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KOMILIEKCHUM PAIIALINHO-TITIEHITYHUIT MOHITOPUHT
MEIITKAHIIIB PAIIOAKTUBHO 3ABPYIHEHUX TEPUTOPIN
PIBHEHCBHKOT OBJIACTI Y 2020 p.

MeToto focnifKeHHS € BU3HAYEHHS OCHOBHUX YNHHUMKIB (DOPMYBaHHSA 403 ONPOMiHEHHS HAaCeNeHHs pafioaKTUBHO
3abpyaHeHux TepuTopiit PiBHEHCbKOT 06M1acTi HAa MOTOYHOMY eTani aBapii Ha OCHOBi NPOBEAEHHA KOMMIEKCHOrOo
pafiauiiHoO-ririeHiYHOro MOHITOPUHTY B penepHux HaceneHux nyHkrax y 2020 p. Ta ouiHka ix BNAMBY Ha hopmy-
BaHHA [03.
Marepianu i metoau. KomnnekcHuin papiauinHo-ririeHiyHUn MOHITOpUHT HaceneHux nyHkTiB (HIM) PiBHeHcbKOT
obnacti 3ocepemxeHo y cc. Crape Ceno, Bexuus, NMepexoguyi, Jpo3anHb POKUTHIBCbKOTO paiioHy, B fKUX nicns
aBapii Ha YAEC peecTpytoTbcsi HaBinbWi 403U oNpoMiHeHHs. [locnigeHHs BUKOHAHi y BepecHi 2020 p. 3 meTolo
BM3HAYEHHSA 403 BHYTPiWHbOTO ONPOMiHEHHS BUKOHAHO 696 BUMiploBaHb HA NiYMIbHUKAX BUNPOMiHIOBAHHSA NOAM-
Hu (JIBNT) (318 popocnux i 378 piteit). 3ibpaHo y MicLLeBMX rocnoAapcTBax Ta BUMipsaHO Ha BMicT 1¥7Cs, °°Sr 48 npo6
MOJIOKa, 45 npo6 kapTonni Ta 0BoYiB, 35 Npo6 NPOAYKTiB AUKOT Npupoan. ONUTAHO LWOAO PiBHIB CMOXMBAHHA OC-
HOBHUX NPOAYKTIB XxapyyBaHHA 229 mewkaHuis (140 gopocnux i 89 gitei). B ycix HIM npoBefeHo poboTH 3 ouiHKM
[03 30BHilWHbOIO ONPOMiHEHHA. B po60oTi BUKOPMCTaHO MaTeMaTUYHi, 4O3UMETPUYHI, paaioximMiyHi meToau.
Pe3ynbTaTtn Ta BUCHOBKU. PiuHi eheKTUBHI 031 onpoMiHeHH: HaceneHHs PiBHeHcbKoi ob6nacti B 2020 poui dop-
MYIOTbCS B OCHOBHOMY 33 PaxyHOK A03 BHYTPilWHbOrO ONPOMiHEHHS, AIKi He nepeBuwyoTs 1,24 M3B - pik!y gopoc-
nux 1a 0,65 M3B - pik?y piTel npu kputepito P3T 1 m3B - pik’. 3apeecTpoBaHO NoAanblle 3HMKEHHA PiYHMUX [03
BHYTPilWHbOrO onpoMiHeHHs B o6cTexeHnx HIy 1,2-1,9 pa3a nopiBHAHO 3 pe3ynbtatamu ociHHboro JIBJI-moHiTo-
puHry 2017 poky, Wo NifTBEPAXKYE BiACTEXEHY HAMU JMHAMIKY NOCTYNOBOrO 3HUXEHHA PiBHIB ONPOMiHEHHSA Ha Mno-
TouyHomy eTani aBapii Ha YAEC Big 2011 p. OCHOBHMM YMHHUKOM, IKUI (POPMYE A0O3Y BHYTPIlLHBOTO ONPOMiHEHHS
MelKaHLiB o6cTexenux HI PiBHeHCbKOT 06M1acTi, 3annlaeTbCs HagxomxeHHs ’Cs B opraHiam 3 MONOKOM Ta fico-
BUMM rpubamu, siKi B PiBHeHcbKoMy MMonicci TpaguuinHo 3aiiMaloTb CYTTEBY YACTUHY XapyoBOro pawlioHy, i MaTb
He3MiHHO BUCOKi piBHi 3abpyaHeHHs pafiouesiem.
KniouoBi cnoBa: paaioakTuBHO 3abpyaHeHi TepuTopii; KOMNIEKCHUA paaiauifnHO-ririEHiYHUIA MOHITOPUHT; Ao3a
BHYTPilIHLOrO ONPOMiHEHHS; NiYUAbHUK BUNPOMiHIOBAHHSA NOAMHM; BMicT 7Cs, 9Sr; NnpofyKTU XapyyBaHHS.
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COMPREHENSIVE RADIATION AND HYGIENIC MONITORING
IN POPULATION OF THE RIVNE OBLAST RADIOLOGICALLY
CONTAMINATED TERRITORIES

Objective. The key factors identification in radiation dose formation in population of radiologically contaminated
areas of Rivne oblast in the current period of accident through comprehensive radiation and hygienic monitoring in
reference settlements in 2020 and estimation of their impact on dose formation were the study objectives.
Materials and methods. Comprehensive radiation and hygienic monitoring of settlements in Rivne oblast
(province) was provided in Stare Selo, Vezhytsia, Perekhodychi, and Drozdyn villages of Rokytne district, where the
highest radiation doses were registered after the ChNPP accident. Studies were conducted in September 2020.
Measurements (n=696, 318 adults, and 378 children) were performed using the whole body counters (WBC) to deter-
mine the internal radiation doses. The 48 samples of milk, 45 samples of potatoes and vegetables, and 35 samples
of wild products were collected in local farms and measured for the %37Cs and %Sr content. Residents of the studied
settlements (n=229, 140 adults, and 89 children) were interviewed about the levels of consumption of staple food-
stuffs. External radiation doses were evaluated in all the studied settlements. Mathematical, dosimetric, and radio-
chemical methods were applied.
Results and conclusions. Annual effective radiation doses of the Rivne oblast population in 2020 were formed
mainly due to internal radiation ones that not exceeded 1.24 mSv - year?in adults and 0.65 mSv - year?in children
against the RCT criterion of 1 mSv - year. Further 1.2-1.9-fold decrease in the annual internal radiation doses vs.
the results of WBC-monitoring in autumn of 2017 was registered in the surveyed settlements. The latter confirmed
a time pattern of radiation levels gradual reduction at the current stage of Chornobyl accident since 2011. Intake
of 137Cs with milk and wild mushrooms, which traditionally occupy a significant part of diet in the Rivne Polissya area
and have consistently high levels of radioactive cesium contamination, remains a key factor of internal radiation
dose forming in residents of the surveyed settlements of Rivne oblast.
Key words: radiologically contaminated territories, comprehensive radiation and hygienic monitoring, internal radi-
ation dose, whole body counter, 37Cs and Sr content, food.
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BCTYII

PiBHeHCBHKa 00/1aCTb BiTHOCUTBLCS A0 HANOLIbII MOCTPaXK-
Janux Bim aBapii Ha YOpHOOUIIbCHKilA aTOMHIlA €l1eKTpo-
cranuii (YAEC). 3nauHoro pagioHyKJimHOTO 3a0pyIHEHHS
3a3HaJjia Maitke MoJIoBUHa TepuTopii oonacti. [oma ypa-
>keHol Tepuropii 3aitmae 11,2 tuc. km? (56 % yciei Teputopii
oomacti) [1-3]. Jo 30H pamioaKTMBHOTO 3a0pyTHEHHS
BimHeceHo 341 nacenenuii myHkT (HIT) bepesniBcbkoro,
Bononumuperibkoro, JlyOpoBUIIBKOrO, 3apiyHEHCHKOTO,
PoxutHiBcbkoro i CapHeHCcbKoro paiioHiB [4—5]. O0csr
HaceJIeHHs], 1110 MPOXXUBA€E Ha PaJi0oaKTUBHO 3a0pyIHEHUX
tepuropisix (P3T) — 390,8 tuc. ocib, mo craHoBUTH 34 %
HaceJIeHHs o6J1acTi, 30kpeMa, 112,3 tuc. 3 Hux — aitu [6].

