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OCHOBHI YNMHHUKHU ®OPMYBAHHA BHYTPIIHIHBOT'O
OITPOMIHEHHSA HACEJIEHHA PAIIOAKTUBHO 3ABPY/IHEHUNX
TEPUTOPIN HA IIOTOYHOMY ETAITI ABAPIT HA YAEC

(HA IIPUKJIAJII KUIBCBKOI OBJIACTTI)

MeTot0 LOCNiZKEHHS € BU3HAYEHHSA OCHOBHUX YUHHUKIB hOPMYBAHHSA J03U BHYTPILLHLOTO ONPOMIiHEHHS Y MeWKaHLiB
paaioakTMBHO 3abpyaHeHUX Teputopiit KuiBcbkoi 06nacTi 3a pe3ynbraTaMu NpoBefieHHs KOMMIEKCHOTO A03UMeTpuy-
HOTO MOHITOPUHTY.
Marepianu i metogu. [ins pocnigkeHb 6yno obpaHo 3 HaceneHux nyHktu (HM) — c. Pariska, c. 3eneHa MonsHa
Monicbkoro paitoHy Ta c. Kapnuniska IsaHkiBCcbKOro panoHy. [1Biyi Ha pik, y TpaBHi Ta XOBTHI, y MewkaHLis uux HI
Oyno nNpoBefeHO BU3HAYEHHA BMicTy iHKOpnopoBaHoro *’Cs WasXoM NpsAMOro BMMipIOBAaHHA Ha NiYMAbHUKAX BUM-
pomiHoBaHHA nioauHu (JIBJ1) 6e3nocepeaHbo 3a MicLeM NpOXMBAHHSA, 3i6paHO OCHOBHI MPOAYKTU XapyyBaHHA ANs
BW3HAYEHHA BMiCTy B HUX pafioHyKnigiB *°Sr ta *’Cs, i npoBefeHO ONUTYBAHHA MELWKAHLiB LMX Cin WoA0 PiBHiB cno-
KMBAHHSA LMX NPOAYKTiB. B pobOTi BUKOPUCTAHO MAaTEMATUYHI, JO3UMETPUYHI, PaAioXiMiyHi MeToaU.
Pe3synbraTn Ta BUCHOBKK. OLiHKM 403U BHYTPiWHLOrO ONPOMiHEHHs Bif HaaxomkeHHs *’Cs 3 MONIOKOM Ta KapTonieto
cknapatotb Big 0,3 po 34 % Big fo3m 3a faHumu JIBJ1. BHecok y 103y BHYTPiWHbOro onpoMiHeHHs Bif *’Cs 3a paxyHoOK
CMOXWBAHHA MOIOKA He Ginbly, HiX B 2 pa3u, NepPeBULLYE BHECOK 33 PaXYHOK CMOXMBAHHA KapToOni Npy OfHAKOBUX
PiBHAX CNOXMBAHHA LUX NPOAYKTIB. BHECOK y f03Y BHYTPilUHBOrO ONpPOMiHeHHs Big “°Sr 3a paxyHOK CMOXWBAHHSA MO-
NoKa Ta KapTonai npubnnsHo ofHakoBMii. CnoxuBaHHA rpubiB Ta iHIWKMX MicLLeBUX NPOAYKTIB ANKOT NPUPOAMN MELLIKaH-
LAMK 06CTEXYBAHNUX HACENEHUX NYHKTIB € OAHUM 3 OCHOBHUX YMHHUKIB (HOPMYBaHHSA 403U BHYTPilWHbOrO ONPOMiHEH-
Hsi, 00yMOB/IEHOT HafXxoAXeHHAM (s,
Knio4oBi cnoBa: BHYTPillHE ONPOMiHEHHS, KOMMIEKCHUN LO3UMETPUYHUIA MOHITOPUHT, NIYUNbHUK BUNPOMiHIOBAHHSA
noauin (J1BJ1), nepopanbHe HagxomkeHHs pagioHyknigis *'Cs 1a Sr.
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Main internal dose-forming factors for inhabitants of contaminated regions
at current phase of the Chernobyl nuclear power plant accident (Kyiv region

as an example)

Objective of this work is revealing of main dose-forming factors of internal doses for inhabitants of contaminated
regions of Kyiv region relying on the results of integral dosimetric monitoring.

Materials and methods. Three villages have been chosen for the investigation. They are: Raghivka, Zelena Poliana
(Poliske district), Karpylivka (Ivankiv district). Twice a year, in May and in October those villages’ residents were
inspected for content of incorporated **’Cs. They were measured by direct method at the place of residence with the
help of whole body counters (WBC). The principal food samples were collected for detection of *°Sr and *’Cs content.
Those villages' inhabitants were interviewed about food consumption levels. Mathematical, dosimetric and radio-
chemical methods were used in this work

Results and conclusions. The estimation of internal doses due to intake of *'Cs by ingestion of milk and potatoes
are in the range 0.3-34% of doses estimated on the base of WBC data. The contribution to the dose of internal expo-
sure from intake of *’Cs with the milk consumption is no more than two times higher than the contribution of pota-
toes consumption in the case of equal consumption levels of these products. Contributions to the dose of internal
exposure from intake of **Sr with milk and potatoes consumptions are approximately similar. Consumption of mush-
rooms and other wild nature products by inhabitants from the inspected settlements is the main forming factor of
internal dose due to "¥'Cs intake.

Key words: internal exposure, integrated radiological monitoring, whole body counter (WBC), ingestion intake of

Sy and **"Cs.

Problems of radiation medicine and radiobiology. 2015;20:147-156.

BCTVYII

Ha croronHimiHiii geHp 3a pesyabratamu JlepxkaBHOI
nporpamu ,,JIo3uMeTpruuHa IMacHOpTU3allis HaceJleHUX
nyHKTiB YKkpainn” 2011 poky B iHTepBaJl piyHUX ,,T1aC-
MOpTHUX” 103 > 5 M3B piK! He MOTPANKB XKOJEH Hace-
JICHUIA MYHKT, y iHTepBaa 1—5 M3B  pik! MOTpamisitoTh
25 HIT 2Kutomupcrkoi Ta PiBHeHCBKOT obmacTi, e 101
HII mae macrmoptHy no3y > 0,5 M3B - pik! [1], Tinbku 4
3 HUX — HaceJieHi MyHKTH KuiBcbKoi 00J1acTi.

