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PIBHI OITIPOMIHEHHA HACEJIEHHA YKPAIHU B KOHTEKCTI
TUIAHY AI1 IIIOA0 3MEHIIEHHSA PIBHIB PATOHY B ITIOBITPI
INPUMIIITEHD

Merta: npoaHanizysaTu Ta OLiHUTW HAABHY iH(hOPMaLLitO WOAO aKTUBHOCTEN PafoHy B NMOBITPi NpUMilLeHb B KOHTEKCTI
peanizauii nnaHy Aii woao pafoHy.
06’ekT i MmeToaun. 06'eKT fOCNiAKEeHHA: PiBHi pafoHy-222 B NOBITPi XMTNOBKUX OYAMHKIB pi3HUX obnacTeit i BignoBigHi
pagiauinHi pu3MKKM oNns HaceneHHs. BuMiploBaHHA NpoBOAMAM METOAOM NACUBHOT TPEKOBOT pafoHOMeTpii. Yac ekc-
NOHYBAaHHA pajjoHOMETpPiB CTaHOBMB He MeHLe 30 Ai6 B onantoBanbHUiA ce30H. Po3paxyHKku pafiaLiiiHux pusukis npo-
BOAUAM 33 [LO30BMMM KoediliieHTaMu i maTeMaTuyHumu mogensamu MKP3.
Pesynbratu. BctaHosneHo, wo pedepeHTHuii piseHb 300 bk/m* (pagoH ras) B winomy no kpaiHi nepesulieHo y 16 %
Bunagkie. CepegHbOreoMeTpMUYHe 3HAYEHHSA aKTUBHOCTEN pafoHy cknano 120 bk/m? i Bapitoe Big 35 fo 265 bk/M® Ha
piBHi OKpemux obnacteii, TOGTO aKTUBHOCTI pafoHy Ha Pi3HUX TEPUTOPiAX KpaiHM MOXYTb Bigpi3HATUCA B 7,5 pa3a.
BapiabenbHicTb aKTMBHOCTI pafjoHy Ha PiBHi OKpeMux panoHiB obnacTeit TakoX 3HayHa. BctaHoBneHo, wo npw nor-
HOpPManbHOMY PO3MOAiNi i cepeaHbOreoMeTpMYHOMY 3HaYeHHi 75 bk/M® aKTUBHOCTI pafgoHy BiApi3HAIOTLCA Malixke y
10 pa3iB Ha piBHi OKpeMUx paitoHiB. AHaNi3 pagialiliHUX pU3UKiB HAaCeNeHHs BCTAHOBUB, WO NPOrHO3HA CMEPTHICTb
Bifl paiOHOBOIO paKy JiereHiB Ha TepuTopii YkpaiHu oUiHIETbCA Yy Malxe 8900 BMNAAKIB LWOPiYHO, @ NpAMi eKo-
HOMiYHi 30MTKM ANa KpaiHu — Ginblw HiX 450 MiNbMOHIB AONAPiB Ha PiK.
BucHoBKM. [locnimKeHHs piBHiB pafjoHy BCTAaHOBMUAM 3HAYHY BapiabenbHiCTb HOro aKTUBHOCTEN Ha PiBHi OKpeMUX pe-
rioHiB. PecdbepeHTHUIN piBeHb NepeBuLLeHO Y 16 % OyAnHKiB, ane Ha piBHi OKpeMux obnacTei BifCOTOK NepeBuLLeHb Ba-
pitoe Big 0,1 f0 43,0 %. IHchopMmallis Npo piBHi pagoHy y OyauHKax Maixe TPETUHM TepuTopii KpaiHu BiacyTHaA. 3 me-
Tot0 eheKTMBHOT peanizauii nnaHy Aiii Mae cCeHC 3anpoBafuTH 30HYBAHHA TEPUTOPIN WOAO pagoHoHebe3neyHoCTi.
Knio4oBi cnoBa: pafoH y noBiTpi npuMmilieHb, pedepeHTHUI piBEHb, HACENEHHS, paaialilHWiA pU3NK, EKOHOMIYHi
36UTKN.
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EXPOSURE LEVELS OF UKRAINIAN POPULATION IN THE
CONTEXT OF AN ACTION PLAN TO REDUCE INDOOR RADON
LEVELS

Objective. To analyze and evaluate the available information to indoor radon concentration in the context of the
implementation of the radon action plan.
Methods. Object of study: indoor radon-222 in dwellings by area and corresponding radiation risks of the popula-
tion. Measurements were performed using passive track radonometry. The exposure time of the radonometers is at
least 30 days during heating season. Radiation risk calculations were performed according to the dose coefficients
and mathematical models of the ICRP.
Results. It was found that for the whole country, reference level 300 Bg/m® (radon gas) is exceeded in 16 % of
cases. It was found that geometric mean of radon gas levels was 120 Bq/m® and varies from 35 to 265 Bg/m’® by
different area, namely the difference between radon levels in different territories of the country can be up to 7.5
times. Variability of radon levels at the district level is also significant. It was found, radon activity concentration
differing by almost 10 times by districts with lognormal distribution and a geometric mean of 75 Bg/m?®. The analy-
sis of radiation risks of the population has established that estimated annual number of lung cancer deaths due to
radon in Ukraine is almost 8,900 cases; and a direct economic loss for the country are estimated at more than $
450 million a year.
Conclusions. Surveys of radon levels demonstrated significant variation in radon concentrations between differ-
ent regions. For the whole country, reference level (300 Bq/m?®) is exceeded on above 16 % of the dwellings, but
percentage of exceeding varies from 0.1 to 43.0 % by different area. Information on indoor radon concentrations
in almost a third of the country is non-available. For an effective implementation of the Action plan, it makes sense
to introduce radon risk mapping.
Key words: indoor radon, reference level, population, radiation risk, economic cost.
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BCTYII