B«J Valentyna V. Vasylenko, e-mail: vwv2201@ukr.net

INTRODUCTION

Rivne oblast (province) is one of the most affected by
the Chornobyl nuclear power plant (ChNPP) acci-
dent. Almost half of the oblast territory was exposed
to significant radionuclide contamination. The squa-
re of contaminated area is 11.2 thousand km? (56% of
the total area) [1—3]. There are 341 settlements in the
zones of radiological contamination of Berezne,
Volodymyrets, Dubrovytsia, Zarichne, Rokytne, and
Sarny districts [4—5]. Population living in radiologi-
cally contaminated territories (RCT) is 390.8 thou-
sand people, which is 34% of the oblast population,
and 112.3 thousand of them are children [6].
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3abpynHeHHs1 padioHyKJiJaMyd e€KOCHUCTeMM JIiciB Ta
CUTBCHKOTOCMOIAPCHhKMX YTiflb, SIKi aKTUBHO 3aJly4eHi 10
MPOMUCTIOBOIO Ta CUIBCHKOTOCHOAAPCHKOTO BUPOOHMU-
urBa B 30Hi [lomiccst, 00yMOBIIOE PU3UKU OTPUMAHHS
BUCOKMX PiBHiB 3a0pyIHEHHS padioOHYKJIiZaMM KiHIIEBOI
npoaykuii [7—9]. Topd’siHo-60g0TUCTI I'pyHTU PiB-
HeHcbhkoro Ilomiccs, sIK MpaBuo, KUCHi, CIaOOKMCIII,
MaloTh MaJIMii BMIiCT MiKpOeJIEeMEHTIB, 1110 OOYMOBIIIOE
BUCOKIi KoediuieHTn nepexony (mo 40 %) pamiouesiio y
KOpeHEeBYy cUCTeMy pOcCauH. PiBHi 3a0pymHEHHST Xapyo-
BUX MPOIYKTIB (MOJIOKO, M’SICO, OBOYi) i KOpMIiB IS
TBapuH (MPUPOAHI TpaBu), SIKi BUPOCIU a0O0 BUTOTOB-
JIEHI Ha IIiii MiCLIeBOCTi Ha OIMH-ABA MOPSIAKW BUIIL Y
MOPiBHSIHHI 3 iHIIMMM TepuTopisimu [10, 11]. BHacninok
YOro 03U BHYTPILIHHLOTO OIIPOMiHEHHSI HaCeJeHHS
MOCTpaXXKaaaux paiioHiB PiBHEHIIMHU Bech ITic/saBa-
piliHWiA TIepion Oy HAWMBUILIMMU Cepell HaCeIeHHs YK-
painu [12—13]. Takum unHOM, HaceJieHHsI PiBHEeHCHKOTrO
IToniccs 3a3Hae 3HAYHOIO 1030BOr0 HABAHTAXKEHHSI TTPO-
TSITOM YCiX TTic/IsiaBapiiHUX POKiB i MOTpeOye SIK MeIUd-
Horo [14—15], Tak i pamiaiiitHoro KoHTpoJio [16—18].

ITpoBeneHHsI KOMIUIEKCHOIO paaialliiHO-TirieHiYHOTO
MoHiTopuHTY HaceneHHS P3T PiBHeHIINMHM mae MoOX-
JIMBICTb BU3HAYUTU OCOOJIMBOCTI I OCHOBHIi YMHHMKU
¢opMyBaHHSI 103 ONPOMiHEHHSI MEILIKaHIiB LbOI0
perioHy Ha MOTOYHOMY €Talli aBapii, 1110, B CBOIO Uepry, €
OiATPYHTSIM AJ1s1 3a0e3MeuyeHHs] aJleKBaTHUX 3aXO[iB
MiHiMi3alii D03 OMNpPOMiHEHHS HaceJeHHS LbOro
periony.

META JOCJIIJIZKEHHA

Mertoo NOCHiIKEHHSI € BU3HAYEHHsS OCHOBHMX YMH-
HUKIB (QOpMYBaHHSI 103 OMNPOMiHEHHSI HaceJeHHS
pagioakTUBHO 3a0pyAHEHUX TepUuTOpiit PiBHEHCHKO1 00-
JIacTi Ha MOTOYHOMY €Talli aBapili Ha OCHOBI ITPOBEACHHS
KOMILJIEKCHOTO paiallifHO-TiriEHiYHOTO MOHITOPUHTY B
penepHUX HacejJeHUX MyHKTax y 2020 p. Ta omiHKa iX
BIUIMBY Ha (hOpMYBaHHS J103.

MATEPIAJIA 1 METOAN JOCJITI2KEHHS

¥V BepecHi 2020 p. y paMKax KOMIUIEKCHOTO pafialliiiHO-
ririeHiYHOro MOHiTOpUHIYy PiBHEHCBHKO1 obyacTi OyJo
npoBeaeHo BuidHuii JIBJI-mMoHiTOpuHT y yotrpbox HII
PokutHiBcbKOTO paiioHy y 00cs3i, AJOCTaTHbOMY [JIsI
MpoBeIeHHs cTaTUCTUYHOro aHafi3dy — cc. Crape Cero,
Bexuus, IMepexoauui, Apo3auHb. Yci BOHU — CiJIbChbKO-
TO TUITY, i po3TarioBaHi moom3y JicoBux MacuBiB. Cena
Jocuthb Beauki. Y Crapomy Ceani npoxuae 4107 oci0, y
HposauHi — 2625, v Bexuui — 1158, INepexognyax —
562. Y ciM’ax TpaguuiitHo Garato miteir, Tomy Bci HIT
MaloTh IIIKOJIN, B IKMX HaB4YaroThbes Bin 124 miteit (IMepe-

(1) 126

Radionuclide contamination of the woodland and
agricultural land ecosystems that are actively
involved in the industrial and agricultural produc-
tion in Polissya area determines risks of intensive
radionuclide contamination of the end products
[7—9]. The peat-swamp soils in Rivne oblast Polis-
sya area are, as a rule, acidic or slightly acidic with
low content of microelements, all of which provides
high coefficients of radioactive cesium transition
(up to 40%) into the root system of plants. Conta-
mination of food (milk, meat, vegetables) and ani-
mal feed (natural herbs) grown or produced in this
area is one to two orders of magnitude higher than
in other locations [10, 11]. As a result, the internal
radiation doses in population of contaminated areas
of Rivne oblast throughout the post-accident period
were the highest among population of Ukraine
[12—13]. Thus, population of Rivne oblast Polissya
areas is subject to significant radiation burden with-
in all post-accident years that require both medical
[14—15] and radiological control [16—18].

Conduction of comprehensive radiation and
hygienic monitoring of population in RCT of
Rivne oblast provides possibility to identify the
features and key factors of radiation dose forma-
tion in the residents of this region at the current
stage of accident. The latter in turn is the basis for
taking adequate arrangements to minimize the
radiation doses in population of this region.

OBJECTIVE

The key factors identification in radiation dose
formation in population of radiologically conta-
minated areas of Rivne oblast in the current peri-
od of accident through comprehensive radiation
and hygienic monitoring in reference settlements
in 2020 and estimation of their impact on dose for-
mation were the study objectives.

MATERIALS AND METHODS

The on-site whole-body-counter (WBC) monitor-
ing was conducted in September 2020 in Rokytne
district of Rivne oblast (province) settlements in
population group sufficient for the statistical analysis
within framework of comprehensive radiation and
hygienic monitoring of the oblast. Study was con-
ducted in Stare Selo, Vezhytsia, Perekhodychi, and
Drozdyn large enough rural villages located near
forests. There were 4107 people in Stare Selo, 2625
in Drozdyn, 1158 in Vezhytsia, and 562 in Pere-
khodychi villages. There are traditionally multi-
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xoauyi) 1o 1034 niteii (Crape Ceno) Ta AUTSYi 10-
LIKibHI 3akaau. TTpakTHUHO KOXHA CiM’s1 Yy IOMO-
rocronapcTBi Mae omHy abo KiJbka KOpiB. IX
KiJbKicTh KonuBaeThbes Big ~ 100 y c. Ilepexonuyi no
~ 600 y c. Crape Cerno.

JIBJI-BuMiproBaHHs OyJu MpOBENEeHiI OAWH pa3 Ha
piK — BOCEHHU, Y BEpPECHI. Ychoro 0ys10 oocTexxeHo 696
oci0 — 318 mopocnux i 378 miteii. Ha xxanb, My He Ma-
JIM 3MOTM TTPOBECTU BECHSIHI JOC/iIKEHHS Uyepe3 Ka-
paHTuH 3 npuony COVID-19.

BuszHaueHHSI BMICTY iHKOPIHOPOBAaHOIO paaiolie3ito
BUKOHAHO UIJISIXOM IMPSIMOTO BHUMIpIOBaHHS Ha Ji-
YUJIBHUKY BUITpoMiHIOBaHHS JtoauHu (JIBJI) «Ckpu-
HHep-3M» (BupobonuurBo IHEKO, M. KuiB) Nel53
MOOLIBHOTO TUMY 0e3I0CepeIHbO 3a MiCLIeM MPOXU-
BaHHS 00CTeXXyBaHUX 0Ci0 Yy POKMTHIBCbKOMY paitoHi
PiBHeHCcBKO1 obnacTi (pucyHok 1). IIpoBeneHHs Ka-
JIIOpyBaHHSI KOMILJIEKCY, BUMipIOBaHb Ta PO3pPaxyHKHU
pe3yabTaTiB 3AiliCHIOIOTHCS 3a €IMHOI0 B YKpaiHi Me-
TOoAuKOI0, po3pobsieHoro B HHIIPM [19-21].

