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3AXBOPIOBAHICTD HA 3JIOAKICHI HOBOYTBOPEHHA
MEIIKAHIIIB MAJINX 3ABPYJIHEHUX PAIIOHYKIIIAMU
TEPUTOPIAJIbHUX OANHUILb YOPHOBNJIbCBKOTI'O PEI'TOHY
Y BIIIJAJIEHOMY IICJIASAABAPIMHOMY IEPIO/I

Merta: oUiHUTK piBeHb Ta AMHAMIKY peanizauii pu3nKiB BUHUKHEHHS 310AKiCHUX HOBOYTBOPEHb Y MELLKaHLIiB Manux Te-
puTopianbHMUX 0aMHNLE YOPHOOUNBCHKOT 30HM Y 3B'A3KY 3 €KCMO3MULIEID A0 HU3bKUX [03 PaAiaLiiHOr0 ONpoMiHEHHS.
Marepianu Ta metoau. [locnigxyeaHa nonynsuinHa rpyna — HaceneHHs bopoasHcbkoro, IBaHkiBcbKoro, Monicbkoro
paitoHiB KuiBcbkoi obnacTi, Jlyruncbkoro, Hapoguubkoro Ta OBpyLbkoro paioHiB utomupcbkoi obnacti. Beboro —
175,1 Tuc. mewkaHuiB y 2017 p. Mepioa cnoctepexeHHs — 1980-2017 pp. LocnigxyBanacb 3aXBOPIOBAHICTb Ha BCi
thopMM 30AKICHUX HOBOYTBOPEHb Ta iX OKpeMi HO3070riYHi hopMK, BUHUKHEHHS SKUX MOXe OyTM papiauiiiHo-
acouiitoBaHuM (pak wWuTonoAibHOT 3aN103¢1, pak MONOYHOT 321031, HOBOYTBOPEHHSA KPOBOTBOPHOT Ta NiMoifHOT cuc-
Tem). BukopuctoByBanucb meToau BapialinHoi CTaTUCTUKM, AECKPUNTUBHOT Ta aHaniTMYHoOi enigemionorii.
Pe3ynbraTtu. Bnine ioHi3yt04oro BUNPOMiHIOBAaHHA HA HACeNEHHA HanbinblWw 3abpyaHEHUX pafioHYKAiAamMu panoHiB
3YMOBJIIOE NMUTAHHA WOA0 NOTEHLiAHOT 3arpo3u BUHUKHEHHSA HEFaTUBHUX OHKONOMYHUX edeKTiB, 0COOANBO pakKy LWu-
TonoAi6HoT 3ano3u. CepeaHi cymapHi edeKTMBHI 403M ONPOMiHEHHS BCbOTO Tifla 3@ paxyHOK pafiouesito BNPOA0BK
TpuBanoro yacy (1986-2005 pp.) vy MewkaHuiB paioHie (7,6-45,8 m3B) nepeBuLLyloTb piBHi cepefHix no Xuto-
Mupcbkin (5,9 m3B), Kuiscbkiit (4,9 M3B) obnactsax i no YkpaiHi B uinomy (2,48 m3B) Ta y MelWKaHLiB iHWKUX PaloHiB
MiBHoYi KpaiHu. CepefHi NOMMHYTI WWTONOAIOHOK 3303010 J03M BHYTPiWHLOrO onpoMiHeHHs (161-1559 wmlp)
HaiGiNbW BPa3NMBOi rpynu HaceneHHs — AiTeit Ta nigniTkis (0—18 poKiB Ha MOMEHT aBapii) LMx panoHiB, OTPUMaHi 3a
KOPOTKMi1 nicnfaBapiitHuii nepion, 3HaYHO NepeBuLLyOTb NOKa3HWUKK Xutomupcbkoi (87 mIp), Knuiscbkoi (81 mIp) 06-
nacreit Ta Ykpainu B uinomy (19 mlp). MNoKa3HMKN ONPOMIHEHHSA AOPOCIUX MEWKAHLIB LMX TEPUTOPIN OYNIN HUKYUMK,
ane 3HayHO NepeBwLLyBanW cepeaHi Ao3n, OTPUMAHT HaceneHHAM YKpaiHu i BeNIMKUX TepUTOPiaNbHUX OAUHULb. 3ax-
BOPIOBAHICTb Ha BCi POPMMU 3M05KiCHUX HOBOYTBOPEHb HACENEHHS 6 PAalOHiB BMPOAOBK Nepea- Ta nicnsaBapinHoro
nepioay B Linomy Oyna HUX4Ye HaLioHaNbHOrO PiBHA i MoKa3HMKiB KMiBCbKOT 061acTi Ta iCTOTHO He Bigpi3HAnach Big
nokasHukiB Xutomupcokoi obnacti. Pa3om 3 TUM YacToTa paKy WKUTONOAIOHOT 331031 iCTOTHO NepeBULMaA NOKA3HM-
Ku foaBapinHoro nepiogy i Xutomupcbkoi obnacri.
BucHoBKku. OTpuMaHi pe3ynbTat CBifyath Npo HeobXigHICTb NOAANbLIOIO MOHITOPUHTY 3N108KiCHUX HOBOYTBOPEHb Y
HACeNEeHHs He TinbKW YKpaiHu B Linomy Ta ii KpynHUX agMiHiCTPaTUBHO-TEPUTOPiaNbHUX OOUHULb, ane i cepen MeLl-
KaHUiB OKpeMMX paiioHiB, BPaXxOBYOUYM MMOBIPHICTb peanizalii pu3nKiB BUHMKHEHHS pafialidHO-acouiioBaHMX 3a-
XBOPIOBAHb Y BigfaneHnin nicnsasapiiHuii nepion BignoBiAHO A0 MiCLEBUX €KONOTMYHMX YMOB.
KniouoBi cnosa: aBapis Ha YAEC, paaiauiitHe onpoMiHeHHS, 3105KiCHi HOBOYTBOPEHHS, MellKaHLi 3abpyaHeHMX pa-
AiOHYKNifamMmn TepuUTopin.
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INCIDENCE OF MALIGNANT NEOPLASMS AMONG RESIDENTS
OF SMALL RADIONUCLIDE-CONTAMINATED CHORNOBYL
DISTRICTS IN A POST-ACCIDENT PERIOD

Objective. To assess the level of risks of development of malignant neoplasms among the residents of small
Chornobyl districts («rayons») in connection with low-dose radiation exposure and its dynamic changes.
Materials and methods. The study population included residents of Borodianka, Ivankiv and Poliske districts of
Kyiv region («oblast») and Luhyny, Narodychi and Ovruch districts of Zhytomyr region, 175,100 inhabitants in
2017. The study period was 1980-2017. All cancers incidence rates as well as rates of potentially radiation-asso-
ciated sites (breast, thyroid, hematopoietic and lymphoid systems) were calculated and analysed. Methods of vari-
ation statistics, descriptive and analytical epidemiology were used.
Results. The impact of ionizing radiation on population of the most radionuclide-contaminated districts raises
concerns of the potential threat of adverse cancer effects, especially thyroid cancer. The average total whole-body
effective radiation doses received due to cesium during long time (1986-2005) among residents of the study dis-
tricts (7.6-45.8 mSv) exceeded that in Zhytomyr (5.9 mSv), Kyiv (4.9 mSv) regions and Ukraine as a whole (2.48
mSv), but also in other districts in the North Ukraine. The average doses of internal radiation absorbed by the thy-
roid gland (161-1559 mGy) among the most vulnerable population — children and adolescents (aged 0-18 years
at the time of the accident) of these areas, and obtained in the short post-accident period, significantly exceed
that in Zhytomyr (87 mGy), Kyiv (81 mGy) regions and Ukraine as a whole (19 mGy). Irradiation rates of adult res-
idents of these territories were lower, but significantly exceeded the average doses received by the population of
Ukraine and large administrative units. Overall cancer incidence in the 6 districts during pre- and post-accident
periods was lower comparing to Ukraine’s and Kyiv region’s rates, and did not significantly differ from Zhytomyr
region’s rates. At the same time, the incidence rates of thyroid cancer significantly exceeded that of the pre-acci-
dent period as well as Zhytomyr region’s rates.
Conclusions. The results of the study indicate needs for further monitoring of malignant neoplasms not only in
the population of Ukraine as a whole and its large administrative-territorial units, but also among residents of par-
ticular areas, given the likelihood of the realization of the risks of radiation-associated diseases in the distant
post-accident period in accordance with local environmental conditions.
Key words: Chornobyl NPP accident, radiation exposure, malignant neoplasms, residents of the radionuclide-con-
taminated districts.
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BCTYII INTRODUCTION

VY3aranbHeHHST JaHUX IIOAO piBHA i ocHOBHUX TeH-  Generalization of data on cancer incidence and its
JeHLIil AMHAMiKM 3aXBOPIOBAHOCTI Ha 3I0sIKiCHI MyxJau-  main dynamic trends during the 30-year period
HU BrpoaoBx 30-piuHoro nepioay miciasg YopHoounbsch-  after the Chornobyl nuclear power plant accident,
Koi KaTtacTpodu, OIliHKa BEIWYMHM pamialliiHnX pu-  assessment of the magnitude of radiation risks of
3MKiB paKy MamTbhb He TiJIbKM TIpaKTW4HE, ajie it Teope-  cancer has both theoretical and practical signifi-
TUYHE 3HaueHHs. Taki AgociimXeHHS BUKOHYIOThCS y  cance. Such studies are performed in the three
TPbOX HAMOIMBII TMOCTpaXKIAIMX BHACIIAOK Lii€i aBapii  countries most affected by this accident — Uk-
KpaiHax — YKpaini, bimopyci, Pocii [1-5]. Cmig 3a3na-  raine, Belarus, Russia [1—5]. It should be noted,
YUTHU, 110 BOHU TIepeBaKHO MaIOTh JeCKPUNITUBHUM Xa-  that most of these studies are of descriptive nature,
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pakTep, a MpU OLiHII MOXJIMBOTO BIUIMBY paialliiHOTO
¢axTOpa HA PO3BUTOK 3JTOSIKICHUX HOBOYTBOPEHb 3aCTO-
COBYETHCSI €KOJIOTIUHMI TIXi.

Han3suuaiiHo BaXJIMBUMM € BUBUEHHSI Ta MOPiBHSAHHS
OTPUMaHMX JaHUX 3 pe3yIbraTaMU IMOAIOHNX TOCITiIKEHb
Yy KpaiHax CBITY, Ie BHACIiIOK MPUPOJHUX a00 TEXHOTEH-
HUX (aKTOpPiB HACEJIEHHS IeIKNX TePUTOPIil 3a3HA€E TIep-
MaHEHTHOTO pafialliiiHoro BIUIMBY. Jlo TaKux TepuTopiit
Haznexatb Iyapanapi (bpaszunis), Pamcap (Ipan), Kapy-
Haranaii (mrat Kepana, [unpis), Auarnzau (KHP), Taii-
BaHb, ¢ HaIBHUN ITiIBUILICHWN pamialiitHnii ¢boH 3a pa-
XYHOK IIPMPOIHOrO €JIeMEHTY MOHALIUTY, SIKWUI po3Ia-
JA€ThCS Ha pafiid, akTUHIM Ta pagoH. Cltig 3a3Ha4YUTH, 1110
B YKpaiHi Ha y30epesk:Ki A30BCbKOIO MODSI 3yCTpidaloTh-
¢Sl TOKJIaAW MOHAIIUTOBUX TTiCKiB, SIKi MiCTSITh TOPiii-232,
ypaH-238 (Tak 3BaHi «4OpHi MicKW»). BigBiguHM IUISKIB,
MilaHe MOKPUTTS SIKMX MiCTUTh TaKi eJIeMEHTU, POOJISITh
MEeBHMI BKJIAI Y 03K OIPOMIHEHHSI 32 paXyHOK ITPUPOI-
HOI KOMIIOHEHTU. PiuHi 1031 OMpOMiHEHHSI, OTpUMaHi
MELIKAHIIMU JesIKUX 3 TepesliueHUX perioHiB, Oymu
BiIHOCHO HU3bKMMU — 3a3Buuail meHiue 20 mIp. Han-
JUIKoBUi BimHOCHWM pu3uK (ERR) BUHMKHEHHS COTiI-
HUX pakiB, OLIHEHUI HAa OCHOBI LIMX JOCHiIXXeHb, HE Te-
pesuiiysa 0,2 Ip”'. 3 iHioro 60Ky, piuHi 03U OII-
POMiHEHHSI OTPUMAaHi YMCIEHHOIO IPYIOI0 MEIIKAHIIIB,
SKi IpoXUBaJIM B pailoHi piuku Teya (Pocis) i 3a3Hanu
ONpPOMiHEHHSI padiOHYKIigaMU TEXHOT€HHOIrO ITOXO/-
KeHHs1, nepesuiuan 50 mIp, a po3paxynku ERR noxka-
3aJId, 10 #oro BeauWuyuHa Oyia Oinbioro, Hix 0,5 Ip'.
Ouinka ERR, orpuMaHa Ha OCHOBI JOCHiIXKEeHb OCi0, sIKi
nepexXuii aToMHi boMOyBaHHs, ckinanana 0,47 Ip™!'. Ha-
BeleHi pe3ybTaTu AaloTh MiACTaBy BBaXKaTH, 110 PU3UK
PO3BUTKY COJITHOTO paKy, acolliiifoBaHOIO 3 J103aMU I10-
Haza 50—100 mIp (oTprMaHMMM MEHII HiX 32 piK), OiLIbII
HIX yIBiUi IepeBUIIyE PU3MK PaKy B pa3i MPOJIOHTOBAaHOI
BITPOJOBK POKY €KCIO3MLIIT 103 MeHIIMX 3a 20 MIp [6].

