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A. 1. CeBanbHeB, A. B. Kynakis

3anopizvkuil depicasHuil meOuuHuUl yHigepcumem, Kageopa 3a2anibHoi eicieHu ma ekonoeii,
26 np. Maskoecvkoeo, m. 3anopincucs, Yipaina

ITPOBJEMM PAJTIALIIMHOI BE3NEKH HACEJTEHHSA
3AIIOPI3LKOI OBJIACTI, IKE 3A3HAE OITPOMIHEHHA
BIJI OCHOBHUX JXEPEJI 3A OIJIAAOM JITEPATYPAU

MpoBeaeHo aHani3 HayKOBOT NiTepaTypu 3 METOI y3arajbHEHHS AaHuX baraTopiyHMx LOCnifKeHb 3 pagioekonorii ce-
PefOBULA XKUTTERIANLHOCTI HaceneHHs 3anopi3bkoi obnacti. HaBefeHo pesynbTaTu AOCHIAMXEHb WOAO OCHOBHMX
AXepen pafioakTUBHOrO 3a0pyLHEHHs TepUTOpii, PiBHi i CTPYKTYpPY 403 ONPOMiHEHHS HACENEHHS 3a PaXyHOK NPUPOA-
HOT pajiauii, xapuoBOro paLioHy, MefMYHNUX NpoLenyp, OLUiHEHO A030BEe HaBaHTaXKeHHA HaceneHHsA. Po3msaHyTo oc-
HOBHi icHytoui B 3anopi3bKiit 06nacTi pafialuiHi fAxepena, NpMBeLEHO TX XapaKTEPUCTUKK, AaHa OLiHKa CTyMeHs ix
BM/IMBY HA HABKOJIMIWUHE CEPELOBULLE 1 IIOAUHY.

3anopi3bka 06/1acTb po3TallOBaHa B MiBAEHHO-CXiAHIN YacTUHI YKpaiHu i 0co6aMBa CBOEK reomopdosioriyHoto Oy-
LOBOIO, L0 XapaKTepU3yeTbCA HAABHICTIO YKPATHCbKOrO KPUCTANiyHOro MacuBy, 36arayeHoro MiHepanamm 3 nigsuule-
HUM piBHEM MPUPOAHOT pafioaKTUBHOCTI. LM NOACHIOETbCA BeNMKA CKNAf0BA 03U ONPOMiHEHHS HAaCeNeHHs 3a pa-
XYHOK npupofHoi komnoHeHTU. CymapHa cepefHbOpiyHa edeKTUBHA 033 ONPOMiHEHHSA HaceNneHHs 3anopi3bkoi 06-
NacTi 3@ paxyHOK NpUPOLHOT CKNafoBOT — 4,37 M3B, OCHOBHUI BKNAA B L0 A03Y BHOCUTb PafoH-222 — 76 %. PiBeHb
pafoHy-222 B NOBITPi XUTNOBMX NPUMilleHb KONMBAETLCA Bif 37 0 112 bK-M?, npuyomy BiCOTOK NepeBulLeHb HOP-
matusy (100 bk-m?) cknapae Big 8 1o 62 % 3anexHo Bif aAMiHicTpaTMBHOrO panoHy. B cepegHboMy 25 % XKUTNOBUX
bygpisenb obnacti He BignosigatoTs BUMoram HPBY-97 wopo BmicTy pagoHy B noBiTpi npumiweHs. Lle roctpiwe npo6-
NeMa NiaBULLEHOTO ONPOMiHEHHS PajoOHOM MOCTAE ANA AUTAYOrO HaceneHHs. Y 3B'A3Ky 3 GiNbl XKOPCTKUMMU BUMOTa-
mu HPBY-97 wopno BMicTy pagoHy B MOBiTpi npuMilyeHb AOWKiNbHUX HaBYanbHux 3aknagis (AH3) (50 bk-m?) 99 %
npumiwexb [1H3 He BignoBigatoTe HopMaTMBam. [lo3n oNpoMiHeHHs AiTeil 3a paxyHOK pafgoHy 6inbli, HiX y gopocnux,
i CKnapaTb y cepeaHboMy 6,4 M3B Ha pik npu po3kuai 4,3-9,7 m3B.

[pyre micle nicns pagoHy LOA0 ONPOMIHEHHA HAaceneHHs y 3anopi3bKiil 061acTi 3aliMae MefMyHe ONPOMIHEHHS.
AHani3 030BMX HAaBaHTAXeHb Ha NaLiEHTIB 3@ OCTAHHi POKM CBifYMUTL NPO Te, WO piYyHa A03a ONPOMiHEHHS HaceneH-
HS KONMBAETbCA B Mexax 0,86—0,97 m3B-pik™, ycepeaHeHa A03a onpoMmiHeHHs cknagae 0,9 M3B-pik™?, Wwo maixe Ha 50
% 6inblue 3a cepefHbOYKPATHCbKMI MOKA3HUK i NepeBUILYE cepefHbOCBITOBMIA yABiYi.

Y 3anopi3bkKiit 061acTi cymapHa piyHa j03a ONPOMiHEHHS HACeNEHHSA 33 PaXyHOK OCHOBHUX AXKepen BUNPOMiHIOBaH-
HA cknapae 5,0 M3B-pik™, Npu LbOMY OCHOBHUI BHECOK AA€ pafoH-222 — 3,3 M3B i MefiMyHe onpomiHeHHs — 0,9 m3B.
Haii6inbw BM3HAYanbHUM pafialiiHUM (aKTOpPOM ANs HaceneHHs 3anopi3bkoi o6nacTi € pagoH-222 B noBiTpi
NPUMilleHb, KNI CTBOPIOE CEPefHiN CTYMiHb PU3MKY, O € HENPUIHATHUM 1A HACENEHHS i NoTpebye peTenbHoro pe-
rY/I0I0YOro KOHTPOJIIO 33 AOMOMOTOK AePXKABHUX 1 perioHanbHUX Nporpam.

Knio4oBi cnoBa: pagiauiitHuii 3aXucT HaceneHHs, OCHOBHI AxKepena BUNPOMiHIOBaHS, 1031 ONPOMiHEHHSA HaceneHHs.
[pobnemu pagiauiviHoi Meguumny 1a pagiobionorii. 2019. Bun. 24. C. 53—64. doi: 10.33145/2304-8336-2019-24-53-64.
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A. 1. Sevalnev, A. V. Kutsakb«<
Zaporizhzhia State Medical University, 26 Maiakovsky ave., Zaporizhzhiya, 69035, Ukraine

PROBLEMS OF RADIO SAFETY OF THE POPULATION OF THE
ZAPORIZHZHIA REGION WHICH RELATES TO EXPOSURE
TO BASIC SOURCES BY REVIEW OF THE LITERATURE

The analysis of scientific literature is carried out in order to generalize the data of many years of research on radioe-
cology of the environment of the population of the Zaporizhzhia region. The results of researches on the main
sources of radioactive contamination of the territory, levels and structure of radiation doses of the population due
to the natural radiation, diet, medical procedures, and the dose burden of the population are estimated. The main
sources of radiation sources existing in the Zaporizhzhia region are considered, their characteristics are given, the
rate of their influence on the environment and human is given. For this purpose a wide range of official literary
sources and own researches were used.