HacrtynHa 3amaya nocitigKeHHs] YAHHUKIB (popMy-
BaHHS 103 BHYTPIIIIHBOTO OIIPOMiHEHHSI HaCEJICHHS
P3T — Bu3HauyeHHS Ta aHaJi3 3a0pymHEHHS pamio-
HYKJiJaMU OCHOBHHUX IIPOAYKTIB XapyyBaHHS Ta

child families in the area, so there are pre-school facili-
ties and schools in all the named settlements with num-
ber of pupils varying from 124 in Perekhodichi to 1,034
in Stare Selo. Almost every family has one or more cows
in the household. Their number ranges from ~ 100 in
Perekhodychi village to ~ 600 in the village of Stare Selo.

The WBC-measurements were performed once a
year in September. A total of 696 people were exam-
ined, i.e. 318 adults and 378 children. Unfortunately,
the study in spring was unavailable because of quaran-
tine due to the COVID-19 pandemic.

Determination of incorporated radioactive cesium
was performed through the direct measurement on a
mobile type human WBC «Screenner-3M» (manu-
factured by INECO, Kyiv) #153 directly at the place
of residence of surveyed persons in Rokytne district
Rivne oblast (Figure 1). Calibration of the testing
complex, measurements and calculations of results
were carried out according to the unified method in
Ukraine, developed at the NRCRM [19-21].

Determination and assay of radionuclide contami-
nation of the staple foodstuffs and levels of their con-
sumption was the next task within the scope of
research of factors of internal radiation dose formation

PucyHoK 1. NpoeeaeHHa JIBJl-eumipioBaHb y c. Bexxuua PokuTHiBCbKOro paitoHy PiBHeHCbKOi o6nacTi

Figure 1. WBC-measurements in Vezhytsia village, Rokytne district of Rivne oblast
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piBHIB iX crioxuBaHHs [8, 16-18]. ¥ 3B’s13Ky 3 HepiB-
HOMIpPHICTIO HAKOMMWYEHHS PadiOHYKJIiIiB BIIPOAOBX
POKY, TIOB’sI3aHOI0, Y TIEPIITy Yepry, 3i 3MiHOIO pallioHy
XapuyBaHHSI B OCiHHill mepioa (BXUBaHHSIM, y TOMY
YUCJi, TPOAYKTIB JIiCOBOTO IMOXOJKEHHsI), 30ip Ta
aHaJi3 mpo0 NPOAYKTIiB Y MUHYJIi POKU MU 3[1iliCHIOBA-
JIM [IBiYi Ha piK - BecHoI0, i BoceHu. Y 2020 por1ii gepe3
KapaHTHH Y 3B’s13Ky 3 KopoHaBipycom COVID-19 36ip
npo6 y Bubpanux o oocrexkeHHs1 HIT PiBHeHCbKOL
00;1aCTi MM 3MOTJIU 3AiACHUTH JIMILIE OAUH pa3 — BOce-
HU. Ycboro Oyio 3iopaHo 48 1mpod Mojoka, 45 mpob
KapToTILJIi Ta OBOUiB, 35 Mpo0 MPOOYKTiB AUKOI IIPUPO-
v (13 mpo6 cymeHux rpubiB, 8 MpoOd YOPHUIIb CyIIIe-
HUX, 9 po0 XypaBiauHU Ta iH.). ONMUTYBaHHS 1IOAO0
0COOJIMBOCTEN Ta PiBHIB CIIOXKWBAHHS IIPOIYKTIB Xap-
yyBaHHS OyJIO IPOBEIECHO 3a CKJIaIeHUMU HaMU Yy 10~
nepenHi poku QopmaiizoBaHuMu aHketamu [17,18].
OnuraHo 229 oci6 — 140 nopocnux i 89 miteil.
BumiproBanus Bmicty ¥’Cs y mpo6ax IpOLyKTiB IIpo-
Boausn Ha ramma-criekrpomeTpi SILENA. [Insa Bu3Ha-
YEHHS BMICTY palioOHyKJIila y TTpodax MOJoOKa Ta Kap-
TOILTi BUKOPUCTOBYBAJIY MOCyAUHY MapiHesli EMHICTIO
1 niTp. [Iu1st BU3HAYEHHS BMICTY paJioHyKJIiga y mpodax
rpu6iB BUKoprcTtoByBanu 100 r mpoayKTy Ta MPOBOAUIN
BUMipioBaHH y reomeTpii JleHta. Ocob1uBy yBary 0ysio
MPUAiJIEHO BUSHAYEHHIO BMiCTY *Sr y MpOAyKTaxX Xapuy-
BaHHSI Yepe3 Te, 110 3 YaCOM BHECOK BiJl padiOCTPOHILiIO
y CyMapHy /103y BHYTPILLIHbOTO OIPOMiHEHHS 3POCTAE.
BumiptoBanHst BMicTy *Sr B TNpOmyKTax XapayBaHHS
npoBoauin Ha Oeta-criekTpomeTpi COB-01 [22]. IIpo-
OOITATOTOBKA U BUMIpIOBaHb BMICTY *°Sr IIpoBOIU-
JIach BIiIMOBIIHO 10 METOAUYHUX peKoMeHaallii [23].
BumiproBaHHS TOTYXXKHOCTI 1031 30BHIIITHOTO OIPO-
MiHEHHSI TIPOBOIMJIMCH Y BillIOBIAHOCTiI 1O BUMOT iH-
CTPYKTUBHO-METOAWYHUX JOKYMEHTIB [24, 25] MeTO-
JIOM TIIIOXITHOI Y-3oMKU. TSl TOCTiIXKeHb BUKOPUC-
ToByBaBcs no3umerp-paaiomerp MKC-05 «TEPPA».

PE3VYJIBTATU TA OBI'OBOPEHHS

Pesynsratu JIBJI-moniTopunry y oocrexenux HIT Po-
KWTHIBCBKOTO paiioHy y BepecHi 2020 p. mpuBeieHi B
Tabaui 1.

Cepenniii BMicT iHKoprioposaHoro *’Cs y mopocimnx
MelnkaH1iB ooctexxeHux HII mexuTh y mexax Bing
4,2 xbk y c. Crape Ceno 1o 7,4 kbk y c. Bexxuug (ce-
peaHbOpiYHA 1034 BHYTPILLIHBOTO OMPOMiHEHHS, 00Yy-
MoBJIeHa iHKopmopatieo 'YCs, Bix 0,12 M3B - pik! 10
0,21 M3B - pik' BIiOIOBiIHO), y AiTell cepenHiil BMiCT
iHkopropoBaHoro ’Cs JieXuTb y Mexax Bif 1,6 Kbk y
c¢. Crape Ceno o 3,0 kbk y c. JIpo3auHb (cepenHbo-
piuHa 1032 BHYTPILLIHHOTO OIIPOMiHEHHS, 00YMOBJIEHA

in RCT population [8, 16-18]. Due to uneven accu-
mulation of radionuclides during the year, primarily
because of different diet in the autumn period
(specifically the forest product consumption), the
collection and analysis of food samples in previous
years we carried out twice on year — in spring and
autumn. In 2020, due to the quarantine because of
COVID-19 pandemic, the collection of samples in
selected villages in Rivne oblast was possible only
once — in autumn. A total of 48 milk samples, 45
potato and vegetables samples, 35 wild product sam-
ples (13 samples of dried mushrooms, 8 samples of
dried blueberries, 9 samples of cranberries, etc.) were
collected. Interview on characteristics and levels of
food consumption was conducted using the formal-
ized questionnairy of authors’ design (prepared in
previous years) [17,18]. The 229 persons were inter-
viewed in total i.e. 140 adults and 89 children.
Measurements of '¥Cs content in the product
samples were performed on a SILENA gamma spec-
trometer. A 1 liter Marinelli vessel was used to deter-
mine the radionuclide content in milk and potato
samples. Measurements of radionuclide content in
fungal samples were made in the «Denta» geometry
(Denta vessel) using 100 g of product. Particular
attention was paid to determination of *’Sr in food
due to the fact of radioactive strontium contribution
to the total dose of internal radiation increase over
time. The *Sr content was measured in foodstuffs on
a beta-spectrometer SEB-01 [22]. Sample prepara-
tion for *Sr measurements was performed in accor-
dance with the respective guideline [23].
Measurements of the external radiation dose rate
were performed in accordance with requirements of
instructional and methodological documents [24, 25]
by the method of pedestrian y-survey. The [SS-05
«TERRA» dosimeter-radiometer was used.

