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PE3YJBbTATHU JIBJI-MOHITOPUHI'Y ITOXKEXHHIX, IIIO bYJIN
3AJIIHI Y TACIHHI JIICOBOI ITOXEXI B 30HI BITYYKEHHS
YAEC Y KBITHI-TPABHI 2020 POKY

MeTa: BM3HaYeHHs piBHIB HAAXOAXKEHHSA PafiOHYKNIAiB B OpraHi3m pATyBanbHUKiB [lepaBHOT ciyx6u 3 Hap3BMYan-
Hux cutyauiin (ACHC) npu raciHHi noxexi y 30Hi BiguyxeHHs YAEC Ta oLiHKa B0O3M BHYTPilIHLOIO ONPOMiHEHHS, 00y-
MOBJIEHOT UM HAOXOIKEHHAM.
Marepianu i metoau. 3 06.04.2020 p. no 19.05.2020 p. y [epaBHiit ycTaHOBI «HalioHanbHWIN HAYKOBUIA LIEHTP
papiauinHoi megnumHm HauioHanbHoT akagemii meanyHnx Hayk Ykpainny» (HHLPM) npoBepeHo BuMiptoBaHHsA BMicCTy
iHKOPNOPOBaHMUX raMMa-pagioHyKNifiB Ha NiYunbHUKAX BUNpPOMiHIOBaHHA noguHu (JIBJ1) onepatuBHOro Knacy
«CkpuHHep-3M» (MiHiManbHo-feTekToBaHa akTuBHicTb (MIA) cknapae 300-500 bk 3a 5 xBUAKH BUMiptoBaHH:A no *’Cs)
Ta ekcnepTHoMy Bucokouytamsomy JIBJ1 (MIA cknagae 20 bk 3a 10 xBunuH BumiptoBaHHsa no *’Cs). 06cTexeHo 470
0ci6 (523 Bumipu) y Tpbox rpynax oco6osoro cknagy [ACHC Ykpainu, akuii 6pas yyacTb y nikBigauii nicoBoi noxexi B
30Hi BiguyeHHs y nepiof 3 04 kBiTHA no 05 TpaBHsA 2020 poKy. B po60Ti BUKOPUCTAHO MaTeEMATUYHi, CNeKTpOMeT-
pWYHi MeToau.
Pe3ynbTati Ta BUCHOBKU. Y nepeBaxHoi 6inbwocti (95 %) ocobosoro cknapy ACHC Ykpainu, obcTexxenux Ha JIBJI
onepatuBHoro knacy «CkpuHHep-3M» (noHap 500 BMMipiB), OUiHKAa 3HayeHb iHAMBIAyanbHOi edeKTUBHOT [O3M
BHYTPiLUHbOrO ONPOMiHEHHs, 06yMOBIEHOT HapXxomKeHHAM *’Cs B OpraHi3m npu raciHHi noxexi, y npunyLeHHi, Wwo Le
HaAXOMKEHHA BinOynoch Nifg yac poboTH y 30H1 BigUyKeHHs, He NepeBulLUia MiHiManbHy 03y, Wo feTekTyeTbes ML
(5-14 mk3B). CepeaHe 3HaYeHHs eeKTUBHOT J03W BHYTPIlWHBLOrO ONpOMiHEHHsA y rpyni ocobosoro cknagy MY ACHC
Ykpainu B M. Kuesi, skuii 6pas yyacTb y NikBigauii nicoBoi noxexi B 30Hi BifguyxeHHs 04 kBiTHa — 05 TpaBHs 2020 p.
(26 ocib), pocnimxeHux Ha ekcneptHomy JIBJ1, ctaHoBuTb (2,5 + 1,1) Mk3B, y rpyni ocobosoro cknagy ACHC Ykpainu y
YepkacbKiit 06nacTi, akuit 6pas yyacTb y Nikeigauii noxexi 19-24 keitHa 2020 p. (9 oci6) — (2,2 + 0,6) mk3B, y rpyni
oco6osoro cknagy 'Y CHC Ykpainu y KnuiscbKiit 06nacTi, akuit 6pae yyacTb y NikBiAaLii 1icoBoi noxexi B 30Hi Biguy-
eHHA 04 KBiTHA — 05 TpaBHaA 2020 p. (42 ocobu) — (4,4 + 2,4) Mk3B. MakcumanbHi 3HayeHHs 5,1 Mk3B, 3,5 MK3B,
11,8 mk3B y rpynax m. Knuesa, Yepkacbkoi Ta KuiBcbkoi obnacteit BifnoBigHO, W0 3HAYHO HUXKYE, HiX OCHOBHA [030-
Ba MeXa ANA HaceNeHHs Bif TexHoreHHux axepen 1000 Mk3B - pik™ 3a 3aKOHOM YKpaiHM Npo 3aXMCT NOLMHM Bif BNIK-
BY 10Hi3yt040r0 BUNPOMiHIOBAHHS.
KniouoBi cnoBa: nicosa noxexa, 3o0Ha BiguyeHHs YAEC, BHYTPilWHE ONPOMiHEHHS, NIYMNbHUK BUNPOMiHIOBAHHS NiO-
anHu, *Cs.
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RESULTS OF WBC-MONITORING OF FIREFIGHTERS
PARTICIPATING IN RESPONSE TO CHORNOBYL FOREST
FIRES IN APRIL-MAY 2020