ITopsin 3 UM y pamkax MixHapoaHoi KoMicii pamia-
uiriHoro 3axucty (MKP3) nocsirnyra 3aranbpHa 3roaa [7]
1100 TOrO, 110 eIieMioa0oriYHi MeTOAN, BUKOPHUCTOBY-
BaHi U1 OLIIHKM PU3MKY paky, He MaloTh JOCTATHLOIL
CTaTUCTUYHOI MOTYKHOCTI, 11100 MPSIMO BUSIBUTU PU3U-
KM paky B giarna3oHi 103 go 100 m3B. I1pu po3pobui pe-
KOMeH/Iallili Bce Ouibllle 3pOCTa€ poJib Oi0J0riYHUX Aa-
HUX, KOJIU B pe3yabTaTi HEBU3HAUEHOCTi a00 Ccymepeuok
BUHUKAE MOTpeda TOCITTU HAyKOBO 30a1aHCOBAHOI TOY-
KM 30pYy Ha OCHOBI KpUTUYHO IIpOaHaIi30BaHUX JaHUX.

HaOlyTuit Hamu 10CBia CBIAYUTD PO 3HAYHI TPYIHOLLI B
OLIIHLII KaHLEepOreHHUX e(eKTiB, SIKi cripuunHeHi Yop-
HOOMJIbCHKOIO KaTacTpodoro. s ix HamiitHOro oorpyH-
TyBaHHSI HEOOXiTHO MaTU KOPEKTHY OLIHKY pafialliiHuX
J103 i JOCTOBIpHi JaHi 11100 YACTOTU 3JIOSIKICHUX HOBOYT-

and ecological approach is usually used to assess
the possible impact of radiation on the develop-
ment of malignant neoplasms.

It is extremely important to study the obtained
data and compare them with the results of similar
studies in countries around the world, where due
to natural or man-made factors the population of
some areas is exposed to permanent radiation
exposure. These areas include Guarapari (Brazil),
Ramsar (Iran), Karunagapalli (Kerala, India),
Yangjiang (China), Taiwan, where increased radi-
ation background is observed due to decay of mon-
azite into radium, actinium and radon. It should
be noted, that in Ukraine on the coast of the Sea of
Azov there are deposits of monazite sands contain-
ing thorium-232, uranium-238 (so-called «black
sands»). Visits to beaches the sandy surface of
which contains such elements may contribute to
the radiation exposure as the natural component.
Annual radiation doses received by residents of
some of these districts were relatively low — usual-
ly less than 20 mGy. The excess relative risk (ERR)
of solid cancers, estimated on the basis of these
studies, did not exceed 0.2 Gy'. On the other
hand, the annual radiation doses received by a
large group of residents living in the Techa River
(Russia) and exposed to radiation by man-made
radionuclides exceeded 50 mGy, and ERR calcu-
lations showed that its value was greater than 0.5
Gy!. The ERR based on studies of survivors of the
atomic bombings was 0.47 Gy'. These results sug-
gest that the risk of developing solid cancer associ-
ated with doses above 50—100 mGy (received in
less than a year) is more than twice as high as the
risk of cancer in the case of prolonged exposure to
doses less than 20 mGy [6].

In addition, the International Commission on
Radiation Protection (ICRP) agreed [7] that epi-
demiological methods used to assess cancer risk do
not have sufficient statistical power to directly
detect cancer risks in the dose range up to 100 mSv.
In the development of recommendations, the role
of biological data is increasingly growing, when
uncertainty or inconsistency necessitates achiev-
ing the scientifically balanced point of view based
on critically analyzed data.

Our experience shows significant difficulties in
assessing the carcinogenic effects caused by the
Chornobyl accident. For their reliable reasoning, it
is necessary to have a correct estimate of radiation
doses and reliable data on the frequency of malig-

267 &



ENIAEMIOJIOrNIA

TA AO3SUMETPIA

ISSN 2304-8336. [Npobnemu pagiaiiiHol meauunHn Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2020. Bun. 25.

BOpPEHb y Ipylax HaceJeHH:, SIKi 3a3HaJi pafialliiHOro
ornpoMiHeHHs. IIpoBeneHHIO TakKMX AOCTIIKEHb 3Hau-
HOIO MipO10 CIIpUSIE HASIBHICTb BUYEPITHUX Kepesl iH-
(opmattii — 6a3u gaHux Jlep:KaBHOro peecTpy MOCTpaxK-
nanux BHacinok YopHoouinbebkoi Katactpodu (IPY) ta
HauionanbHoro kanuep-peectpy Ykpainu (HKPY), ne
HaAKOIMMYYETHCI Ta 30epira€Tbcd TmepcoHiiKoBaHa iH-
¢opmMallist mpo XBOpuX Ha 37105IKiCHi HOBOYTBOPEHHS, 1110
JloroMarae J0CHigfHuKaM YHUKHYTU BUKOHAHHS BEJIMKO-
ro 06’eMy pyTMHHOI pOOOTH 111010 300Dy, CUCTeMaTu3allil
1 00pOo0OKM MEPBUMHHUX JaHKX |8, 9].

META

MeTo10 MOTOYHOIro AOCIAXKEHHS Oy/a olliHKa PiBHS Ta
JUHaMIKK peallizallil pu3MKiB BUHUKHEHHS 3JI0SIKICHUX
HOBOYTBOpEHb Yy Tepel- Ta IicasiaBapiiHUi mepiogu y
MEIIKaHIIiB MaJuX TEePUTOPiaIbHO-aAMiHICTPaTUBHUX
oavHuLb YOpHOOUIBCHKOI 30HM B YMOBAaX €KCHO3MIILil
JI0 HU3bKUX J103 pafialliiHOro ONpPOMiHEHHSI.

MATEPIAJIN TA METO/JIN

HocnimkyBaHa mnonyJ/suiiiHa rpyna — MelukaHui Jly-
ruHcbKoro, Hapomniibkoro, OBpylBKOro paitoHiB 2Kun-
TOMHUpPCHKOI obOnacTi, bopoasiHcbkoro, IBaHKiBChKOrO,
ITonicekoro, YopHoounascobkoro (y 1980—1985 pp.) paiio-
HiB KuiBcbKoi obacti. Ilepion peTpocneKTUBHOIO i Mo-
TOYHOTO criocTepexkeHHs oxorutioe 1980—2017 pp. Bus-
yeHa 3aXBOPIOBAHICTh Ha 3JI0SIKICHIi HOBOYTBOPEHHSI B
LIJIOMY Ta Ha OKpeMi HO30J0riuHi hopMu (pak ILIUTO-
noaiOHOI, MOJOYHOI 3a7103, HOBOYTBOPEHHSI KPOBOTBOP-
HoI Ta TiMmpoinHoi cucteM). YncenbHiCTh ITOCTITHOTO Ha-
CeJIeHHsI 3a3HauyeHMX paioHiB Ha MOMEHT aBapii Ha
YAEC cknagana 360,7 tuc., ay 2017 p. — 175,1 tuc. ocib.

Paiionu 2Kutomupcrkoi Ta KuiBcbkoi objacteil BHa-
ciigox aBapii Ha YopHoOmnbehkiin AEC mmimmanm i pi3-
HOTO CTYTIeHs 3a0pyIHEHHS palioOHYKJIiZaMu, y 3B’ SI3KY 3
YUM MEIIKAHIII OKPEMUX TePUTOPiaJIbHUX OOUHUIIb 3a3-
HaJIM OMPOMIHEHHS B 103aX, SKi CYTTEBO NEPEBUIIYIOThH
TaKi JJisl HaceJleHHs YKpaiHu B LijoMy. Hacamnepen 1ie
CTOCYEThCSI A03 OMPOMIHEHHS IIUTOIOAIOHOT 3a71031 3a
paxyHOK Bunaminp “'l.

Marepianu Hanionanpaux gonosineit 2006, 2011, 2016
pp. OO0 MOCTpaXIaJaoro BHaAcCHinoK aBapii Ha YopHo-
ounbcwKii AEC nacenenns [10—12] cBiguatsb rmpo Te, 1110
JTO3U OIPOMiHEHHSI BChOTO TiJIa i IUTOMOAIOHOI 3271031 Y
MELIKAaHIIiB AOCTiIKyBaHUX paiioHiB ZKMUTOMUPCHKOI Ta
KuiBcbkoi obiiacTeil i HaceleHHsSI YKpaiHM B LIJIOMY
CYTTEBO BiJpi3HAIOThCS (TabI. 1).

YV Mexxax BeTMKUX TepUTOpialbHUX OAUHUIIb (YKpaiHa,
Kuromupcbka, KuiBcbka 00JacTi) 3apeecTpoBaHi Haii-
HMXK4Yi MOKA3HUKU OMNPOMIHEHHSI — CepelHsl CyMapHa

nant neoplasms in groups of the population that
have been exposed to radiation. Such studies are
greatly facilitated by the availability of comprehen-
sive sources of information — the database of the
State Register of persons affected by the Chornobyl
disaster (SRU) and the National Cancer Registry
of Ukraine (NCRU), which collects and stores
personalized information about patients with
malignant neoplasms, helping researchers avoid a
lot of routine work on the collection, systematiza-
tion and processing of primary data [8,9].

OBJECTIVE

The objective of the study was to assess the level
and time patterns of risks of development of malig-
nant neoplasms in pre- and post-accident periods
among the residents of small administrative-terri-
torial entities (units) of the Chornobyl zone under
the low-dose radiation exposure.

MATERIALS AND METHODS

The study population included residents of
Luhyny, Narodychi and Ovruch districts of
Zhytomyr region and Borodianka, Ivankiv,
Poliske and Chornobyl (1980—1985) districts of
Kyiv region. The period of retrospective and cur-
rent research was 1980—2017. Incidence rates of
all cancers as well as of selected sites (breast, thy-
roid, hematopoietic and lymphoid systems) were
calculated and analysed. The permanent popula-
tion of the districts was 360,700 inhabitants at
the time of the accident and 175,100 persons in
2017.

Districts of Zhytomyr and Kyiv regions after the
Chornobyl NPP accident were exposed to
radionuclide pollution of various degrees; thereby
residents of particular districts were exposed to
radiation doses that significantly exceeded those of
Ukrainian population as a whole. First of all, it
concerns doses of irradiation of thyroid gland due
to "*'I fallouts.