The Zaporizhzhia region is located in the south-eastern part of Ukraine and remarcable of the geomorphological
structure, which is characterized by the presence of Ukrainian crystalline array enriched with minerals with an ele-
vated level of natural radioactivity. This explains the large component of the radiation dose of the population due
to the natural component. Total medieval efficiency of the population dosage of the Zaporizhzhia region at the
expense of the natural component — 4,37 mSy, the main contribution to this dose is Radon-222 - 76%. The level of
radon-222 in the air of residential premises ranges from 37 to 112 Bg-m™. Moreover, the percentage of exceeding
the norm (100 Bg-m™) is from 8% to 62%, depending on the administrative district. On average, 25% of residential
buildings in the region do not match the requirements of NRSU-97 regarding the content of radon in the air of the
premises. Even more acute problem of the increased Radon radiation appears for the children's population. Due to
the more stringent requirements of NRSU-97 regarding Radon content in the air of premises of preschool education-
aliinstitutions (PEI) (50 Bg-m?), 99% of the premises of the PEI do not match the standards. Doses of children radi-
ation because of Radon are higher than in adults and amounted to an average of 6.4 mSv per year with a spread of
4.3-9.7 mSv.

The second place after Radon exposure to Zaporozhia region is a medical exposure. The analysis of patient dose
loads in recent years suggests that the annual dose of irradiation of the population fluctuates in the range of 0.86 —
0.97 mSv year?, the average dose of irradiation is 0.9 mSv-year?, which is almost 50% more than the average
Ukrainian rate and exceeds the average in the world twice.

In the Zaporizhzhia region, the total annual radiation dose of the population due to the main sources of radiation
is 5.0 mSv-year”, with the main contribution of Radon-222 - 3.3 mSv and medical exposure — 0.9 mSv. Radon-222
in the air of the premises is the most important radiation factor for the population of Zaporizhzhia region, which
creates an average risk level that is unacceptable for the population and requires careful regulatory control with the
help of governmental and regional programs.

Key words: radiation protection of the population, main sources of radiation, radiation dose of the population.
Problems of radiation medicine and radiobiology. 2019;24:53-64. doi: 10.33145/2304-8336-2019-24-53-64.

PiBHi OINPOMiHEHHSI HaceJEHHS 3ajiexKaTh BiJl OaraTb- he levels of exposure to the population depend
OX UMHHMKIB — reorpa@iyHoOro po3rairyBaHHS MiC- on many factors — the geographical location
IIEBOCTI, €KOJIOTIYHMX O0COOJIMBOCTEN TepuTopii, pamio-  of the area, the ecological features of the territory,
HY XapuyBaHHSI, HasSIBHOCTi TpOMUCIIOBUX mignpueMcTB,  the diet, the existence of industrial enterprises that
110 BUKOPUCTOBYIOTH JIXepeja iOHi3ylouoro BHUII-  use sources of ionizing radiation, the location of
POMiHIOBaHHSI, po3TalllyBaHHsI JOOYBHUX i IepepobHMX  extractive and processing enterprises, as well as
MiAITPUEMCTB, a TAKOX TEXHOTEHHOTO HaBaHTaXXeHHS 3a  man-caused loading at the expense of enterprises
paxXyHOK BiIXOIiB TiANPUEMCTB 3 BUCOKMM BMmicToM  with high content of natural uranium radionu-
MPUPOIHUX PAdiOHYKJITiAiB ypaHOBOTO i TopieBoro psniB.  clides and thorium series.

D Alla Valerievna Kutsak, e-mail: alla758@ukr.net
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REVIEWS

Kpim Toro, HacesaeHHS 3a3HA€ OIPOMIHEHHSI IIPY BUKO-
PUCTaHHI xKepes i0Hi3yI0uoro BUITPOMiHIOBAHHS B MU -
LIMHI, TPUYOMY B OCTaHHI POKH, 32 paXyHOK BITPOBAJI>)KE€H-
HS MepeIOBUX BUCOKOMO3HUX iIHHOBALIMHUX TEXHOJOTIM
(KoMIT'10TepHA PeHTreHiBChbKa ToMorpadisi, aHriorpadis),
BiI3HAYAETHCS 301LIbIIEHHS 03 ONPOMiHEHHS MaLli€EHTIB.

3a manmmy HaykoBoro KoMiTeTy 3 1Iil aTOMHOT pasialrii
OOH cepenHbocBiTOBa piuHa A03a OMPOMiHEHHS JIIO-
JIVHM BiJl yCiX YMHHUKIB cKiamae 5,2 M3B - pik' [1, 2].
I[Ipy upoMy IIpupogHA KOMIIOHEHTA 3 ypaxXyBaHHSIM
TEXHOT€HHO-TIiICUJIeHOTO (DOHY BHOCUTbH B CyMapHY
o3y 4,2 M3B - pik™', a B Hiif OCHOBHOIO CKJIaJJOBOIO € pa-
J0H-222 — 1,5 M3B - pik™.

B VkpaiHi cymapHa 103a ONpOMiHEHHS HaceJieH-
Hs memro 6inbia i ckiagae 5,9 M3B - pik! [3], a BHe-
COK MPUPOJHOI CKJIadOBOI 3 ypaxyBaHHSIM TeXHO-
TeHHO-MiACUJIEHOTO (POHY 3HAUHO BUIIUU i TOCsATAE
5,1 M3B - pik’!. YacTka pagoHy-222 B Hiii CTAHOBUTH
2,4 M3B - pik’.

MeauyHi npouenypu B CBiTi BHOCSTh IPYTUil 3a Be-
JIMYMHOIO BKJIAJ B ONMpPOMiHEeHH jroneit [2, 4]. B Yk-
paiHi, 3a JaHUMU [HCTUTYTY rpoOMaaCbKOro 3A0POB’S
iMm. O.M. Map3eeBa HAMH VYxpainu, no3a onpoMiHeH-
HS BiJ MeIMYHOI AiarHocTUKM ckiagae 0,5 M3B - pik’!,
1o nopiBHIOE 7 % Bin yci€l 1o31M ONpOMiHEHHS Hace-
JIeHH4 [5].

3p0o3yMiso, 1110 0COOIMBOCTI TeorpadiyHOTrO po3Tally-
BaHHS PeTiOHIB HaIlIOl KpaiH! Ta KUTTEiSUILHOCTI Hace-
JIECHHSI B HUX XapaKTepU3YIOTh i pi3HOMAHITHICTh pajia-
LifHOTO BIUIMBY Ha HACEJICHHSI, TOMY IyXKe BaKJIMBO
MaTHu iH(pOpMAallifo TPO OCHOBHI YMHHUKHW OITPOMIiHEHHS
HaceJIeHHsI B OKPEMUX perioHax KpaiHu s po3poOKu
3aXOMiB IIOAO IX 3HMKEHHS.