RESULTS AND DISCUSSION

Data of WBC-monitoring in the settlements of
Rokytne district surveyed in September 2020 are
shown in table 1.

Average content of incorporated '¥’Cs in adult resi-
dents of the surveyed settlements ranged from 4.2 kBq
in Stare Selo village up to 7.4 kBq in the village of
Vezhytsia (average annual internal radiation doses
due to ’Cs incorporation from 0.12 mSv - year to
0.21 mSyv - year', respectively). Average content of
incorporated '¥’Cs in children ranged from 1.6 kBq
in Stare Selo village up to 3.0 kBq in the village of
Drozdin (average annual internal radiation doses
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EPIDEMIOLOGY

AND DOSIMETRY

Ta6nuusa 1

Pe3ynbTatn MOHITOPUHIY BMicTY iHKOpnopoBaHoro 13’Cs Ta cepeAHbOpiYyHa 4033 BHYTPilUHbOrO ONPOMiHEHHSA,
obymoBieHa iHKopnopauieto 137Cs, B 06CTeXXeHUX HaceneHux nyHKTax PiBHeHcbKoi o6nactiy 2020 p.

Table 1

Data of incorporated *7Cs monitoring and average yearly internal radiation dose due to *’Cs incorporation in

the surveyed settlements of Rivne oblast in 2020

Hacenenmit  BikoBa KinbkicTb Bmict '37Cs, kbk - opraHiam-! Hosa*, m3B - pik’!
NYHKT rpyna 00CTeXeHux 137Cs content, kBq - body' Dose,* mSv - year-'
cepeqHe MenjaHa 90 % kB. MaKCUM. cepepnHe MaKCUM.
Settlement Age group n mean median 90 % qouantile max. mean max.
Crape Ceno Yei / All 171 27+3,0 1,8 6,0 22,2 0,11 0,59
Stare Selo [opocni / Adults 75 42 +37 3,2 8,4 22,2 0,12 0,59
[Jim / Children 87 1,617 1,1 34 12,9 0,09 0,44
Bexuus Yci /Al 156 44+45 2,5 10,0 29,0 0,18 0,94
Vezhytsia Lopocni / Adults 69 74+71 51 16,4 29,0 0,22 0,94
Litn / Children 87 2118 1,5 43 11,4 0,14 0,53
Mepexomuyi Yei /Al 192 50=5,0 3,5 10,6 39,9 0,18 1,24
Perekhodychi [Lopocni / Adults 109 71£56 54 144 39,9 0,21 1,24
Litn / Children 83 2412 2,0 44 12,1 0,14 0,65
[Lpo3auHb Yci /Al 177 41+£35 29 79 21,4 0,17 0,58
Drozdyn Nopocni / Adults 65 57+42 4.4 11,5 214 0,18 0,58
Litv / Children 112 30+26 2,3 57 16,2 0,15 0,54

Mpumitka. *[103a BHYTPILLHBOTO ONPOMIHEHHS PO3paxoBaHa 3a peaynbtaramut JIBJ1-sumiptoanb [19-21].

Note. *Internal radiation dose calculated according to WBC-measurement results [19-21].

inkopropariieto *'Cs, Bix 0,09 M3B - pik' 10 0,15 M3B - pik’
BiTIOBIAHO).

MaxkcuMalibHe 3apeecTpoBaHEe 3HAUCHHS iHOMBILY-
aJIbHOI 03U BHYTPILIHBOTO OMNPOMIiHEHHSI CTAaHOBUTh
1,24 M3B - pik™' (MelkaHens c. [Tepexomuui 1979 poky Ha-
pomkeHHsT) y mopociaux Tta 0,65 M3B - pik!' y miteit (Mer-
KaHeup c. INepexomuui, 2006 poky HapomkeHHs). 2,5 %
00CTeXKeHUX MAalOTh J03WM BHYTPILIHBOIO OMPOMiHEHHSI
Buii Hix 0,5 M3B - pik' (1,9 % — nopocini, 0,6 % — aitn).

Ha pucyHky 2 nipeacTaBieHO CTAaTUCTUYHUMN PO3MOIIT
3Ha4Y€Hb iHAMWBiIAYaJIbHOTO BMICTYy iHKOPIIOPOBAHOIO
¥Cs y mopocioro HaceyreHHsI ooctexxeHux HIT.

Bci posnoninu noxioHi. MaoTh JIOTHOPMAaJIbHUN Xa-
paKTep, 3 3aTITHYTHUM IIPaBUM «XBOCTOM», IIIO CBiIYUTH
PO HEPiBHOMIPHIiCTb iHAMBIAYyaaIbHUX BMicTiB. CepenHi
3HaueHHd y 1,3—1,5 pa3a nepeBUIIYIOTh 3HAUYSHHS Me/Ti-
anu. Tooro, B HII € 3HauHa yacTMHA MEIIKaHIIB 31
3HAYHO OUTBIIMMU 3HAYEHHSIMU IHIMBITyaJIbHOTO BMiC-
Ty, HiXK OCHOBHA YacTUHA HaceJieHHs1. Oco0JIMBO 1Ie BU-
paxkeHo y c¢. Bexwuuis.

VY pesynbrari NMpoBeAeHOro aHali3y BiKOBUX OCOOJIN-
BoCTell (hopMyBaHHS 03 BHYTPIIIHBOIO OMPOMiHEHHS
MOXHa 3pOOMTHU BUCHOBOK, 1110 PiBHI OMPOMiHEHHS J10-
pocimx B oocrexxennx HIT Bummi, Hix miteit, y 1,4 pasza
(Tabauig 2), 1110 OYEBUIHO MOB’S3aHO 3 OiJIbIIT BUMOT-
JINBUM CTaBJICHHSIM JIO TUTSYOTO PaLioHYy.

OxpeMo chig BigdHauuTv pesyabratd JIBJI-MoHiTO-
puHTY miTeit BikoM 1—2 poku. Byno obcrexkeHo m’atepo

due to ""Cs incorporation from 0.09 mSyv - year™ to
0.15 mSyv - year, respectively).

The maximum recorded value of individual inter-
nal radiation dose was 1.24 mSv- year™' in adults (vil-
lage of Perekhodychi, resident born in 1979) and
0.65 mSv - year' in children (village of Perekho-
dychi, resident born in 2006). The 2.5% of subjects
(1.9% of adults and 0.6% of children) have had in-
ternal radiation doses higher than 0.5 mSyv - year™.

Figure 2 shows the statistical distribution of
incorporated 'Cs individual content in adult pop-
ulation of the surveyed settlements.

All the distribution patterns are of a lognormal
shape with elongated right side «tail» indicating
the uneven individual content. Average values were
at that 1.3—1.5-fold exceeding the median ones. It
means that there was a substantial part of residents
with significant excess of individual content with
especial relevance in Vezhytsia village vs. main part
of population.

Review of the age peculiarities of internal radia-
tion dose formation indicated that irradiation lev-
els in adults in the surveyed settlements were 1.4
times higher than in children (Table 2), which was
obviously due to a more demanding attitude to
children's diet.

Results of the WBC-monitoring in children age
1-2 years should be noted separately. Five children
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PucyHoK 2. CratuctuuHuit posnopain BmicTy iHKopnopoBaHoro 37Cs y AOpPOCAMX MELIKAHUiB 06CTeXeHux
HaceneHux NyHKTiB PiBHeHCbKOT o6nacTti y BepecHi 2020 p.

Figure 2. Statistical distribution of incorporated *37Cs individual content in adult population of the surveyed
settlements in Rivne oblast in fall of 2020.