Materials of the National Reports (2006, 2011,
2016) regarding the population affected by the
Chornobyl accident [10—12] indicate that the
whole-body and thyroid gland radiation doses in
residents of the studied areas of Zhytomyr and
Kyiv oblasts and Ukrainian population as a whole
differ significantly (Table 1).

Within large territorial units (Ukraine, Zhyto-
myr and Kyiv regions) the lowest irradiation
values were registered: the average total effec-
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Ta6auusa 1

CepepnHi cymapHi edheKTUBHI [03U ONpPOMiHEHHA BCbOro TiJla Ta cepefHi 4031 ONpOMiHEHHSA WUTONOAIGHOT 3a-
nosu Big pagioioay HaceneHHsa 3a6pyaHeHuUx papioHyknigamu Teputopiin Ykpainm [10-12%]

Table 1

Average total effective whole-body and thyroid gland radiation doses from radioiodine to the population of

radionuclide-contaminated areas of Ukraine [10-12%*]

CepepHs cymapHa epeKTMBHA 032
onpomiHeHHs 3a 1986—2005 pp., m3B

The average total effective radiation
doseduring 1986—2005, mSv

Tepuropii / territories

CepepnHs NornvMHeHa WuUTonogioHoo 3an03010 go3a
3a paxyHok '®'l oci6 sikom 0—18 pokis, MI'p

The average dose of '*'l absorbed by thyroid
gland in residents aged 0—18 years, mGy

Ykpaina / Ukraine 2,48 (1,72)** 19
Kviiscbka 061. / Kyiv region 49 (4,76)** 81
bopoasHebkui p-H / Borodianka district 8,7 161
IBaHKiBCbKMIA P-H / Ivankiv district 7,6 199
Monicbkuin p-H / Poliske district 37,3 778
Xutomupceka o6n. / Zhytomyr region 5,9 (6,19)** 87
Jlyruncekuid p-H / Luhyny district 23,3 318 (163)***
Hapoauubkuii p-H / Narodychi district 45,8 1559 (634)***
Ospyubkuid p-H / Ovruch district 22,4 533  (2B5)***
6 paiioHis / districts 224 524

TMpumiTkn. * — HaujoHanbHi gonosigi 2006, 2011, 2016 pp. [10—12]; ** — ** yTouHeHi pani 3a 1986—2011 pp.; *** — po3u ans ycix BikOBMX rpyn
Notes. * — National reports (2006, 2011, 2016) [10—12]; ** — up-to-date information 1986—2011; *** — all age groups’ doses

edexTrBHA 103a, oTprMaHa Briponos:xk 20 pokiB (1986—
2005 pp.) cknana 2,48—5,9 m3B. Brnpomox 1986—
2011 pp. edpekTMBHA 1032 CyMapHOTO OMPOMiHEHHS 1Ib-
Oro HaceJIeHHs Jello 3pocia; y KuiBchkiit odiacti — 10
4,76 mIp, y Kuromupceskiit — 10 6,19 mIp. IIposeneni
HaMM Ha OCHOBI JaHux HauioHanbHMX JOMOBiAei po3-
paxyHKHM MOKa3aJld, 10 CepeaHs 3BaXKeHa J103a OIPOMi-
HeHHs 12 401 MelukaHLs Tepyuropiit KuiBcbKoi ob1acTi
3 piBHEM 3a0pyIHEHHS pamioHyKIigaMu Bim 555 kbk/m?
1o > 1480 kbk/m* ckinana 133,5 M3B, a Lieil MOKa3HUK
st 11 610 MemkaHLiB Teputopiii 2ZKUTOMUPCHKOI 00-
JIaCTi 3 TaKWM k€ piBHEM 3a0pyIHEHHSI CTaHOBUTb
89,3 Mm3B. Ha Bcix iHIIIMX aHAJOTIYHUX 3a piBHEM 3a0-
PYOHEHHS pagioHyKJIigaMU TEpUTOPiii YKpaiHu aHai-
30BaHU MoKa3HUK ckiaB 109 M3B.

IIono cepeaHbOI 3BaKEeHOI 1031 OIPOMiHEHHS Ha Ma-
JIMX TEPUTOPISIX, TO Y MELIKaHLIiB IBaHKiBChKOIO i bopo-
JSTHCHKOTO paiioHiB BoHa ckiagana 7,6 M3B Ta 8,7 M3B,
BinnosinHo. Cepen 18 790 oci6 IBaHKiBCHKOro pailoHy
(50,0 % cyb’exTiB, gKi 3HaXoAAThcd Ha 00JiKy JIPY) y
99,0 % HakonuueHi 3a 30 micisgaBapiiHUX POKiB J03U
Oynu meHImMH 3a 20 M3B. [cTOTHO BUILIMMU € 03U OIT-
POMiIHEHHSI MEIIKAHILB iHIIWX YOTUPHOX MOCIHiIKyBa-
HuUX paitoHiB — ITojtickkoro, JIlyruncekoro, Hapoauiib-
Koro, OBpymskoro (22,4—45,8 m3B). Hakormmueni 3a 30
poKiB no3u onpoMiHeHHs y 10 187 ocid Hapomuiipbkoro
paiiony (74 % cy0’€eKTiB, sIKi 3HAXOOAThCS Ha OOJMIKY B
IPY) Tay 17 341 ocobu (41,7 %) OBpyLILKOTO paiioHy
KOJMBaJINCH B iHTepBasi Bix 20 mo > 50 m3B.

tive dose received during 20 years (1986—2005)
was 2.48—5.9 mSv. Till 2011 the effective total
radiation dose of this population slightly
increased: in Kyiv region up to 4.76 mGy, in
Zhytomyr region up to 6.19 mGy. Our calcula-
tions based on the data of the National Reports
showed that the average weighted radiation dose
of 12,401 inhabitants of Kyiv region with the
level of radionuclide contamination from 555 to
> 1480 kBq/m? was 133.5 mSy, and for 11,610
inhabitants of Zhytomyr region same pollution
level it was 89.3 mSv (with the same pollution
level). In all other areas of Ukraine with similar
radionuclide contamination, the analyzed rate
was 109 mSv.

Regarding the weighted average radiation dose in
small areas, it was 7.6 and 8.7 mSv for residents of
Ivankiv and Borodianka districts respectively. In
99.0 % of 18,790 people in Ivankiv district (that con-
sists 50 % of Ivankiv residents registered in the
SRU), the doses accumulated during 30 post-acci-
dent years were less than 20 mSv. The radiation
doses of the residents of the rest of districts — Po-
liske, Luhyny, Narodychi, Ovruch (22.4—45.8 mSv)
are significantly higher. Accumulated radiation
doses over 30 years in 10,187 residents of Narodychi
district (74 % of subjects registered in the SRU) and
in 17,341 people (41.7 %) of Ovruch district fluctu-
ated in the range from 20 to > 50 mSv.
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Ha 1mux TepuTtopisix BUSBIEHO iCTOTHI BIAMiIHHOCTI Y
BEJIMYMHI cepeHbOI MOTJMHEHOI IUTOMOAIOHOIO 3a/10-
3010 1031 ¥ 0ci0 BikoMm 0—18 pokiB Ha MOMEHT aBapii 3a
paxyHok "', orpuMaHO] 3a KOPOTKMi 4aCOBUI BiApi30K
(BIPOIOBX NEeKiTbKOX Mics1liB). [Toka3HUKM B YKpaiHi B
uizomy, KwuiBcbkiil i ZKuToMuUpchKiil obaacTsax y wiit
BikoBili rpymi ckmamu 19, 81, 87 mlp, BimmosimHO; y
IBankiBchkoMy Ta BopoasiHcbKOMy paiioHax IIi MOoKa3-
HUKU 3HayHO BUILi — 199 ta 161 mIp; y [Tomicbkomy, JTy-
ruHcbkoMy, Haponuiibkomy paiioHax — 318—1559 mIp.
o031 onpoMiHEHHSI TOPOCIUX MEIIKAaHIIiB JOCIiIXyBa-
HUX TepuTopiii Oyim Hmxkuumu (163—634 mlp), ane
3HAYHO TEPEeBUIILYBaId CEPEIHI 103U, OTPUMaHi Hace-
JICHHSIM BEJIMKMX TEPUTOPialbHUX OAUHULD i YKpaiHU B
mizoMy. 3BaXKalouM Ha JTOMiIHYIOUY B JaHWI yac Oe3ITo-
pOTroBY KOHIIEIIIIiI0 pagialliiiHOTO KaHLEeporeHe3y, Mpu-
BelleHi aHi MOXYTb CBIIUMTHU IPO iCHYBaHHS Pi3HOTO
CTyIEeHs peaizalii pu3WKy BUHMKHEHHS 3J0SKiCHUX
HOBOYTBOPEHb Y MEIIKAHLiB MepeIiueHuX TEPUTOPIid.

PE3VIJIBTATU
IIpencraBneHi pe3yabratd AOCHIIXKEHHSI YACTOTU i IUHA-
MIUHUX MoJeJIel 3aXBOPHOBAHOCTI Ha 3/10SIKiCHi HOBOYTBO-
PEHHSI Pi3HUX IPYIl MOCTPaXKIaI0ro HaceaeHHs BIIPOIOBXK
TPUBAJIOro mepioay croctepexeHHs. IIpoaHanizoBaHo pi-
BEHb i IMHAMIKy ITOKa3HUKIiB 3aXBOPIOBAHOCTI Ha 3JI0SIKICHI
HOBOYTBOpPEHHsI HaceJieHHs1 YkpaiHu, KuiBcbkoi, 2Kuto-
MUPCBKOI 00acTeli Ta HalOIbII 3a0pyIHEHUX PaTiOHYK-
JlijaMu paiioHiB, SIKi € YaCTMHOIO 3a3HaUeHuX obJacTeil 3a
nBa nepiogu — goapapiviHuii (1980—1985 pp.) Ta micist aBa-
pii (1986—2017 pp.) (puc. 1). PiBeHb 3aXxBOprOBaHOCTI HACe-
JIeHH$ 3a0pyaHeHuX Teputopiii no aBapii Ha YAEC Tta micis
Hel OyB HDKYMM, MOPIBHSIHO 3 TAKUM B YKpaiHi Ta Kuis-
CbKill 00JacTi, i 6JU3bKUM 10 MOKa3HUKIB 2KUTOMUPCh-
Kol oOnacti. ITpuBepraroTh yBary cxoxi 4acoBi mopendi
3aXBOPIOBAHOCTI Ha MOPiBHIOBaHUX TepUTOPisax: 3 1980—
1992 pp. — cnocTepiraaoch 3pOCTaHHS TTOKa3HUKIB 3aXBO-
proBaHoCTi, 3 1993—2005 pp. — neBHe 3HMXKEHHS, a y 2006—
2016 pp. — 3HOBY 3pOCTaHHS piBHS 3axXBOpIoBaHOCTI [13].
Jns Bi3yaJlbHOro MOPiBHSHHS MOXKJIMBOIO pajia-
LiAHOTO BIUIMBY Ha 3aXBOPIOBAHICTb Ha 37105IKiCHI HOBO-
YTBOPEHHSI MEIIKAHLiB OKPEMUX pailoHiB IpuBencHi
IMOKa3HUKM 9acTOTH 1Iiel marosorii y 2011-2017 pp., a
TaKOX cepeaHi e(heKTUBHI J03M ONPOMiHEHHS, HAKOTH -
yeHi BpoaoBx 1986—2005 pp. (Taba. 2, puc. 2).
BcranoBieHo, 1110 cepenHiil TOKa3HUK 3aXBOPIOBAHOCTI
MeLIKaHLIiB 6 paitoHiB KuiBcbkoi i 2KutoMupchbKoi ooJiac-
teri y 20112017 pp. OyB HMKYE TTIOKa3HUKA MO YKpaiHi B
wizomy: (210,0 £ 3,2) - 10° npotu (224,6 = 0,2) - 107, Bin-
noBigHO. PazoM 3 TUM y IBOX pailoHaX — bopoastHCEKOMY
Ta IBaHKiBCbKOMY ITOKA3HMKM 3aXBOPIOBAHOCTI ACLIO Te-

In these areas, significant differences were found
in the value of average dose absorbed by thyroid
gland of persons aged 0—18 years at the time of the
accident due to "'l obtained in a short period of
time (during several months). In Ukraine, Kyiv
and Zhytomyr regions the values of this age group
were 19, 81, 87 mGy respectively; in Ivankiv and
Borodianka districts they were much higher — 199
and 161 mGy respectively; in Poliske, Luhyny,
Narodychi districts they were 318—1559 mGy.
Irradiation doses among adults in the study areas
were lower (163—634 mGy), but significantly
higher than the average doses received by the pop-
ulation of large administrative units and Ukraine
as a whole. Given the currently dominant non-
threshold concept of radiation carcinogenesis,
these data may indicate the existence of varying
degrees of realization of cancer risk among the
inhabitants of these areas.