IIg npobiema ocobaMBO akTyajibHa ISl 3alopi3bKOi
obiacTi, e poaTamioBaHa Haibineimra B €Bpomi 3a-
nopi3zeka AEC Ta icHye Bucoka mpupojHa pamialiifiHa
CKJIAZI0Ba 3a PaXyHOK BMXOIY Ha IOBEPXHIO CKEJISICTUX
nopij 3 MiABUIIEHUM BMiCTOM ypaHy i TOpilo.

Meta po0OTH — OILliHKA CY4aCHOTO CTaHy IPOOJIeMM
3a0e3MeyeHHsl pajialliiiHOro 3aXWUCTy HaceJleHHsS 3a-
MOPi3bKOi 00JIACTi Bil OCHOBHUX JIXXepeJ BUIPOMiHIO-
BaHHS.

BbararopiuyHmit KOHTpPOJIb 3a piBHIMU raMMa-(hOHy Ha Te-
putopii 3aropi3bkoi obJyacTi [6] mokasas, 110 BeJIMYMHA
npuponHoro ramma-ony ckiaagae 0,104—0,116 mx3B/rox,
y cepenaboMy — 0,113 MK3B/rom. Y NpUMIlIEHHSIX PiBHI
raMMa-(poHy TPOXM BUIIIi 32 paXyHOK raMMa-BHUITPOMIHIO-
BaHH$ OyaMaTepialliB CTiH Ta IEpeKPUTTS. YcepeaHeHa Be-
JIMYMHA MOTY>KHOCTI MOIIMHEHOI 103M raMMa-BUITPOMi-
HIOBaHHSI B TIOBITpi IpuMillieHb ckiamae 0,122 Mx3B/rox,

In addition, the population is exposed to irradi-
ation using ionizing radiation sources in medicine,
and in recent years, due to the introduction of
advanced high-dose innovative technologies
(computerized X-ray tomography, angiography),
there is an increase in radiation doses of patients.

According to the Scientific Committee on the Ef-
fects of Atomic Radiation, the average annual dose
of human radiation from all factors is 5.2 mSyv - year™
[1, 2]. In this case, the natural component, taking
into account the technogenically-enhanced back-
ground, makes a total dose of 4.2 mSv-year™, and the
main component is radon-222 — 1.5 mSv - year'.

In Ukraine, the total radiation dose of the popula-
tion is somewhat higher and is 5.9 mSv - year' [3],
and the contribution of the natural component, tak-
ing into account the technogenically-strengthened
background, is much higher and reaches 5.1 mSy -
year'. The part of radon-222 in it is 2.4 mSv - year.

Medical procedures in the world make the second
largest contribution to the irradiation of people [4,
2]. In Ukraine, according to the Institute of Public
Health named after O.M. Marzyeyev NAMS of
Ukraine, the dose of radiation from medical diag-
nostics is 0.5 mSyv - year!, which is equal to 7 % of
the total radiation dose of the population [5].

It is clear that the peculiarities of geographical
location of the regions of our country and the life of
population in them are characterized by the diversity
of radiation exposure to the population. In this
regard, it is very important to have information on
the main factors of public exposure in certain regions
of the country to develop measures to reduce them.

This problem is especially relevant for Zapo-
rizhzhia region, where Zaporizhzhia NPP is the
largest in Europe and there is a high natural radia-
tion component due to the rise of rock with high
content of uranium and thorium on its the surface.

The objective of the work is to assess the current
state of the problem of providing radiation protec-
tion to the population of Zaporizhzhia region from
the main sources of radiation.

Long-term monitoring of gamma-background
levels in the Zaporizhzhia region [6] showed that
the natural gamma background value is 0.104—
0.116 uSv/h, on average — 0.113 uSv/h. In the
rooms, the gamma background level is slightly high-
er due to gamma radiation of building materials and
walls. The average power of the absorbed dose of
gamma radiation in the air of the premises is
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a ycepeJHeHa MOTYXKHICTh MOMIMHEHOI 1031 B IOBITPi Ha
Binkpuriit micueBocti — 0,113 Mx3B/roz.

JocmimkeHHS pagioaKTUBHOCTI 00 ’€KTiB HaBKO-
JIMIIHBOTO cepeaoBuIla [7] CBiTUMTH MpPO Te, 10 BMICT
'¥7Cs Ta *Sr B MUTHIll BOJi MOBEPXHEBUX JIXKEPES BOIO-
TMocTavyaHHs, a came p. AHimpo, 3HaYHO MEHIIIe HOPMO-
BaHMX JONYCTUMUX piBHIB (2 Bk - 17') i He Bigirpae Bu3-
HaA4YyHOI poJIi B ONPOMiHEeHHi HaceaeHHd [7].

IITo cTocyeThes Min3eMHUX IXKepeT MUTHOTO BOJIOITOC-
TayaHH$, aHali3 AoCaiJXeHb [8] MmiaATBEepHAXyeE, IO
Halibinblla MpUpoOAHA pPadioaKTUBHICTb IpUTaMaHHa
MiA3eMHUM JKepesiaM, PO3MIllleHUM B 30Hi 3aJisiTaHHS
YkpaiHcbkoro kpucrtajaiyHoro MacuBy. [1pupoaHo, 1o i
piyHa 1032 OMPOMIHEHHS 3a pPaXyHOK MUTHOI BOAM 3i
CBEpPIJIOBMH, pPO3TAlllOBAaHMUX B 30HI MOro 3ajsraHH:,
JIOCTaTHBLO BeJIMKa i Moxe gocsiratu rmoHaza 700 Mk3B.

Vi OyaiBenbHI MaTepiaiu, sIKi BATOTOBJISIIOTHCS 3 BU-
KOMHOI CUPOBMHU MAlOTh Ty YU iHIIY NPUPOIHY paaio-
aKTUBHICTb. BMiCT nmpupomHux pamioHyKJimiB y Oymdi-
BEJIbHUX MaTepianax BiIpi3HSIETbCA BEIMKOIO Pi3HO-
MaHiTHicTI0. CepeaHi MUTOMi aKTUBHOCTI MPUPOAHUX
PagioOHYKJIiiB Y Pi3HMX BUKOMMHUX MaTepiajiaxX 3ajeXaTb
BiJ, pOJOBUIL, 3BiIKM BUKOPUCTOBYETHCSI MiHepajibHa
cUpoBHHA. 3rimTHO 3 TaHuMU [9] eheKTUBHA ITMTOMA aK-
TUBHICTb TIPUPOJHUX PATiOHYKIIiIiB Y TPaHITHOMY Ile-
OeHi 3amopi3bKuX Kap’epiB KOJUBAEThCS B Mexkax 101—
438 bk * KI!, mpy LIbOMY B I€IKUX 3 HUX TIEPEBUILLYE 10-
nyctumuii HopMmaTtus 370 Bk - xr™'. Illo cTocyeTbcest Oymi-
BEJIbHUX MaTepiaiiB i BiTXoiB BUPOOHUIITBA 3aIopi3b-
Kol 00s1acTi, sIKi BUKOPUCTOBYIOThCSI B OYHiBHMLTBI, iX
pagioaKTUBHICTh KOJMBAETHCA B Mexax 65—335 bk - kr!
1 MIpaKTUYHO HE TePEBUIIYE BCTAHOBJIEHI HOPMATUBU.

