione. M3ydeHbl Takxke Mmoka-
3aTeny oouiel 3a00J1eBaEMOCTH B3POCIOT0 HACEICHHSI MaTEPUHCKON U IETCKOM CMEPTHOCTH YKa3aHHBIX paii-
OHOB. YCTaHOBJIEHHBIE y KuTenell bokelopauHCKOro paioHa ¢ J0CTOBEPHOCTHIO P=95% B HCCIEOBaHHBIX
3y0ax OeTTa M raMMa-aKTHBHOCTh MEHbILE €CTECTBEHHOTO YPOBHS M CBUAETEIBCTBYET O TOM, YTO COAEpIKa-
HUE PaJHOHYKJIHIOB B HCCIIEIOBAHHBIX 3y0ax HE BBIIIE WX €CTECTBEHHOTO YPOBHS. 3aMETHOE MPEBBILICHUE
aKTUBHOCTH paguonykiunoB K* u Ra??® ormewaercs y xureneii Kanubekckoro paiiona. B o6cnenoBaHHbIX
paiioHax o0nacTy OTMeuaeTcs HeYIOBJIETBOPUTEIBHOE COCTOSTHIE 3I0POBbs IETeH 1 KEHIIUH, 0COOEHHO (hep-
THJILHOTO BO3pacTa, BHICOKUH YPOBEHb MEPBUYHOM 3a00J1€Ba€MOCTH, MaTEPHHCKON CMEPTHOCTH; OTMEYaeTCsl
TEHJICHIIMSI POCTa SKO3aBUCUMBIX O0JIe3HEW uesioBeKa (paHee He perucTpupoBaHHbIe (OPMBI OHKO3a00JIeBa-
nuii, BIIP, Oone3Heil KpoBeTBOPHOH, HEPBHOW cHCTeM). BBIBOIBI MOTYT OBITH UCTIONB30BaHBI TSI peaTn3atun
MEPONPUATHHN 110 YIIYYIIEHUIO SKOJIOTHYECKOTO COCTOSIHUS PETHOHA U 3J0POBbsl HACEICHUSI.

Ki1ioueBble ciioBa: paguoHYKIUIBL, PaAHOAKTUBHOCT, OMOCYOCTpaT, IOJIMTOH, SKOJIOTHS, IKO3aBHCUMbBIE
Oone3Hu.
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