Objective: of this study was to determine the levels of radionuclides in the rescuers’ bodies of the SES during fire-
fighting in the exclusion zone of the Chornobyl nuclear power plant and to assess the dose of internal radiation due
to this receipt.
Materials and methods. From 06.04.2020 to 19.05.2020 in the State Institution «National Research Center for
Radiation Medicine of the National Academy of Medical Sciences of Ukraine» (NRCRM) measurements of the content
of incorporated gamma radionuclides on whole body counters (WBC) operational class «Screener-3M» (Minimum
detected activity (MDA) is 300-500 Bq for 5 minutes of measurement at **’Cs) and expert high-sensitivity WBC (MDA
is 20 Bq for 10 minutes of measurement at *’Cs). 470 people (523 measurements) in three groups of personnel of
the SES of Ukraine who took part in the forest fire liquidation in the exclusion zone in the period from April 4 to
May 5, 2020 were examined. Mathematical and spectrometric methods are used in the work.
Results and conclusions. In the vast majority (95 %) of the personnel of the SES of Ukraine, examined at the WBC
operational class «Screener-3M» (more than 500 measurements), the assessment of the values of the individual
effective dose of internal radiation due to **’Cs in the body during firefighting, assuming that it receipt occurred
during operation in the exclusion zone, did not exceed the minimum dose detected by MDD (5-14 uSv). The aver-
age value of the effective dose of internal radiation in the group of personnel of the State Emergency Service of
Ukraine in Kyiv, which participated in the elimination of forest fires in the exclusion zone from April 4 to May 5, 2020
(26 people) studied at the expert WBC, is 2.5 + 1.1 uSv, in the group of personnel of the SES of Ukraine in Cherkasy
region, which participated in the fire on April 19-24, 2020 (9 people) — 2.2 + 0.6 uSv, in the group of personnel of
the SES of Ukraine in the Kyiv region, which took part in the elimination of the forest fire in the exclusion zone on
April 4 — May 5, 2020 (42 people) — 4.4 + 2.4 uSv. Maximum values of 5.1 uSv, 3.5 uSv, 11.8 uSv in the groups of
Kyiv city, Cherkasy and Kyiv regions, respectively, which is much lower than the basic dose limit for the population
from man-made sources of 1000 uSv - year™ according to the Law of Ukraine about protection of the person against
influence of ionizing radiation.
Key words: forest fire, Chornobyl Exclusion Zone, internal irradiation, whole body counters, **’Cs.
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BCTYII

IMoxexxa y 30Hi Biguy>KeHHS royajacs 4 KBiTHS B po3mai
kapaHTuHy 1010 COVID-19. CniBpob6iTHuKY [ep>kaBHOI
yctaHoBU «HalioHaIbHMIT HayKOBMIA LIEHTP pamialliiiHOl
MenuuuHu HauioHanbHOI akajgeMil MeIUUYHUX Hayk
Vkpainn» (HHIIPM) mepeOyBajii 4acTKOBO y BilITycT-
Kax, YaCTKOBO ITpallfoBaJIM AucTaHIliitHO. He mpaitoBaiu
B weit yac i JIBJI-kabiHetu [epkaBHOro areHTCTBa 30HU
BimayxxeHH: (JIA3B) Ta YopHOOMIBLCHKOI aTOMHOI CTaHIIii
(HAEC). Onnak, yxe 6 KBiTHS OyJIO OpraHi30BaHO J103M-
METPUYHUI KOHTPOJIb MEPILOi IPYIM 0COOOBOTO CKJIAy
TOJIOBHOTO yrpabJliHHS JlepkKaBHOI CJTy>KOM 3 HaA3BUYAi -
aux cutyauiii (JICHC) y m. KueBi, sika Buxomuia miciist
neplIol poTalil 3 30HM BiIUy>XeHHs. Y CTaHi TOTOBHOCTI

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

INTRODUCTION

The fire in the exclusion zone began on April 4 in the
midst of quarantine against COVID19. Employees of
the State Institution «National Research Center for
Radiation Medicine of the National Academy of
Medical Sciences of Ukraine» (NRCRM) were part-
ly on vacation, partly working remotely. At that time,
the WBC-offices of the State Agency on Exclusion
Zones (DAZV) and the Chornobyl Nuclear Power
Plant (ChNPP) were also closed. However, already
on April 6, dosimetry control of the first group of per-
sonnel of the head office of the SES in Kyiv was
organized, which left the exclusion zone after the first
rotation. The admission department of the clinic and
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Oyau mpuiiMajibHEe BiNJieHHS KIiHIKM Ta BiIgiIeHHS
PpaioiHIyKOBaHOI COMAaTUYHOI MATOJIOTIT, KyIu y pa3i IoT-
pedu rocmitamnizyBanu 6 paryBaabHuKIB JJCHC.

META JOCJIIJIZKEHHA

MeTo1o nociiaKeHHs 0yJ10 BU3HAYEHHSI PiBHIB HAAXO/ -
JKeHHS paJioOHYKITiIiB B opraHi3m patyBanbHNKIiB JJCHC
npu raciHHi Toxexi y 30Hi BimuyxkeHHa YAEC Ta
OlliHKAa 1031 BHYTPIlIHLOTO OMPOMiHEHHs, OOYMOBJIE-
HOI IIMM HaJIXOIKCHHSIM.