Y 70—80-x pokax MMHYJIOTO CTOJITTS B 3’SIBUJIACS
HM3Ka HAyKOBHX IIpallb, MIPUCBIYCHUX OILIIHII J030-
BMX HaBaHTaXXeHb, 0O0yMoBieHUX Buknaamu TEC B
atMocdepy npuponHux pagionykainis (ITPH). Ilpo-
BOAWJIVICSI IOCJIIKEHHSI i B pailoHI po3TallyBaHHS
3anopizbkoi TEC [10—12]. BcraHoBiaeHo, 1mo 3a-
nopi3zpka TEC Ha Toi1 yac mopiuHo croxkuBana 3,8
MJIH TOHH BYTIJUISI Pi3HUX POAOBMII i BUKKUAANIa B aT-
mocdepy 16,5 tuc. ToHH 3o0iau npu KKJ enexrt-
podinbrpiB 95—98 %. BinnmoBigHo 10 06’€My BUKHIY
30JI1 i 3 ypaxyBaHHSIM INUTOMOI aKTUBHOCTi pamio-
HYKJIiJiB po3paxoBaHa aKTUBHICTh KOXXHOTO PaJiOHYK-
Jlifa, 10 BUKUAAIOTHCS B aTMOCGhepy MPOTITOM POKY
3anopizpkoio TEC. Ix akruBHicTp ckianma: *Ra —
103,9 mKi, *?Th — 107,2 mKi, K — 833,2 mKi, *°Pb —
198,0 mKi [11].

Busnavanace Takox KoHueHTpalis okpemux [TPH B
aTMoc(epHOMY MOBITPi Ta HAKOMUYEHHS iX Ha I'PYHTI,
pospaxosani Ha 1 I'Bt (ex) motyxxHocri (Tabsm. 1).

0.122 uSv/h, and the average power of the absorbed
dose in the air in the open area was 0.113 uSv/h.

The study of radioactivity of environmental
objects [7] shows that the content of '¥’Cs and *°Sr in
drinking water of surface water sources, namely the
Dnipro River, is significantly lower than the normal-
ized permissible levels (2 Bq - L") and does not play
a prominent role in irradiation of the population [7].

With regard to underground sources of drinking
water supply, the analysis of studies [8] confirms that
the largest natural radioactivity is inherent in under-
ground sources located in the zone of occurrence of
the Ukrainian crystalline massif. Naturally, the annu-
al dose of irradiation at the expense of drinking water
from wells located in the zone of its occurrence, is
quite large and can reach more than 700 uSv.

All building materials made from fossil raw mate-
rials have one or another natural radioactivity. The
content of natural radionuclides in building mate-
rials is very diverse. The average specific activity of
natural radionuclides in various fossil materials
depends on the deposits from which mineral raw
materials are used. According to the data of [9], the
effective specific activity of natural radionuclides
in the granite gravel of Zaporizhzhia quarries
varies from 101 to 438 Bq - kg!, while in some of
them the permissible norm is 370 Bq - kg
Regarding, building materials and waste products
produced in the Zaporizhzhia region, which are
used in construction, their radioactivity ranges
from 65—335 Bg/kg-1 and practically does not
exceed the established norms.

In the 70—80™ of the last century, a number of sci-
entific papers devoted to the assessment of the dose
loads caused by TES emissions into the atmosphere
of natural radionuclides (PRNs) appeared in the lit-
erature. Studies were also conducted in the
Zaporizhzhia TPP location [10—12]. It was estab-
lished that Zaporizhzhia TPP annually consumed
3.8 million tons of coal from different fields and
emitted 16.5 thousand tons of ash at an efficiency of
95—-98 % of electric filters. According to the amount
of ash emissions and considering the specific activity
of radionuclides, the activity of each radionuclide,
which is emitted into the atmosphere during the year
by the Zaporizhzhia TPP, is calculated. Their activi-
ty was: 2*Ra — 103.9 mKi, *?Th — 107.2 mKj, “K —
833.2 mKi, ?""Pb — 198.0 mKi [11].

It was also determined that the concentration of in-
dividual PRNs in the air and their accumulation on
the soil, calculated on 1 GW (electric) power (Table 1).
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Ta6nmusa 1

Konuentpauis B nositpi MPH i ix HakonuyeHHA Ha IPyHTI HomiHanbHOT TEC, noTyxHicTio 1 BT (en)
Table 1

Concentration in air of PRN and their accumulation on the basis of nominal TPP, power of 1 GW (EL)
MapameTtp / Parameter 226Ra 228Ra 210ph 210pg 232Th 40K
KoHueHTpaLlisi B noBiTpi, Bk/n 6,3- 108 41-108 1,5-107 1,4-107 6,3- 108 -
Concentration in air, Bq/L

HakonuyeHHs Ha rpyHTi, Bk 3,9-10" 9,210 1,2-10% 7,0- 10" - 3,9-10"

Accumulation on the ground, Bk

s mopiBHSIHHS BUBYaBCS BMicT *Ra B atmoc-
¢epHOMY MOBITPi, A€ pO3TallIOBaHi BEJIUKi MPOMMUC-
JIOBi migmpueMcTBa i B paliOHi TemaoeaeKTPOC-
taHuii [12]. OrpuMmaHi pe3yJbTaTu MpeacTaBieHI Y
Tabi. 2.

Ta6nuusa 2

For comparison, the content of **Ra in the
atmospheric air, where large industrial enterprises
are located and in the district of the thermal power
plant [12], was studied. The obtained results are
presented in the table 2.

MopiBHANbHA papiauiiHo-ririeHiyHa xapakTtepuctuka Bukupgis MPH BenuKux npomncnoBux mignpuemcrs m.

3anopixkA i TennoBoi eneKTpocTaHuii
Table 2

Comparative radiation and hygienic characteristic of emissions of PRNs of large industrial enterprises of

Zaporizhzhia and thermal power plants

PaitoH cnocTepexeHHs Piynuit Bukunp, Ki

LLinbHicTs BUNagiHb  KoHueHTpauia B noBiTpi, HakonnyeHHs Ha IpyHTi
3a 1 mic., mKi/km?

10—-18 Ki/n 3a pik, Ki

Surveillance area Annual release, Ki

Density of precipitation
for 1 month, mKi/km?

Accumulation on the soil
for the year, Ki

Concentration
in the air, 10—18 Ki/L

Benuki npomucnosi nignpuemcTea 0,425 0,17 2,3 2,04
Large industrial enterprises

3anopisbka TEC 0,226 0,13 1,5 1,56
Zaporizhzhia TPP

BcraHoB€HO, 110 B MICTi, Jie¢ pO3TalllOBaHi BEJMKi
MeTalypriiiHi MiAOpUeEMCTBA, BUKMAAETHCS B aTMOChe-
py Maitxke yaBidi Ouibire 2°Ra, HiX B pailoHi po3Taliy-
BanHg TEC.