3 iHIoro 00Ky, sK MmokaszaB Oaratopiynuii JIBJI-moHi-
TopuHI, y KuiBchbKili 00y1acTi € psii HaceJeHUX MYHKTIB
IMonicekoro, IBaHKiBchKOro Ta Buiropoachkoro paii-
OHIB, 031 BHYTPIIITHBOT'O OIPOMIHEHHSI B SIKHX € JIOCUTh
HeCTabIbHUMM 1 PiK Bil pOKY CYTTEBO 3MiHIOIOThCS. Lle
noTpedye BUBYEHHS (PAKTOPIiB TaKOi HECTaOIILHOCTI Ta
peKoMeHalliil 111010 BIUIMBY Ha HUX 3 METOIO MiHiMi3alii
iCHYIOUMX 703 OMPOMiHEHHSsI, HaBiTh SIKILIO BOHU HIXYi
BiIl 3a3HaYE€HUX BUIIE JO30BUX PiBHIB UISI KOHTPOJIbOBA-
Hux TepuTopiii. Taka curtyauisi morpedye MHpoBeICHHS
KOMILIEKCHOTO pajiallifHOro MOHITOPUHTY PiBHiB BHYT-
PIllTHBOTO OMPOMiIHEHHS HACEJIEHHS palioaKTUBHO 3a0-
pyaHeHux tepuropiii (P3T), 0OyMOBIeHMX HAOXOMXKEH-
HaMm '’Cs, *Sr, axuit Bxunouae JIBJI-BuMiproBaHHS

INTRODUCTION

To date, the results of the 2011 State program
“Dosimetric passportization of settlements in
Ukraine” show that there is no settlements with
“passport” dose over 5 mSv ¢ year!; 25 settlements
in Zhytomyr and Rivne region have passport doses
within the interval of 1—-5 mSv « year!; 101 settle-
ments have passport doses over 0.5 mSv ¢ year! [1],
but only 4 of them are situated in Kyiv region.

On the other hand, the long-term WBC-moni-
toring shows that there are several settlements in
Poliske, Ivankiv, Vyshgorod districts with unsteady
internal radiation doses, which values are consid-
erably changing year after year. Thus it is necessary
to study those instability factors and to design the
respective recommendations to minimize the
actual exposure doses even if they are under dose
levels for “supervised” arecas mentioned above.
That kind of situation requires the conduction of
integral radiation monitoring on internal exposure
levels from *’Cs and *Sr intake for population of
contaminated regions. It includes a WBC meas-
urements of incorporated radioactive cesium,

(1) 148
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BMICTYy iHKOPITOPOBAaHOTO B OpraHi3Mi pajiolesito, I0-
CJIIIXKEHHSI OCHOBHMX TPOAYKTIB XapuyBaHHSI Ha BMICT
PaliOHYKIIiiB, OLIHKY PiBHIB CHOXWBAaHHSI OCHOBHUX
MPOIYKTiB XapuyBaHHsI. [IpoBeneHHs TAKOTo MOHITOPUH-
Ty BiIKpWBAa€ IUISIX 1O BU3HAYEHHSI OCHOBHMX paiialliii-
HO-Tir€HIYHIX YMHHUKIB (pOPMYBaHHS 103U BHYTPillIHb-
oro ornpomiHeHHsT HaceneHHs P3T Ha moTtounomy erari
aBapii Ta ocobnmBocrTeit ii popMmyBaHHS B KUiBChKill 00-
JIacTi, 1110, B CBOIO Uepry, 3a0e3neynTh OOIPYHTOBAHI 3a-
X011 3 pafialiiiHoro 3axucty HacejaeHHs P3T.

META JOCIIJIZKEHHA

MeTo10 OOCHiIKEHHSI € BHU3HAYE€HHSI OCHOBHUX YMWH-
HUKIiB OpPMYBaHHS 03U BHYTPILLIHBOTO OIPOMiHEHHS Y
memkaHiB P3T KwuiBchbkoi o6macTi 3a pesynabraTaMu
MPOBEACHHSI KOMIUIEKCHOTO J03UMETPUYHOIO MOHITO-
PUHTY B OOCTEK€HUX HACEJIEHUX MTyHKTaX.

MATEPIAJIA 1 METOAN JOCJIII2KEHHS
3a pe3yabTaTaMy aHajlidy JaHMX BJIACHUX O0araTopiuHMUX
JIOCHIIKEeHb 103 BHYTPIIlIHHOTO OIPOMiHEHHS HaceJIeH-
Hs P3T KuiBcbkoi 0061acTi 00paHO TpY HaceleHi IMyHK-
TU UISL DOCIiKeHHsT — c. PariBka, c. 3eineHa IlonsHa
[Tonicbkoro paiioHy, B IKMX BIIPOAOBXK ITicisiaBapiiiHO-
ro mepioay OyJM 3apeecTpoBaHi HAWOIIbIII PiBHI BHYT-
piLLIHBOTO ONpoOMiHeHHs, Ta ¢. KapnuniBka IBaHKiBCh-
KOTO paiioHy, sIKe Ma€ ,,ITacIopTHy”’ 103y, IO TepeBU-
mye 0,5 M3B - pik'!. Yci BOHM —CiJIbCHKOTO TUITY i pO3Ta-
II0BaHi MOOJM3Y JICOBUX MAacHUBIB, a ceso KapmuiiBka
3HAXOAUThLCSl Oe3mocepeaHbo Oins icy. JIBJI-Bumipro-
BaHHSI OyJl0O NpOBEAEHO JBiUi — HAaBeCHi, Yy TpaBHi
MicsI1Ii, Ta BOCEHHU, Y XKOBTHI MicsI1Ii, B 00CsI3i, JOCTaTHb-
OMY IS TPOBEAEHHS CTAaTUCTUYHOTO aHali3y (Tadi. 1).
BusHaueHHS BMicTy iHKOPHOPOBAHOIO paaiole3ilo B
OpraHi3ami oocTexxXeHuX ocid 0yJio MPOBEASHO Ha JIiUNJIb-
HUKaxX BUIIPOMiHIOBaHHS JoauHu “CkpuHHep-3M”
MobOinbHoro Tuny (BupooHuurso IHEKO, m. Kuis; MeT-

Ta6nuusa 1
XapakTepucrtuka Bubipku sumipioBavb y Kuiecbkiit o6nacri

Table 1
Sampling parameters of measurements in Kyiv region

analysis of radionuclide contamination of typical
foods, and assessment of consumption levels of
typical foods. That kind of monitoring points the
way to reveal the dose-forming peculiarities in
Kyiv region and determine the main radiation-
hygienic factors that form internal radiation doses
of population living in radiologically contaminat-
ed areas at the actual stage of the accident. It will
therefore provide grounded measures to protect
the population of contaminated areas.