MATEPIAJIA 1 METOAUA JOCJITI2KEHHS

Y HHIPM ¢yHKIlioHy€e 1BOpiBHEBAa CUCTEMa iHAUBILY-
aJIbHOTO A03UMETPUYHOTO KOHTPOJIIO BHYTPILLIHBOTO
orpomiHeHHH [1, 2]. [1epmmit piBeHb MpU3HAYCHWI 15T
MOTOYHOTO MaCOBOT0 CKPUHIHTY BEJIMKMX TPYII JIOJEH,
HaIpUKJIal, HACEJIEHHS PalioOaKTUBHO 3a0pYyIHEHUX Te-
putopiii (P3T), mnauieHTiB paaialiiHOro peecTpy
HHIIPM (mikBimaTopiB, mepeceneHIiB 3 30-KM 30HMN
YAEC, xureniB P3T) 3 BUKopucTaHHSIM MOOIIbHUX i
CcTallioOHApHUX JIIUMIBbHUKIB BUIIPOMiHIOBAHHSI JIIOAUHU
(JIBJI). Apyruit piBeHb NpU3HAYECHUI 1151 TTOTIMOIeHO-
IO MOHITOPMHIY KPUTUYHUX I'PyIl HACEJICHHS Ta IIepCco-
HaJy 3a joromoroio ekcrieptHoro JIBJI, skuii Mmae Buco-
Ky YYTJIMBICTh i YHiIBEepCAJIbHICTh IIOAO BCiX BUJIB BU-
MPOMiHIOBaHHS pagioOHYKiAiB (puc. 1).

the department of radio-induced somatic pathology
were on standby, where, if necessary, rescuers from the
State Emergency Service would be hospitalized.

OBJECTIVE

The aim of the study was to determine the levels of
radionuclides in the rescuers’ bodies of the SES du-
ring firefighting in the exclusion zone of the
Chornobyl nuclear power plant and to assess the dose
of internal radiation due to this receipt.

MATERIALS AND METHODS

The NRCRM has a two-level system of individual
dosimetry control of internal irradiation [1, 2].
The first level is intended for the current mass
screening of large groups of people, such as the
population of radioactively contaminated territo-
ries (RCT), patients of the NRCRM radiation re-
gister (liquidators, migrants from the 30-km
Chernobyl zone, RCT residents) using mobile and
stationary whole body counters (WBC). The se-
cond level is designed for in-depth monitoring of
critical groups of the population and staff with the
help of expert WBC, which has a high sensitivity
and versatility to all types of radiation of radionu-
clides (Fig. 1).

€AUHE ANAPATYPHO-METOAWUYHE, METPOJIOINYHE 3ABE3MNEYEHHA
UNIFIED HARDWARE-METHODICAL AND METROLOGICAL SUPPORT

\

[ EKCMEPTHWIA NIBN / EXPERT WBC
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3aKOHOMIPHOCTi pOPMyBaHHS [103 BHYTPILLHBOTO ONPOMiHEHHS, 0BYMOBNEHWX pagioLesieM
Regularities of shaping the doses due to internal exposure

Bu3HaueHHs piBHIB BHYTPILUHBOrO ONPOMIHEHHS!, 0OYMOBJIEHUX TPUBAJIO ICHYIOYUMM
panioHyknifam1 piaHX BB BUNPOMIHIOBAHHS!

from cesium Evaluation of internal exposure doses due to long-lived radionuclides of all sorts of exposure
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ONPOMIHEHHS Features due to sex Occupation features Criivrs Expert measurements 2 M {acToK
Internal exposure and age Season features Method for %Sr Method for 2'Am Method for location
doses dynamics g in-vivo evaluation in-vivo evaluation of «hot» particles

PuUcyHOK 1. Cuctema MOHITOpUHry f03 BHYTpiwHbOro onpomineHHs HHLPM

Figure 1. NRCRM internal radiation dose monitoring system
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g 1o3UMETPUYHOTO KOHTPOJIIO TOXEXKHMX OYyJI0
3anisHo 4 JIBJI onepatuBHoro kjacy «CkpuHHep-3M»
(MiHiManBHO-IEeTeKTOBaHa akKTUBHICTL (MJIA) ckiamae
300—500 bk 3a 5 xBuauHU BuMiproBaHHs 1o 'YCs) Ta
«raMMa-CreKTpOMEeTpUYHAa» JIiHiliKa eKCIIEPTHOIO BU-
cokouytiuBoro JIBJI (MIA cknagae 20 bk 3a 10 xBu-
JuH BuMipioBaHHA 1o 'YCs 11 YTOYHEHHS Ta Be-
pudikarii pesynsratis 3, 4]. st BU3HAYEHHS TTIOBEPX-
HEBOTO 3a0pyAHEHHS IIKipU PYK, Hil, BOJOCCS, BUKO-
PUCTOBYBJIM YCTaHOBKY curHaibHy P3b-05 3 moporom
peectpatiii 10 f-yactHOK - XB™' - cM? (puc. 2). XapakTe-
PUCTUKY MPUJIAIiB TIpeACTaBIeHO Y Tabauli 1.