BB pagialiii Ha opraHi3Mm JIOAWHU TIPU 3HAXOI-
JKEHHi B MPUMIlllEHHI CKJIaJa€eThCS i3 30BHIIIHbOTO Ta
BHYTPIIITHHOTO OIIPOMiHEHHS. 30BHIITHE OTIPOMiHEHHS
B IIPUMIIIIEHHSIX CTBOPIOETHCS 3a PaXyHOK IraMMa-BUII-
POMIHIOIOUMX TPUPOTHUX PAAIOHYKIiAiB, HAsIBHUX Y
OymiBenbHUX MaTepianax. BigmoBigHo, yuMM OiIbIINI
BMICT LIMX PaJiOHYKIiAiB, TUM BMILi piBHi raMMa-BUII-
pOMiHIOBaHHS. BHYTpilllTHE OTIpOMiHEHHSI CTBOPIOETh-
csl paAOHOM IPU MOTPAIUISIHHI IOTO B OpraHu AUXaHHSI.

BumMiproBaHHS paloHY B ITOBITPi OJHOMOBEPXOBUX OY-
JWHKIB ITpoBOAMIIoCch B 11 paitoHax 3amopi3bKoi o0acTi
[13]. BusnaueHo, 1o piBeHb pamoHy-222 B TMOBITpi
MPUMIILIEHb XXUTJIOBUX OYAWHKIB KOJTUBAETHCA Bif 37 10
112 Bk - M. Bincotok nepeBuilieHb HOPMATUBY, 3T1IHO 3
HPBY mia xumiosux npumimiens (100 Bk - M), craHo-

It was established that in a city where large met-
allurgical enterprises are located, the atmosphere
is almost twice as much as *Ra than in the vicini-
ty of the TPP.

The effect of radiation on the human body when
one located indoors consists of external and inter-
nal radiation. Exterior irradiation in premises is
created at the expense of gamma-emitting natural
radionuclides available in building materials.
Moreover, the higher the content of these radionu-
clides, the higher the levels of gamma radiation.
Internal radiation is generated by radon when it
enters the respiratory system.

Measurement of radon in the air of one-storey
houses was carried out in 11 districts of Zaporizhzhia
region [13]. It is determined that the level of radon-
222 in the air of residential buildings ranges from 37
to 112 Bq - m™. Percentage of exceeding the norm,
according to the NBU for residential premises (100
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BUTDL Big 8 10 62 % 3ayexxHo Bin paiioHy. B cepeqHbomy
25 % xuTioBux OymiBeb 00JACTi HE BiMOBIAAIOTH BU-
moram HPBY-97 mono BMicTy pamoHy B IIOBIiTpi Ipu-
MillleHb.

KpiM XUTIOBUX TpUMIillleHb, TOCTIIKEHHS BMIiCTY
pagoHy IPOBOIMIIMCS Y JOIIKUJIBHUX HaBYaJIbHUX 3aK-
nmamax (JIH3) 3amopi3pkoi o6macti [14]. BctanoBneHo,
o 99 % npumimens J1H3 He BianoBinaroTh HOpMaTH-
BaM, ockiibky BuMoru HPBY-97 mono BMicTy pagoHy
B MOBiTpi NpUMilleHb AOLIKIIbHUX HaBYAJIbHUX 3aK-
nmaniB (50 Bk - M) € OUIBII XXKOPCTKUMMU.

CepenHbo3BaxXeHa e(MEKTHMBHA J03a OIPOMiHEHHS
HaceJIeHHs 3a paxyHOK pafoHy ckjaga€ 3,3 M3B * pik’,
B OKpeMMX palfoHax lieii ToKa3HUK Bapitoe Bia 2 g0 5,4
M3B - pik™'. Po3noain ctaTcTUYHUX MapaMeTpiB OTPH-
MaHUX 3HAY€Hb CBITYMTH IPO 3HAYHY BapiaOejbHiCTh
PiBHIB pajoHy B OKpeMUX MicTax i palfoHax 3amopi3b-
KO1 001acTi.

Jlo3u onpoMiHeHHS AiTel 3a paXyHOK paJloHy OiIbIlIi,
HiX Y TOpOCJIMX, i CKJIaJaloTh B cepeaHboMy 6,4 M3B -
pik™' mipu poskuni 4,3—9,7 m3B. IpyHTyI0O4UCH HA pe-
3yJibTaTax IIpoBeJeHOlI po0oTu, OyJio po3pobJieHO
KOMILJIEKC IMPOTUPATOHOBUX 3aX0/IiB, CIIPSIMOBAaHUX Ha
3HMKEHHST BMICTY pagoHy-222 B MPUMIIIEHHSIX, 0CO0-
JINBO B JOIIKIJIBHUX HaBUYaJbHMX 3aKiamax. Lli 3axomu
Oyyiu 3aTBepJKeHi ceciero 3anopizbkoi odsacHoi Pagu
y 6epesni 2013 poky i nogatkoBo BKiItoueHi B «[Iporpa-
My 3aXMCTy HaceJieHHsI 3amopi3bKoi oOsacTti Bim mdii
ioHi3yro4yoro BumnpomiHioBaHHS Ha 2011-2015 po-
Ku»[15].

CymapHa cepenHbOpiuyHa e(heKTUBHA 1032 OIPOMiHEH-
Hs HaceJeHHs 3aropi3bKoi 00J1acTi Bil OCHOBHUX JIKe-
pesl mpUPOAHOro IMoxomkeHHs ckiamae 4,37 mM3B [16]
(Tabn. 3), o NepeBUILYE CepeaAHbOYKPAiHChKMIA TTOKa3-
HUK Ha 25 % |3]. OCHOBHUIT BHECOK Y 110 103y Ja€ pa-
noH-222 — 3,3 M3B, 110 ckiagae 76 %.

AHati3 7103 ONPOMiHEHHS 3a paXyHOK pagoHy-222 1o-
Ka3aB, 110 3a paxyHOK IMXaHHS B IIPUMIIIEHHSIX Hace-
JIEHHsI 00J1aCcTi OTpUMYE 103y 3,3 M3B - piK™', a Ipu BXKU-
BaHHi Bogy — 0,13 M3B - pik'.

CTOCOBHO 103U 30BHILLIHHOTO OIPOMiHEHHS Hace-
JICHHSI 3a paxyHOK IIPUPOIHUX JIKepesl, TO BOHA CKJIa-
Ja€ Ha piK B mpuMinieHHsx 0,49 M3B, Ha BiIKPUTiil Mic-
nesocti — 0,15 M3B. [ug 3arajabHOi OLIIHKU 103U
30BHILIHBOIO OMPOMiHEHHS JoJaBajach CKJIaa0Ba KOC-
MIiYHOTIO BMIIPOMiHIOBaHHS, BKJad SKOi B €(hEKTUBHY
JI03Y 30BHIIIIHBOTO OINPOMiHEHHSI HaceJeHHS CKJaJlae
0,3 M38 - pix! [17].