Ta6nuusa 2
CepepaHi 3HayeHHA NUTOMOro BMicTy iHKoprnopoBaHoro 3’Cs y popocaux Ta Aiten B ycix o6crexenux HI
PokuTHiBCbKOrO paitoHy PiBHeHCbKOT 06nactiy 2020 poui

Table 2
Average specific content of incorporated 37Cs in adults and children of all surveyed settlements in Rokytne
district of Rivne oblast in 2020

BikoBa KinbkicTb Mutomuii Bmict '3°Cs, Bk - kr-! [osa*, m3B - pik’
rpyna ocio 137Cs specific content, Bq - kg Dose,* mSv - year!
cepepHe megiaHa 90 % kB. MaKCUM. cepenHe MaKCUM.
Age group n n‘ljean median 90 % q(:lantile max. n'l)ean max.
[opocni / Adults 319 81 =69 61 163 547 0,184 1,24
Litn / Children 378 59 + 41 43 112 287 0,133 0,65

IMpumiTka. *[lo3a BHYTPILUHLOTO ONPOMIHEHHS PO3paxoBaHa 3a pesynbTatamu JIBJ1-BumipioBanb [19-21].
Note. *Internal radiation dose calculated according to WBC-measurement results [19-21].

niteit 2018—2019 poky HapomkeHHs. [1pu nocuth HeBU-  born in 2018—2019 were examined. Along with a
COKMX BMicTax pamioue3sito B opranizmi (1,0—2,6 kbk), ratherlow content of radioactive cesium in the body
3Baxkaouu Ha HeBenuky Bary (Big 11 xr go 18 kr), ce-  (1.0—2.6 kBq) due to a low weight (from 11 kg to
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Ta6éauua 3

CepepHi 3HaYeHHA NUTOMOTO BMicTy iHKOpnopoBaHoro 37Cs y 4onoBiKiB i KiHOK B ycix o6cTexkeHux HM PiBHeHCbKoOT

obnacriy 2020 poui
Table 3

Mean values of incorporated 37Cs specific content in males and females from all surveyed settlements of Rivne

oblast in 2020

CrareBa KinbkicTb MuTtomuii BmicT '¥7Cs, BK - Kr! [osa*, M3B - pik’’
rpyna ocio 137Cs specific content, Bq kg Dose,* mSv - year-'
cepegHe mepjaHa 90 % KB. MaKCUM. cepepHe MaKCUM.
Age group n mean median 90 % quantile max. mean max.
Yonosikn / Males 118 100 + 81 7 201 547 0,227 1,242
XiHku / Females 201 70 £ 57 53 139 415 0,158 0,941

Mpumitka. *[l03a BHYTPILUHLOrO ONPOMiIHEHHSI po3paxoBaHa 3a peaynbTatamu J1BJ1-BumipioBatb [19-21].

Note. *Internal radiation dose calculated according to WBC-measurement results [19-21].

PeIHBOPIYHI 103U BHYTPILLIHBOTO ONPOMiHEHHS JIeXKaTh y
Mexkax Bix 0,13 M3B - pik™” mo 0,53 M3B - pik’', cepenHs —
0,24 M3B - pik’', 110 MaiiXe BABiYi BUILE, HIXK CepeaHE
3HAYeHHS [IJI1 BCbOI'O OOCTEXKEHOTO AUTSIYOTO KOHTHH-
renty 0,14 M38 - pik™'. I[Ipu onutyBaHHi OyJI0 3’sICOBaHO,
11O JIiTH 3HAXOISIThCSI YaCTKOBO Ha IPyIHOMY TOIYyBaHHI,
YaCcTKOBO BXWBAIOTh MOJIOKO BJIACHOTO JOMOTOCHOIap-
CTBa.

Jns pocnimkeHHST CTaTeBUX OCOOJIMBOCTE (hopmy-
BaHHS 103 BHYTPILLIHBOTO OMPOMiHEHHSI MpoaHajli3oBa-
Ho pesyabratu JIBJI-BUMiptoBaHb yCiX TOPOCIUX MEIll-
KaH1iB ooctexxennx HIT (tadnmig 3).

ITuromMuii BMicT iHKopropoBaHoro '¥'Cs B opraHizmi 4o-
JIOBIKiB BapitoeThes y Mexkax Bin 71 bk - k' mo 110 bk - k',
B OpraHi3mi XiHok — Bim 46 Bk - xr' go 88 bk - kr'. Ce-
penHi piBHI ONPOMIHEHHSI Y YOJIOBIKiB BUILi, HiX Y Xi-
HOK y 1,4 paza, 1110, OYEBUIHO, TMOB’SI3aHO 3 OiJbIIOI0
MUTOMOIO Macolo M’SI30BOi TKAHWHU Y 4YOJOBIKiB Ta
palioHOM XapuyBaHHS 3 OUIBIIOI0 YACTKOIO IMPOJIYKTiB
JIMKOI IPUPOJU, HixK Y KiHOK.

Ha pucyHky 3 npeacraBieHO 3apeecTpoBaHy HAMM J1-
HaMiKy CepelHiX piBHIB BHYTPIillITHHOTO OMPOMiHEHHS
MemikaHuiB Tpbox HII, y gxux Oyau nposeneHi JIBJI-
nmocrimkeHHsT BripoaoBxk 2011—-2020 pp. — cc. Crape Ce-
1o, Bexxung ta Ilepexoguyi.

Bocenu 2020 p. 3apeecTpoBaHO 3HUKEHHSI PiBHiB
BHYTPILIHBOTO OINPOMiHEHHS B ycix ooctexxeHux HII B
1,2—1,9 pasa mopiBHSIHO 3 pe3yJbTaTaMH OCIiHHBOTO
JIBJI-moniTopunry 2017 p., 1110 MiATBEpAXYE TMOIEpea-
HIO AMHAMiKy IIOCTYIMOBOIO 3HMKEHHSI PiBHIB OII-
pOMiHEHHS Ha MOTOYHOMY eTamni aBapii (y 1,2—1,7 pasa
Bim 2014 p. mo 2017 p.) [17, 18].

Taka cuTyallis OSICHIOETBCS TUM, 1110 BCi OCTaHHI po-
KM Oy Haa3BMYAHO CyXi, MaJIonoIIoBi. | HaceaeHHs 3
POKY B piK Bce MEHILE 30Mpa€e Ta BXUBAE IPOIAYKTiB
micoBux yrigb. OmHak, momri y 2020-2021 pp., 3a

18 kg) the average annual internal radiation doses
ranged from 0.13 mSv - year' to 0.53 mSyv - year
(mean 0.24 mSyv - year') which was almost twice
higher than average value of 0.14 mSyv - year for the
entire surveyed children’s contingent. Interviewing
the study subjects showed that children are partly
breastfed and partly drink milk from their parents’
own households.

To study the gender characteristics of internal
radiation dose formation the results of WBC-
measurements in all adult residents from the sur-
veyed settlements were reviewed (Table 3).

Specific content of incorporated 'Cs in the
body varied from 71 Bq - kg to 110 Bq - kg in
men and from 46 Bq - kg™' to 88 Bq - kg! in women.
Mean levels of irradiation in men were 1.4 times
higher than in women, which was obviously due to
higher proportion of muscle tissue and diet with a
higher proportion of wildlife products in men than
in women.

Figure 3 shows the time pattern of average levels
of internal exposure in residents of three settle-
ments (Stare Selo, Vezhytsia, and Perekhodychi
villages) where the WBC-surveys were conducted
in 2011-2020.

A 1.2—1.9-fold decrease of the internal radiation
levels was registered in autumn 2020 in all surveyed
settlements compared to results of the autumn
WBC-monitoring in 2017, which confirmed the
previous trend of radiation level gradual decrease
at a current stage of the accident (1.2—1.7 times
from 2014 to 2017) [17, 18].

This situation is explained by the fact that all
recent years were extremely dry with scanty rainfalls.
And every year the population had collected and
consumed less and less forest products. However,
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PucyHoK 3. [luHamika cepeaHix piBHiB BHYTPilHbOro onpomMiHeHHA MewwKaHuiB okpemux HI PokuTHiBCbKOrO
paitoHy PiBHeHcbKoi o6nacTi Bnpogoex 2011-2020 pp.

Figure 3. Time pattern of the mean levels of raiation exposure in residents of some settlements in Rokytne

district Rivne oblast within 2011-2020.

CBiTUEHHSIM MiCLIEBUX MEIIKAHIIIB, CIIPUSIIOTh BiTHOB-
JICHHIO TPMOHULIb Ta «0araTomMy BpoxKalo» JIiCOBUX ITPO-
JIYKTiB, 0COOJMBO TpUbiB, 1110 OE3YMOBHO COPUSITUME
MMiIBUIEHHIO HakonuyeHb ''Cs B opraisami Mel-
KaHLiB PiBHEHIIWHU i, IK pe3yabTaT, 3pOCTaHHIO 103
BHYTPIIIIHHOTO OMPOMiHEHHSI.

OkpeMo cJiig BiI3HAUUTU CE30HHE IMiJABUILECHHS
PiBHIB OIIPOMiHEHHSI 3 BECHM 10 OCiHb, 1K€ 0COOJIMBO
BupaxeHne y 2017 poui (1,4—1,8 paza). CxiamaeTbcs
CUTYallisl, KOJIW BECHSIHE CYTTEBE 3HUKEHHS PiBHIB OIT-
POMiHEHHS HiBEIIOETHCS CE30HHUM IigiioMoMm. 3Ha-
YeHHST cepeIHbhOTO BMicTy Ha ociHb 2017 poky csrae
piBHs 2014 poKy i MPaKTUYHO 3BOAWTH HAHiBellb MOIIe-
penHi nocsarHeHHs. Ha XaJb, y IIbOMy pOIllLi Y 3B’SI3KY 3
KapaHTMHOM He Baajocs nposecTu JIBJI-MoHiTOpUHT
BECHOI0. | MM He MAaEMO MOXJIMBOCTi OLLIHUTU CE30H-
HU YUHHUK.