Oo6crexxeHo 470 oci6 (523 BuMipu) y TpbOX Tpyrax
ocoboBoro ckiany JCHC VYkpainu, sikuii 6paB y4acTb y
JIIKBigaliii 1icoBOi MOXeXi B 30Hi BiTUy>KeHHSI y nepios 3
04 xBiTHs o 05 TpaBHs 2020 poky:

Ipyrma 1 — ocoboBuii ckian [010BHOTO ympaBiHHS
(I'y) ICHC y m. Kuesi. [TepeBaxxHa yacTuHa 0COO0OBO-
To cKJIamy OyJia 3aydeHa 1o TaciHHS TmoxkexXi 3 04 KBiTHS
o 20 kBiTHg 2020 p. Portalis BimOyBagach KoxXHi 2 10-
ou. YactuHa ocoboBoro ckiaay Oyja 3ajlydyeHa Ha JBa
TepMiHM — BOHU MPOXOAWJIM KOHTPOJIb ITiC/IsT KOXHOIL
porariii. 13 ocib Opanm yJacTs y JIiKBigalIil moxkeKi ImicJIst

For dosimetry control of firefighters, 4 whole body
counters (WBC) of the operational class «Screener-
3M» (minimum detected activity (MDA) is
300—500 Bq for 5 minutes of measurement at '¥'Cs)
and «gamma-spectrometric» line of expert highly
sensitive WBC were used. (MDA is 20 Bq for 10
minutes of measurement at '*’Cs to clarify and veri-
fy the results [3, 4]. To determine the surface con-
tamination of the skin of hands, feet, hair, we used
the (RZB 05) signal installation with a registration
threshold of 10 B-particles - min™ - cm™ (Fig. 2). The
characteristics of the devices are presented in table 1.

470 people (523 measurements) in three groups
of personnel of the SES of Ukraine who took part
in liquidation of the forest fire in the exclusion
zone in the period from April 4 to May 5, 2020
were examined:

Group 1 — personnel of the State Emergency Ser-
vice in Kyiv. Most of the personnel were involved in
extinguishing the fire from April 4 to April 20, 2020.
The rotation took place every 2 days. Part of the per-
sonnel was involved for 2 terms — they were moni-
tored after each rotation. 13 people took part in extin-

{

Excnieprhuii JIBJT 6 Nal 150 x 100 mm? / Expert WBCs, 6 Nal(Tl) 150 x 100 mm?

«CkpuHHep-3M» Nal 100 x 100 mm?2 / «Screener-3M» Nal(Tl) 100 x 100 mm?2

YctaHoBka curHanbHa (P3B-05) / Alarm installation (RZB-05)

PucyHoK 2. AnapatypHe 3a6e3neyeHHA AO3UMETPUYHOTO KOHTPONI iHAMBiAYyaNbHUX A03 BHYTPiIHLOrO
onpomiHeHHA oco6oBoro cknagy AACHC, 3any4yeHoro fo raciHHA noexi B 30Hi BiguykeHHsa YAEC

Figure 2. Equipment for dosimetry control of individual doses of internal radiation of SES personnel involved
in firefighting in the Chornobyl Exclusion Zone
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Taoauuya 1

OCHOBHi TexHi4YHi XapaKTepUCTUKU BUMipIOBaNIbHUX NPUIAJIB, BUKOPUCTAHUX NPU AO3UMETPUYHOMY KOHTPOJT

ocobosoro cknagy ACHC
Table 1

The main technical characteristics of measuring instruments used in dosimetric control of SES personnel

BumipioBanbHuii KaHan Excnosuujs, x8 ®oH, imn - x8™’ MIA, kBk  MponyckHa 3aatHicTs, noa. - rop”
Detector Exposition, min. Background, ppm MDA, kBq Performance, persons per hour
«CkpuHep-3M» Nal(Tl) 150 x 100 mMm? 3-10 1180 0,3 6-20

«Screener-3M» Nal(Tl) 150 x 100 mm?

«CkpuHep-3M» Nal(Tl) 100 x 100 mm? 3-10 1450 0,5* 6-20

«Screener-3M» Nal(Tl) 100 x 100 mm?

Excnepthuii JIBJ1 10-20 130 0,02** 3-4

Expert whole body counters 6 Nal(Tl)

YcravoBka curHanbHa P36-05 05-2 10 B-yacTuHOK - xg! - om! 30 - 100

Alarm installation RZB-05

10 B-particles - min”™" - cm

-1

Mpumitkn. * — 3HavenHs MIA ans excnoauui 5 xeunnH; ** — 3HavenHs MIA ans excnoauui 10 XBuanH.

Notes. * — this MDA fits with 5 minutes exposition; ** — this MDA fits 10 minutes exposition.

20 XBiTHS i IPOUIIIN JO3UMETPUIHNIA KOHTPOJIb TTiCIIsI
3aKiHYeHHS poOiT 27 KBiTHS Ta 7 TpaBHS. YChOTO B IIiil
rpyni obctexeHo 223 ocobu, BuKoHaHO 254 JIBJI-
BUMIipIOBaHHSI.

Ipyna 2 — ocobosuit cknag JCHC y Yepxkachbkiit 00-
Jlacti. bynu 3aimydeHi 1o raciHHsI moxexi 3 19 KBiTHS 110
24 kBiTHa 2020 p. O6¢cTexkeHo 95 ocib, BuKoHaHo 104
JIBJI-BUMipIOBaHHSI.

Ipyma 3 — oco6oBuit ckmag I'Y JCHC y Ku-
iBchbKiit obyacti. Llg rpyna Oyna HailbOinbine 3amisiHa
y raciHHi nmoxexi. YactuHa ocoboBOTO cKjany oOyiaa
3alisgHa y 5—6 poTalisgx y pi3HUI mepiod MmoxkexXi 3
04 xBiTHa mo 05 tpaBHg. OCHOBHA YacTWUHA TPYyNH
npoimna JIBJI-gocnigxenusa 12—15 Tpasusa. O6-
crexxeHo 152 oco6u, BukoHaHo 165 JIBJI-BuMiprio-
BaHb.