Hpyre Micuie micas pamoHy IIOA0 ONMPOMiHEHHS Hace-
JIEHHSI Y 3amopi3bKiii obsacTti 3aiiMae MeaAUYHE OMPOMi-
HeHHA (Tadm. 4) [18]. AHaji3 1030BUX HaBaHTaXXeHb Ha

Bq - m”), ranges from 8% to 62%, depending on the
area. On average, 25% of residential buildings in the
region do not meet the requirements of NRSU-97
regarding the content of radon in the air of premises.

In addition to living rooms, research on radon
content was conducted in pre-school educational
institutions (PEI) of the Zaporizhzhia region [14].
In connection with the more stringent require-
ments of NRSU-97 regarding radon content in the
air of premises of PEI (50 Bq - m?), 99% of the
premises of the DHS do not meet the standards.

The weighted average effective dose of radiation
from the population at the expense of radon is 3.3
mSyv - year', at the level of individual regions, this
indicator varies from 2 to 5.4 mSv - year'. The distri-
bution of statistical parameters of the obtained values
indicates a significant variability of radon levels in
some cities and districts of the Zaporizhzhia region.

Doses of radiation from children at the expense of
radon are higher than in adults and amounted to an
average of 6.4 mSv - year' at a spread of 4.3— 9.7 mSv.
Based on the results of the work, a complex of anti-
radon measures aimed at reducing the content of
radon-222 in premises, especially in pre-school edu-
cational institutions, was developed. These measures
were approved by the session of the Zaporizhzhia
Regional Council in March 2013 and are additional-
ly included in the Program for the Protection of the
Population of the Zaporizhzhia Region from
Ionizing Radiation for 2011—-2015 [15].

The total annual average effective dose of
Zaporizhzhia region population from the main
sources of natural origin is 4.37 mSv [16] (Table 3),
which exceeds the average Ukrainian indicator by
25 % [3]. The main contribution to this dose is
given by radon-222 — 3.3 mSy, which is 76 %.

The analysis of radiation doses at the expense of
radon-222 showed that due to respiration in the pre-
mises the population of the region receives a dose of
3.3 mSv - year', and using water — 0.13 mSv - year™.

Regarding the dose of external exposure to the
population at the expense of natural sources, it
makes up 0.49 mSv per year and 0.15 mSv in open
areas. For the general assessment of the dose of
external irradiation, a component of cosmic radi-
ation was added, whose contribution to the effec-
tive dose of external exposure of the population
was 0.3 mSv - year [17].

The second place after radon exposure to
Zaporizhzhia region is medical exposure (Table 4)
[18]. The analysis of patient dose loads in recent
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Ta6nuuysa 3
PiyHa po3a onpomiHeHHA HaceneHHA 3anopi3bKoi 06nacTi Bif OCHOBHMX AXKepen NPUPOAHOro NoxoaxeHHA (M3B)
Table 3
Annual dose of Zaporizhzhia region population exposure from the main sources of natural origin (mSv)

. BipcoTku piyHOi £O3M ONPOMIHEHHS ..
HaiimenyBsaHHs Roza HaceneHHs 3anopisbkoi o6nacti, % Ykpaiita [3]

Percentage of the annual dose of .

Name Doses Zaporizhzhia district population,% Ukraine [3]
['aMmMa-oH y npuMitiieHHsix (byamarepianm) 0,49 11,2 0,5
Gamma background in the premises (building materials)
'amma-oH Ha BigkpuTiii MicLEeBOCTi 0,15 3,4 0,15
Gamma background in the open air
KocMiyHe onpoMiHeHHs 0,3 6,9 0,3
Cosmic irradiation
OnpoMiHeHHs paaoHOM-222 Y NPUMILLEHHSIX 3,3 75,5 2,4
Irradiation of 222Rn in the premises
Tp1poaHi pamioHyKian B MUTHINA BOA 0,13 3,0 0,15
Natural radio-nuclides in drinking water
Pasom 4,37 100 3,5
Together

MAalLieHTIB 32 OCTaHHI POKU CBiTYUTH MPO Te, 110 piuHa  Yyears suggests that the annual dose of irradiation of
Jl03a OIMPOMIHEHHSI HaceJIeHHsI KOJUBA€Thcsl B Mexax  the population fluctuates within the range of 0,86—
0,86—0,97 m3B-pik’', moHan 50 % uiei no3u HacenenHs 0,97 mSv/year', more than 50% of this dose is
OTPUMYE 3a paxXyHOK peHTreHorpadiyHoro meromy no-  received by the population due to the X-ray method
CJIiIKeHHS. YcepeaHeHa 103a onpoMiHeHHs HaceneHHs  of researches. The average dose of irradiation of the
3anopi3pKoi 00J1acTi 3a paXyHOK MeIMYHOro ompomi-  population of the Zaporizhzhia region at the
HeHHs ckiagae 0,9 M3B Ha pik, 1110 Maiike Ha 50 % 6in1b-  expense of medical exposure is 0.9 mSv/year, which
1lIe 3a CepeIHbOYKPAiHCHhKMI MOKa3HMK i TepeBuinye is almost 50% more than the average Ukrainian
CepeIHbOCBITOBUI YABiUi. index and exceeds the average world twice.

Ta6nuusn 4
YacToTa peHTreHoAiarHOCTUYHUX AOCNifXKeHb i A03M onpoMiHeHHA HaceneHHA 3anopi3bKoi o6nacri B
2010-2014 pp.

Table 4
The frequency of X-ray diagnostic studies and radiation dose of the population of Zaporizhzhia region in
2010-2014

Bupa peHTreHONoriyHoro AoCHimMKEeHHS Poku / Years B cepegHbomy
X-ray type 2010 2011 2012 2013 2014 In average
Kinbkicte pocnimkeHb Ha ogHy nmioguHy / Number of studies per person

Beboro / Total 1,25 1,36 1,33 1,29 1,29 1,30
PentreHockonis / Radioscopy 0,04 0,03 0,03 0,03 0,03 0,03
PentreHorpadis / Radiography 0,81 0,61 0,67 0,59 0,60 0,66
®niooporpadis / Fluorography 0,63 0,54 0,48 0,46 0,43 0,51
Komn'totepHa Tomorpadis / Computer tomography 0,014 0,018 0,018 0,014 0,018 0,016
Anriorpadis / Angiography 0,002 0,002 0,002 0,002 0,002 0,002
EdektusHa po3a, m38 / Effective dose, mSv

Beboro / Total 0,92 0,94 0,95 0,86 0,97 0,92
PentreHockonis / Radioscopy 0,04 0,04 0,04 0,04 0,04 0,04
PentreHorpadis / Radiography 0,52 0,46 0,49 0,44 0,45 0,47
®niooporpagisi / Fluorography 0,26 0,27 0,24 0,23 0,21 0,24
Kowmn'iotepHa Tomorpadis / Computer tomography 0,082 0,121 0,119 0,090 0,210 0,124
Axriorpadisi / Angiography 0,015 0,047 0,058 0,060 0,064 0,049
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3apasz, 6isbL HixX yepe3 30 pokiB micist YopHOOMIbCHKOT
apapii, TOJJOBHUMU J030YTBOPIOIOYNMU «4OPHOOUIBCHKI-
MW» pamioHyKIigamu € 1e3iii-137 i crponuiii-90, 1mo Haa-
XONISITh B OpPraHi3M JIIOAMHU 3 MPOAYyKTaMU XapyyBaHHSI.
Pesynbsratu pocnimkens [19] mokazanu, mo y 1987 poui,
nicys aBapii Ha YAEC, mo3a BHYTPIillIHBOIO OIMPOMiHEHHS
Oyma nHaioinemoo — 0,074 M3B. B ocranHi pokn BoHa
3HAYHO 3MeHIMach i 3apa3 ckiamae 0,0033—0,0038 mM3B
Ha piK, o B 21 pa3 MeHile, HiX y 1987 poui (Tab. 5).