OBJECTIVE

The objective of this research is to determine the
main factors that form internal doses of the inhab-
itants of contaminated areas of Kyiv region
according to the results of integral dosimetric
monitoring in supervised settlements.

MATERIALS AND METHODS
According to the results of the long-term research-
es (carried out at the NRCRM) on the internal
doses of the population of Kyiv region living in the
contaminated areas three settlements were select-
ed for research: Raghivka and Zelena Poliana vil-
lages in Poliske district (there have been revealed
the highest levels of internal exposure there since
ChNPP accident) and Karpylivka in Ivankiv district
where “passport” dose exceeds 0.5 mSv-eyear!.
Each of these villages is located not far from wood-
land and Karpylivka village is located directly next
to the forest. WBC measurements were carried out
twice — in May and in October, the sampling was
sufficient for statistical analysis (table 1).
Detection of cesium content in human body was
performed using mobile whole body counters
“Screener-3M” (produced by INECO company,
Kyiv, State metrology test certificate Ne26-04/0778

Haceneuwii nyHkT Mepioa KinbkicTb MelLKaHLiB OGerexeHo oci6 / Inspected persons
Settlement Period Number of inhabitants  yceoro  popocni  pjiTm YONOBIKM  XKiHKU
total adults  children males females

c. Parieka / Raghivka village TpaseHb / May 480 113 68 45 51 62
XogteHb / October 480 100 56 44 44 56

c. 3eneHa MonsHa / Zelena Poliana village ~ TpaeeHb / May 350 91 55 36 45 46
XosteHb / October 350 44 32 12 19 25

¢. Kapnunigka / Karpylivka village Tpasenb / May 35 14 1 3 5 9
XogteHb / October 35 17 15 2 6 1
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pOJIOTiYHE CBIiIOLTBO IPO JepxkKaBHY MOBIipKYy No26-
04/0778 Bim 15.08.2013, Bumane AI1 ,,YKkpMeTpTecTCcTaH-
Japt”) 6e3rmocepeTHBO 3a MiCIleM MPOXWBAHHS 00CTe-
KyBaHux y Ilomicbkomy Ta IBaHKiBCbKOMY paitoHax.
KaniopyBaHHSI KOMILJIEKCY, BUMipIOBaHHS Ta pO3paxyH-
KM pe3yJIbTaTiB BUKOHAHO 3a €IMHOIO B YKpaiHi MeTOaU-
Ko10, po3pobieHoio B HHIIPM [2—4].

OOHUM 3 OCHOBHUX ITIXOIiB, IO A€ MOXJIMBICTb
JTOCTIIUTA YMHHUKU (POpMYBaHHS 103 BHYTPIIIHBOTO
onpoMiHeHHs1 y HacejieHHss P3T, € Bu3HaueHHS Ta
aHaJli3 3a0pyJHEHOCTI OCHOBHUX IIPOAYKTiB XapuyBaHHSI
pamioHykJigaMu |5, 6] Ta piBHIB ix crioxuBaHHs. st
BUPpIillIEHHS IMX 3aBAaHb IBiYi — HABECHi y TpaBHi Ta BO-
CEHM y XOBTHi, OyJI0 MPOBEIEHO BiAOip OCHOBHMX IIPO-
IYKTIiB XapuyBaHHs (MOJOKO, KapTOILUIS, MPOAYKTU V-
Koi ripupoan) y Budbpanux ajist oocrexkxeHHst HIT KuiBcb-
Koi 00J1acTi, a TaKOX OMWUTYBaHHS MEIUKAHLIiB LUX CiJ
IIOJ0 OCOOIMBOCTE! XapuyBaHHS Ta PiBHIB CIIOXKMBaH-
HSI OCHOBHMX IpoayKTiB. Bcboro Oysio BimiopaHo 36
npo6 mMojoka, 38 nmpobd oBouiB Ta 38 mMpoO TMPOAYKTiB
Jticy. JI1s1 mpoBeieHHS OMUTYBaHHS 0YJ10 CKJ1aaeHo hop-
MaJjli30BaHi aHKETU ISl JOPOCIMX i JiTeil. 3a UMMM aH-
KeTaMM TIpOoBeJeHO ONMMTYBaHHS 217 0cid 3 00CTeXKeHNX
HII, cepen sxux Oyno miteit — 83, mopocaux — 134.
HocnimxeHHs TpOBOAUINCH TAKUM YMHOM, 11100 oJHa i
Ta cama ocoba OyJia oocrexxeHa Ha JIBJI 3 MeToro Bu3Ha-
YeHHSI peaJlbHOr0 Ha 4Yac IIPOBEIEHHS MOCIiIKEHHS
BMicTy iHKOpIiopoBaHoro '’Cs, BiAIioBija Ha 3aITUTAHHS
AHKETU Ta MpeacTaBua sl JOCTKeHHS MpoOu oc-
HOBHUX IIPOAYKTIB Xap4yBaHHS 3 BJIACHOI'O TOCIIOIap-
ctBa. OpranizauiifHo 1e OyJI0 HE 3aBXIU MOXIIHWBO,
OCKiJIbKM HaceJIeHHs He QyXKe OXoue BiJjae Ha IOCIif-
SKEHHS TIPOAYKTHU XapyyBaHHSI.

Oco061uBy yBary 0yj0 MpUAiIeHO BUZHAUEHHIO BMICTY
YSr y MpoayKTax XxapuyBaHHSI, 4epe3 Te, LIO0 3 YaCOM BHe-
COK Biz *°Sr y cyMapHy 103y BHYTPIILlIHBOI'O OITIPOMiHEHHS
3poctae. BuzHaueHHs1 BMicTy *Sr y mpomykTax xapuy-
BaHHSI OyJI0 TIPOBEACHO METOIOM IIPSIMUX CIIEKTPOMET-
PUYHUX BUMIipIOBaHb 3 BUKOPUCTAHHSM OeTa-CIEeKTPO-
meTtpa COb-01 i MeTogoM pagioxiMiyHOro aHai3y 3 Me-
Tolo Bepuikallii pe3yabraTiB BUMipoBaHb Ha COb-01.
Pesynbratu napajiebHUX BUMipIOBaHb 3aJ0BiJIbHI.