PE3VJIBTATU TA OBTTOBOPEHHA
V¥ nepeBaxHoi 6ib1I0CTI 0Ci0 (= 95 %), 06CTEXEHUX HA
JIBJI onepatuBHoro kiacy «CKkpuHHep-3M», BMICT iH-
koprioposatoro ’Cs He niepesumns MJIA (240—630 bk),
a olliHKa 3HayeHb IHAWBIAyalbHUX e(hEeKTUBHUX 03
BHYTPIIlITHLOTO OMNPOMiHEHHSI, OOYMOBJIEHUX HAaIXOI-
xkxeHHsaM '"Cs B oprani3Mm, BUKOHAHa BiIMNOBITHO 10
ICRP Publication 137 [5] y ipuIylieHHi, 10 3HAYEHHS
BMicTy iHKoprmopoBaHoro '*’Cs, 3apeecTpoBaHe IIpU
BUMIipIOBaHHi, 00YMOBJIEHE HaIXOMXKEHHSIM B OpraHi3zm
npu poOOTi y 30HI BiIUYXXE€HHS, He MepeBuUllnIa
MiHiMaJTbHY 103y, 10 JeTeKTyeThbcst M/ (5—14 Mx3B).
[IpoBeneHi nociimkeHHs MOBEPXHEBOIO 3a0PyIHEHHS
PYK, BOJIOCCSI, OJSATY Ta B3YTTsl HA YCTAHOBII CUTHAJIbHII
P3B-05 3 moporom peectpartii 10 B-gacTMHOK - XB™' - cM™
noKazyBaju 3a0pyaIHEHHS Y OKpeMUX 0cid, 0coOJIMBO Y

guishing the fire after April 20 and underwent dosi-
metric control after the completion of works on April
27 and May 7. A total of 223 people were examined in
this group, 254 WBC measurements were performed.

Group 2 — SES personnel in Cherkasy region.
Were involved in extinguishing the fire from April
19 to April 24, 2020. 95 people were examined, 104
WBC measurements were performed.

Group 3 — personnel of the State Emergency
Service in Kyiv region. This group was most
involved in extinguishing the fire. Part of the per-
sonnel was involved in 5—6 rotations in different
periods of the fire from April 4 to May 5. The main
part of the group underwent WBC research on
May 12—15. 152 persons were examined, 165
WBC measurements were performed.

RESULTS AND DISCUSSIONS
In the vast majority of individuals (= 95 %) exa-
mined on WBC operative class «Screener-3M», the
content of incorporated '’Cs did not exceed MDA
(240—630 Bq), and the assessment of the values of
individual effective doses of internal radiation due
to the intake of '¥’Cs in the body according to ICRP
Publication 137 [5], assuming that the value of the
incorporated '"Cs content recorded during the
measurement, due to the entry into the body when
working in the exclusion zone, did not exceed the
minimum dose detected by MDD (5—14 uSv).
Surveys of surface contamination of hands,
hair, clothing and footwear at the RZB-05
signaling unit with a registration threshold of
10 B-particles - min' - cm™ showed contamination
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rpymax, mo Oyiau 3amisiHi y pob6orax 12—13 ta 14—16  in individuals, especially in the groups involved in
KBITHSI. works on April 12—13 and 14—16.

3 METOI0 YTOUHEHHST pe3yabTaTiB, OTpUMaHUX 3a JI0- In order to clarify the results obtained with the
noMoroto omneparuBHoro JIBJI-moHiTopuHry, i BuBueH-  help of operative WBC-monitoring, and to study
HsI PO3MOIITY pajiole3ito B OpraHi3Mi MpailiBHUKIB mpo-  the distribution of radiocesium in the body of
BeJleHO ToCTikeHHs rpymu ocio (10—25 % Bin ycix ob6c-  employees, a study of a group of people (10—25 %
TEeXXEHMX Yy Tpynax) Ha eKCIiepTHOMY BUcOKouyTanBoMy  of all examined in groups) on expert highly sensi-
JIBJI. Pe3synbraTi mpeacTaBieHo y Ta0auii 2. tive WBC. The results are presented in table 2.

CTaTUCTUYHMI PO3MOJiA 3HAY€Hb iHAWBIAYaTbHOTO The statistical distribution of values of individual
BMicTy iHKopriopoBaHoro '¥'Cs y rpynax ocoboBoro ckiia-  content of incorporated *’Cs in groups of person-
oy JCHC VYkpainm y M. Knesi ta Yepkacekiit oonacti  nel of the SES of Ukraine in Kyiv city and
MpeAcTaBJIeHUI Ha pUcyHKax 3—5. Cherkasy region is presented in Figures 3—5.