RESULTS

The results of the study of cancer incidence and
its trends in different groups of the affected po-
pulation over a long period of observation are
presented [13]. The level of cancer incidence and
its and dynamics in Ukraine, Kyiv and Zhytomyr
regions and the most radionuclide-contaminated
districts, which are part of these regions were
analyzed for pre- (1980—1985) and post-accident
(1986—2017) periods (Fig 1). The incidence in
the contaminated districts was lower than in
Ukraine and Kyiv region, and similar to that of
Zhytomyr region, both in pre- and post-accident
periods. Similar temporal models of incidence in
the compared areas are noteworthy: in 1980—
1992 there was an increase in incidence rates, in
1993—2005 there was a certain decrease, and in
2006-2016 cancer incidence rates increased
again [13].

To compare the possible radiation impact on
cancer incidence in particular districts, the fre-
quency of this pathology in 2011-2017, as well
as the average effective radiation doses accumu-
lated during 1986—2005 are presented (Table 2,
Fig. 2).

It was found that the average incidence rate
among residents of 6 districts in 2011—-2017 was
lower than in whole Ukraine: (210.0 £ 3.2) - 10°°
vs. (224.6 £0.2) - 10°. However, in two districts
(Borodianka and Ivankiv) the incidence rates
slightly exceed the national level. In the rest of
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PucyHoK 1. lunamika 3axBopioBaHocCTi Ha BCi ¢opmu 3noAKkicHux HoBoyTBopeHb (MKX-10: C00-C96)
HaceneHHs YKkpaiuu, Kuiecbkoi, JKutomupcbKoi ob6nacreii i Hanbinbw 3a6pyaHeHUx paaioHyknigamu Teputopiii
ynpopaosx 1980-2017 pp. (cTaHpapTU30BaHi 3a CBiTOBMM CTaHAApPTOM NOKasHUKM Ha 100 000 HaceneHHs)

Figure 1. Trends in cancer incidence (ICD-10: C00-C96) in populations of Ukraine, Kyiv and Zhytomyr regions,
and the most radionuclide contaminated districts during 1980-2018 (World age-standardized rates per 100,000)

Ta6nuusa 2

3axBOpIOBaHiCTb Ha 3N0AKiCHi HOBOYTBOpPEeHHA MewWKaHUiB 6 Habinbw 3a6pyAaHeHUX papioHyKnigamu
Teputopii Xutomupcbkoi Ta KuiBcbkoi o6nacreit y 2011-2017 pp. (ctaHaapTM30BaHi 3a CBiTOBMM CTaHAapTOM
nokasHuku Ha 100 000 HaceneHHsA)

Table 2
Incidence of malignant neoplasms among residents of the 6 most radionuclide-contaminated districts of the
Zhytomyr and Kyiv regions in 2011-2017 (World age-standardized rates per 100,000).

3H nimdoigHoi Ta

Bci ¢popmu 3H Pak XiHO40i MONOYHOI Pak wuronogioHol .
KPOBOTBOPHOI TKAHWHW
PaioHy (MKX-0: C00-C96) 3anosn (MKX-10: C50) anosu (MKX-10: C73) \MKX.10: C81-.C96)
All cancer sites Breast Thyroid I'Ilt;mgmgg':;ﬁ :':g
Districts (ICD-10 C00-C96) (ICD-10:C50) (ICD-10: C73) (ICD-10: C81—C96)
Mokasuuk CI / SE* Moka3suuk CI /SE Mokaswuk CIM /SE Mokasuwuk CI / SE
Rate Rate Rate Rate
bopopsiHebkui / Borodianka 240,2 6,1 49,6 38 10,1 1,4 14,4 1,6
IBaHKiBCbKMIA / Ivankiv 231,9 8,1 50,2 54 10,4 2,0 14,8 2,1
Monicbkuia / Poliske 192,5 17,6 442 10,7 19,3 6,8 57 29
Jlyrutcokmii / Luhyny 199,5 10,5 31,1 58 54 2,2 16,4 3,3
Hapopuubkuii / Narodychi 167,9 13,0 29,0 8,0 6,5 2,9 10,8 3,8
Ospyupkuid / Ovruch 186,5 53 32,4 3,2 6,8 1,2 10,7 1,3
CepenHe 3HayeHHs no 6 paiioHax 210,0 3,2 40,9 2,0 8,7 0,8 12,9 0,8
6 districts average
CepenHe 3Ha4eHHs no YkpaiHi 224.6 0,2 429 0,1 6,1 0,1 13,9 0,1

Ukraine’s average

lMpumitka. * — cTanpapTHa noxubka
Note. * — standard error
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PucyHOK 2. 3axBoptoBaHicTb Ha Bci opmu 3nosakicHux HoBoyTBopeHb (MKX-10: C00-C96) mewKaHuiB 6
Hanb6inbw 3a6pyaHeHUx paaioHyknigamm panoHie y 2011-2017 pp. Ta cepeaHi eyeKTUBHI 403U ONPOMiHEHHS,

oTpuUMaHi BHacnipok asapii Ha YAEC

Figure 2. Overall cancer incidence rates (ICD-10: C00-C96) of residents of the 6 most radionuclide-contami-
nated areas in 2011-2017 and the average effective radiation doses obtained after the Chornobyl accident

PEBUIIYIOTh HAlliOHATBHUI piBeHb. Ha pelti mocmimKy-
BaHux tepurtopiit (ITomicbkuii, JIyruHcbkuii, Hapoauiib-
knit, OBpylILKUIA paiiloHN) piBeHb 3aXBOPIOBAHOCTI Ha BCi
¢dopMU 370SIKICHUX HOBOYTBOPEHBL OYB HIDKUMM 3a Ce-
pPeAHbOYKPAIHCHKUM, MPOTe HE BUSIBJIEHO CTATUCTUYHO
JIOCTOBIPHOIO 3B’SI3KY MiX BEJIMYMHAMU CEepeaHiX edek-
TUBHUX J03 ONPOMiHEHHS i IMOKAa3HMKAMU 3axXBOPIOBa-
HocTi. 3okpeMa, y Haponuiiskomy Ta [TomicbkoMmy paiio-
Hax, JIe 1031 OMNPOMiHEHHS HalBUILIi, MOKA3HUKHU 3aXBO-
PIOBAHOCTI MEHIIII BiJ TAKUX Y PELLTi paiiOHiB.

AHAaJIOTiUHi 3icTaBJIeHHsI OyJIM BUKOHAHI IIIOJO OKpe-
MUX (OPM 3J05IKiCHUX HOBOYTBOPEHb, Ha YaCTOTY SIKMX
MOXe€ BIUIMBAaTM pajialliiiHe ONMpOMiHEHHS, 30KpeMa,
pak MOJIOUHOI, IIMTOMNOAIOHOI 327103 1 CUCTEMHi MyX-
JINHHI 3aXBOpIOBaHHS (JIeiiKeMii Ta TiM¢poMu).

AHaJji3 IMHaMiK1 3aXBOPIOBAHOCTI Ha paK MOJIOYHOI
3a7103M MEIIKAHOK pajioaKTUBHO 3a0pyTHEHUX Tepu-
TOpiil CBIAYMTH MPO Te, 110, HE3BaXKal0UM Ha 3pOCTaHHS
JIMIIAJIMCh HYUKYUMM, TIOPiBHSIHO 3 HAlLliOHAJIbHUM PiB-
HeM i MoKa3HMKaMM BiAIoBigHUX obOaacteit (puc. 3).
ITpu upoMmy ciain migkpecauTu, 1o i 1o aBapii Ha HAEC
piBeHb 3aXBOPIOBAHOCTI Ha 1110 MATOJIOTiI0 Ha JOCIiIXY-
BaHUX TEPUTOPIiSIX OYB OMHUM 3 HAMHMXKYUX B YKpaiHi.

PazoM 3 TMM, y >KiHOYOT0 HaceJIeHHs 3a0pyIHEHUX Te-
putopiii y 2011-2017 pp. cnioctepiraetbcsl iHTEHCUBHE
3pOCTaHHSI TeMMIB IIPUPOCTY IMOKA3HUKIB 3aXBOPIOBaA-

the studied areas (Poliske, Luhyny, Narodychi
and Ovruch districts), the overall cancer inci-
dence rates were lower than Ukrainian average
level, but there were no statistically significant
relationship between the average effective radi-
ation doses and incidence rates. In particular,
in Narodychi and Poliske districts, where radi-
ation doses were the highest, the incidence
rates were still lower comparing to other dis-
tricts.

Similar comparisons were made for selected forms
of malignant neoplasms, the frequency of which may
be affected by radiation exposure, in particular, breast
cancer, thyroid cancer and tumors of hemapoetic
and lymphoid systems (leukemia and lymphoma).

Analysis of breast cancer incidence trends in
females of radioactively contaminated areas
showed that, despite the observed increase, these
rates remained lower than the national ones and
rates of the respective regions during a long time
(Fig. 3). It should be emphasized that even
before the Chornobyl accident, the incidence
rates in the study areas were of the lowest in
Ukraine.

At the same time in 2011-2017 an intensive
increase in the growth rate of the incidence among
female population of the contaminated areas was
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PucyHoK 3. luHamika 3axBopioBaHOCTi Ha pak MonoyHoi 3ano3u (MKX-10: C50) xiHouoro HaceneHHsA YKpaiHu,
KuiBcbKoi, {utommupcbKoi obnactet Ta 6-Tv HanbGinbw 3a6pyaHeHnX pagioHyKknigamm paioHie y 1980- 2017
pp. (cTaHpapTU30BaHi 3a CBiTOBMM CTaHAAPTOM NOKasHMKM Ha 100 000 >kiHOK)

Figure 3. Trends in breast cancer incidence (ICD-10: C50) in female population of Ukraine, Kyiv and Zhytomyr
regions and 6 most radionuclide-contaminated districts in 1980-2017 (World age-standardized rates per

100,000)

HOCTi Ha II0 TATOJOTiI0, 3aBOSIKA YOMY BOHA JOCSTIIA
piBHSI ZKNTOMUPCHKO1 00J1aCTi.

Cnin 3a3Hauntu, mo y mnepion 2011—-2017 pp. cepenHiit
JUTS BCIX TOCITIIKYBaHUX PaiiOHiB TOKa3HUK 3aXBOPIOBAHOC-
Ti Ha paK >XKiHOYOI MOJIOYHOI 3aJI03U CTaTUCTUYHO HE Bill-
Ppi3HSIBCA Bin HalioHaJibHOro rokasHuka: (40,9 £ 2,0) - 107
npotu (42,0 £0,1) - 107 (quB. Tad:m. 2, puc. 4). PazoMm 3 Tum
1Ii MoKa3HUKU y bopoasiHcbkoMy Ta IBaHKIBCHKOMY paiio-
Hax Oy/I BUILIMMU, a pelliTa pailoHiB Majia iCTOTHO HYXKYMIA
PiBeHb 3aXBOPIOBAHOCTI Ha 1110 naToJiorito. ¥ Hapoauibko-
MY, Jie 1031 ONPOMiHEHHsI OyJu HaliBuILi, Ta JIyTHHCEKOMY
pailoHax TOKa3HUKW 3aXBOPIOBAHOCTI HMXKYi Bia aHa-
JIOTIUHUX MOKA3HUKIB PELITU TEPUTOPIIA.