binbire 70 % cymapHoi 1031 HaceJlleHHsI YKpaiHu o0y-
MOBJICHO OTIIPOMiHEHHSIM PaJlOHOM, SIKMIT HAKOITMIYETh-
csl B MOBITpi OyauHKiB. PajoH — pagioakKTMBHUIA ras,
SIKMIA YTBOPIOETHCS TPU PO3Maai MPUPOTHUX pajio-
HyKJIiAiB ypaHoBoro psay. Ilepion HamiBpo3smaay 1bOro
pamioHYKITy HeBeanKuit — 3,8 moon. JlogipHi mpoayK-
TU MOro po3naay — MOJIOHIM, CBUHELb, BICMYT — TaKOX
KOPOTKOiCHY104i. BoHM a0 my»e BUAKO PO3MagaioTh-
csl, BUIIPOMIHIOIOUM ajib(ha-4yacTUHKMU, a00 TPUETHY-
IOTBCSI IO YAaCTUHOK Iy YM BOJIOTH, YTBOPIOIOUM
pamioakTUBHUI aepo30Jib, SIKUI MpU IUXaHHI MOTpar-
JISE B JIeTeHi i OMPOMiHIOE OpOHXiaJbHUI EMiTeiid,
CTBOPIOIOYM JONATKOBUI PU3MK 3aXBOPIOBAHHS Ha pak
jnereHiB. IIpobGieMa pagoHY € OIHi€I0 3 TOJIOBHUX Y
OpakTUlll pafiallifHOro 3aXUCTy AJis1 OLIbIIOCTI KpaiH

0« Tetiana O. Pavlenko, e-mail: tpavienko @ukr.net

INTRODUCTION

More than 70 % of the total dose of Ukrainian
population is caused by radon accumulating in
the air of buildings. Radon is a radioactive gas
that is formed during the decay of natural urani-
um radionuclides. The half-life of this radionu-
clide is short, 3.8 days. Its daughter products of
decay (polonium, lead, bismuth) are also short-
lived, either decaying very quickly, emitting alpha
particles, or attaching to dust or moisture parti-
cles, forming a radioactive aecrosol that enters the
lungs during breathing and irradiates the
bronchial epithelium, creating additional risk of
lung cancer. The radon problem is one of the
major issues of radiation protection in the most
countries of the world, as well as the considerable
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CBiTY, IIpO 110 CBiIYMThL 3HAYHA yBara, sSIKy NPUIISIOTh
LIbOMY MUTaHHIO MiXHapoaHa KOMicisl 3 pafialliifHOTO
3axucty (MKP3) [1-3] Ta MixHapomHe areHTCTBO 3
aromHoi eHeprii (MATATE) [4, 5].

BuBueHHs1 mpobyieMu pagoHy B YKpaiHi OyJi0 po3mno-
yaTto y 1989 poui B pamKax HayKOBO-JIOCIiTHOI pOoOOTU
«HaykoBo-npakTuuHa rporpama «PagoH» 1o 3MeHIleH-
HIO J103 OIPOMiHEHHSI HacCeJIeHHS, 110 MOCTPaXaaao
BHacinok aBapii Ha YAEC» (1989—1999 pp.). Ha iromy
eramni OyJau CTBOPEHi METOAMYHA Ta METPOJIoriyHa 0a3u
KOHTPOJIIO PaJioHy B TOBITpi OyIMHKIB, 3alpoBajKeHa
MpaKkTUKa BUMipIOBaHb PaJlOHy Y MOBITpi OyIMHKIB, sIKa
BiANIOBiga€ MixKHAPOAHUM BHMOIaM KOHTPOJIIO PAIOHY,
Ta JTOCIiIKEeHI 3aKOHOMipHOCTiI (pOpMyBaHHS PiBHiB pa-
JIOHY B TOBIiTpi OyAMHKIB [6—8].

VY noganbiomy OyJio 00CTeXeHO Oinblie 5 TUCAY Oy-
JIUHKIB Y Pi3HUX perioHaX KpaiHu (ChOTOJHI BXX€ MOHA
30 Ticsa4 OYAMHKIB), BU3HAYEHI 1031 OMPOMiHEHHS Ha-
CeJIEHHSI, MpoaHali30BaHi BiAMOBIAHI pagialiliHi pu3u-
KM Ta OOTpyHTOBaHA JOPEUHiCTh BTpyYaHHs 3 OOKY Jep-
KaBu. OTprUMaHi pe3yJbTaTh 1IOTO €Tamy J03BOJIWIU
HayKOBO OOIPYHTYBaTM HEOOXiAHICTh BIIPOBAIXKEHHS
HOPMAaTUBIB 1IOJ0 PiBHIB pagOHY Y MOBITPi NPUMIIIEHb,
pO3pOOUTH iX Ta BIPOBAAUTHU Yy MPAKTUKY paialliilHOTO
3axucty (Hopmu panianiitHoi 6e3neku Ykpainu (HPBY-
97)) [9].