Ta6nuusa 2
Pe3ynbratn ekcneprtHoro JIBJI-MOHiTOpUHTY Ta oLiHKa e(heKTUBHUX 03 BHYTPilUHLOrO ONPOMiHEHHA BiA Hap-
xomKeHHs ©®’Cs y ocob6oBoro cknagy ACHC Ykpaiuu

Table 2
Results of expert WBC monitoring and evaluation of effective doses of internal radiation from **’Cs in the SES
of Ukraine

Nepioa 3anyyenus O6car BwmicT iHkopnopogasoro '*’Cs, Bk Dosa, Mk38
OcoGoBuii 0 DOOIT JIBJ1-BumipioBaHb
lpyna A0 pod _
cknan, . Y 30HI 3aranoM  Ha cepepHe mepiana 90%  MakC. CepemHE Makc.
BIAHYXEHHS ENBN 3HaYEHHs! KBaHTU/b 3HAYEHHs
Period WBC measurements Incorporated '*’Cs, Bq Dose, uSv
Group SES of involvement -
personnel works in the total expert. average median 90 % max. average max.
exclusion zone WBC quantile
1 M. KviB 04.04.2020-05.05.2020 254 26 194 + 157 162 347 881 2511 51
Kyiv city
2 Yepkacbka obnactb  19.04.2020-24.04.2020 104 9 136 + 96 132 194 221 22+06 35
Cherkasy region
3 KuiBcbka obnacte  04.04.2020-05.05.2020 165 42 216 £ 115 194 349 590 4424 118
Kyiv region
0.6 -
MepniaHa 162 bk
Median 162 Bq
03T TN 11T Copeme swawemnn 1048
Average 194 Bq
o M1 TN r T
S' BukoHaHo 26 JIBJI-gocnipxeHs, M. Kuis
¥ 034 - -—-—-| 26 WBC-measurements, Kyiv city -
x mu=5.087 sig=0.596
o
LR IR i iE 90%-kBaHTunb 347 6k |
90%-quantile 347 Bq
01+ A TN H A -G
0 T T T T T T T T T T T T T
83 166 249 331 414 497 580
BwmicT iHkopnopoBaHoro Cs'37, BK / The content of the incorporated Cs'%7, Bq

PucyHoK 3. Cratuctuynwmii po3nogin emicty iHkopnopoBaHoro **’Cs y rpyni oco6osoro cknapgy 'Y ACHC Ykpainu
B M. Kuesi, akuit 6paB yyactb y nikeipauii nicoBoi noxexi B 30Hi BiguyxeHHA 04.04.20-05.05.20 (26 oci6),
pocnifKeHnx Ha ekcneptHomy JIBJ1 06.04.2020-07.05.2020

Figure 3. Statistical distribution of the content of incorporated **’Cs in the group of personnel of the State
Emergency Service of Ukraine in Kyiv, which participated in the elimination of forest fires in the exclusion
zone 04.04.20-05.05.20 (26 people), investigated at the expert WBC 06.04.2020-07.05.2020
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Mepiana 132 bk CepepHe 3HayYeHHs 136 bk
Median 132 Bq g Average 136 Bq

BukonaHo 9 JIBJI-gocnigxkeHb, Yepkacbka 061.
08t+--—-—--—-—-------- L X 9 WBC-measurements, Cherkasy region
mu=4.882 sig=0.301

P(x)*100
o
=)
1

041l N\ e e
90%-kBaHTUNb 194 bk
90%-quantile 194 Bq
(1 et S R NS A AR 10 IRA R RR R R 0 1T 1 SO T T T T T T E ittty
0 T T T T T T T T T

T T 1 T T
207 259 310 362 414

Cs'%7, Bk / Bq

T T
52 104 155

PucyHOK 4. CratuctuuHmit po3nopgin emicty inkopnopoBaHoro **’Cs y rpyni oco6oBoro cknagy ACHC YkpaiHuu y
YepKacbKiit 06nacri, aAkuin 6paB yyacTb y nikBigauii nicoeoi noxexxi B 30Hi BiguyeHHa 19-24 kBiTHa 2020 p.
(9 oci6), pocnipkeHux Ha ekcneptHomy JIBJ1 25 kBiTHA 2020 p.

Figure 4. Statistical distribution of the content of incorporated **’Cs in the group of personnel of the SES of
Ukraine in Cherkasy region, which participated in the elimination of forest fires in the exclusion zone on April
19-24, 2020 (9 people), studied at the expert WBC on April 25, 2020.

0.6 -
MepiaHa 194 bk
Median 194 Bq
0.5, NIt
CepepHe 3HayYeHHs 216 bk
Average 216 Bq
[0 e A1 ! 1 | Attty

BukonaHo 42 JIBJI-pocnipxerHs, Kniscbka 061.
4N\ 42 WBC-measurements, Kyiv region M
mu=5.268 sig=0.458

P(x)*100
S

021ttt -\
90%-KkBaHTUNb 349 Bk
90%-quantile 349 Bq
017 b N
0 T T T T T T T T 1

T T T T T
92 185 217 369 461 554 646
BwmicT iHkopnopoBaHoro Cs137, BK/opraHiam

The content of the incorporated Cs137, Bq/organism

PucyHoK 5. Cratuctuunuit po3noain Bmicty iHkopnoposaHoro *’Cs y rpyni oco6oBoro cknagy Ny AiICHC
Vkpainu y KuiBcbKiit o6nacti, aAkuit 6paB yyactb y nikBigauii nicoBoi noxexi B 30Hi BiguyKeHHA y nepiog
04 kBiTHA — 05 TpaBHA 2020 p. (42 oco6u), pocnigkeHnx Ha ekcneptHomy JIBJ1 08.04.2020-19.05.2020

Figure 5. Statistical distribution of the content of incorporated **’Cs in the group of personnel of the State
Emergency Service of Ukraine in Kyiv region, which participated in the elimination of forest fires in the exclusion
zone in the period from April 4 to May 5, 2020 (42 people), studied at the expert WBC 08.04.2020- 19.05.2020

CepenHe 3HaUYeHHsI BMICTy iHKoprtopoBaHoro ’Cs y rpy- The average value of '’Cs incorporated in the group
i ocoboBoro ckiamy M. Kuesa cranoButb (194 + 157) Bk,  of personnel of Kyiv is (194 + 157) Bq, in the group of
y rpymi Yepkacbkoi oomacti — (136 + 96) bk, rpymi Ku-  Cherkasy region — (136 + 96) Bq, in the group of Kyiv
iBcbKoi obnacti — (216 * 115) bk. MakcumanbHe 3Ha-  region (216 £ 115) Bq. The maximum value is 881 Bq
yeHHs 881 bk, 221 ta 590 Bk, BinnosigHo. Busasuru Ha-  and 221 and 590 Bq, respectively. The accumulation
korueHHs 'YCs y JlereHax He Baajiocs. of ¥’Cs in the lungs could not be detected.