AHaJti3 CTpyKTypH Ta AMHAMIKU CITOXUBAHHSI XapYOBUX
OpOaYyKTiB HaceaeHHsIM oocTexkxeHnx HITy 2014—2020 pp.
BUSIBUB, 1110 HAOLIbLIY YACTUHY PallioHy CTAHOBJISITh MO-
JouHi (331 r- mob6a™'), oBouesi (247 r + noba™' — KapTOILIs,
323 - noba! - oBoui), M’sicHi (222 1 - 106a™") mpomyKTH Maii-
K€ BUKJIFOUHO 3 MPUBATHOI'O JOMOTOCHOAAPCTBA Ta XJ1i00-
oysouni npoaykt (290 r - moba™), siki mepeBaxHo (69 %
BiJI YCiX) BUPOOJISIIOTHCS Y TPUBATHUX 200 MiCLIEBUX TOMO-
rocrogapcTBax Mpy MOCTyTIOBOMY HE3HAYHOMY 3HMXKEHHi
PiBHIB CMOXMBAHHS MPAKTAYHO YCiX TPy MPOAYKTIB, SIK
JIOMAaIlIHiX, TaK i IpuadaHUX y TOProBiii Mepexi.
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rains in 2020—2021, according to local residents, con-
tributed to restoration of mushroom spawns and «rich
harvest» of the forest products, especially mushrooms,
which will certainly predispose to increase of *’Cs
accumulation in the bodies of Rivne oblast residents
and, as a result, to increase of internal radiation doses.
The seasonal increase in radiation levels from
spring to autumn, which was particularly pro-
nounced in 2017 (1.4—1.8-fold), should be specifi-
cally noted. There was a situation when the signifi-
cant spring decrease in radiation levels was offset by
a seasonal rise. Value of an average content for the
fall of 2017 reached the level of 2014 and virtually
nullified the previous achievements. Unfortunately,
due to quarantine this year, it was not possible to
conduct the WBC-monitoring in spring. And there
was no opportunity to assess the seasonal factor.
Review of structure and time pattern of the food
consumption by population of surveyed settlements
in 2014—2020 showed that the largest part of diet
consisted of dairy products (331 g - day™'), vegetables
(247 g - day! of potatoes, 323 g - day! of vegetables),
and meat foodstuffs (222 g - day™') almost exclusive-
ly from private households, and bakery products
(290 g - day') mainly (69% of all) produced in pri-
vate or local households, along with a slight gradual
reduce of consumption of almost all groups of prod-
ucts, both domestic and commercially available.
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EPIDEMIOLOGY

AND DOSIMETRY

Ta6nuus 4

CepepHin BmicT 137Cs y npo6ax MONOKa B 06CTeXeHUX HaceNleHUX NYHKTax HaBecHi Ta BoceHu 2011-2020 pp.

Table 4

Mean 137Cs content in milk samples collected in surveyed settlements in spring and fall of 2011-2020

HaceneHnuii nyHKT

CepepHe 3HayeHHs BMicTy '’Cs, Bk - n-' / '3’Cs average content, Bq - I

2011 2014 2017 2020
Settlement TpaBeHb BepeceHb TpaBeHb  )XOBTEHb TPpaBeHb  XXOBTEHb BepeceHb
May September May October May October September
Crape Ceno / Stare Selo 496 + 145 187 £ 63 280 = 81 193 £ 63 205 = 107 121+ 75 142 £ 75
Bexwus / Vezhytsia 458 £ 157 155+ 76 337 + 83 165 + 60 188 + 44 124 +72 185 + 80
[po3auHb / Drozdyn - - - - - - 162 + 43
Mepexopuui / Perekhodychi - - 219 =101 140 + 30 121 £ 51 90 =65 134 £ 43

BcraHoBneHo, mo y 76 % npo6 mMoiioka, 3i0paHux B
obcrexxenux HIT, Bmict *’Cs nepeBulilye 10MyCTUMUI
piBensb 100 bk - 1! (Tirieniynnit Hopmatus 'H 6.6.1.1-
130-2006) mo 4 pasiB [24]. MakcuMajbHe 3apeecTpo-
BaHe 3HA4eHHS CTaHOBUTH 363 Bk - 1.

3HaueHHs cepeaHboro mo HIT smicty ¥’Cs y mpobGax
MOJIOKa, BifiOpaHux y pi3Hi opu poky y 2011, 2014,
2017 pokax ta Boceru 2020 poKy, mpuBeaeHi B Ta0IMIi 4.
3a pesynsratamu pociimkenb 2020 p. BOHM JeXaTb y
Mmexax Bin 134 bk - ' mo 185 Bk - 1! i mepeBUIIyIOTH
IP 100 bk .

Bwmict 'Cs y BecHSIHMX MTpoOax MOJIoKa B 00CTEXKe-
Hux HIT 3 2011 p. mo 2017 p. 3MeHIIyETbCI Ha TIi
YiTKO BUpPaxKeHOI Ce30HHOI 3aJIe3KHOCTi 3a0pYIHEHOCTI
MOJIOKa pamione3ieM. MIMoBipHO, 1ile 0GYMOBIEHO
0COOJIMBICTIO CiIHOKOCIB i KOHLEHTpyBaHHAM 'Cs y
ciHi. PiBHi 3a0pygHEeHHS MOJIOKa paaiolie3ieEM BOCEHU
B OCTAHHI POKM 3aJIMIIAIOTHCS MPAKTUYHO HE3MiHHM-
MM, TAaKUMU, 110 MEPEeBUILYIOTh JONMYCTUMUN piBeHb
I'H 6.6.1.1-130-2006 [24].

Junamika BMmicty ’Cs y mpoGax MOJIOKa B OOCTEXEHNX
HaceJIeHUX IyHKTaX POKUTHiIBChKOro paiioHy PiBHEHCh-
Koi oomactiy 2011—-2020 pp. npeAcTaBieHa Ha pUCYHKY 4.

JpyruM BaxKJIMBUM OCHOBHUM ITPOAYKTOM XapuyBaH-
Hs MmelunkaHuUiB Ilonicest € kaproruist Ta oBoyi. [JIuHa-
Mika cepeaHboro BMmicTy '¥Cs y mpobax KapToruli B 00-
crexenux HIT PiBHeHchkoi obaacti y 2011-2020 pp.,
npuBeaeHa B TabJMli 5, CBIIYUTb MPO 3HUKEHHS
BMmicTy y 2020 p.

B xomHiit 3i0paHiit mpobi KapToIIi Ta OBOYiB BMiCT
¥Cs He mepeBUIINB AOMYCTUMMIA piBeHb 60 Bk - k1! i
JexkuThb y Mexkax Bin 1,1 Bk - kr! mo 34,2 bk - xr! (pu-
CYHOK 5).

Bwmict *Sr y gocnimxeHux mpobax MoJIoKa Ta Kap-
TOIUI 3HAYHO HIKYM JomyctumMoro pisHio 20 bk - 1!,
i He BHOCUTb CYTITEBUII BKJIaH y (OpPMYBaHHS O34
BHYTPIiLLIHHOTO ONPOMiHEHHSI.

JocmimkeHHsT TPOAYKTIB JIICOBUX YTilb MOKa3aju,
10, SIK i y MUHYJI POKM, HalOiIbLI 3a0pyIHEHUMU

It was found that '¥’Cs content exceeded the permis-
sible level (PL) of 100 Bq - I'! (Hygienic standard GN
6.6.1.1-130-2006) up to 4 times in 76% of milk sam-
ples collected in the surveyed settlements [24]. The
maximum-recorded value was 363 Bq - 1.

Values of the average by the settlement content of
¥Cs in milk samples taken at different times of year
in 2011, 2014, 2017, and fall 2020 are shown in Table 4.
According to the results of studies in 2020 they
ranged from 134 Bq - 1! to 185 Bq - I'! exceeding the
100 Bq - I'' PL.

The '¥Cs content in milk samples from the surveyed
settlements collected in spring since 2011 till 2017 was
decreasing against the background of a clear seasonal
dependence of milk contamination with radioactive
cesium. That was probably due to the haymaking
peculiarities and '’Cs concentration in hay. Levels of
milk contamination by radioactive cesium last years
in autumn remained virtually unchanged, exceeding
the permissible level of GN 6.6.1.1-130-2006 [24].

Time pattern of '¥’Cs content in milk samples from
the surveyed settlements of Rokytne district Rivne
oblast in 2011—-2020 is presented in Figure 4.