Ta6nuusa 5

Now, more than 30 years after the Chornobyl acci-
dent, the main dose-forming «chornobyl» radio-
nuclides are '’Cs and *°Sr that enter the human body
with food. The results of studies [19] showed that in
1987, after the Chornobyl disaster, the dose of inter-
nal radiation was the largest — 0.074 mSv. In recent
years, it has significantly decreased and now is
0,0033—0,0038 mSyv per year, which is 21 times less
than in 1987 (Table 5).

[lo3u onpoMiHEeHHA HaceNeHHA 3a PaXyHOK XapyoBMX NPOAYKTIB

Table 5

Doses of radiation from the population at the expense of food products

Poku / Years

HaceneHns, Tuc. oci6 / Population, thousand people

Hosa, m38 / Dose, mSv

1987 2063,6
2010 1876,4
2011 1792,3
2012 1785,9
2013 1777,0
2014 1766,9

0,0740
0,0035
0,0035
0,0033
0,0036
0,0038

Ha TepuTopii obacTi po3ramoBaHa 3aropi3bka aToM-
Ha eJIeKTpocTaHList — Haitbinba AEC B €Bpori. [i Brums
Ha pagioaKTUBHICTb HAaBKOJIMIIIHBOTO CEpeIOBUINA Ta-
Kuii: piBeHb ramMmma-¢oHy Ha Teputopii AEC ckianae
0,08—0,1 Mk3B - roa’!, 1110 He IepeBUIIYE cepeaHiil 00-
JlacHuit mokasHuk 0,15—0,2 Mx3B/rom.

BwmicT niesito-137 i crpoH1ito-90 B OCHOBHUX MPOIYK-
Tax XxapuyyBaHH$ Ta MUTHIil Bofi Ha TepuTopii Kam’sIHCh-
KO-/IHIiNMpOBCHKOTO paiioHy, pO3TAlIOBAHOTO MOOIU3Y
AEC, 3HauHO HVXKYMIA 3a TOIMyCTUMI piBHi [6]. PiuHa mo-
3a OMPOMIHEHHSI HaceJeHHS 3a paxyHOK XapuyoBOTO
paiioHy B 30Hi crioctepexeHHs 3anopidbkoi AEC ckiia-
nae 0,013—0,018 - m3B-pik" [20].

IMocunarouncek Ha pe3yabTaTd TOCTimKeHb [21], MoxHa
KOHCTAaTyBaTH, 1110 Ha CbOTO/IHI CyMapHa 103a OMPOMiHEeH-
Hs1 HacesieHHs1 3anopi3bKoi 001aCTi Bil OCHOBHUX JXKepes
BUIIPOMIHIOBaHHS cKiagae 6113bKo 5,0 M3B - pik’!, npu
1IbOMY OCHOBHMI1 BHECOK Hal0Th pagoH-222 — 3,3 M3B i
MeauyHe onpoMiHeHHs — 0,9 M3B (Tabi1. 6).

ITopiBHIOIOUM pe3yabratv 3 Kiacudikaiiero BOO3,
HaBeneHOIo B [22], cJTi 3a3HAYNTH, IO OiNIBIITICTE pagia-
HiMHUX YMHHUKIB OMNpPOMIiHIOBAHHSI HacelieHHsa 3a-
MOPi3bKOi 00J1aCTi CTBOPIOIOTh HU3LKUI PiBEHb PU3UKY,
NPUAHATHUIA TSI HACEJICHHS.

BomHoyac ompoMiHIOBaHHS paJoOHOM-222 y TIpUMi-
IIEHHSIX CTBOPIOE CEPEeHill piBeHb PU3MKY, IKUI € HEIl-
PUUHSATHUM JUISI HACEJIEHHS, 10 MOTpedye MOoAaIbIIol
POOOTH 1IOI0 3HUKEHHST 103 OMIPOMiHEHHSI.

Zaporizhzhia NPP — the largest nuclear power
plant in Europe — is located on the territory of the re-
gion. Its impact on the environmental radioactivity is
as follows: the gamma background level on the NPP
territory is 0.08—0.1 uSv - h', which does not exceed
the average regional value of 0.15—0.2 uSv - h™'.

The content of cesium-137 and strontium-90 in
the main food and drinking water in the territory of
the Kam’yansko-Dniprovskyi district, located near
the NPP, is much lower than the permissible levels
[6]. The annual radiation dose of the population at an
expense of the diet in the monitoring zone of the
Zaporizhzhia NPPis 0.013 — 0.018 mSv - year™' [20].

Referring to the research results [21], it can be
stated that for today the total radiation dose of the
population of Zaporizhzhia region from the main
sources of radiation is about 5.0 mSv - year, with
the main contribution is radon-222 — 3.3 mSv and
medical irradiation — 0.9 mSv (Table 6).

Comparing the results with the WHO classifica-
tion, presented in [22], it should be noted that the
majority of radiation exposure factors of the popu-
lation of Zaporizhzhia region create a low level of
risk acceptable to the population.

At the same time, exposure to Radon-222
indoors creates an average level of risk that is unac-
ceptable for the population, which needs further
work to reduce radiation doses.
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Ta6auusa 6
[lo3u onpoMiHeHHA i pU3MK BUHMKHEHHA HEraTUBHMX HACNiAKiB ANA HaceneHHA 3anopi3bKoi o6nacti
Table 6
Exposure dose and risk of adverse effectsfor the population of the Zaporizhzhia region
% Pu3auk / Risks
®dakTopy onpoMiHeHHs PiyHa po3a, HPBY-97 My6nikauia 103 MKP3
m3B - pik-1 (0,073 - 387") (0,057 - 387")
(papoH — 0,05 - 38"')  (papoH - 0,088 - 38°")
Annual dose NRSU-97 ICRP Publication 103
Factors irradiation mSv - year-1 (0.073 - Sv'') (0.057 - Sv')
(radon — 0.05 - Sv') (radon — 0.088 - Sv'')
OnpoMiHeHHs pafioHOM-222 B NPUMILLIEHHSIX 3,3 66,1 1,65-10* 2,90-10*
Irradiation with radon-222 indoors
MutHa Bopa 0,13 2,6 9,49-10° 7,41.10°
Drinking water
MeuuHe OnpoMiHeHHS 0,9 18,0 6,57-10° 5,13-10°
Medical exposure
XapuyBaHHs 0,004 0,1 2,92.107 2,28-107
Food
3anopisbka AEC 0,018 0,4 1,31-10°® 1,03-10°
Zaporizhzhia NPP
30BHiLLHE ONPOMIHEHHS! Ha MiCLLEBOCTI 0,15 3,0 1,10-10° 8,55:10°
Exterior irradiation on the ground
30BHILLHE ONPOMIHEHHS! B MPUMILLIEHHSX 0,49 9,8 3,58-10° 2,79-10°
Exterior irradiation indoors
Beboro / Total 4,99 100 2,89-10" 3,87:10"
BUCHOBKHA CONCLUSIONS