PE3VJIBTATU TA OBTTOBOPEHHS

Po3paxyHoK 103 BHYTPillTHOTO OIPOMiHEHHS, OCHOBA-
HUI Ha piBHSIX HAAXOMXKEHHS pagioHykmiaiB *°Sr ta ¥'Cs,
OyJI0O BUKOHAHO JIMILIE JJIs1 OCi0, SIKi 3alIOBHUINA aHKETHU
Ta 3[aJIM 3pa3KM MPOAYKTIB XapuyBaHHS 3 BJIaCHUX TOC-
nomapcTB. BiACyTHICTh 3pa3KiB UM aHKET poOUTH po3pa-
XYHOK J103 JJIs1 PELITH OCi0 HEMOXJIMBUM, HEMOBHI JaHi
JUUISL TaKKUX 0¢i0 He HaBoasAThes. [Tpu oLiHL piBHIB HaI-
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dated by August 15, 2013, issued by state-run enter-
prise “Ukrmetrteststandart™) directly in the above
mentioned places of residence of inspected persons.
Approved standardized procedures for instruments
calibration, measurements and results calculations
are carried out according to the Ukrainian method-
ical standard designed at the NRCRM [2—4].

Estimation and analysis of the contamination
levels of the main foodstuffs [5, 6] and correspon-
ding consumption levels is the one of the main
approaches, which allows the investigation of
internal dose-forming factors for population living
in the contaminated areas. In the selected settle-
ments of Kyiv region the main foodstuffs (milk,
potatoes, wild nature products) were sampled
twice a year — in spring (May) and in autumn
(October) for solving these tasks. The interviewing
of inhabitants of these settlements was performed
about meal peculiarities and food consumption
levels. There were prepared 36 milk samples, 38
vegetable samples, 38 forest products samples. The
formalized questionnaires for children and adults
were designed. 217 persons from contaminated
areas were interviewed according to those ques-
tionnaires. There were 83 children and 134 adults
among them. The investigation was performed in
such a way that the same inspected person have to
pass WBC measurement to detect real '¥’Cs con-
tent in the body, fill the questionnaire and provide
samples of own foodstuffs. However, it was diffi-
cult to obtain the full set of data for each person
due to the reluctance of residents to provide their
foodstuffs for analysis.

The special attention was given to the *Sr con-
tent in foodstuffs because the contribution of dose
from the *°Sr intake to the total dose of internal
exposure is increasing with time. The *°Sr content
in foodstuffs was assessed by direct spectrometric
measurements using beta-spectrometer SEB-01
and by method of radiochemical analysis for veri-
fication purposes. Comparison of results obtained
by these two methods shows satisfied agreement.

RESULTS AND DISCUSSIONS

Internal radiation dose calculation based on *’Sr and
¥Cs intake levels was performed only for persons
who had completed the questionnaire and provided
foodstuff samples. Absence of samples or completed
questionnaire makes dose estimation for rest of per-
sons impossible. No such incomplete data are pre-
sented here. The questionnaire data about food con-
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Ta6nuusa 2
BmicT pagionyknigis °°Sr Ta *’Cs y 3pa3kax KapToni
Table 2
%Sr and *’Cs content in potatoe samples
HaceneHwii nyHKT Ne aHkeTH %8r, brekr'/Bg-kg™! '9'Cs, Bk-kr'/Bg-kg”
Settlement Ne of the form BMiCT noxu0ka BMiCT noxuoka
content error content error
¢. 3enexa MongHa / Zelena Poliana village 17 3,0 1,1
7 1,2 0,5 2,6 1,1
10 0,4 0,4 3,2 1,1
19 0,8 0,4 1,6 1,2
c. Kapnuniska / Karpylivka village 2 1,5 0,5 3.1 1,1
64 0,4 0,4 1,3 1,2
66 0,5 0,5 5,6 1,2
c. Parigka / Raghivka village 126 0,7 0,5 0,6 1,3
127 0,6 0,5 1,9 1,2
123 2,8 0,5 2,8 0,5
129 0,3 0,4 0,2 1,3
182 0,2 0,3 2,3 1,1
142 0,4 04 1,7 1,2
147 1,9 0,8 < MJA (3,0)
Ta6nauuysa 3
BmicT papioHyknigis °°Sr Ta 1*’Cs y 3paskax MONoKa
Table 3
°%Sr and **’Cs content in milk samples
Hacenenuii nyHkr Ne aHkeTu %Sr, bkr'/Bg-L! 197Cs, bxn'/Bg-L"!
Settlement Ne of the form BMiCT noxmoka BMiCT noxmoka
content error content error
c. 3enexa MNonsHa / Zelena Poliana village 17 0,8 0,4 54 0,8
7 0,9 0,4 6,5 0,7
4 0,6 0,3 3,9 1,0
36 0,6 0,4 3,2 0,6
19 0,3 0,3 4,6 0,9
c. Kapnunieka / Karpylivka village 59 0,6 0,4 < MJA (3,0)
64 0,8 0,4 37 24
66 0,6 0,4 < MJA (3,0)
c. Parieka / Raghivka village 127 0,6 0,4 < MIA (3,0)
178 0,6 0,4 3,8 09
147 17 04 <MIA(3,0)
Ta6nuus 4
BmicT papioHyknigiB °°Sr Ta 1¥7Cs y 3pa3Kax cyweHux rpuois
Table 4
%Sr and **’Cs content in dried mushroom samples
Hacenenuii nyHkT Ne aHkeTu %8r, Br-kr'/Bg-kg”' '¥'Cs, Bk-kr'/Bg-kg"”
Settlement Ne of the form BMiCT BMiCT noxu6ka
content content error
c. 3enexa MonsHa / Zelena Poliana village 7 < MJA (0,5) 8- 10 7,8-102
c. Kapnmnieka / Karpylivka village 59 < MJA (0,5) 1,6 - 10* 46-10?
c. Pariska / Raghivka village 176 < MIA (0,5) 1,4+ 10° 1,2-10°
127 < MJA (0,5) 1,2+ 10 3,7-102
123 < MJA (0,5) 6,6 - 10° 2,8-10°
147 < MJA (0,5) 46 - 10? 45
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XO/KEHHSI PaliOHYKJIiiB BPaXOBYBAJIMCH JaHi 3 aHKET
PO CIIOXWBAHHS IPOOYKTIB XapyyBaHHS 3 OCOOMCTHX
abo MicleBUX CyCHiabHMX TocrogapctB. IlpogykTtu 3
TOProBOi MepeXi BBaXKalducCh He3a0pyTHEHUMMHU Ta iX
CIOXXMBAaHHS HE BpaxOBYBajoCh. PiBHI MMTOMOrO BMiCTY
pamionykiifiB *°Sr ta '¥’Cs y mpoayKTax XxapuayBaHHSI, sIKi
3[a14 AJ1s aHaJIi3y 0co0u, 1110 3aII0OBHUIN aHKETU, HaBe-
JIeHi B Tabimisix 2—5.