Vegetables and potatoes are the another important
staple foodstuffs of Polissya region residents. Time
pattern of the average "“’Cs content in potato sam-
ples in the surveyed settlements of Rivne oblast in
2011-2020 is shown in Table 5, indicating a
decreased content in 2020.

The "Cs content did not exceed the permissible
level of 60 Bq - kg! in any collected sample of pota-
toes and vegetables and ranged from 1.1 Bq - kg' to
34.2 Bq - kg (Fig. 5).

The *°Sr content in the studied samples of milk and
potatoes was much lower than permissible level of 20
Bq - I'' making no significant contribution to the for-
mation of internal radiation dose.

Studies of the forest products have shown that, as in
previous years, wild mushrooms, especially dried
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PUcyHOK 4. [lunamika Bmicty 37Cs y npo6ax MonoKa B 06CTeeHMX HaceneHux nyHKTax PokuTHiBCbKOro
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Figure 4. Time pattern of 37Cs content in milk samples from surveyed settlements of Rokytne district Rivne

oblast in 2011-2020.
Ta6nuusa 5

CepepHiit BmicT 137Cs y npo6ax KapToni B 06CTeXkeHUx HaceneHux NyHKTax PiBHeHCbKOi 06nactiy 2011-2020 pp.

Table 5

Mean ©37Cs content in potato samples from surveyed settlements of Rivne oblast in 2011-2020

HaceneHnwuii nyHKT

CepeaHe 3HaueHHs BMicTy '37Cs, Bk - kr! / 137Cs average content, Bq - kg

2011 2014 2017 2020
Settlement TpaBeHb BepeceHb TpaBeHb  )XOBTEHb TpaBeHb  XXOBTEHb BepeceHb
May  September May October May October September
Crape Ceno / Stare Selo 24+10 271 +12 23+ 11 18+5 18£8 14+4 9+5
Bexwus / Vezhytsia 24£7 19+7 24+9 20£6 21+£9 187 10+8
[ipo3pnHb / Drozdyn - - - - - - 164
Mepexomuyi / Perekhodychi - - 31+£14 22+10 13£6 12£6 5+2

pagioHyKJIiJaMy MPOAYKTaMU IUKOI IIPUPOIU € JIiCO-
Bi TprOM, 0COOIMBO cyIIeHi, BMicT ¥’Cs B IKIX, 3HA4-
HO TIepEeBUIIYE JOMYCTUMHUI piBeHbD 2,5 KBK - Kr™!' 11
CYLIeHUX AUKOPOCAUX I'pubOiB Ta srim. 3HauYeHHS
BMICTY JiexkaThb y Mexax 3,6—36 kbk - kr'.

JunHaMika 3Ha4eHb BMicTy ''Cs y mpobax CyIIeHnX
rpu0iB B 00CTEXXEHUX HaceJIeHUX IMMyHKTax PiBHeHCh-
Koi objacti 'y 20112020 pp., mpuBeeHa Ha PUCYHKY
6, CBIIUUTH IMPO BUCOKMI Ta MPAKTUYHO HE3MIHHUIA
3 pokamu BMicT '’Cs, 110 IIPUPOITHO, OOYMOBIIIOBA-
TUME BUCOKi iHkopropauii *’Cs mpu iX BXMBaHHI y
MelIKaHLiB ooctexkeHux HIT.

3HaueHHs BMicTy *’Cs y mpo6ax YOpHULb CYILIEHUX
Bapitoerbest y Mexax Bif 0,83 kbk - kr' o 5,4 - kr'.

(1) 134

ones, remained the most contaminated with radionu-
clides wildlife products the content of '*’Cs in which sig-
nificantly exceeded a permissible level of 2.5 kBq - kg™
for dried wild mushrooms and berries. Values of the
content here were in the range of 3.6—36 kBq - kg'.

Time pattern of ’Cs content in samples of dried
mushrooms from the surveyed settlements of Rivne
oblast in 2011—2020 is shown in Figure 6, indicating
the high and almost unchanged over years *’Cs con-
tent, which, of course, will cause high incorporation
of "Cs when dried mushrooms consumed by the res-
idents of studied settlements.

Values of *’Cs content in samples of dried blueber-
ries varied from 0.83 kBq - kg’ to 5.4 kBq - kg'. An
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Figure 5. Time pattern of 37Cs content in potato samples from surveyed settlements of Rokytne district
Rivne oblast in 2011-2020.
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Figure 6. Time pattern of 37Cs content in dried wild mushrooms collected in population of surveyed settle-
ments in Rivne oblast in 2011-2020.
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Tiabku B ofHil Mpobi YOPHULIB CYIIIEHUX (TOCITONAPCTBO
c. Ilepexonuui) BusIBIeHO TepeBUIeHHST BMicTy 'Cs,
KU cTaHOBUTH 5,4 Kbk - k1!, nang IP — 2,5 kbk - kr'.
Citig 3a3Ha4uTH, 110 BMIcT "’Cs y YOPHULIAX CYIIEHUX
poro rocrogapcta y 2017 poli TakoxX MepeBUILYBaB
AP nns cyllieHUX NPOAYKTIB AMKOI ONpUpOau i OyB
HalOUIbIIMM cepel 3i0paHMX HaMM OpOO0 CYIIEHUX
arin (6,3 xkbk - xr') [18]. He BusiBIeHO mepeBUIICHb
HP y 3i06paHux mpodax MOpPOXEHUX STl YOPHUIb Ta
BapeHHSI.

Bumict ¥’Cs B ycix 3i0paHux mmpo0ax XKypaBIUHU HE
nepepuinye AP 0,5 xkbk - kr'. MakcumaiabHO 3apeec-
TpoBaHe 3HaueHHsT BMicTy ''Cs B XypaBJIWHI CTaHO-
BuTh 0,36 Kb - Xr!, 110 Hrkue JIP mj1st cupux ta 3aMo-
pOXeHUX JicoBUX drif. Bmanocs 3i0paTu onHy Ipooy
MapUHOBaHUX rpubiB (rocrogapcTBo c. Ilepexomuyi).
Bwmict "'Cs y aux (0,43 xbk - Kr') TakoxX He TiepeBU-
wrye AP, 1110 cBiguuTh Mpo 00i3HAHICTh MiCLIEBUX MEIll-
KaHIIiB 110/10 KyJiHapHO1 00pOoOKHU JIiCOBUX T'pUOIB Ta
ATiA IJ1s1 BUZAJAEHHS 3 HUX PadioHYKJTifiB.

IIpoBeneHi HaMu MpsIMi BUMipIOBaHHS MOTYXKHOCTI J10-
31 30BHILLIHLOTO ompomMiHeHHs1 B moBiTpi B HIT Po-
KMUTHIBCbKOro pailoHy PiBHEHCBHKOI 00J1acTi IMoKazalii,
1o pagiauiiinuii ¢poH B oocrexxyBanux HITy 2020 p. ne-
*uTh y Mexax Bix 0,09 Mk3B - rox™ 10 0,12 Mk3B - Tox.
Po3paxoBaHi 3HaYyeHHSI piYyHUX €(PEKTUBHUX 103 30B-
HIIIHBOTO OMNPOMIHEHHSI HaCEJIEHHSI CTaHOBJSTh
231—-285 MK3B * piK’!, 1110 HIKUYE OLIHOK CepeaHiX 3Ha-
YeHb 103 30BHIITHBOIO OIPOMiIHEHHSI HACeJIeHHS KO-
JtrHboro PansHebkoro Corogy y 1981—1985 pp. 3a paxy-
HOK TpupoaHoro panjauiiitHoro ¢ony (300—650 Mx3B -
pik") [27—30]. Ha xayb, oTpMaHi HaMU Pe3yJIbTaTh He-
MOXKJIMBO MOPiBHSITU 3i 3HAYEHHSIMU 103 B OOCTEXKYBAHUX
HIT no aBapii Ha HAEC, ocKifbKM B HAalLIOMY PO3IOPSIA-
JKeHHI BIiZICYTHi TaKi JaHi. 3 iHIIIOTO OOKY, B 00CTEKEHNX
HIT 3apeectpoBaHO BUCOKHWIT KOPEALiMHUI 3B’SI30K
(KoedillieHT Kopestii ctaHOBUTH (0,82) MiX IIUTbHICTIO
pamioaktuBHUX Bunaainb ’Cs micis aBapii Ha YAEC Tta
BU3HAYEHUMM PIYHMMHU J103aMU 30BHIILIHBOTO OI-
pomiHeHHs. Taki pe3ynsraTv CBiguaTh MPo HEOOXiTHICTh
MPOBEIEHHS HAyKOBMX IOCHIIKEHb OO0 HATypHOTO
BU3HAYEeHHS (paKTUYHUX i1 aKTyaJIbHUX HA CbOTOAHILIHIMi
JIeHb 3HaUEeHb LLIJIbHOCTI palioaKTUBHUX BUIIAdiHb Ta a-
paMeTpiB BepTUKAIbLHOI Mirpallii pagioHyKITimiB.