O1iHka iHIUBiTyaJTbHUX €(heKTUBHUX 103 BHYTPILTHBO- Estimation of individual effective internal radia-
ro onpoMiHeHHs Bif HaaxomkeHHs ’Cs pu racindi mo-  tion doses from *’Cs in firefighting was performed
KexXi BuKoHaHa BifmoBinmHo 1o ICRP Publication 137 [5]  according to ICRP Publication 137 [5] under the
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y IPUMYIIEeHHI, 1110 3HAY€HHS BMICTy iHKOPITOPOBAHOTO
¥Cs, 3apeecTpoBaHe IIpU BUMIpIOBaHHi, 0OYMOBJICHE
HaJXOMXEHHSIM B OpraHi3M IIpu poOOTi y 30Hi Bimuy-
KEeHHsI (OCKiTbKU BXiTHWI KOHTPOJIb HE IMTPOBOIUBCS).
3a maTy HaAXOMKEHHS BBaXKaju IMepIINil AeHb poOOTH
Ha mnoxexi. Po3paxoBaHi 3HAUYeHHSI iHAMWBiTYyaJIbHUX
e(eKTUBHMX 103 BHYTPIIIIHLOTO OIIPOMiHEHHSI JIEXKATh Y
mexkax Big 1,2 Mk3K g0 5,1 MK3B y rpymi oco60BOTO
ckiamny M. Kuesa, Bin 1,6 Mk3B 10 3,5 MK3B — y Irpyrmi
Yepkacbkoi obaacri i Big 1,4 Mxk3B 10 11,8 Mk3B — y
rpyni KuiBcbKoi 00J1acTi.

OnHak, Lie KOHCepBaTMBHA OLiHKA. VIMOBipHO pe-
aJIbHi 3HAYCHHSI 103, 0OYMOBJIEHI HaaXoKeHHsIM *Cs
npy JiKBifgallii IMOXeXi, HUXYi, OCKiJIbKM 3HAYEHHS
BUMIpy BMicTy iHKOpriopoBaHoro '’Cs, oOyMOBIJIEHE Y
TOMY 4YHMCIi ¥ (DOHOBMM BMICTOM paliole3ilo B Op-
TaHi3Mi, XapaKTepHUM TSI MEIIKaHIliB YKpaiHHu.

CepenHe 3HauYeHHS €(EeKTUBHOI 103U BHYTPIilIHbOTO
ONMpOMiHEeHHST y Tpymni ocoboBoro ckiany ['Y JJCHC
VYkpainu B M. Kuesi, gakuii OpaB y4yacTh y JiKBigailii
JIiCOBOI MOXeXi B 30Hi BimuyxeHHs 04-20 kBiTHs 2020 p.
(26 ocib), mocmimkeHux Ha ekcriepTHomy JIBJI, cTtano-
BUTh (2,5 = 1,1) Mx3B, y rpymni 0oco0OBOro cKiagy
JACHC VYkpainu y Yepkachkiii obiacti, sIKMii OpaB
y4yacThb y JikBimauii moxexi 19—24 xsitHsa 2020 p.,
(9 ocib) — (2,2 £ 0,6) MK3B, y I'pyIli 0COO0BOI0O CKJIa-
oy I'Y JICHC VYkpainu y KwuiBchKiit 007acTi, SKHUi
OpaB yJyacThb Yy JiKBigallii JJiCOBOI ITOXeXi B 30Hi Biguy-
xeHHs 04 kBiTHS — 05 TpaBHsa 2020 p. (42 ocobu) —
(4,4 + 2,4) mx3B. MakcumajbHi 3HaueHHs 5,1 MK3B,
3,5 Mk3B, 11,8 Mk3B y rpynax M. Knena, Yepkacbkoi Ta
KwuiBcbkoi o6aacTeii, BilIOBIIHO, 1110 3HAYHO HUKYE,
HiXX OCHOBHA J1030Ba MexKa JJIsl HaceJeHHs Bill TeXHO-
reHHux mxkepea 1000 Mx3B - pik!' 3a 3akoHOM YKpaiHu
Opo 3aXUCT JIIOAMHU BiJ BIUIMBY 10Hi3yHOUOro BUII-
poMiHIOBaHHA [6].

BUCHOBKU

VY mepeBaxkHoi Oinbmiocti (95 %) 0coboBOro ckiamy
JACHC Ykpainu, oocrexenux 8 HHILIPM na JIBJI orme-
patuBHoro kinacy «CkpuHHep-3M» (mmonamx 500
BUMIpiB), OLliHKA 3HAY€Hb iHAUBiAyaIbHOI €(PEKTUBHOIL
JI03U BHYTPILLIHBOTO OINPOMiHEHHSI, OOYMOBJIEHOI HaJ-
XomkeHHsaM 'YCs B opraHisM IIpy raciHHi Moxexi, y
MPUITYIICHHI, 10 1Ie HAAXOIKEHHS — pe3ybraT poooTh
Yy 30Hi BiIUy>XE€HHsI, He TepeBUIIMIA MiHiIMaJbHY 103y,
mo netekryetbest M (5—14 Mx3B).