Ha HactynHoMy eTari B pamKax Mi>KHapOAHOTrO Ipo-
ekty UAG601A «Reduction of risks caused by exposure to
radon gas and natural radiation» (2007—2013 pp.) Oynu
po3pobJieHi 5 KypcCiB-TpeHiHTiB mis1 npodecioHaliB 3
MUATaHb PaJoOHY, 3a SKUMHU OYJI0 ITiITOTOBIEHO (PaxiBIIiB
s peanizanii KipoBorpaacbkoi perioHajqbHOI ITporpa-
mu «Crom-pagon» (2010—2015 pp.). 3a Tpu poku 3a
Li€l0 Iporpamoro Oyjo o0CTexXeHO IoHan 2 TUcCsUi
IIKiJT Ta OUTSYMX CamouKiB, y 289 IIKoax, TUTIOBUX
IJ1s1 YKpaiHU TIPOEKTiB, IPOBEAeHO MPOTUPATOHOBI 3a-
XOIIM Ta OLIIHEHO iXHIO e(eKTUBHICTh. B cepemHbOMY
AKTMBHOCTI paJloHy B IIUX IIKOJIAX i IUTSIYNX CallOYKax
BIAJIOCS 3MEHIIMTHU BABiYi. ¥ paMKax LIbOrO MPOEKTY
OyaM TakKoX BUIIPOOYBaHi Cy4YacHi METOAU KOMY-
HiKalii 3 MUTaHb pagialifHUX PU3UKIB 3 HACEJIEHHSIM
Ta iIHIIMMU CTEHKXOJAepaMu, PO3IJISIHYTI iHIII MUTaH-
Ha [10—12].

Yci mpuBeaeHi JocaigKeHHsT Ta MPaKTUYHI 3aBIaHHS
CKJIa[aloTh MIiATPYHTS [JIg TMOMAbIINO] YCIIIIHOI pe-
ajlizallii paloOHOBOTO IJIaHy Aili. MeTol 1bOro MIaHy €
BIpoBamkKeHHS BUMor dupektusu Pagu 2013/59/€Bpa-
ToM [13] 111010 3MEHILIEHHS PiBHIB PaOHY B XKUTJIOBUX i
TPOMAJCHKUX OYAWHKaX, Ha PoOOYMX MiClIX Ta 3MEH-
LLIEHHS BiAMOBIAHUX padiallifHUX PU3KKIB [IJ1 HACEJIeH-
Hsl YKpaiHu.

attention paid to this issue by the International
Commission on Radiation Protection (ICRP)
[1-3] and the International Atomic Energy
Agency (IAEA) [4, 5].

The study of radon in Ukraine was initiated in
1989 as part of the research program «Scientific
and Practical Program «Radon» for Reducing
Dose of Population Affected by the Chornobyl
NPP Accident» (1989—1999). At this stage,
methodological and metrological bases for indoor
radon control have been established, and the prac-
tice of indoor radon measuring has been intro-
duced, which meets international requirements for
radon control and the study of the pattern of
indoor radon levels formation [6—8].

Subsequently, more than 5,000 buildings were
surveyed in different regions of the country (more
than 30,000 buildings to date), population exposure
doses were determined, relevant radiation risks were
analyzed, and the appropriateness of state interven-
tion was substantiated. The results obtained at this
stage made it possible to scientifically substantiate
the need to implementation standards for indoor
radon levels, to develop them and to implement into
the practice of radiation protection (Radiation
Safety Standards of Ukraine (RSSU-97)) [9].

In the next phase, within the framework of the
international project UA601A «Reduction of risks
caused by exposure to radon gas and natural radia-
tion» (2007—2013), 5 training courses were created
for radon professionals, using these courses spe-
cialists were trained for the implementation of
Kirovohrad regional program «Stop radon» (2010—
2015). Over 2,000 schools and kindergartens were
surveyed over the three years of the program, and in
289 typical schools for Ukraine, remedial measures
were conducted and their effectiveness was
assessed. On average, radon activity concentration
in these schools and kindergartens was halved.
Within the framework of this project modern me-
thods of communication on radiation risks with the
population and other stakeholders were tested, as
well as other issues [10—12].

All the above studies and practical tasks form the
basis for the further successful implementation of
the radon action plan. The purpose of this plan is
to implement the requirements of European
Directive 2013/59/Euratom [13] for reducing
radon exposure in dwellings, buildings with public
access, workplaces and for reducing relevant radi-
ation risks to Ukrainian population.
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META JOCJIIZKEHHS

ITpoananizyBatu Ta OLIIHUTU HasIBHY iH(OpMallilo 11010
aKTUBHOCTEN pagoHy B MOBITPi MPUMIillleHb B KOHTEKCTi
peajizallii riaHy Aiil OO0 paaoHY.

OB’€EKTU 1 METOJAU JOCIII2KEHHA

O0’eKkT HocimKeHHs: piBHI pagoHy-222 B MOBITpi XUT-
JIOBUX OYOWHKIB pi3HUX o0OJyiacTel i BimmoBimHi pamia-
LilHI pU3UKHU 7151 HACEJIEHHS.

Metoau gocaimKenb. {0 aHaMi3y IPUITHSTI TiJIbKU pe3yib-
TaTU BUMiplOBaHb PaJOHY B MOBITPi MPUMIilLIeHb, BAUKOHAHI
METOIOM MACUBHOI TPEKOBOI paTOHOMETPIl 3 €KCIO3ULIIEI0
He MeHie 30 gi0 B onamoBaibHUIA ce30H. Beboro mnpoa-
HaJIi30BaHO pe3yJbraTy 00CTexXeHHs 26 943 OyaMHKIB, K
0araTornoBepxOBUX, TaK i IPUBATHUX (POIUHHMX).

TapanTii sgKocTi BUMipioBaHb pagoHy 3abe3IedyBain
KaJlioOpyBaHHSIM AETEKTOPIiB y paJOHOBii aTMocdepi 3
Bimomoto 06’eMHOI0 aKTUBHICTIO (OA), gKa Ma€ B cuc-
teMi epxcraHgapTy YKpaiHu cTaTyc poOOUYOro eTajoHy
onunHuui OA pagoHy-222.