IlopiBHSIIbHMIA aHAI3 BEJIMUMH A03 OIPOMIHEHHSI Ta 3aX-
BOPIOBAHOCTI Y pO3pi3i OKpeMUX paiiOHiB CBITYUTH TIPO Bill-
CYTHICTh CTAaTUCTUYHO JOCTOBIPHOTO 3B'SI3KY TOMiX (hak-
TOpiaIbHUMU (IO3U OIIPOMiHEHHS) Ta Pe3yJIbTaTUBHUMU
(3axXBOPIOBAHICTh HA paK MOJIOYHOI 3aJ1031) o3HaKamu. Ha-
BeJIcHI pe3yJIbTaTH CBilmyaTh, 110 HaTelep He BCTAHOBJIEHO
JIOCTOBIPHMX TOKAa3iB MOXJIMBOTO paialliiiHO-acoliiioBaHO-
Io 3B’SI3KYy MiX OIIPOMiHEHHSIM BHACIig0K YOpHOOMILCHKOT
aBapii Ta piBHEM 3aXBOPIOBAHOCTI HA paK MOJIOYHOI 3aJ1031 B
JuHamini. ITTpoTte maHi ocTaHHBOTO TEPiIOAY CIIOCTEPESKEHHS
CBiTYaTh MPO HEOOXiMHICTh MOJATBIIOTO €ITiIEMiOIOTiYHOTO
MOHITOPMHTY L1i€1 MaTOJIOri1, 3BaXKarouM Ha TPUBAJIWI JTaTeHT-
HUI TIepiof padialliiiHOro KaHLeporeHe3y y MOJIOYHii 3a/103i.

observed and incidence reached average level of
Zhytomyr region.

It should be noted that during 20112017 ave-
rage breast cancer incidence in the studied dis-
tricts — (40.9 £ 2.0) - 10 did not differ statistical-
ly from the national rate — (42.0 = 0.1) - 107
(Table 2 and Fig. 4). At the same time, the inci-
dence rates were higher in Borodianka and Ivan-
kiv districts, while in the rest of the districts inci-
dence rates were significantly lower. In Naro-
dychi district, where the radiation doses were the
highest, and in Luhyny district breast cancer in-
cidence rates were lower than in other areas.

A comparative analysis of radiation dose rates
and incidence rates by districts shows no statisti-
cally significant relationship between factorial
(radiation doses) and effective (breast cancer
incidence) signs. These results indicate that till
now there is no reliable evidence of a possible
radiation-associated relationship between radia-
tion due to the Chornobyl accident and trends in
breast cancer incidence. However, data from the
last period of observation indicate the need for
further epidemiological monitoring of this patho-
logy, given the long latent period of radiation car-
cinogenesis in the breast.
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PUcyHOK 4. 3axBoploBaHicTb Ha pak Mono4Hoi 3ano3n (MKX-10: C50) mewkaHok 6 HanbGinbw 3a6pyaHeHUx
papioHyknigamu panoHiB y 2011-2017 pp. Ta cepeaHi epeKTUBHI f03u, OTpUMaHi BHacnigok aBapii Ha YAEC

Figure 4. Incidence of breast cancer (ICD-10: C50) in the 6 most radionuclide-contaminated areas in 2011- 2017
and the average effective doses received after the Chornobyl accident

ITomanple AOCHIIKEHHSI CTOCYBAJIOCS BUBYEHHSI JIH-
HaMiKu 3aXBOPIOBAHOCTI HA paK LLUTOIOAIOHOI 371031 Ha-
CEJICHHSI TepesliueHuX BMIIEe TepUTOPili 3 METOI0 BU3HA-
YeHHS BIUTMBY OIaJiB PaliOaKTUBHOTO MOMYy Ha peaisa-
110 MiABMILIEHOIO padialliftHOro pU3MKY JaHOI IMaTOoJIOril
(puc. 5). BctanoBneHo, mo a1 YKpaiHu B LIiJIOMy TIpHTa-
MaHHE HeyX/JIbHE TTOCTYIIOBE 3pOCTaHHSI ITOKa3HMKIB 3aX-
BOPIOBAHOCTI Ha pak IIUTOINOAIOHOI 3anmo3u. HariBuiii
TEMITH IIPUPOCTY MOKA3HUKIB 3aXBOPIOBAHOCTI BUSIBJICHI Y
HaceneHHs M. KuiB, KuiBcbkoi 061acTi Ta HaiOLIbII 3a-
OpyIHEHUX palioHyKJIinamMu Teputopiit. ¥ ZKuroMmmupcebkiit
00J1aCTi 3apeeCTPOBAHO 3POCTaHHS TTOKA3HMKIB 3aXBOPIO-
BAHOCTI, MOiOHe 10 TeHAEHLIii Ha HAlliOHAJILHOMY PiBHi.

¥V MeukaH1iB palioaKTUBHO 3a0pyIHEHUX TEPUTOPIili B
noasapiiiHomy mepioni (1980—1985 pp.) moka3HUKM 3a-
XBOPIOBAHOCTI Ha pakK IIUTOMOMIOHOI 3aJI03U CKJIadain
1,2 Ha 100 000 HaceymeHHS; y micasiaBapiiiHOMY Tepiofi
BigOyno0Cs CTpiMKe 3pOCTaHHSI YaCTOTH L€l MaTOJIOriI: Y
1986—1990 pp. — y 2 pa3u, y 1991—1995 pp. —y 2,9 pa3a,
y 1996—2000 pp. — vy 8,1 pasa, TOGTO, y BKa3aHOMY 4aco-
BOMY Bi/Ipi3Ky 3aXBOPIOBaHICTh MEIIKAHLIIB LIMX paliOHiB
OyJia HaliBUIIOO, 1110 CBiIUMUTH PO peasi3allito KaHLIepOo-
TEHHOTO PUM3UKY padiOaKTUBHOIO OIMPOMIHEHHS IIUTO-
MoAiOHOI 3a7103M. 3MEHIIEHHSI LbOro MOKa3HUKa Yy
2001—2005 pp., MOpIiBHSIHO 3 MOIEPEIHIM IepioaoM,
MOB’SI3aHO 3 IJIMM KOMILIEKCOM COLiaJIbHMX i JeMOT-
padiuHux pakTopiB. Jlo HUX HaJlexKaTh Mirpallis rpyI Ha-
CeJIEHHSI, 110 MaJIi HAaBUIIWI PU3MK PO3BUTKY LIi€l T1a-
TOJI0Tii (MOJIOAI POAVHU 3 NiThbMU), 30ibLIEHHST TUTOMOL
Baru ocio, siki HapoAWJIUCH MiCJIsl aBapii i TOMy He 3a3Ha-

We focused further on the study of trends of thy-
roid cancer in the population of the study districts
to determine the impact of precipitation of
radioactive iodine on the implementation of the
increased radiation risk of this pathology (Fig. 5).
It was established that for Ukraine there was a
steady gradual increase in the incidence rates of
thyroid cancer. The highest growth rates of inci-
dence were found in the population of Kyiv city,
Kyiv region and the districts most contaminated
with radionuclides. In the Zhytomyr region, an
increase in incidence rates was observed, similar to
the trend at the national level.

Thyroid cancer incidence rate among the resi-
dents of radioactively contaminated areas in the
pre-accident period (1980—1985) was 1.2 per
100,000; in the post-accident period there was a
rapid increase of rates: they became 2 times high-
erin 1986—1990, 2.9 times higher in 1991—1995,
8.1 times higher in 1996—2000. In other words,
the incidence rates among residents of these dis-
tricts were the highest during 1986—2000 indica-
ting the realization of a carcinogenic risk of radi-
ation exposure of thyroid gland. The decrease in
rates in 2001—2005 compared to the previous
period was due to a range of social and demo-
graphic factors, including: the migration of
groups with the highest risk of developing this
pathology (young families with children), the
increase in proportion of people born after the
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PUcyHOK 5. lunamika 3axBoptoBaHOCTi Ha paK wutonoAi6Hoi 3ano3u (MKX-10:C73) HaceneHHa Ykpainu, Xu-
ToMupcbKoi, KuiBcbkoi o6nacrteir, M. KueBa ta 6 Hainbinbw 3a6pyaHeHnx pagioHyknigamu Teputopiny 1980-
2017 pp. (cTaHpapTM30BaHi 3a CBiTOBMM CTaHAapTOM NoKasHUKM Ha 100 000 HaceneHHsA)

Figure 5. Trends in thyroid cancer incidence (ICD-10: C73) of population of Ukraine, Zhytomyr and Kyiv
region, Kyiv city and 6 most radionuclide-contaminated districts in 1980-2017 (World age-standardized rates

per 100,000)

JIN OTPOMiHEHHS 3a PaXyHOK pamioaKTMBHOIO iomy: B
2017 p. ix uroMa Bara pocsria 37,0 %. 3a3HaumMo, 1110
MOKa3HUKM 3aXBOPIOBAHOCTI HA paK IIUTOMNOAIOHOT 3a/10-
31 cTabibHO 3poctamm 10 2012 poKy, a TOTIM modain
3HUXKYBATUCh, pa3oMm 3 TUM y 2011—-2017 pp. moka3zHUKHU
J0aBapiiHOro piBHg Oyau TepeBuileHi y 6,8 paza. Ha
HAaIll TIOIVISI, 3HIDKEHHSI PiBHSI 3aXBOPIOBAHOCTI Ha pak
IIUTOITOAIOHOI 3371031 Ha paioaKTUBHO 3a0pyIHEHUX TE-
PUTOPISIX 32 OCTaHHI 4 POKM 3HAYHOIO MipOIO 3yMOBJIEHE
3MEHIIIEHHSIM BHACJIIOK IIepeceieHHs YacTMHM Hace-
JIEHHSI, SIKe 3a3Haji0 OTIPOMIiHEHHS 32 PaXyHOK pajlioak-
TUBHOTO oay. Bucoki moka3zHMKM 3aXBOPOBAHOCTI HAaCe-
nenHs1 Kuesa ta KuiBchKoi 061acTi 3yMOBJIEHi HE TiIbKU
pamialiifHMM BITJIMBOM, aJie i OITOCEPEeIKOBAHO OB’ sI3aHi
3 coliaJIbHUMU (paKTOpaMM: €BaKyalli€lo 10 LIMX PETioHiB
MEILIKAHLIB 30HU BiIUy>XXEHHS 1 MepecesieHHsSIM 0 HUX
3HAYHOI KiJTbKOCTi 0cCi0, sKi Opaiu ydacThb Y JiKBigauii
aBapii Ha YAEC y nepiui nBa micasiaBapiiiHi Micsii 3 Te-
puTOpiii 30HM O0OOB’SI3KOBOI0 BimcenaeHHs. BimHOCHO
HM3bKUI piBeHb 3aXBOPHOBAHOCTI HacejaeHHs 2Kuto-
MUpPCBHKOI 00JIacTi, B fAKill BigMideHi HaWOiIbII 3HAYHI
OIaau pafioaKTUBHOTO MOy, MOXe OyTH MOB’SI3aHU 3
TUM, 1110 iCTOTHA YacTUHA ii MeLIKaHILIiB OyJia eBaKylioBa-
Ha ab6o BinceneHa 1o Kuesa ta KuiBcbkoi 06J1acTi.