OuiHka 3Ha4YeHb iHAWBiAyaJdbHOI e(MEKTUBHOI N03U
BHYTPIIIHBOTO ONMPOMiHEHHST Y ocoboBoro ckiany 'Y
HOCHC Ykpainu, 10CTiIKeHUX I YTOUHEHHS pe3yJib-
TaTiB Ha ekcrneptHomy JIBJI (77 BuMmipiB), He TIepeBU-

assumption that the value of incorporated 'Y'Cs
recorded during the measurement is due to inflow
into the body when working in the exclusion zone
(because input control was not performed). The
date of receipt was considered the first day of work
on the fire. The calculated values of individual
effective doses of internal irradiation are in the
range from 1.2 uSv to 5.1 uSv in the group of per-
sonnel of Kyiv, from 1.6 uSv to 3.5 uSv in the group
of Cherkasy region and from 1.4 uSvto 11.8 uSvin
the group of Kyiv region.

However, this is a conservative estimate.
Probably the real values of doses due to the receipt
of ’Cs in the fire are lower, because the value of
measuring the content of incorporated '’Cs, due
in part to the background content of radiocesium
in the body, typical of the inhabitants of Ukraine.

The average value of the effective dose of internal
radiation in the group of personnel of the State
Emergency Service of Ukraine in Kyiv, which par-
ticipated in the elimination of forest fires in the
exclusion zone on April 4—20, 2020 (26 people)
studied at the expert WBC, is (2.5 £ 1.1) uSy, in the
group of personnel of the SES of Ukraine in
Cherkasy region, which participated in the fire on
April 19—-24, 2020, (9 people), — (2.2 + 0.6) uSv, in
the group of personnel of the SES of Ukraine in Kyiv
region, which participated in the elimination of fo-
rest fires in the exclusion zone from April 4 to May 5,
2020 (42 people), — (4.4 = 2.4) uSv. Maximum val-
ues of 5.1 uSv, 3.5 uSy, 11.8 uSv in the groups of Kyiv
city, Cherkasy and Kyiv regions, respectively, which
is much lower than the basic dose limit for the pop-
ulation from man-made sources of 1000 uSv - year'
according to the Law of Ukraine on the protection
of man from the effects of ionizing radiation [6].

CONCLUSIONS

In the vast majority (95 %) of the personnel of the
SES of Ukraine, examined in the NRCRM on
WBC operational class «Screener-3M» (more than
500 measurements), the assessment of the values
of the individual effective dose of internal radia-
tion due to "Cs in the body during firefighting,
assuming that this receipt is the result of work in
the exclusion zone, did not exceed the minimum
dose detected by MDD (5—14 uSv).

Estimation of values of individual effective dose
of internal irradiation at the personnel of MD SES
of Ukraine, investigated for specification of results
on expert WBC (77 measurements), did not
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muiaa 5,1 Mk3B y rpyni ocoboBoro ckiany M. Kuena,
3,5 Mx3B — y rpymi Yepkacbkoi oosaacri, 11,8 MK3B —y
rpymni KuiBcbkoi 00/1acCTi, 110 3HAYHO HMXX4e, HiX OC-
HOBHAa J1030Ba MeXa IS HaceJIeHHS BiJl TEXHOI€HHMX
mxepen 1000 Mk3B - pik' 3a 3aKkoHOM YKpaiHu Mpo 3a-
XUCT JIIOAMHU Bif BIUIMBY i0Hi3yI0UOro BMIIPOMiHIO-
BaHHSI.

Hacamkineup, Bim cmniBpo6iTHukiB HHIIPM Buc-
JIOBJIIDEMO CBOIO IIMPY TOASIKY BCbOMY OCOOOBOMY
ckanany JJCHC Vkpainu, sgkuii 6paB ydyacTb Yy JIiK-
Bigalii JicOBOI MOXeXi B 30HI BiguyKeHHS, 3a iX 3y-
cuid i ipodecioHaniaM, BUSBIAEHI MPU JIiKBiga1ii mo-
xexi (puc. 6).

exceed 5.1 uSv in group of personnel of Kyiv city,
3.5 uSv in group of the Cherkasy area, 11.8 uSv in
the group of Kyiv region, which is much lower
than the basic dose limit for the population from
man-made sources of 1000 uSv - year' according
to the Law of Ukraine on protection of man from
the effects of ionizing radiation.

In conclusion, we express our sincere gratitude
from the staff of the NRCRM to all the staff of the
SES of Ukraine who participated in the elimina-
tion of the forest fire in the exclusion zone, for
their efforts and professionalism shown in the
elimination of the fire (Fig. 6).

PUCYHOK 6. YepKacbKi pATYBaNbHMKM NOBEPTAIOTLCA AOAOMY NiCNA WECTUAEHHOrO0 raciHHA nicoBoi noxexiy
30Hi BiguyxkeHHa YAEC. Micna po3umerpuyHoro Koutponio B HHLIPM

Figure 6. Cherkasy rescuers return home after a six-day forest fire in the Chornobyl Exclusion Zone. After dosi-

metric control in NRCRM
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