B Tabmuimi 6 mpeacraBiieHi OLIHKM MiHIMaJIbHOTO,
MaKCUMaJIbHOTO, CEpPelHbOr0 Ta TeOMETPUYHOTrO ce-
pEeIHbOIO0 3HAaY€Hb BMICTY PadiOHYKIiAiB y IPOAyKTax
xapuyBaHHsI. OLiHKM 3po0JieHi 3a pe3yJbTaTaMU aHai3y
BCiX HasIBHMX 3pa3KiB, BKJIIOUAIOUM 3pa3KM, 1O 31U
ocobu, SIKi He 3aIMOBHUIM aHKeTH. 3 TIpe/ICTaBJIEHUX pe-
3yJIBTaTiB BUMipIOBaHb BUIHO, IO TUTOMMI BMICT Sty
MOJIOLIi Ta KapTOILUTi MpUOJN3HO OMHAKOBUIA, a cepeaHilt
nuToMuii BMicT *’Cs y MoJ1o1i TpuGIM3HO B 2 pa3u OiJib-
1WA, HiX y Kaproruli. Hag3BuyaitHO BUCOKMIA piBEeHb
BMmicTy '¥’Cs BUSIBIIEHO B CyILIeHUX rpubax. I1py mpomy
BMmicT ¥’Cs B pi3HUX 3pa3Kax Ipu0iB AyXKe pi3HUTHC i Jie-
KUTh y mianasoHi 4,58 < 10°—6,58 < 10° bk ¢ kr'. B Toii
JKe Yac, y 3pa3kKax KOHCEpBOBaHUX rpubiB crioctepira-
€ThCsI 3HAYHO MEHIINIA piBeHb BMicTy '¥'Cs, 1110 CBITYUTH
PO CYTTEBE 3HIKEHHA BMicTy 'Cs y mpolieci KyiHap-
HOi OOpOOKM mMig 4yac KOHcepByBaHHsSI TIpuOiB. [lpu
aHaJli3i B 3pa3kax Tpu0iB He BUSBIEHO BMicTy *’Sr BHIle
MJA (0,5 bk * kr'). TakuM 4MHOM, CBiXi Ta cyllIeHi
rpyuOM CYTTEBO JTOMIHYIOTbH y TO30YTBOPEHHI 32 paXyHOK
BUCOKOTro BMicTy 17Cs.

B Tabnuii 7 mpeacTaBieHi OLIiHKY PiBHIiB CITOXWBAHHS
OPOAYKTIB 3 OCOOUCTUX a00 MiCLIEBUX CYCITUILHUX I'OC-
MOAAPCTB i MPOAYKTIB AUKOI MPUPOAN 32 JAHUMU aHKET
IUIS1 OCi0, SIKi 3MaJIv 3pa3Ku MPOIYKTIB JIJIs1 TIPOBEICHHS
aHatizy Ha BMicT St ta '¥Cs.

JI1st po3paxyHKy iHAMBIAyaJbHUX PIYHUX €(PEeKTUBHUX
J103 BHYTPILIHBOTO OIIPOMIHEHHSI BUKOPHUCTOBYBAIWCH

Ta6nuusa 5
BmicT *’Cs y 3pa3Kax KOHcepBOBaHUX rpu6is

Table 5
137Cs content in pickled mushrooms samples

sumption of one’s own or local public farms were
taken into account when assessing the intake levels
of radionuclides. The foodstuffs from shops and
markets assumed to be not contaminated, so those
products consumption was beyond the considera-
tion. Specific contents of **Sr and '¥'Cs in the food-
stuff samples received from residents who had filled
in the questionnaire are presented in tables 2—5.

Assessment of radionuclides content in foodstuffs:
minimum, maximum, mean and geometric mean
values are shown in table 6. The assessments were
made after analyzing of all samples including sam-
ples provided by persons whose questionnaire wasn’t
filled in. The specific content of *Sr in milk and
potatoes is approximately the same and the mean
specific content of 1*’Cs in milk is about 2-fold high-
er vs. mean specific content of ’Cs in potatoes.
Very high levels of ¥"Cs content were detected in
dried mushrooms and the estimated levels of '¥'Cs
are quite different for several samples being in the
interval of 4.58 < 10>—6.58 < 10° Bq * kg'. At the
same time the "*’Cs content in pickled mushrooms
is quite lower. This fact indicates that cesium con-
tent in foodstuffs is greatly reduced during cooking
and mushrooms marinating. Mushroom samples
analysis reveal no *Sr content over MDA level (0.5
Bq * kg'). Thus, fresh and dried mushrooms con-
sumption is the most significant dose-forming fac-
tor because of high 1¥7Cs content level.

Table 7 presents the assessment of consumption
levels of foodstuffs from personal or local public
farms and wild nature products using the question-
naire data for persons who provided their foodstuff
samples for analysis on *°Sr and '*’Cs content.