Po3paxyHku pamialliiHUX pU3MKiB MPOBEACHO 3a Ma-
TEeMaTUIYHUMM MOJIEJISIMH Ta JO30BUMM KoedillieHTaMM1
MKP3 [3, 14]. Yepes Opak odiuiitHoI iHpopMaIlii 111ogo
CTPYKTYPH XUTJIOBOTO (DOHAY OLIIHKM OyIu 3po0eHi 3a
aHatizoM aeMorpacdiyHuUX HaHUX i MPUMYIIEHHSM, IO
cepelHsl poauHa CKJIagaeTbed 3 3 ocib. s ouiHKM
30MTKiB OyJI BUKOPUCTaHI oillifiHi JaHi TTpPO BEIUUNHY
BHYTPIIIHBOTO BajoBOro InpubyTky MiHicTepcTBa
(inanciB 3a 2018 pik.

PE3VYJIBTATU TA IX OBGTOBOPEHHS
YKpalHCbKUI NJaH ain
TunoBuii maaH Aiil 1I0J0 paIoHy, 3a PeKOMeHIallisIMu
€Bpatomy Ta ctaHnaptiB 6e3neku MATATE, ckinagaeTs-
Csl 3 TPHOX YaCTUH: PETYIITOPHOIO, HAYKOBO-TIPaKTHY -
HOTo OJIOKiB i OJIOKY NpOTHUpPaJOHOBUX 3aXOMdiB Ta
OLIIHKY iX echeKTUBHOCTI [4, 5, 13].

3a CBOEIO CTPYKTYpOIO YKPAIHCHbKMIA HalliOHaJbHUM
MJaH Jifi TaKOX MOXHAa PO3AIIMTU Ha 1i 6goku. Ilep-
LM — CTOCYEThCS OOOB’SI3KiB epKaBU. YPsiI Ma€ BU3-
HAYUTU KOMIETEHTHY OpraHisailito, BiIMOBigaJlbHYy 3a
peanizalilo IUJIaHy Jiii, Ta 3a0e3reynuTu (piHaHCYBaHHS
OCHOBHUX HaNpsIMKiB poOiT. ToJioBHA opraHizalisi Mae
po3poOMTH, a MOTIM 3aCTOCYBaTU Ha MpPaKTULi CTpa-
TEerito peaiizailii OKpeMHUX 3aBIaHb i KOMYHiKalliil 3
yciMa ycTaHOBaMHU 3a OKPEMMMM HAaIIpsIMKaMU ILIaHY
Jili, TpaloBaTU 31 CTelKxojagepaMu, 3a0e3rneuyBaTu
iH(OpMYBaHHS Jep>KaBHUX OpraHiB BIaAuW i HaceJIeHHS
MPO BEJIMYUHY BCTAHOBJICHUX pafialliiHUX PU3UKIB Bif
pagoHy Ta HajgaBaTu iH(poOpMaLilo MPo LUISIXU iX 3MEH-
meHHd (iHDopMmaitiiiHa ckinamgosa). o 060B’sI3KiB nep-

OBJECTIVE

Analyze and evaluation of the available informa-
tion on the indoor radon activity in the context of
the implementation of the radon action plan.

STUDY OBJECT AND METHODS

Object of study: indoor radon-222 in dwellings by
area and corresponding radiation risks of the pop-
ulation.

Methods. Measurements of indoor radon have to
be performed using passive track radonometry
with an exposure of at least 30 days during heating
season. Results of the survey of 26,943 houses, as
many high-rise and private (family) houses, were
analyzed.

Quality assurance for radon measurements was pro-
vided by the calibration of detectors in radon atmos-
phere with known concentration, that has the status
of working standard of the unit of concentration of
radon-222 in the State Standard System of Ukraine.

Radiation risk calculations were performed using
mathematical models and ICRP dose coefficients
[3, 14]. In the absence of official information on
the structure of the housing stock, estimates were
made based on demographic analysis and the
assumption that the average family was composed
of 3 people. Official estimates of the Ministry of
Finance’s gross domestic profit for 2018 were used
to estimate the losses.

RESULTS AND DISCUSSION

The Ukrainian Action Plan

The typical radon action plan, as recommended by
Euratom and the TAEA safety standards, consists
of three parts: a regulatory, scientific and practical
unit and a unit of radon protective measures and
an assessment of their effectiveness [4, 5, 13].

By structure, Ukrainian National Action Plan can
also be divided into these blocks. The first is about
the state’s responsibilities. The government should
designate a competent organization responsible for
implementing the action plan and ensure funding
for the main areas of work. The main organization
should develop, and then put into practice, a strate-
gy for the implementation of individual tasks and
communications with all agencies in specific areas
of the action plan, work with stakeholders, provide
information to state authorities and the public about
the level of established radiation risks from radon
and provide information on ways to reduce them
(information component). The state’s responsibili-
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’KaBU HaJIEXKUTb TaKOX iMILTIEMEHTallisl pehepeHTHUX
PiBHIiB IJI1 pagoHy y MOBiTpi OYAMHKIB i Ha POOOUMX
MiCLISIX, 3aTBEPIKEHHSI PErjaMeHTIiB 1IOAO0 IOPSAKY
MpOBeIeHHS BUMipIOBaHb PAJOHY, AJITOPUTMY peaizallii
MPOTHUPATOHOBUX 3aXO/iB Ta OL[IHKU iX €(heKTUBHOCTI,
aKkpeaMTallil yCTaHOB, SIKi OyayTh MpalioBaTH 3a OKpe-
MUMM HanpsiMKamu, Toio. Ha upoMy erami gep:kaba
MOBUHHA TaKOX BU3HAYUTU CTPYKTYPHU, BiAINOBigajabHi
3a KOHTPOJIb peatizallii 3aX0/iB y I'POMaAChKUX CIIOPY-
Jax Ta OyaMHKaxX i KOHTPOJb 32 poOOTOAABLSIMU 111010
aKTUBHOCTI paJoHY Ha pOOOYMX MiCLISIX.