accident and therefore not exposed to radiation
due to radioactive iodine (up to 37,0 % in 2017).
We should note that thyroid cancer incidence
rates steadily increased until 2012, and then
began to decline, however, in 20112017, the
pre-accident rate was exceeded 6.8 times. In our
opinion, the decrease of the incidence of thyroid
cancer in radioactively contaminated districts
over the past 4 years is largely due to resettlement
of the population exposed to radioactive iodine.
High incidence rates in Kyiv city and Kyiv region
are not only due to radiation exposure, but also
indirectly reflect social factors, such as: evacua-
tion of residents of the exclusion zone to these
districts and resettlement of a significant number
of people from the territories of the zone of oblig-
atory resettlement, who took part in cleaning the
consequences of the Chornobyl accident during
the first two months. The relatively low incidence
rate in Zhytomyr region, which had the most sig-
nificant precipitation of radioactive iodine, may
be due to evacuation or relocation of a consider-
able number of its inhabitants to Kyiv city and
Kyiv region.
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ITopiBHSIHHS MOKA3HUKIB 3aXBOPIOBAHOCTI Ha paK IIU-
TOMNOAIOHOI 3aJI03U MEIIKAHIIB 6 HAWOLIbII 3a0pyIHEHMX
paiioHiB i3 3arajJibHOHAlLIIOHAJIbBHUMU MOKAa3HUKAMU CBiJl-
YUTB PO iX TOCTOBiIpHE NepeBulieHHs: (8,7 £0,8) - 10° ta
(6,1 £0,1) - 103, p < 0,05, BinmosigHO. ¥ po3pi3i Maitxke
BCiX 3a0pyaIHEHUX padiOHYKJIilaMU TEPUTOPiA TaKOX Bid-
MiYeHO IepeBUILIEHHSI HallilOHAJbHOIO PiBHSI, 32 BUHSIT-
KoM JlyruHcbKkoro paiioHy (puc. 6). HaiitBuimii piBeHb
3aXBOPIOBAHOCTI Ha paK IIMUTOIOAIOHOI 3aJ103U OyJIo 3a-
peectpoBaHo y MellKaH1iB IToickkoro paitony — (19,3 =
6,8) - 10%; 3HauHo MeHIIMiA y IBaHKiBcbkoMy — (10,4 £
2,0) - 10”° ta BopomsiHkiBcbkomy — (10,0 £ 1,4) - 107 paiio-
Hax; IlIe HWXYi TTOKa3HUKU BimMiyeHi B OBpPYIIbKOMY —
(6,8 £ 1,2) - 10° i Hapoauibkomy — (6,5 £ 2,9) - 107, ne
JI03U OMPOMIHEHHS JiTell Ta IMiMIITKiB OyJu HaWBUILM-
mu (1559 mIp) i mepeBulyBaiM IOKa3HUKM iHIIMX
paifoHiB y 5—10 pa3iB; HalfHMXYi TOKAa3HUKU 3aXBOPIO-
BaHOCTI 3a¢ikcoBaHo B JIlyrmHCbKOMY paifoHi — (5,4 =
2,2) - 10, Ciig Bia3HauYMTH, 1110 PAaHXKyBaHHS paiioHiB 3a
JI03010 OIPOMiHEHHSI IIUTOMOAIOHOI 3aJI031 3a paxyHOK
BT He 36ira€Thcs 3 pe3yabTaTaMK paHXKyBaHHS 3a piB-
HEeM 3aXBOPIOBAHOCTI Ha pak 1iel popmu. Taka HeBiaMmO-
BiAHICTbL MOXe OyTU cpUYMHEHA IHTEHCHUBHOIO Mirpa-
Li€I0 HaceJIeHHS 3 HaiOiabll 3a0pyIHEHUX BHACIiIOK
apapii Ha YAEC paiioHiB, y TOMY YMCJIi OCi0, B IKUX PU-
3K BUHMKHEHHS 1i€i maTojorii € HaiBuimuM. Ha Ko-
PUCTb LILOTO CBiyaTh 3HAUYHO BUIL 3a OYiKyBaHi IMOKa3-
HUKU 3aXBOPIOBAHOCTI Ha paK IIUTOIOAiOHOI 3371031 Ha-

Comparison of thyroid cancer incidence rates
of residents of the 6 most polluted districts with
national rates shows significant difference:
(8.7 £0.8) - 10°vs. (6.1 £0.1)- 107, p<0.05, res-
pectively). In almost each separate radionuclide-
contaminated district the national level was also
exceeded, except of Luhyny district (Fig. 6). The
highest thyroid cancer incidence rates were
observed among residents of Poliske district —
(19.3 £ 6.8) - 10”° while significantly lower in
Ivankiv — (10.4 £ 2.0) - 10° and Borodianka —
(10.0 £ 1.4) - 107 districts. Much more lower rates
were observed in Ovruch — (6.8 = 1.2) - 10~ and
Narodychi — (6.5 £ 2.9) - 107 districts, where
radiation doses of children and adolescents were
the highest (1559 mGy) and exceeded radiation
doses in other districts 5 to 10 times. The lowest
incidence rates were observed in Luhyny district —
(5.4 £ 2.2) - 10°. We should note that ranking of
districts by thyroid irradiation doses due to “'I
does not coincide with the results of ranking them
by thyroid cancer incidence rates. This discrepan-
cy may be explained by intensive migration of the
population from the most polluted districts after
the Chornobyl accident, including people with
the highest risk of developing thyroid cancer. This
also supported by significantly higher than
expected thyroid cancer incidence rates among
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PucyHOK 6. 3axBopioBaHicTb Ha pak WwuTonoAi6Hoi 3ano3u (MKX-10: C73) mMewkaHLiB 6 Hai6inbL 3a6pyaHEHUX
pagioHyknipamu paitoHiB y 2011-2017 pp. Ta cepeaHi NOrNMHYTI 03U ONPOMiHEHHA LbOF0 OPraHy pagioioaom,
OTPUMaHi y auTA4YOMY Ta nignitkosomy Bili — 0-18 pokis Ha yac aBapii Ha YAEC

Figure 6. Thyroid cancer incidence (ICD-10: C73) among residents of the 6 most radionuclide-contaminated
districts in 2011-2017 and the average absorbed doses of radiation with radioactive iodine to thyroid gland,
obtained with children and adolescents (at the age of 0-18 years at the moment of the Chornobyl accident)
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ceneHHs M. KuiB Ta KniBchKoi 06J1acTi, 10 SIKMX Mepece-
JIeHa nepeBakHa OibLIiCTh MOCTpaXKAAIMX.

Cepen 3105KiCHUX HOBOYTBOPEHb CUCTEMHI ITyXJIMHHI
3axBOPIOBaHHA (JiefikeMmii Ta 1iM¢poMHr) 3aiiMaloTh 0CO0-
JUBE Miclle BHACJiIOK HaWKOPOTIIOTO JaTEeHTHOTO
nepioay iX BUHMKHEHHS. [ToMiTHe 3poCTaHHSI pU3MKiB
JIefikeMii OyJ10 TIepIMM i HalOIIbII BUpaXKeHNM edeK-
TOM palialliifHOTO BIUIMBY, SIKMI CITOCTEpirajm y ocio,
1110 TIepeXXuan aToMHe boMbapayBaHHs Xipocimu i Ha-
racaki. Ilepmuit ony6aiKoBaHU# 3BiT OPO MiABUILIEHUN
PU3MK JieliKeMil cepell 0ci0, sIKi NepexXXusiu aTOMHI O0M-
OyBaHHs1, 3’sBUBcs y 1952 poui [14]. Xoya HamauIIKO-
BUIA PU3UK JIEUKeMii 3HUKYETHCS 3 BIKOM UM TPUBATICTIO
nepioay IMicjasl eKCMOo3Ullil, iCHYIOTh JOCTOBIpHi 10Ka3u
TOTO, 1110 pafiallifHO-acoLiliOBaHUI HAAIUIIKOBUI pU-
31K JIEMKeMil, 0COOJMBO TOCTPOI MIi€JOITHOI JeKeMil,
iCHyE BIIPOJIOBX TPUBAJIOrO MEPioay CIOCTEPEKEHHS —
J10 55 pokiB micJist aToMHOTO OoMOyBaHHS [15].

BcraHoBneHo, 110 piBeHb 3aXBOPIOBAHOCTI Ha JaHy
MaTOJIOTiI0 MeIIKaHLiB 3a0pyaIHEHUX padioHyKJIigaMu
paiioHiB He BiAPi3HSETHCSA Bil HALliOHAIBHUX ITOKa3-
HuKiB: (12,9 + 0,8) - 10° Ta (13,8 £ 0,1) - 107, p > 0,05)
(puc. 7). HaiiBumuit piBeHb 3aXBOPIOBAHOCTI CITOC-
TepiraBcsg y MelIKaHIiB JIyTMHCBKOTO palioHy —
(16,4 £ 3,3) - 10°, me mo3u OMIPOMiIiHEHHST 3HAXOISTHCS

the population of Kyiv city and Kyiv region, where
the vast majority of victims have been relocated.

Among all cancers tumors of hematopoietic and
Ilymphoid systems (leukemia and lymphoma) has
a special place due to the shortest latent period.
The evident increase in the risk of leukemia was
the first and most pronounced effect of radiation
exposure observed in survivors of the atomic
bombing of Hiroshima and Nagasaki. The first
published report on the increased risk of leukemia
among survivors of the atomic bombings appeared
in 1952 [14]. Although the excess risk of leukemia
decreases with age or elongation of time period
after exposure, there is strong evidence that radi-
ation-associated excess risk of leukemia, especial-
ly of acute myeloid leukemia, exists for a long
observation period up to 55 years after atomic
bombing [15].

It was established that leukemia and lymphoma’s
incidence rates of population of radionuclide-con-
taminated districts did not statistically differ from na-
tional rates: (12.9 + 0.8) - 10 vs. (13.8 £ 0.1) - 107,
p > 0.05) (Fig. 7). The highest incidence rates were
observed among residents of Luhyny district —
(16.4 £ 3.3) - 103, where radiation doses were sim-
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PucyHoK 7. 3axBoptoBaHicTb Ha neiikemii Ta nimpomn (MKX-10: C81-96) HaceneHHA YkpaiHu, Jutomupco-
koi, KuiBcbKoi obnacreit Ta 6 Hanbinbw 3a6pyaHeHux paaioHyknigamu Teputopin y 1980-2017 pp. (cTaHpap-
TU30BaHi 3a CBiTOBUM CTaHAAPTOM NoKa3HMKKM Ha 100 000 HaceneHHA)

Figure 7. Leukemia and lymphoma incidence trends (ICD-10: C81-96) in the population of Ukraine,
Zhytomyr and Kyiv regions and 6 most radionuclide-contaminated districts in 1980-2017 (World age-stan-

dardized rates per 100,000)
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Ha cepeIHbOMY JUIs X 6 pailoHiB piBHi. Y bopoasiHCh-
KoMy Ta IBaHKiBCbKOMY paifoHaX, B SKUX CEpEIHS CyMap-
Ha e(peKTHUBHA J03a OIIPOMIiHEHHST MEIITKAHIIiB OyJ1a Hali-
HUXYO0I0, IOKA3HUKU OYJIM JOCUTh BUCOKUMM i Malixke He
BigpisHsuies — (14,4 £ 1,6) - 10° ta (14,8 £ 2,1) - 107,
BiTTOBiTHO.

Tpyny 3 BiZTHOCHO HU3bKMMHU MOKA3HUKAMU 3aXBO-
proBaHoCTi (puc. 8) mpeacraBiusaioTh Hapoauubkuii —
(10,8 £ 3,8) — 10, ne mo3u ONMpOMiHEHHST MEIIKAHIIIB
Oynu HavBuMu, Ta OBpyubkuit — (10,7 £ 1,3) - 107
palioHM; HAMHMXXYMI piBeHb 3aXBOPIOBAHOCTI BigMiue-
Ho y [Tomicekomy paiioni - (5,7 £ 2,9) - 107,

ilar to average level for the 6 districts. In Boro-
dianka and Ivankiv districts, where the average total
effective radiation dose of residents was the lowest,
the incidence rates were rather high and almost
similar: (14.4 £ 1.6) - 10 and (14.8 + 2.1) - 10°?
respectively.