To evaluate the individual annual effective radia-
tion dose of internal exposure the following dose

Hacenenwuii nyHkT N2 aHkeTH

137Cs, bk-kr-'/Bq-kg-"

Settlement Ne of the form BMiCT noxu6ka
content error

c. 3enexa MNonsHa / Zelena Poliana village 7 132 8,6

¢. Kapnuniska / Karpylivka village 64 36 2,5
64 22 2,2

c. Parieka / Raghivka village 126 7,2 2,7
126 270 13
127 170 9,8
182 16 2,8
142 2,1 1,3
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Ta6auusa 6

XapakTtepucTuku BUb6ipKu pesynbtaTie BUMiploBaHb 3pa3KiB NPOAYKTIB XapuyBaHHA 3 0COOUCTUX abo MicueBUx

CyCcniNibHUX rocnopapcTe*
Table 6

The distribution parameters of measurements results of foodstuff samples from personal or local public farms*

Kaptonns, Bk-kr!

Monoko, Bk-kr-’

F'pn6m cyweHi, Bk-kr'!  [pubM KoHCepBOBaHi, Bk-kr'

gg&f:rﬁ:::' MyHKT g;:':an:::r(;(r Potatoe, Bq-kg™' Milk, Bq-kg! Dried mushrooms, Bq-kg-' Pickled mushrooms, Bq-kg™'
QOSr 137cs QOSr 137CS 1 37cs 1 37cs
¢. 3enexa Mongxa MiH. / min. 0,15 15 0,3 15 8-10* 105
Zelena Poliana village Makc. / max. 1,5 54 0,9 7 3-10° 680
cep. / mean 0,8 2,7 0,55 5 2-10° 310
reom. cep. / geom. mean 0,64 2,5 0,53 4,6 1,7-10° 210
c. Kapnuniska MiH. / min. 0,4 0,96 0,50 1,5 7-10° 22
Karpylivka village MaKc. / max. 1,5 5,6 0,8 37 1,6-10* 36
cep. / mean 0,9 3,1 0,6 10 1,3-10* 29
reom. cep. / geom. mean 0,83 2,5 0,62 33 1,2-10* 28
¢. PariBka MiH. / min. 0,2 0,21 0,40 15 46102 2,1
Raghivka village MaKc. / max. 2,9 3,0 1,7 5,7 6,6-10° 270
cep. / mean 1,2 1,5 0,7 25 1,4-105 78
reoM. cep. / geom. mean 0,79 1,28 0,66 2,2 1,6-10* 22
Bci MiH. / min. 0,15 0,21 0,3 1,5 4,6-10? 2,1
Total Makc. / max. 29 5,6 1,7 37 6,6-10° 680
cep. / mean 1,0 2,3 0,6 5 10° 130
reom. cep. / geom. mean 0,74 1,9 0,58 35 2-10 43

Mpumitka. *Mpu oLiHLL XapaKTepuCTUK BUGIDKY 3HAueHHs BUMIDIOBaHb, HIXui 33 MIA, BBaXanuc piBHuMM nonosuki MA.!
Note. *When assessing distribution parameters the measurements results below MDA assumed to be half of MDA.'

Taki 3HaYeHHsI KoedilliEHTIB “I03a HA OOAUHMIIO MEePo-
PaJTbHOTO HAIXOMKEHHST” paliOHYKITiIiB IUIST BIKOBOI Tpy-
mm “gopocii”: mia °Sr — 2,8 ¢ 107 m3B * bx!, mia ¥'Cs —
1,3+10° mM3B* bk [7].

ITpu ouiHLi piYHOro MEpPOPaJbLHOIO HAAXOIKEHHS
PaIioOHYKIIIIB 3 MPOAYKTaMU XapuyBaHHS OyJIO TIPUIAHSI-
TO JOITYIIEHHS, 1110 BIPOJOBK BCHOI'O POKY PiBHi BMiCTY
PaTioOHYKIIiiB y MPOAYKTaX OyJI HE3MIHHUMM i JOPiBHIO-
BaJIM 3HAYCHHSIM BUMipIOBaHb, HABEACHMM Y TaOIMUIISIX
2—5. OUiHKM iHOUBiTyalbHUX PIYHNX €(DEKTUBHUX 103
BHYTPILIIHBOTO OITPOMiHEHHS MPW HAAXOMXKEHHi pamio-
HykiaiB *Sr Ta *’Cs 3 MOJIOKOM i KapToIUIelo HaBeleHi B
Tabauui 8. s MOpiBHSHHS B TaOauui 8 HaBeaeHi
IHIWBIAYaJbHI piuyHi e(peKTUBHI 031 BHYTPIITHBOTO OIT-
pomiHeHHs Big 'Y'Cs, po3paxoBaHi 3a JaHUMU BUMIipIO-
BaHb Ha JIBJI, Ta macnopTHi 1031 JJId BiIIOBITHUX Hace-
JICHUX MYHKTiB.

coefficients (“dose per ingestion intake” of radio-
nuclides) for age group “adults” were used:
2.810° mSveBq!' for for **Sr and 1.3°107
mSv * Bq! for ¥'Cs [7].

For estimation of the annual ingestion intake of
radionuclides it was assumed that the radionu-
clides content levels in foodstuffs within the whole
year were constant and equal to the values from
tables 2—5. Table 8 demonstrates assessment
results of the individual annual effective doses of
internal exposure due to *Sr and *’Cs ingestion
intake with milk and potatoes. The individual
annual effective doses of internal exposure from
Cs intake evaluated using the WBC-measure-
ments data and passport doses for corresponding
settlements are presented in the table 8 for com-
parison.

1Y Garatbox AOCTIKEHHSX piBHiB 3a0pyaHEHL BUKOPUCTOBYIOTLCS 3HAYEHHS MONOBUHM PiBHSI AETEKTYBAHHS AN BKIOYEHHS 10 CTATUCTUYHOMO aHaniay AaHux, Huxunx 3a MZA.
Lleit nigxia, xou i Mae cBOi 0GMEXEeHHS, € NPOCTUM, Ta [103BOISIE YHUKHYTU YNEpPeIKeHOCTi METOAIB, B OCHOBI SIKUX JIEXUTb BiAKWAAHHS TakUX AaHUX ab0 3aMiHa iX 3HAYeHb Hyns-
M 4m 3HadeHHsMiU MPA. Tpn uboMy, y NOPIBHAHHI 3i CKNaaHUMM METOLAMI CTATUCTUYHOI eKCTPaNoNALi, L METOL, A€ NPUAHATHI PE3YNbTaTh NPW HEBENNKIN KiNbKOCTi BUMIpIB,
BuwLmx 3a MOA. Y Bunapkax, konu 3abpyaHEHHS NPaKTUYHO BiACYTHE, Takuid NiaXif Npu3BoaMTbL A0 NEpeoLiHKM CepenHboro 3abpyaHeHHs. Ane y BUNAaKY, KOMW peanbHuii po3-
MoLiN 3HaueHb BUMIpiB GeanepepBHUil Ta € xoua 6 AeKifbka BUMIPIB, BULLMX 33 MJIA, BUKOPUCTAHHS! MOMOBMHM iBHSI AIETEKTYBAHHS 1A NPUIAHATHY OLIIHKY CEpeaHbOro 3HaYeHHs!