BUCHOBKU

IpoBenennii y 2020 p. KOMIUIEKCHWI paialliifHO-
ririeniunuit MoHiTopuHr HIT PokuTtHiBcbKOro paitoHy
PiBHeHcbKoi 061acTi — cc. Crape Ceno, Bexuus, ITepe-
xoauyi, dpo3arHb, MoKa3as, 110 PiuHi e(peKTUBHI 103U
OIPOMIHEHHSI HaCEJeHHSI B OOCTEXXYBaHUX HaceJeHUX

excess of ¥7Cs content was detected only in one sam-
ple of dried blueberries (from farm in Perekhodychi
village), namely 5.4 kBq - kg, exceeding the PL of
2.5 kBq - kg'!. It should be noted that the *’Cs con-
tent in dried blueberries from this farm in 2017 also
exceeded the PL for the dried wild products and was
the highest one among samples of dried berries col-
lected by us (6.3 kBq - kg") [18]. No exceedances of
PL were detected in the collected samples of either
frozen blueberries or jam.

The ¥'Cs content in all collected samples of cranber-
ries was not exceeding the PL of 0.5 kBq - kg'. The max-
imum-recorded value of '*’Cs content in cranberries was
0.36 kBq - kg'', i.e. lower than the PL for raw and frozen
berries. It was managed to collect the one sample of mar-
inated mushrooms (from the farm in Perekhodychi vil-
lage). The ''Cs content in it (0.43 kBq - kg™') also was not
exceeding the PL, indicating the awareness of local resi-
dents about culinary processing of wild mushrooms and
berries to remove radionuclides from them.

Direct measurements of external radiation dose
rate in the air of settlements in Rokytne district
Rivne oblast showed the radiation background level
in the studies settlements in 2020 ranging from
0.09 uSv - h''to 0.12 uSv - h™'. Calculated values of
the annual effective external radiation doses in
population were 231—-285 uSv - year' being lower
than the estimates of the mean external radiation
dose values from natural radiation background
(300—650 uSv - year') in population of the former
Soviet Union in 1981—1985 period [27-30].
Unfortunately, the obtained data cannot be com-
pared with the values of doses in the inspected set-
tlements before the ChNPP accident, as there are
no such data. On the other hand, a strong correla-
tion (correlation coefficient of 0.82) was estab-
lished in the surveyed settlements between the den-
sity of ’Cs radioactive fallout after the ChNPP
accident and the determined annual external radi-
ation doses. Such results indicate a need of
research on the natural determination of actual and
current values of radioactive fallout density both
with parameters of vertical migration of radionu-
clides.

CONCLUSIONS

Comprehensive radiation and hygienic monitoring of
the Rokytne district Rivne oblast settlements Stare
Selo, Vezhytsia, Perekhodychi, and Drozdyn villages
conducted in 2020 had shown the annual effective
radiation doses in population of surveyed settlements

(1) 136
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MyHKTaX B IIOTOYHOMY POIIi (POPMYIOTHCS B OCHOBHOMY 3a
PaxXyHOK [03 BHYTPILLIHBOTO OINPOMIHEHHS i He MepeBU-
myoTh 1,24 M3B - pik' y gopociux ta 0,65 M3B - pik' y
nireit ipu kputepito P3T 1 M3B - pik'.

3apeecTpoBaHO MoOJaJble 3HUXKEHHS PIYHUX 103
BHYTPILIHBOTO ONpoMiHeHHs B ooctexxeHux HITy 1,2—1,9
pasa MopiBHSIHO 3 pe3yabraraMu ociHHboro JIBJI-MoHiTo-
punry 2017 poxy, 1110 MiATBEPIKYE 3apeECTPOBAHY HAMU
JMHAMIKy TMOCTYIIOBOTO 3HVDKEHHSI PiBHIB OMPOMiHEHHS
Ha rmotouyHoMmy eTarti aBapii Ha YAEC Bin 2011 p.

OCHOBHUM YMHHUKOM, KU (POPMYE 03y BHYTPIII-
HBOTO OINpPOMiHEHHST MellIKaHIiB oocrexxeHnux HIT PiB-
HEHCBHKOI 00J1aCTi, 3aIMIIaeThbes HaaxomkeHHs ¥’Cs B op-
raHi3M 3 MOJIOKOM Ta JIiCOBUMMU I'prubamu, siKi B PiBHeHCh-
komy Ilomicci TpaguuiiiHO 3aliMarOTh CYTTEBY YaCTUHY
XapyoBOIo pallioHy. 3a0pyIHeHHs LMX NpoaykTiB ’Cs B
OCTaHHI POKM 3aJIUIIAETHCS HE3MIHO BUIIIE TOITYCTUMOTO
piBHSI. 3MeHIIeHHs rpu0iB B j1icax PiBHEHIIIMHU B OCTaH-
Hi POKM MOSICHIOE 3HVXKEHHSI PIBHIB BHYTPILLIHBOTO OI-
POMiHEHHS HaceJIeHHs JOCIiKyBaHUX TepuTopiii. Bon-
HoYac 3po3yMiJio, 1110 y OaraTvii Ha Bpoxkall MPOIYKTiB
JTUKOI MPUPOIM PiK, iCHY€E BeIMKa HMOBIPHICTb 3HAYHOIO
OiABUILEHHSI PiBHIB BHYTPIilLIHBOTO OIPOMiIHEHHS 3a pa-
XYHOK HamxomkeHHs ’Cs 3 MpoayKTaMu JIiCOBUX YTilb,
HacamIiepe rpudbamMu, 0CoOIMBO, CYIIIEHUMHU. YCe BUILIE-
HaBeJeHe CBiAYWTb MOPO HEOOXiAHICTb MOCTIAHOrO
paniamiitnoro koHTposo y HIT P3T PiBHeHmmHM 1momo
palioakKTUBHOIO 3a0pyIHEHHSI OCHOBHUX XapyOBUX MPO-
JIYKTiB — MOJIOKA, KapTOILJIi, i MPOAYKTIB JIiCOBOTO MOXO/-
JKEHHST — TpUOiB Ta 4Til, Ha BMICT pagioOHYKJIiAiB, y mep-
mry gepry 'Y'Cs, Ta JIBJI-MOHITOpMHTY HaceJIeHH.

AHani3 piyHMX e(@eKTUBHUX 103 30BHIIIHBOTO OII-
POMiHEHHS CBiT4aTh PO HEOOXiTHICTh TPOBEACHHS Ha-
YKOBUX JOCIiIKEHb 100 HATYPHOTO BU3HAYCHHS (haK-
TUYHUX, aKTyaJIbHUX Ha CHOTOMHIIIHIM AeHb 3HAYeHb
LITBHOCTI palioaKTUBHUX BUITIAAiHb Ta TTapaMeTpiB Bep-
TUKQJIbHOI Mirpallii pagioHyKJIi/liB.
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B. I. Tywyk, P. M. Cauyk, C. M. Katioxa Ta iH. BetepuHapHa bioTexHo-
Jsioris. 2016. Ne 28. C. 62—-68.
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this year being formed mainly due to internal irra-
diation and not exceeding 1.24 mSv - year' in
adults and 0.65 mSyv - year in children against the
RCT criterion of 1 mSv - year'.

Further 1.2-1.9-fold reduction of the annual inter-
nal radiation doses was registered in the surveyed set-
tlements compared to the results of autumn 2017
WBC-monitoring, which confirmed the time trend
of gradual reduction of radiation levels at the current
period of the ChNPP accident since 2011.

The 'Cs incorporation with milk and wild
mushrooms, which traditionally occupy a signifi-
cant part of the diet in Rivne Polissya area, is the
principal dose-forming factor of internal radiation
dose in the residents of surveyed settlements of
Rivne oblast. Contamination of these products
with 'Cs in recent years remains consistently
above the permissible levels. Shortening of mush-
room prevalence in the forests of Rivne oblast in
recent years explains the decrease of internal expo-
sure levels in population of the studied territories.
At the same time, there is a clearly high probability
of significant increase of internal radiation levels
due to the '’Cs intake with forest products, espe-
cially mushrooms and first of all dried ones within
a year rich in wild product harvest. All of the above
indicates the need for permanent radiological con-
trol of radioactive contamination of staple food-
stuffs (i.e. milk, potato) and forest products —
mushrooms and berries with radionuclides, prima-
rily ¥’Cs, and WBC-monitoring of population in
the settlements of RCT in Rivne oblast.

Review of the annual effective external radiation
doses indicates the need to conduct a research in
the field of determination of actual and current
values of radioactive fallout density and parame-
ters of vertical migration of radionuclides.
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