Hpyruii 6J10K 3aX0fdiB MjaHy Oiii Ma€ HayKOBO-ITpaK-
TUYHUM XapaKTep i CTOCYEThCS OpraHi3allii cepBiciB BU-
MiplOBaHb PiBHIB paAoOHy B MOBITPi NpUMillleHb (MOHITO-
PMHT) Ta IpyHTaX (IIPOTHUPATOHOBI 3aX01), PO3POOKHM Ta
3aTBEPIKEHHST ITPOTOKOJIIB BUMIpIOBaHb i OyIiBeJIbHUX
perylaMeHTiB, 3a0e3MeYeHHs] CUCTEeMU TapaHTill SKOCTi
BUMIipIOBaHb, OpraHizallii HallioHaJIbHUX 0a3 TaHUX 110~
JI0 PiBHiB paloHy B OyAMHKAaX i HA pOO0YUX MiCLISIX, PO3-
poOKM iH(pOpPMaALlIHHUX CHUCTEM MIJsd HaceJlleHHs Ta
aHaJIiITUMHUX 3BiTiB 111 YPSIY.

I, HapeuTi, TpeTiit 610K 3aBAaHb — CYTO MPAKTUYHUIA:
nigroroBka (axiBLiB, peajizallisi IpOTUPaJOHOBUX 3a-
XOJIiB Ta OILliHKa iX e(eKTUBHOCTI, po0OoTa 3i CTEHKXOJI-
JlepaMU TOIIIO.

YV mincymky niaH il nepemdadyae cucTeMaTUYHUMA
aHaJli3 OTpMMaHMX pe3yJbTaTiB 3a BCiMa HaIpsiMaMM,
aHaJji3 e(eKTUBHOCTI peaizallil TjaaHy Aii i ioro po3-
pOOJIEHHST HAa HACTYITHi pOKH.

Ha nepiiomy erani JIMpeKTUBU pafsiTh CIIOYATKY Mpoa-
HaJli3yBaTu HasIBHY iH(opMallilo mpo piBHI panoHy B Oy-
JNHKaX (3a YMOBH, 1110 BOHA €) i, IKIIIO 11i JaHi perpe3eH-
TaTUBHI, OLIHUTH pafiauiiidi pusuku. Hamami 3a mumm
JAHUMHU IIPOBOAUTLCSI OKPECICHHS pagOHOHEOE3MeUHNX
TePUTOPIA, pO3POOISETHCS CTpaTerisl MOJATbIINX JOCITi/-
JKeHb (ONTUMIi3allisi MOHITOPUHTY paJOHy B 30Hi BiJIIOBi-
naiabHOCTI AepxaBHn). [To cyTi, 1ie mpoliemypy onTUMi3arlii
MNPaKTUYHOI YaCTUHU IUIaHY Oild, SIKa JO3BOJISIE MiHIMi3y-
BaTW BUTpPATU JepKaBW Ta BU3HAUYWUTU MPIOPUTETHI
perioHu 1151 MPOBEAeHHS MPOTUPATOHOBUX 3aXO/IiB.

PiBHI pafoHy B NOBITPi NpUMiLLLeHb

AHaJli3 CTaTUCTUYHUX JAaHMX I1IOJO0 PIiBHIB pajJoHy B
MOBITPi MPUMIILIEHb BCTAHOBUB, 1110 YACTOTHUI PO3MOIiJ
Ma€e JIOTHOpMaJIbHUM xapakTep. Jlitounii B YkpaiHi HOp-
matuB (100 bx/M? B omMHUIISIX €KBiBaJIEHTHOI PiBHOBAX -
Hoi OA panony a6o 250 bk/m? B omuHuirsax OA, abo pa-
JIOHY Ta3y) OyB mepeBuilieHn y 21 % obcTexxeHux Oy-
IUHKiB, a pekoMeHaoBaHuii MATATE pedepeHTHUI
piBenb 300 bx/M? (pagoH ra3) [4] —y 16 % Bunankis. Ha
puc. 1 npuBeaeHO 3BeACHI JaHi 10J0 PiBHIB paJoHy B

ties include the implementation of reference levels
for indoor radon in dwellings and workplaces,
approval of regulations on the procedure for radon
measurements, algorithm for implementation of
radon protective measures and evaluation of their
effectiveness, accreditation of institutions that will
work in specific areas, etc. At this stage, the state
should also identify organizations responsible for
monitoring of the implementation of measures in
buildings with public access and for monitoring
employers concerning radon activity in workplaces.

The second block of measures of the action plan is
scientific and practical and concerns the conduct-
ing surveys of indoor radon concentrations (moni-
toring) and soil gas concentrations (radon remedial
measures), the development and approval of meas-
urement protocols and building codes, providing
measurement assurance, organization of national
databases of radon levels in dwellings and work-
places, development of information systems for
public and analytical reports for the government.

Finally, the third block of tasks is purely practi-
cal: training specialists, implementing of radon
remedial measures and evaluating their effective-
ness, working with stakeholders, and more.

In conclusion, the action plan provides for a sys-
tematic analysis of the results obtained in all areas, an
analysis of the effectiveness of the action plan imple-
mentation and its development for the coming years.

In the first phase, the Directives advise initially to
analyze the available information on radon levels in
houses (if available) and, if representative, to evalu-
ate radiation risks. Further, according to these data,
mapping of radon-prone areas is carried out, and a
strategy for further research (optimization of radon
monitoring in the area of state responsibility) is
developed. In essence, it is procedure of optimiza-
tion of the Action Plan in its practical part, which
helps to minimize government spending and identi-
fy priority regions for radon protective measures.