3a6pynHenns [8, 9, 10].

' In many studies of contamination levels, the values of half of detection limit have been used to include values below MDA to the statistical analysis. This approach, although it has its
limitations, is a simple and avoids bias techniques based on a rejection of such data or change their values to zero values or MDAs. Thus, compared to complex statistical extrapola-
tion methods, this method gives acceptable results with a small number of measurements higher than MDA. In cases when contamination is virtually absent, this approach overesti-
mates the average contamination. But, when the real distribution of values is continuous and at least several measurements are higher than the MDA, using of half of detection limit

gives a reasonable estimation of average contamination [8, 9, 10].
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Ta6nuusa 7
OuiHKKM PpiYHOrO CNOXXUBAHHA MiCLEeBUX NMPOJYKTIB XapyyBaHHA 32 JAHUMM aHKETYBAHHA
Table 7

Assessment of annual consumption of locally produced foodstuffs on the base of questionnaire data

PiyHe cnoXuBaHHS NPOAYKTIB Xap4yBaHHS, Kr-pik’

HaceneHwii nynkt  Ne ankeTu Annual consumption of locally produced foodstuffs, kg - year!
Settlement Ne of the form — - -
MOJIOKO Ta MOJIOKOMPOAYKTM  KapTonAsi CBiXi rpnom KOHCEPBOBaHi rpubn  cywueHi rputu
milk and milk products potatoes fresh mushrooms pickled mushrooms dried mushrooms

c. 3eneHa lMonsHa 17 31,2 91 1 0,5 9
Zelena Poliana village 7 83,2 72,8 0,3 0,1 2

10 182 109,2 0,2 0,1 0

41 390 72,8 18 3 9

36 104 91 4 0 1

19 88,4 273 22,5 18 10
c. Kapnuniska 59 416 273 4 0 0
Karpylivka village 2 13 364 60 27 6

64 124,8 182 9 0,25 3

66 91 364 22,5 0,5 25
c. Parika 176 0 109,2 5 2 1
Raghivka village 126 0 109,2 45 45 2

127 15,6 109,2 3 45 3

123 0 91 12 0 0

178 213,2 72,8 2 3 1,5

129 10,4 91 0 0 0

182 23,4 72,8 0,9 0 0,5

142 83,2 109,2 0,75 0,5 6

147 145,6 15,6 36 9 12,5
Ta6nuuyna 8
OuiHKM 04iKyBaHMX piYHUX e(PpeKTUBHUX A03 BHYTPilLHLOrO ONPOMiHEHHA
Table 8
Assessments of committed annual effective doses of internal exposure
HaceneHwii nyHKT, No aHket  IHAvBiAyanbHi piyHi epeKTHBHI [O3M BHYTPIlLHLOTO ONpoMieHHs  IHAMBIAYanbHi epeKTUBHI pidHi
nacnoptHa fo3a [1] (3a AaHUMK BMICTY PagioHYKNIAIE B OAMHOYHMX 3pa3Kax NPOAYKTIE Xap- A03U BHYTPILIHbLOrO

YyBaHHSA Ta 32 aHKETHUMM AAHUMM LLOAO PIBHIB X CNOXWUBaHHSA, M3B) ONPOMiHEHHS 3a PaxyHOK 137Cs
(3a panumm JIBJ1-moHiTOPUHTY,

Settlement, Ne of the form Individual annual effective doses of internal exposure m3s)
passport dose [1] (evaluated using radionuclide content in foodstuff samples data and
information about their consumption levels from the questionnaire, mSv) Individual annual effective
[103a Bifl CNOXMBaHHS] MONIOKa  A03a Bif cnoxueaHHs kaptonni  doses of internal exposure due
dose due to milk consumption dose due to potatoe consumption to '3Cs
(evaluated using WBC-monitoring
905y 137Cs 905y 137Cs data, mSv)
¢. 3enena NonsHa 17 710 2:10° 4.10° 0,07
Zelena Poliana village 7 2.10° 7108 2.10° 2.10° 0,11
10 1038 510 0,04
41 7-10° 2102 0,12
36 2107 410 0,11
19 710 510 6-10° 6-10° 0,12
¢. Kapnuniska 59 7107 <2102
Karpylivka village 2 2102 102 0,18
64 3-10° 6-10 2108 3-10° 0,19
66 2108 <310° 5107 3102 0,12
¢. Parigka 176 0,25
Raghivka village 126 2103 810" 0,30
127 310+ <6-10* 2107 3107 0,05
123 710° 3-10° 0,38
178 4.10° 102 0,49
129 810+ 210 0,03
182 4.10* 2:10° 0,34
142 108 2108 0,04
147 7-10° <6-10°% 810+ <6-10* 0,08
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BUCHOBKU

OTpuMaHi OLiHKM J03 BHYTPillIHLOIO OMPOMiHEHHS Bil
HanxomkeHHs 7Cs 3 MOJIOKOM Ta KapTOIUIEIO CKIamua-
1o1h Big 0,3 mo 34 % Bin no3 3a nanumu JIBJI. Sk 6yno
3a3Ha4yeHo BUIE, cepeaHiil BmicT Cs B Mool epe-
BUIILYE Or0 CepeaHiii BMIiCT B KapTOILIi HE OIbIIIE, HixX
B 2 pa3u. TakuM 4YMHOM, BHECOK CITOKMBAaHHSI MOJIOKa
He Oinbllle, HIXX Y 2 pa3u, IepeBUIIYE BHECOK KapTOTLIi B
JI03y BHYTPIIITHBOTO onpoMiHeHHs Bin *’Cs mpu oJHaKo-
BUX PiBHSIX CIOXMBAHHS LIMX OPOAYKTiB. IHIII criB-
BIJHOILIEHHSI Yy A03aXx OOYMOBJIEHI MEpeBaXkKHO Pi3ZHUM
piBHEM CIOXMBAHHS LIMX MPOAYKTiB. Bmict *Sr y Mo-
JIOLi Ta KapToIli MpuOIU3HO ogHaKoBUii. ToOTO, BHe-
COK CTIOXMBAHHSI MOJIOKA Ta KapTOILUIi B /103y BHYT-
pIIIHBOTO ONIPOMIHEHHS Bim *°Sr MpMOJM3HO OXHAKO-
BUI1, i BiZpi3HIETHCSI, B OCHOBHOMY, 32 paXyHOK Pi3HOTO
PIBHS CITOKMBaHHS LIMX MTPOAYKTIB.