3 MeTOol0 OLIiHKM Cy4acHOIr'o CTaHy MmpoOJieMu 3a-
Oe3meyeHHs pafialliifHOro 3aXMUCTy HaceJleHHs 3a-
nopi3bKoi 007acTi Bil OCHOBHHUX JXEpea BUII-
POMiHIOBAaHHSI MPOBEAEHO aHaJlli3 3aKOPAOHHOI i
BITUM3HSHOI JiTepaTypu.

1. 3a ganumu HKJIAP OOH cepeaHbocBiTOBa
piuHa 1032 OMPOMiHEHHS JIOAWHMU Bill yCiX YUHHUKIB
ckiagae 5,2 M3B - pik’'. [1pu 1bOMy NpUPOIHA KOM-
TMOHEHTa 3 ypaxyBaHHSIM TE€XHOI'€HHO-IiJICUIEHOTO
(oHy BHOCUTB B cyMapHy 103y 4,2 M3B * pik ™', OCHOB-
HOIO CKJIaJ0BOIO B Hili € pagoH-222 — 1,5 M3B - pik.

2. B Ykpaini cymapHa g03a orpoMiHEeHHS HaceJIeH-
HS ckiagae 5,9 M3B -+ pik', a BHECOK MNPUPOIHOI
CKJIAZIOBOI 3 ypaXyBaHHSIM T€XHOT€HHO-ITiICUJIEHOTO
dony gocsarae 5,1 m3B - pik'. Yactka pamony-222 B
Hiii ctaHOBUTB 2,4 M3B - pik™.

3. 3a manumu HKJIAP OOH cepennbocBiTOBa
piuHa e(peKTHBHA A03a OMPOMiIiHEHHS Ha Iylly Hace-
JICHHSI 32 paXyHOK MEIMYHOIO OIIPOMiHEHHSI TOCSITaE
0,4 m3B, mo cknanae 7,7 % cyMapHOi 103U OIIPOMi-
HeHH# HaceneHHs. B YkpaiHi, 3a olliHKaMu BiT4u3-
HSIHUX HayKOBLIiB, lLieif moka3HuK ckiagae 0,5 mM3B,
1o JopiBHIOE 7 % Bif ycix AKepesa ONMpOMiHEHHS Ha-
CeJIeHHS1 YKpaiHu.

In order to assess the current state of the problem of
providing radiation protection to the population of
Zaporizhzhia region from the main sources of radia-
tion, an analysis of foreign and domestic literature
was conducted.

1. According to UNSCEAR the average annual dose
of human radiation from all factors is 5.2 mSv - year™.
In this case, the natural component, taking into
account the technogenically-enhanced background,
makes a total dose of 4.2 mSv - year', and the main
component is radon-222 — 1.5 mSv - year'.

2. In Ukraine, the total dose of radiation of the popu-
lation is 5.9 mSv - year', and the contribution of the
natural component, taking into account the technogeni-
cally-enhanced background, reaches 5.1 mSv - year.
The share of radon-222 in it is 2.4 mSyv - year™.

3. According to Scientific Committee on the Effects
of Atomic Radiation, the average annual effective
dose of radiation per capita at the expense of medical
exposure reaches 0.4 mSy, which is 7.7 % of the total
radiation dose of the population. In Ukraine, accord-
ing to the estimates of domestic scientists, this figure
is 0.5 mSv, which is equal to 7 % of all sources of radi-
ation of the population of Ukraine.
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5. BcTaHoBseHoO, 1110 y 3amopi3bKiii 001acTi cyMapHa
piyHa 1032 ONPOMIHEHHSI HAceJeHHS 3a paxyHOK OC-
HOBHUX Kepesl BUTIPOMiHIOBaHHS ckiamae 5,0 M3B -
pik’!, Mpy LIbOMY OCHOBHUI BHECOK JaI0Th pafoH-222 —
3,3 M3B i MeauuHe onpoMiHeHHs — 0,9 M3B. HaitGinbi
BU3HAYAJIbHUM padialliiHUM (DaKTOpOM MIJIs1 HACEIEHHST
3amopi3pKoi obmacTi € pagoH-222 B TIOBITpi MpPUMi-
1LIeHb, 1110 TTOTPedye OCOOIMBOI YBaru i peTeJIbHOTO pe-
TYJIIOI0YOTO KOHTPOJIIO 32 JOIMOMOIOI0 JEepXKaBHUX i
perioHaJIbHUX TIPOrpam.

IMEPCIIEKTUBU ITOJAJBIIINX HAYKOBUX
JOCIIIZKEHD
ITpopoBxxuT poOOTY 1IOAO 3HMXKEHHSI 103 OIPOMi-
HEHHST HaceJIeHHs 3amopi3bKoi 00acTi 3a paxyHOK
pamoHy-222 B IPUMIIIEHHSIX, SIKUIi CTBOPIOE CepenHiii
piBEeHb PU3UKY, LLIO € HEMPUNUHATHUM JJI HACEJICHHS.
OOrpyHTYBaTU HEOOXigHICThb 3aXOMiB ILOAO 3MEH-
MIEHHS YaCTOTU TIPpU3HAYEHHS pEHTITEHOJIOTIYHUX 10~
CJIIXKEHb, 1110 103BOJUTH IIOHU3UTH 103U ONIPOMiHEH-
HSI TTallieHTiB 0€3 30UTKY IS pe3yJIbTaTiB 1iarHOCTUKU
i TiKyBaHHSI.
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4. It was established that the total annual radiation
dose of population from the main sources of radia-
tion in Zaporizhzhia region is 5.0 mSv - year”', with
the main contribution from radon-222 — 3.3 mSv
and medical exposure — 0.9 mSv. The most impor-
tant radiation factor for the population of
Zaporizhzhia district is radon-222 in the air, requir-
ing special attention and thorough regulatory con-
trol through the application of state and regional
programs.

PROSPECTS FOR FURTHER

RESEARCH

Continue work on reducing radiation exposure of the
population of Zaporizhzhia region at the expense of
radon-222 in the premises, which creates an average
risk level that is unacceptable for the population.

To substantiate the necessity of measures to reduce
the frequency of X-ray examination assignment,
which will allow to reduce the radiation dose of
patients without harm to the results of diagnosis and
treatment.
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