Study of indoor radon levels

Statistical analysis of indoor radon levels shown
lognormal frequency distribution. Current level
in Ukraine (100 Bg/m? of equilibrium equiva-
lent radon concentration and 250 Bg/m? in
terms of activity concentration or radon gas) was
exceeded on above 21 % of surveyed dwellings,
and the recommended IAEA reference level 300
Bg/m? (radon gas) [4] was exceeded on above 16
% of cases. Indoor radon-222 concentrations in
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PedepeHTHuit piBeHb 300 bk/m3
Reference level 300 Bg/m?

He nepesuiyBaBcs
Was not exceeded

]
B -0
R 10-20%
B

>20 %

PucyHoK 1. Bipcotok nepeBuweHb pegepeHTHOro piBHA pajoHy B MOBiTPi XXUTNOBMX GYAUHKIB pi3HMX

perioHiB YKpaiHu

Figure 1. The exceeding reference level for indoor radon concentrations in dwellings

MOBITPi XKUTJIOBUX NPUMIlLIEHb HA PiBHI PaiiOHIB Y KOH-
TEKCTi BiIITOBiIHOCTI pepepeHTHOMY PiBHIO.

BcraHoBeHO, 10 cepeaHbOreOMETpUYHE 3HAYEHHS
aKTMBHOCTE pafgoHy Bapitoe Bia 35 10 265 bk/m3 Ha piBHi
OKpeMMX 00J1acTeii, TOOTO, Pi3HULISI MiXK PiBHSIMU PaIOHY
Ha Pi3HUX TEPUTOPISIX KpalHUW MOXe cKiagaTud 7,5 pasza.
ITpo BinmoBigHy BapiabesbHICTh PiBHIB paJoHy CBiTJyaTh i
BEJIMYMHU CTAaHIAPTHUX BiIXWIeHb, IKi MOXYThb B 1,5 pa-
3a TepeBUILNYBAaTH CEPeAHbLOreOMETPUYHE 3HAYECHHS
(Tabu1. 1) mo obmacri. Taki pe3ynbTraTi CBimUaTh, 10 € CEHC
aHai3yBaTH TIepBMHHY iH(opMallito Ha OiJIbII AeTaTbHO-
My piBHi, HaIpUKJIaJ, Ha PiBHi paiioHiB.

S nmpuknan, npuBeAeHO aHali3 PiBHIB pajoHy y OyIMH-
kax KuiBcekoi obyacri, 3a BUHITKOM M. KuiB (Ta0m. 2).
S0 mpoaHanizyBaTu pe3yJibTaTu BUMipIOBaHb PiBHIB
pagoHy B MOBITpi MoHaA 9 TUCSY OYIMHKIB, OYEBUIHO,
110 18l BeJIMYMHA Bapilo€ B AyxKe LIUPOKOMY Miara3oHi
(Bim 28 mo 240 bx/M?) mpu TOTHOPMAaIbHOMY PO3ITOIII i
cepeIHbOreOMETPUUYHOMY 3HadyeHHi 75 bx/m3, TOOTO,
aKTUBHOCTI BiapizHsuivcs maiixe y 10 pasis. ITpu nibomy
BeJIMYMHA CTaHAAPTHOTO BiAXWJEHHSI cTaHOBWJIA 158
bk/M? i BapitoBana Bim 45 mo 273 bx/m3. llle OGinbiia

context compliance to reference level are shown
in Fig 1.

It was found that geometric mean of radon gas
levels varies from 35 to 265 Bq/m? by different dis-
tricts, namely the difference between radon levels
in different territories of the country can be up to
7.5 times. The corresponding variability of radon
levels is indicated by standard deviations, which
may be 1.5 times the geometric mean (Table 1) by
regions. These results indicate that it makes sense
to analyze the primary information at a more
detailed level, for example at the district level.

As an example, the analysis of radon levels in the
houses of the Kyiv region is given (Table 2), except
Kyiv city. If was analyzed the results of indoor
radon measurements in more than 9 thousand
houses, it is obvious that this value varies over a very
wide range (from 28 to 240 Bq/m?) with lognormal
distribution and a geometric mean of 75 Bq/m’, i.e.
activity concentration differing by almost 10 times.
The standard deviation was 158 Bq/m? and varied
from 45 to 273 Bg/m3. Even greater variability of
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Ta6bnuuysa 1
OcHOBHi cTaTUCTUYHI AaHi Wopo BMicTy pagoHy B noBiTpi o6cTexeHnx 6yauHkis (bk/m?)
Table 1
Statistics data of indoor radon concentration (Bq/m?)

KinbkicTb CepepHe CranpaptHe . 222

GyauHkie reoMeTpuyHe BiAXWJIEHHS BincoTok nepesuwenb 22Rn ra3
O6nactb / Region ?22Rn ras *2Rn ras Percentage excess ??Rn gas

Number Geometric mean Standard deviation

of houses 222Rn gas 222Rn gas 250 300 500
IaHo-®paHkiBcbka / lvano-Frankivsk 127 113 123 9,5 79 3,2
BiHHMubKa / Vinnytsia 226 103 178 22,6 16,8 58
BonmHcbka / Volyn 1467 35 30 0,3 0,1 0,0
[ninponetposcbka / Dnipropetrovsk 904 185 243 419 32,2 13,8
Xurommupceka / Zhytomyr 5724 103 155 16,3 10,7 3,3
3anopisbka / Zaporizhzhia 946 160 243 36,9 29,7 12,7
Kiposorpancbka / Kirovohrad 3569 175 285 38 31,7 13,7
Kviscbka / Kyiv 9229 75 158 13,5 10,0 3.4
Mwukonaiscbka / Mykolaiv 103 90 245 13,6 10,7 9,7
Opecbka / Odesa 220 113 163 20,0 13,2 2,3
Montaecbka / Poltava 418 60 105 8,9 6,7 1,2
PiBHeHcbka / Rivne 1963 35 65 2,8 1,8 0,3
Cymcbka / Sumy 147 48 70 34 2,0 0,7
TepHoninscbka / Ternopil 140 223 288 45,8 35,0 17,1
Xapkiecbka / Kharkiv 81 140 115 23,5 13,6 1,2
XepcoHcbka / Kherson 60 265 255 53,3 43,3 16,7
XmenbHuupbka / Khmelnytskyi 35 98 73 8,6 0,0 0,0
Yepkacbka / Cherkasy 177 168 218 38,4 29,9 10,7
YepHiriecbka / Chernihiv 1344 58 78 29 1,6 0,2
Ykpaita / Ukraine 26943 120 157 21,0 16,0 6,0