The group with relatively low incidence rates for
leukemia and lymphoma (Fig. 8) consists of Narody-
chi district — (10.8 £ 3.8) - 10, where the radiation
doses of the inhabitants were the highest, and Ovruch
district — (10.7 & 1.3) - 10-%; the lowest incidence rates
were observed in Poliske district - (5.7 £2.9) - 107,
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PucyHokK 8. 3axBopioBaHicTb Ha neitkemii Ta nimcomun (MKX-10: C81-C96) HaceneHHA 6 HaiiGinbL 3a6pyAHEHNX
papioHyknipamu paioHiB y 2013-2017 pp. i cepeaHi echeKTUBHI 03U, OTPpMMaHi BHacniaok aBapii Ha YAEC

Figure 8. Leukemia and lymphoma incidence (ICD-10: C81-C96) in the population of the 6 most radionuclide-
contaminated districts in 2013-2017 and the average effective doses obtained as a result of the Chornobyl

accident

Takum yHOM, HA JAaHOMY eTalli JOCJIiI)KeHHS He T0Be-
JIIEHO CTaTUCTUYHO 3HAYYIIOTO 3B’SI3KYy MiXX CYyMapHOIO
03010 OMNpOMiHEHHs BHacJigokK aBapii Ha YopHo-
omnneeKiit AEC i 3axBoploBaHiCTIO Ha JieiikeMii Ta JiM-
(doMu MemKaHLIB 6 3a0pydHEHMX padiOHYKJIigaMH pa-
OHiB.

OBI'OBOPEHHA TA BUCHOBKHA

ITpoBeaeHe nocimKeHHs CBiMUYUTh MPO iCHYBaHHS pU3UKIB
BUHUKHEHHS 3JIOSIKiCHUX HOBOYTBOPEHb Yy MEIIKaHIIiB Ma-
JIMX TepUTOPili YKpaiHu, SIKi MaJIu Pi3Hi BEJIMYMHU BILIUBY
HEeCOPUSITIUBUX €KOJOriYHUX (aKTOPiB — TPUBAJIOTO
pamialiifHOro onmpoMiHeHHS HU3BKMUMU J03aMU, 0OYMOB-
Jnenux apapiero Ha YAEC. OuiHka pu3uKiB 3axBOprOBa-
HOCTi Ha 3JTOSIKiCHi HOBOYTBOPEHHSI MEILIKAHILIIB MaJIUX Te-
puTOpiii BHACHIIOK padialiiiHOro 3a0pyaHEHHSI HeoOXigHa

Thus, at present we have not found statistically
significant relationship between the total radia-
tion dose due to the Chornobyl accident and
leukemia and lymphoma’s incidence among the
residents of the 6 most radionuclide-contami-
nated districts.

DISCUSSION AND CONCLUSIONS

The study indicates the existence of risks of
developing malignant neoplasms in residents
of small districts of Ukraine, which had dif-
ferent values of adverse environmental fac-
tors, namely prolonged exposure to low doses
due to the Chornobyl accident. Assessment of
the risk of malignant neoplasms in small dis-
tricts due to radiation pollution is necessary
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U1 iHpopMalliiHOTO CYNMPOBOAY MPUHSITTS aaMiHiCcTpa-
TUBHUX pillleHb 3 METOIO OpraHizallii OHKOJOTiYHOI J0IO-
MOTI'M HaceJIeHHIO KOHTaMiHOBaHUX TePUTOPIi.

CepenHi cymapHi edekTuBHi 103U (22,4 M3B) omnpomi-
HEHHS BChOTO Tijla 3a paXyHOK pamiole3ilo HaceJeHHS 6
JOCJiIKYyBaHUX paiioHiB BIpoaoBxk 20-piyHoro micisiaBa-
piitHoro mepiony (1986—2005 pp.), Xo4a il IEPEBULIYIOThH
cepeaHi moka3HUKH 1o 2Kutomupchkiii, KnuiBcbkiii odnac-
TSIX Ta YKpaiHi B LiJIOMY, ajie B iepepaxyHKy Ha piuHy J03y
€ iICTOTHO HIDKYMMU Bill HABeICHUX Y JTiTepaTypHUX JKepe-
Jax [7], 110 Ja€ miacTaBu O4iKyBaTU MiHIMaIbHUX BEIUUYUH
HaUTMILIKOBOTO padialliiiHOro pU3UKY 3JI0SIKiCHUX ITyXJIUH
y MEIIKaHIIB 6 TOCTiIKyBaHUX paiiOHiB.

PazoM 3 TMM, BeJIMUMHA CEPeAHbOI MOTJIMHEHOI IIUTO-
noAi0OHO0 32103010 1031, OTPUMAHOI Y KOPOTKMIA TTicsia-
BapiiiHM Mepio 3a paxyHOK onpoMiHeHHs '] ocib BikoMm
0—18 pokiB (161—1559 mIp) Ta B ycix BiKOBHX Tpymax
(163—634 mIp), cBigUUTH MPO MOTEHILIHY 3arpo3y Hera-
TUBHUX padialliiHUX e@eKTiB, SIKi MOXYTb IPOSIBUTUCH Y
IIbOMY OpraHi.

PiBeHb 3aXBOPIOBAHOCTI Ha BCi (POPMU 3105IKICHUX HOBO-
YTBOpEHb MEIIKAHIIB 6 HaWOUIbII 3a0pymHEHMX paio-
HyKJimamu TepuTopiit 1o aBapii Ha YAEC Ta micisg Hei OyB
HWXXYMM, NOPIiBHSHO 3 aHAJIOTITYHUMMU TTOKa3HUKAMU YChO-
ro HacejeHHs YKpaiHu Ta KuiBchKoi obiacri, ajge 0/113b-
KMM 710 TMOoKa3HUKiB KUToMuUpchbKoi obiacti. BennuuHa
MOKAa3HUKIB 3aXBOPIOBAHOCTI Ha 3JI0SIKiCHI HOBOYTBOPEHHSI
HaceJIeHHS JOCJIiKyBaHUX PaiiOHiB He KOPEJIIOE 3 BEIUYM -
HOIO YCepeaHEHMX IT0 IINX TEPUTOPISIX CYMapHUX e(DEKTUB-
HUX J03 ONMPOMiHEHHSI padiole3ieM BChOIO Tijla JIIOAUHMU.

Bcranosneno, mo y 2011-2017 pp. Ha 3a0pymHeHUX
pamioHyKJiTaM1d TEPUTOPiSIX CIIOCTEPIraeTbcsl 3HAUYHE
3pOCTaHHS MOKAa3HMKiB 3aXBOPIOBAHOCTI HA paK MOJIOYHOIT
3aJ1034, 110 JTOCSIIJIM PiBHS 3aXBOPIOBAHOCTI Ha IIIO T1ATO-
Jloril XiHO4Yoro HacejieHHs1 KUToMupCchbKOi 00acTi.
[TopiBHSANBHUI aHaNi3 BEIMYMHU 03 OIPOMiHEHHS Ta
piBHS 3aXBOPIOBAHOCTI >KiHOYOTO HAaceJeHHs 3a0pyaHe-
HUX palioHiB He BCTAHOBUB CTATUCTUYHO ITOCTOBIpPHOIO
3B’SI3Ky MiXK (akTopiaJbHUMM (I03W OIPOMiHEHHS) Ta
pe3yJbTaTUBHUMM (3aXBOPIOBAHICTh HAa paK MOJIOYHOI 3a-
Jio3n) o3HakamMu. HaBedeHi maHi cBigyaTh, 110 B JaHUit
mepion crmocTepeXKeHHsT He BCTAaHOBJICHI ITIEpEeKOHIMBI J0-
Ka3¥W MOXKJIMBOTO pajialliifHO-aCcoIliifOBaHOTO 3B’ 13Ky MiX
OIPOMiHEHHSIM BHaciZoK YopHOOMJILCHKOI aBapii Ta
piBHEM i IMHAMIKOIO 3aXBOPIOBAHOCTI Ha paK MOJIOYHOL
3aJ1031 MEIIKAHOK TOCIiIKYBaHUX TEPUTOPIIA.

ITopiBHSIHHSI MOKA3HMKIB 3aXBOPIOBAHOCTI HA pakK ILIU-
TOIOAIOHOI 321031 MEIIKaHIIIB 6 3a0pyIHEHNX pailoHiB i3
3arajbHOHALIIOHAJIbLHUMM MOKa3HWKAMM CBIAYUTH IPO iX
JIIOCTOBIpHE MEPEBUILICHHS. ¥ po3pi3i Maitxke BCix 3a0pyn-
HEHUX padioHYyKIilaMMU TEPUTOpPiA TaKOX BiaAMiueHO

for providing information support of cancer
control activities in the contaminated dis-
tricts.

The average total effective whole-body doses
(22.4 mSv) of radiation due to cesium of the
population of 6 study districts during the 20-year
post-accident period (1986—2005), although
higher than the average in Zhytomyr and Kyiv
regions and Ukraine, but in terms of annual dose
are significantly lower than reported in the liter-
ature [7], which gives reasons to expect minimal
values of excess radiation risk of malignant
tumors in residents of the 6 study areas.

However, the value of the average absorbed
thyroid dose received in the short post-accident
period due to irradiation of 'l of the population
aged 0—18 years (161—1559 mGy) and in all age
groups (163—634 mGy), indicates a potential
threat of negative radiation effects that may
occur in thyroid.

The overall cancer incidence in the 6 most
radionuclide-contaminated districts before and
after the Chornobyl accident was lower com-
pared to the population of Ukraine and Kyiv
region, but similar to that of Zhytomyr region.
The incidence rates of malignant neoplasms
among the population of the studied districts do
not correlate with the average rates of the total
effective whole-body doses of cesium radiation
in these districts.

It was established that during 2011-2017 the
radionuclide-contaminated regions there was a
significant increase in female breast cancer inci-
dence rates, reaching level of incidence of
Zhytomyr region. Comparative analysis of radia-
tion doses and incidence rates of female popula-
tion in contaminated districts did not found sta-
tistically significant relationship between factori-
al (radiation doses) and effective (breast cancer
incidence) characteristics. The data indicate that
in the current period of observation there is no
convincing evidence of a possible radiation-
associated relationship between radiation due to
the Chornobyl accident and the level of breast
cancer incidence as well as its trends in the study
districts.

Comparison of thyroid cancer incidence rates
in 6 contaminated districts with the national
rates showed that they were significantly exceed-
ed. In almost all radionuclide-contaminated dis-
tricts there was intensive growth of rates which
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IHTEHCUBHE 3pOCTaHHS Ta MEPEBUIIEHHS HaIliOHAJBHOTO
PiBHSI, 11O CBIIYMTbH MPO peajtizallilo pagialliiHUX OHKO-
JIOTIYHMX PU3UKIB Y LIbOMY OpTaHi.

He BusIBIEHO CTATUCTUYHO 3HAYYIIOTO 3B’SI3Ky MiX Ce-
peaHiMU CyMapHUMM J103aMU OIPOMiHEHHS i piBHEM 3a-
XBOPIOBAHOCTI Ha JIeKeMii Ta TiM(pOMU MEIIKaHLIB 6 3a-
OpyIHEeHUX padiOHYKJIiTaMu paiiOHiB.

ITpu BUBYEHHI BigjaJeHUX OHKOJIOTIYHUX HACJIAKIB pa-
JialliiiHOl eKcrno3ulii BHacaigoK aBapii Ha YopHo-
ounbebkiit AEC ciin 3BaxkaTtvl Ha psifi TPYIHOLLIB, SIKi BU-
HUKaJIM B MOpoLEeCi JOBrOCTPOKOBOIO MOHITOPUHIY LIMX
npolieciB Ha Maiaux TepuTtopigx. Ilepir 3a Bce, 1ie BIUIUB
Mirpatiii Tpyn HaceJeHHs 3 paifOHiB i3 HAWBUIIUM piBHEM
PU3KNKY BUHUKHEHHS OKpeMUX (DOPM 3JI0SIKiCHUX HOBOYT-
BOpPEHb, OCOOJIMBO paKy IIMTOMNOAIOHOI 3ai03u. ITobGiu-
HUM CBiTYEHHSIM TaKOro TBEPIXKEHHS € iCTOTHE 3pOCTaH-
HSI YaCTOTH 1Ii€1 MAaTOJIO0Tii Ha CYMiXKHUX TEPUTOPISIX, KyIu
nepecessIMCh MELKAaHIIi MoCTpaXkaaauX paiioHiB i 1e 10-
31 ONPOMiHEHHSI Oy HUXXKYMMMU 3a TaKi Ha JOCIiIKyBa-
Hux teputopiax. KpiM Toro, BIpoaoBXK JOCHTiIKyBaHOTO
nepioay CroCTepiraroThCs MPUPOIHI MPOLECH 30iTbIIECH-
HsI MATOMOI Baru ocib, sKi He 3a3Haiy pafialiiiHoOro orm-
POMIHEHHS, 110 3YMOBJIEHO HApOMKEHHSIM JiTeid y Hac-
TYTIHI micis aBapii poku. Ha xanb, 1oCcTyIHi JaHi peecTpiB
CIIOCTEPEXKEHHS HE al0Th MOXKIMUBOCTI BUTYYUTH 11i KOH-
TUHTEHTH i3 CTATUCTUIHUX PO3PAXYHKIB.