OTpuMaHi OLiIHKM iHAMBIAyaJbHUX €(EKTUBHUX 103
BHYTPIIIIHBOTO ONPOMiHEHHs Bim HamxomkeHHs 'Y'Cs 3i
CBIKMMHU Ta CYIIEHMMH TpubaMu JiexXaTb Yy Jiama3oHi
4+ 10220 M3B * pik"'. BepxHst o1liHKa 1031 BHYTPIillTHb-
Or0 OIIPOMiHEHHSI, 110 TPYHTYETLCS Ha PiBHSIX HAIXOMI-
xeHHsa ’Cs IIpU CITOXMBaHHI TPUOIB 3HAYHO IEPEBU-
mye (pakTUYHI 3HAYEHHS 103, OTPMMAaHi 3a JaHUMU
JIBJI-MoHiTOpuHTY. Ile 00yMOBI€HO HasIBHICTIO OTHOTO
4y 000X (haKTOpiB:

a) HMU3bKa HaiifHICTh OILIIHOK 103 3 BUKOPUCTAHHSIM O/I-
HOro BUMiproBaHHS BMicTy '¥'Cs y rpubax;

0) oOMexXeHa JOCTOBIPHICTb LIOA0 BKa3aHUX B aHKeTax
PiBHiB CIOKMBaHHS TpUOiB.

CrioxxnBaHHS TPUOIB € TOCUTH HEPIBHOMIPHUM 3a CE30-
Hamu, i BMicT ’Cs B HUX CYTTEBO BilIpi3HSAETHCS, PO L0
cBimuaTh JaHi Tabuuii 6. TM He MeHIle, CIOXMBaHHS
rpu0iB € HAOUIbII BaxKJIMBUM YMHHUKOM Y (pOpMYyBaHHi
JIO31 BHYTPILIIHBOTO orpoMiHeHHs Bix '*’Cs. K BUIHO 3
TaOIULI 8, y JeSIKUX BUMAAKaX BHECOK CITOKMBAHHS MO-
JIOKa Ta KapTOoTUTi B 103y BHYTPIllIHLOTO OMPOMiHEHHS Bill
¥Cs € pocuth HU3bKUM (10 0,3 %, sIK BKa3aHo Bulle). Ta-
KM YMHOM, MOXHa 3pOOUTH BIIEBHEHUII BUCHOBOK, 110
CMOXXMBAaHHS TpUOIB, Ta B3arajii MiClLIEeBUX TPOAYKTIB I1-
KOI PUPOJIU, € OMTHUM 3 OCHOBHUX YMHHUKIB (hDOpMyBaH-
HSI T03W BHYTPIIIHBOTO OIPOMIHEHHSI 3a PaxXyHOK Hal-
xomxkeHHs 'Y'Cs U1 MEIIKAHIIIB HaceJeHUX IIYHKTIB, SIKi
po3rnsgaloThesd. Taka cuTyalligs moTpeOye IOAaIbIIOro
PETeIbHOTO MOHITOPUHTY piBHIB BMicTy *’Cs y MicIieBUX
OpPOAyKTax AWKOI MPUPOIM, PiBHIB iX CIOXUBAHHS Ta
iH(pOpMYBaHHS HaceJICHHS.

AHai3 HagBHUX JaHUX CBITYUTH, IO CIOXKMBAHHS
rpu0biB HE BHOCUTbH IOMITHOIO BKJIaay B (hOpMyBaHHS
JI031 BHYTPILLIHBOTO OIPOMiHEHHS Bif *°Sr.

CONCLUSIONS

Estimation of internal doses due to intake of *’Cs by
ingestion of milk and potatoes are in the range of
0.3—34 % of doses estimated on the base of WBC
data. The mean content of *’Cs in milk is no more
than two times higher vs. in potatoe. Thus, the con-
tribution of milk consumption is no more than 2-
fold higher vs. contribution of potatoes consumption
in formation of internal dose from ''Cs intake in
case of equal consumption levels of these products.
Other dose ratios could be mainly explained by the
different consumption levels. The contents of *°Sr in
milk and potatoe are approximately similar, i.e. the
contributions of milk and potatoes consumption in
formation of internal dose due to *Sr intake are
approximately similar. They may differ in the case of
different consumption level of those foodstuffs.

The estimations of individual effective doses of
internal exposure due to ingestion intake of '¥’Cs
with fresh and dried out mushrooms are within the
range of 4+102—20 mSv «year!. The upper esti-
mated value of internal dose from '*’Cs intake due
to ingestion of mushrooms is much higher than the
actual doses that have been assessed using WBC-
monitoring data. It can be due to one or both of
the following factors:

a) low reliability of dose assessments based on the
single measurement of *’Cs content in mushrooms;
0) limited credibility of recorded in the question-
naire information about mushroom consumption.

The season mushrooms consumption is quite
nonuniform, their *’Cs content differs significant-
ly; the data from the tables 6 demonstrate that fact.
Nevertheless, the mushrooms consumption is the
most important factor which forms internal dose
from "’Cs intake. The table 8 indicates that in
some cases the milk and potatoes consumption
gives a very small contribution to the internal dose
from '’Cs intake (under 0.3 % as shown above).
Thus, consumption of mushrooms and generally
wild nature local foodstuffs is the one of the major
factors, which forms dose of internal exposure due
to ¥’Cs intake for inspected inhabitants. That situ-
ation requires the comprehensive monitoring of
7Cs content in local wild nature foodstuffs, con-
trolling the consumption levels and informing the
population.

The actual data analysis indicates the mush-
rooms consumption does not have significant con-
tribution to the internal dose from *Sr intake.
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