BapiaOeNbHICTh aKTUBHOCTEN pamoHy 3adikcoBaHa Ha
PpiBHi OKpeMUX HaceJIeHUX MyHKTiB — IO IBOX MOPSIKIB,
TOOTO, aKTUBHOCTI PalloHy y NIBOX CYCIIHiIX OyIuMHKax
BiIpi3HSIIMCS B N€CATKU pasiB.

B uinomy no o6siacti akTuBHOCTI panoHy y 10 % obcre-
KEHMX OYIMHKIB MEPEeBUIIYIOTh MiXKHApOIHUI pedepe-
HTHUii piBeHb 300 Bk/M3, a 1ile o3Hauae, IO TiTBKU Y
KuiBchbkiii 061acti 6113bK0 170 THCSY OCi0 TPOXUBAIOThH
y OyauMHKax 3 MOiABUILEHUMU PaJOHOBUMM PU3UKAMU.
SIKI1I0 OLIIHUTY pafialliliHi pU3MKU 1IOTO PETiOHY, TO 3a
OCTaHHIMM JeMorpaiyHUMM JaHUMU MPOTHO3HY KiJlb-
KiCTb JOAATKOBMX CMepTell Big paky JIereHiB MOXHa
owinnTr y 280 BUTIaaKiB Ha piK [ 14], 10 cKIagae mpsaMux
30uTKiB y 13,5 MJIH moapiB 1151 O10/KeTy 1opidHo [15].

BinnoBinHi ouiHky 1ist YKpaiHu B LiioMy 0YyJI0 TaKOXK
MPOBENCHO 3a MPUUHSATUMU Y CBITOBIM MPaKTULII METO-
JaMU OLIHKU pafialliifHUX pU3uKiB [3] i H030BUMU KO-
edimienramu Ilyonikauii 137 MKP3 [3] Ta BcTaHOBIIE-
HO, IO MPOrHO3HAa CMEPTHICTh Bill PaJlOHOBOIO pPaKy
JIETeHIB Ha TepuTOpil YKpaiHU OLIHIOETHCS Yy Maiike
8900 BMmAnKiB IIOPIYHO, a e — IPsSIMi 30MTKM IS
KpaiHU TiJIbKM 3a paXyHOK HeydyacTi ToMepJinxX oci0d y
BaJIOBOMY BHYTPIiIlITHbOMY MPOAYKTi MoHan 450 Mijab-
oHiB nonapiB Tiabku 3a 2018 pik (OUiHKM MPOBOAU-
JINCH 3a BUHSITKOM BHECKY HAceJICHHSI HEKOHTPOJIbOBA-

activity concentration is recorded at the individual
settlements level, up to two orders of magnitude,
i.e. radon activity concentration in two neighboring
houses differs by ten times.

In general radon activity concentration in this
region exceed the international reference level of
300 Bg/m? in 10 % of the surveyed houses, so only
in the Kyiv region about 170,000 people live in
dwellings with increased radon risk. If was estimat-
ed the radiation risk for this region, according to
the latest demographics, expected number of addi-
tional deaths from lung cancer can be 280 cases a
year [14], representing a direct cost to $ 13.5 mil-
lion annually for the budget [15].

Appropriate assessments for whole Ukraine also
been performed using internationally accepted
radiation risk assessment methods [3] and dose
coefficients of ICRP Publication 137 [3], and it
was found that estimated number of lung cancer
deaths due to radon is almost 8,900 cases annually,
that is a direct cost to the country due only to the
non-participation of deceased persons in Gross
Domestic Product of more than $ 450 million in
2018 (estimated excluding contribution of the
population on uncontrolled territories of the
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Ta6auusa 2

OCHOBHi CTaTUCTMYHiI NapaMeTpM WOA0 aKTUBHOCTEN PafoHy V NoBiTpi 06CcTeXeHUxX GYAMHKIB CinbCbKoro Tuny

KuiBcbkoi obnacti (bk/m®)
Table 2

Basic statistical parameters for indoor radon concentration in rural houses of Kyiv region, Bq/m°®)

CepepHe reoMeTpu4He

CTaH,qagTHe BiIXUNEHHS

BigcoTtok nepesuwienb ?Rn ras

Paiion / District 222Rn ra3 2Rn ra3 Percentage excess **?Rn gas
Geometric mean Standard deviation