Crig 3a3HaYNTH, IO 3 MOAIOHMMY TPYIHOIIAMU CTHKA-
JMcs T iHII JOCTiIAHUKHU, SKi TTPOBOAWIN BUBYEHHS 1€l
npobseMU Ha 3a0pyIHEHUX PadiOHYKIigaMu TEPUTOPIsIX.
HocnimKeHHsI J4aCcTOTH 3JIOSIKICHUX HOBOYTBOPEHb B
VYkpaincekiit koropri i3 13 203 ocib, eKcrmoHOBaHUX 10
pamialifiHoro ¢akTopy B OUTSIYOMY Billi, HE BUSIBUJIU
3HAYHUX MiABUILEHUX PU3UKIB COJIIHOIO paKy, JIeMKeMil
Ta JiM(pOMU Xo4ya MOKa3HUK CTaHAAPTU30BAHOTO CIiBBi/l-
HoureHHs gactotu (SIR) misg neiikemii, po3paxoBaHUit Ha
OCHOBI 5 3apeecTpoBaHMX BUIMAAKIB 3aXBOPIOBaHHs, OyB
nmiguinenunii (SIR = 1,92, A1: 0,68—4,13) [16].

Psan mocnimHUKIB MpoaHaslidyBalyd 3aXBOPIOBAHICTh Ha
3JI0SIKiCHi HOBOYTBOpPEHHS (32 BUKITFOUYSHHSIM paKy IINTO-
nonioHoi 3amo03u) Koroptu 3 11 847 memkaniiB binopyci,
sKi y Billi g0 18 pokiB OyauW €KCHOHOBaHiI A0 pamialii
BHacainok YopHoOusibchbkoi aBapii [17]. Uepe3 25 pokiB
10 TOMY B IOCJIiJI>KyBaHiii KOrOpTi HEe 0yJI0 BUSIBJIEHO KO/ -
HUX J0Ka3iB CTATUCTUYHO 3HAYYIIIOT'O 3pOCTaHHS 4YaCTOTHU
COJIiITHUX pakiB, JiMdpom i neiikemii. Crnocrtepiraioch
MOPIiBHSIHO HE3HaYHe IIiABUINCHHS 3aXBOPIOBAHOCTI Ha
nerikemito (SIR = 1,78; 95 % [1: 0,71-3,61), ane wueii mo-
Ka3HUK 0a3yeThCs Ha MaJIOMY YMCJIi BUTIAAKIB (n = 6).

Hagith k01 00’€AHATH OTPUMaHi y ABOX HalliOHATBHUX
Koroprax uu¢poBi JaHi Mpo JelKeMito, MOKa3HUK 3aXBO-
proBanocTi SIR — 1,84 (95% A1: 0,96—3,16) He Mae qOCTO-

exceeded the national average rates; it indicates
the realization of radiation cancer risks in this
organ.

There was no statistically significant relationship
between the average total radiation doses and the
incidence of leukemia and lymphoma among the
residents of 6 radionuclide-contaminated districts.

When studying the long-term cancer conse-
quences of radiation exposure after the
Chornobyl accident, one should take into
account a number of difficulties arising in the
process of long-term monitoring in small dis-
tricts. Firstly, the impact of migration from the
areas with the highest risk of certain types of
malignant neoplasms, thyroid cancer in particu-
lar. A side evidence of this statement is a signifi-
cant increase in the frequency of this pathology in
adjacent districts, where residents of the affected
areas come and where radiation doses were lower
than those in the study districts. In addition, dur-
ing the study period, there were natural processes
of increase of the proportion of population not
exposed to radiation (e.g. children who born in
post-accident years). Unfortunately, data avail-
able from the registries are not enough to exclude
these persons from the calculations.

It should be noted that similar difficulties
were encountered by other researchers who
studied this problem in radionuclide-contami-
nated districts. A study of cancer incidence in
the Ukrainian cohort of 13,203 persons exposed
to radiation in childhood did not reveal a signif-
icant increase in risk of solid cancer, leukemia
and lymphoma, although the standardized
rates ratio (SIR) for leukemia, calculated on 5
cases of the disease, was higher (SIR = 1.92,
CI: 0.68—4.13) [16].

A number of researchers analyzed the incidence
of malignant neoplasms (except thyroid cancer) in
a cohort of 11,847 residents of Belarus who were
exposed to radiation after the Chornobyl accident at
the age of 0—18 years [17]. Twenty-five years later,
there was not found any evidence of a statistically
significant increase of the incidence of solid can-
cers, lymphomas and leukemias in the cohort of the
study. There was a slight growth in the incidence of
leukemia (SIR = 1.78; 95% CI: 0.71-3.61), but this
value is based on a small number of cases (n = 6).

When combining leukemia data obtained from
the two national cohorts, the SIR = 1.84 (95 %
CI: 0.96—-3.16) was not significant. Due to
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EPIDEMIOLOGY

AND DOSIMETRY

BipHOro 3Ha4yeHHs. 3BaKarouM Ha 3POCTAHHS MTOKa3HUKIB
3aXBOPIOBAHOCTI Ha JIEMKEMilo, sIKa € HaiOiIbII pagiouyT-
JIMBOIO, HEOOXiIHO MPOJOBXWUTU B MOJAJILIIOMY MOHITO-
PUHT YaCTOTH Ta AMHAMIKU PO3BUTKY 1Ii€l MaTOJIOTIi.

JIJ1s1 OLiHKKY MOXJIMBOTO BIUTMBY TOBIOTPUBAJIOTO pajia-
HiiHoro (aktopy Ha (OpMyBaHHSI YaCTOTU 3JI0SKICHUX
HOBOYTBOPEHb HaMU BIIeplle B YKpaiHi BUBUEHA 3aXBO-
PIOBAHICTh Ha 1110 TTaTOJIOTiI0 MEIIKAHIIIB MICT i3 siIepHO-
Hebe3rneyHuM BUpooHuLTBOM Y niepioa 2003—2008 pp., ae
HasiBHE iCTOTHE 3a0pyIHEHHSs TOBKIIS BiAXOAaMU Jislib-
HocTi HaceneHHs [18]. BcraHoBieHO, 1m0 wacmoma ycix
H030/102i4YHUX opM paKy ceped MewKaHuie uyux micm 0oc-
MOBIPHO nepesuuye K HAUIOHAAbHUIL, MAK | peciOHANbHULL
pieens. BimMiueHO ekcliec paky Tpaxei, OpOHXiB, JIeTeHi,
MOJIOUHOI 3aJ1031, HUPKU, JeKeMiil y MicTax, e BeAyTh
BUIOOYTOK i mepepoOKy ypaHoBoi pyau — 2KoBTux Bomax
Ta JIHinpoa3ep>XuHChbKY (HUHI KamM?sHCbKOMY), IpOTe 11i
pe3yJibTaTu NOTPEOYIOTh MOAAIBIIOTO aHali3y i3 3aCTOCY-
BaHHSIM METOJOJIOTII €KOJIOTIYHOI Ta aHAJIITUYHOI ermije-
Mionorii 3 BHMBYEHHSM IHAWBIZyaJTbHUX XapaKTEPUCTUK
0ci0, gKi mianagaoTh ITia 3a3Ha4YeHi JOCIiIKEHHSI.

Hapeiuri, 115 oOrpyHTOBaHMX BUCHOBKIB CJIiJl BpaXOBY-
BaTU MOTYXXHIiCTh AOCIHIIKEHHSI, SIKa 3yMOBJIEHA SIK BEJIM-
YIHOIO JTOCJIiIKyBaHOIO MOKA3HMKA, TaK i po3MipaMu Mo-
OyJsUiiiHOI TPyMNU, 10 BUBYAEThCSI. HeMOXIUBICTh BUSI-
BUTHU pajialliiHO MOB’SI3aHUM PU3UK PO3BUTKY PaKky 3y-
MOBJTIOIOTh TaKi (hakTOpW SIK HU3BKiI J03M, HEJOCTATHS
CTAaTUCTUYHA IOTYXHIiCTb a00 TpUBAJIWil JaTEHTHUI
nepiof po3BUTKY padialliiHO-3yMOBJIEHUX pakiB pPi3HUX
Ho3oJioTiyHUX (opM [19]. ¥V Bunmaaky manoi MOTy>KHOCTi
OIHUM i3 3ac00iB JOCATHEHHSI MOCTABJIECHOI METU MOXE
OyTM 30iNblIeHHS Tepioay Ta BeJUYMHU JIOAUHO-POKIB
CIIOCTEPEKEHHSI.

diHaHcyBaHHA JOCNiAKEHHA

Po6oTta BukoHaHa y pamkax minaHoBux HJIP: «Po3poouTu
OpraHi3amiiiHO-MeTONOJIOTUYHY TEXHOJIOTiI0 BIIPOBAJI-
JKEHHSI BTOPMHHOI TPpOMiJakKTUKWA Ta CKPUHIHTY 3J10-
SIKICHUX ITyXJIMH OPTaHiB PeIPOAYKTUBHOI CUCTEMMU XKiHOK
Ta KOJIOpeKTaJabHOIro paky B YkpaiHi (2018—2020) pp.»,
Ne nepxpeectpauii BH.140107182-18, 3a ¢iHaHcyBaHHS
MO3 Vkpainu; «Enigemionoriyne TocaiKeHHsT GpopMy-
BaHHS PU3MKIB 3JI0SKiCHUX HOBOYTBOPEHb Y IpyIlax MOCT-
paxnanux BHacainok aBapii Ha HAEC (1990—2019 pp.)»,
Ne nepxpeectpanii 0119U100525, 3a diHaHcyBaHHS
HAMH VYkpainu.

CINMUCOK BUKOPUCTAHUX OXKEPEN
1. YopHobunb Ta pak. OHkoenigemionoriyHi acnektn npobnemu / C. O.
Wanimos, A. €. MpucaxHiok, B. T. TpuwweHko Ta iH. XypHan Aka-

increasing incidence of leukemia (which is the
most radiosensitive malignancy) it is necessary
to continue monitoring its frequency and
trends.

To assess the possible impact of long-term
radiation factors on the formation of the inci-
dence of malignant neoplasms, we for the first
time in Ukraine studied the incidence in resi-
dents of cities with nuclear hazardous produc-
tions in 2003—2008, where significant pollution
by waste was observed [18]. It was established
that the frequency of cancer of all sites among the
residents of the cities significantly exceeded both
national and district levels. Excess cancers of tra-
chea, bronchus, lung, breast, kidney, leukemia
was noted in the cities where uranium ore is
mined and processed (Zhovti Vody and
Dniprodzerzhynsk, now Kamyanske), but these
results require further ecological and analytical
analysis of the individual characteristics of per-
sons appropriate for these studies.

Finally, for substantiated conclusions one
should take into account the power of the study,
which is determined by both the value of the
studied rates and the size of the population under
consideration. The inability to detect radiation-
related risk of cancer caused by such factors as
low doses, insufficient statistical power or long
latency of various radiation-induced cancers
[19]. For detecting radiation-related risk of can-
cer in the case of low statistical power one way
may be to increase the period of man-years of
observation and their number.
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