222Rn gas 22Bnp gas 250 300 500
Bapuwiscbkuin / Baryshivka 45 45 18,6 6,3 0,6
binouepkiscbkuii / Bila Tserkva 120 118 15,6 10,6 2,0
Borycnascbkuii / Bohuslav 175 158 40,4 30,5 59
Bopucninscbkuii / Boryspil 55 90 3.1 25 0,6
bopopsHcbkuin / Borodianka 65 165 74 57 1,8
Bposapcbkuii / Brovary 48 58 0,8 0,8 0,8
Bacunbkiscbkuii / Vasylkiv 50 90 6,0 47 0,9
Buwroponcskuin / Vyshhorod 55 145 59 40 1,8
Bonopapcbkwii / Volodarka 43 85 4,2 2,1 1,4
3rypiBcbkuid / Zgurivka 50 43 1,5 0,8 0,0
IBaHKiBCbKMIA / Ivankiv 40 60 11 0,9 0,3
Karapnuubkuii / Kaharlyk 118 120 16,8 9,8 1,4
KueBo-CesrowmHcbkuii / Kyievo-Sviatoshyn 43 58 1,9 1,9 0,0
Maxapiscbkuii / Makariv 50 58 1,6 0,7 0,0
MwpoHiBcbkuin / Myronivka 110 90 9,4 6,3 0,0
O6yxiBcbkuii / Obukhiv 90 113 14,7 8,3 1,4
Mepesicnascbkuin / Pereiaslav 63 60 1,7 1,0 0,0
Monicbkuin / Poliske 35 20 0,3 0,0 0,0
PokutHaHcbkmii / Rokytne 233 273 434 41,2 23,6
CrasuweHcbkuin / Stavyshche 240 133 53,3 34,4 5,6
Ckaupcbkuin / Skvyra 93 75 29 29 0,0
TapatwaHcbkuit / Tarashcha 160 150 30,2 21,3 44
TeTiiBcbkuit / Tetiiv 125 138 20,5 13,9 25
ArotuHebkmin / Yahotyn 93 133 12,9 12,2 2,7

HUX TepuTopiit kpainm) [14]. s MOpiBHSIHHS, pago-
HoBi pu3ukn HaceneHHs CILA omineHo y 21 tucguy
cMepTeit Ha piK, a BiAMOBiIHI TIpsiMi 30UTKU — y 44 MIIpA,
noJiapiB Ha pik [16].

TakuM 4YMHOM, IIpOBeIeHE AOCHIIKEHHS HOBEJIO, IO
3alpoOBaKeHHSI PaJlOHOBOro IUIAaHY il B YKpaiHi €,
0e3repevyHo, TOLiITbHUM.

BUCHOBKU

1. JochigXeHHs1 piBHIB pagoHy BCTAHOBWJIM 3HAuYHY
BapiabeNbHICTh Oro aKTUBHOCTEH Ha PiBHI OKpeMUX
perioHiB. PecdepenTtHuii piBers (300 bk/m*) B 1ijtomy mmo
KpaiHi iepeBuIieHo y 16 % OynuHKIB, ajle Ha piBHi OK-
peMux obyacTeil BiICOTOK IepeBUIleHb Bapitoe Bim 0,1
10 43 %.

2. THdopMallis mpo piBHI pajoHy y OyaIMHKax Maiixe
TPETUHU TEPUTOPii KpaiHU BiACyTHS.

3. 3 MeTor0 epeKTUBHOI peaslizallii IUTaHy il Ma€e CeHC
3aMpoBaJIUTH 30HYBaHHSI TEPUTOPIil 00 paToHOHEOe3-
neyHocTi. KaTeropist paioHOHe0e3MeYHOCTi TepUTOPii Mae
BU3HAYATUCh 32 KiJIbKiCTIO OyIMHKIB, aKTUBHOCTI PaIOHY B
SIKUX TIEPEBUIITYIOTh BCTAHOBIICHUI pedepeHTHUIN piBeHb.

country) [14]. For comparison, radon risk in the
US population is estimated to cause 21,000 deaths
per year, and corresponding direct costes amount
about $ 44 billion per year [16].

Thus, the conducting study showed that initia-
tion of Radon Action Plan is undoubtedly appro-
priate in Ukraine.

CONCLUSIONS

1. Radon measurements demonstrated significant
variability of radon concentrations amount differ-
ent regions. For the whole country, the recom-
mended reference level (300 Bq/m®) is exceeded
on above 16 % of the dwellings, varying from 0.1 %
to 43 % in different areas.

2. Information on indoor radon concentrations for
almost one third of the country is non-available.
3. For an effective implementation of the Radon
Action Plan, an introduction of radon risk map may
be helpful. Radon risk category for area should be
assigned in accordance with the number of build-
ings expected to exceed the national reference level.
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3axucty 1Y «IHCTUTYT rpomagcbkoro 3n0pos’s imM. 0.M.
Map3eesa HAMH YkpaiHuy, M. Kunis

Cepantok AHApin MuxanoBuY, LOKTOP MEAUYHUX HAYK,
npodecop, akagemik HAMHY, aupektop LY «IHcTuUTyT
rpomagcbkoro 340poB’s im. 0.M. Mapseesa HAMH Yk-
painuy, M. Knis

Onepuyk AHatonii MNaBnoBuy, 3aBigysay Bigainy eni-
aemionorii HeiHdeKUiHMX 3axBoptoBaHb i (akTopiB
HaBKONMWHbLOroO cepeposuiya Y «LeHTp rpomagcbkoro
3p0poB's MO3 Ykpainuy», m. Knis

AKcboHOB Mukona BacunboBuy, KaHgupat Gionoriy-
HUX HayK, NPOBiAHMII HayKOBMIA cniBpoGiTHMK nabopa-
Topii pagiauiitHoro 3axucty Y «IHCTUTYT rpoMaacbKo-
ro 3gopoB’s im. 0.M. Map3eesa HAMH Ykpainuy», m. Kuis
®pusiok Mupocnasa AHatoniiBHa, kaHangat Gionoriy-
HUX HayK, NPOBiAHMII HayKOBMIA cniBpobiTHMK nabopa-
Topii pagiauiitHoro 3axucty Y «IHCTUTYT rpoMaacbKo-
ro 3gopoB’s im. 0.M. Map3eesa HAMH Ykpainuy», m. Kuis
Tapactok Onbra €BreHiiBHa, KaHOMOAT MeIUYHUX HayK,
NpoBifHUIA HayKOBMiA cniBpo6iTHUK nabopatopii papgia-
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