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YACTOTA PAKY IIIUTOIIOAIBHOI 3AJI03U Y HACEJTEHHA
YKPATHU TA 1OTO ENIAEMIOJIOTTYHI IETEPMIHAHTU:
IOHI3YIOYE BUTIPOMIHIOBAHHS TA EHIOKPUHHI
PYWUHIBHUKHA

MeTa: ouiHKa puU3KKy 3aXBOPIOBAHOCTI HA pPaK WWTONOAIOHOT 31031 HaceneHHs YKpaiHu y 3B'A3Ky 3 1010 onpoMiHeH-
HAM OMajamu pafioakTUBHOIO ioay YOpHOOMAbCLKOrO NOXOAXEHHS Ta 3aCTOCYBAHHAM NECTULMAIB Y CiNbCbKOrocno-
AApPCbKOMY BUPOOHULTBI KpaiHu.
06'eKT AOCNiAXKEeHHA: NOKA3HUKM 3aXBOPIOBAHOCTI Ha pak wuTtonoai6Hoi 3anosu (PLU3) HacenenHs Ykpainu y
2001-2019 pp.; cepeaHi obnacHi 4031 ONPOMiHEHHS, MOMMUHYTI WKUTONoAiGHO 33103010, BHAcNiAoK aBapii Ha YAEC;
06cArn 3acToCyBaHHA Pi3HWUX rpyn necTuumnais B o6nactax Ykpainu.
MeToau pocnigKeHHA: CTaTUCTUYHI, MaTeMaTUYHi, KapTorpadiyHi.
Pe3ynbratu. [JocnipxkeHHs, wo oxonmoe nepiof 2001-2019 pp., BUABMO iCTOTHi 4acOBi Ta perioHasibHi BigMiHHOCTI
B 3aXBOPIOBAHOCTI HaceneHHs obnacTeit Ykpainu Ha pak PLU3. BcTaHoBneHO icHyBaHHS [OCTOBIPHOrO KOpensauinHoro
3B'13KYy MOKa3HWKIB 3axBoptoBaHocTi Ha PLU3 3 BenuyuHolo papiauiiHOro ONPOMiHEHHs WMTONOAIOHOT 3an03u,
noe’s3aHum 3 aBapieto Ha YAEC. BcTaHoBIEHO iCHYBAaHHA AOCTOBIPHOMO KOPenALinHOro 38'A3Ky NOKa3HWKIB 3aXBOPIO-
BaHoCTi Ha PLLU3 3i cTyneHem iHTEHCUBHOCTI BUKOPUCTAHHSA NECTULMAIB Y CiNbCbKOMY rocnofapcTei o6nacteit Ykpainu.
BcTraHoBneHO focTOBipHE 3HAYeHHA NOKA3HWKIB MHOXWHHOT Kopensauii r = 0,5866 (p < 0,05) mMix piBHAMU 3axBoOpto-
BAHOCTi HaceneHHs YkpaiHu Ha PLU3 Ta cepegHbo06NacHUMM [O3aMU ONPOMiIHEHHSA i NOKa3HWKaMM IHTEHCUBHOCTI 3ac-
TOCYBaHHA NeCTULMAIB Y CiNbCbKOroCnoaapcbKoMy BUPOOHULTBI KpaiHU.
BucHoBKU. BuzHaueHo foCTOBipHE 3HAYEHHSA NOKA3HUKIB MHOXMUHHOT KOpeNnALii MiX BEIMYNHOK cepefHb006aaCHUX
103 pajiauinHoro onpoMiHeHHs WuTonoaioHoT 3a103u, nos’sa3aHum 3 aBapieto Ha YAEC i ctyneHem iHTeHcMBHOCTI 3ac-
TOCYBAHHA NECTULMAIB y HApOLHOMY rocnoAapcTei YkpaiHu Ta nokasHMKamu 3axBoptoBaHoCTi Ha PLU3 HaceneHHs
KpaiHu.
KniouoBi cnoBa: ioHi3yloue BUNPOMiHIOBaHHS, NECTULMAN, WHUTONOAIOHA 33103, 3aXBOPIOBAHICTb, paK.
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THYROID CANCER INCIDENCE IN THE POPULATION OF UKRAINE
AND ITS EPIDEMIOLOGICAL DETERMINANTS: IONIZING
RADIATION AND ENDOCRINE DISRUPTORS

Objective: to estimate the risk of thyroid cancer incidence in the population of Ukraine in connection with its expo-
sure to radioactive iodine fallout of Chornobyl origin and the use of pesticides in agricultural production in the
country.

Object of study. Incidence rates of thyroid cancerin the population of Ukraine in 2001-2019, average regional radi-
ation doses absorbed by the thyroid because of the Chornobyl accident, the volume of use of various groups of pes-
ticides in the regions of Ukraine.

Research methods: statistical, mathematical and cartographic.

Results. The study covering the period of 2001-2019, revealed significant temporal and regional differences in the
thyroid cancer incidence in the population of the Ukraine regions in 2001-2019. The existence of a significant cor-
relation between the thyroid cancer incidence and the amount of radiation exposure to the thyroid associated with
the Chornobyl accident was established. The existence of a significant correlation between the thyroid cancer inci-
dence and the degree of pesticide use intensity in agriculture in the Ukraine regions was established. A significant
value of multiple correlation r = 0.5866 (p < 0.05) was found between the thyroid cancer incidence in Ukraine and
the average regional radiation doses and the pesticide use intensity in agricultural production in the country.
Conclusions. A reliable value of the multiple correlation between the value of the average regional radiation expo-
sure doses to the thyroid associated with the Chornobyl accident and the degree of pesticide use intensity in the

national economy of Ukraine and the thyroid cancer incidence in the population was determined.
Key words: ionizing radiation, pesticides, thyroid gland, morbidity, cancer.
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a cBigyeHHSIM MiXHapOOAHOIO0 areHTCTBa MOCia-
keHHs1 paky (MAJIP) BunukneHHs1 80 % 31051KiCHUX
HoBoyTBopeHb (3H) 3yMoBIeHO HEraTUBHUMU TTOOIYHU -
MU eheKTaMU JI0IChKOI AisuIbHOCTI. JIo HUX HalexXaTb
XiMiuHi pe4oBUHMU, (Pi3UUHI Ta OiOJOriYHI areHTH, dap-
MalleBTMYHI IpenapaTu, CKJIaaHi cyMilli, npodeciiHuit
BIUIMB Ta iHIII YMHHUKU. Lle cTocyeThCcsl mepeBakHO1
OibIIOCTI HO30J0TiYHUX (OPM OHKOJOTIUHOI MaTo-
JIOTii, BKJIIOUHO 3 pakoM IuTonoaioHoi 3ano3u (PII3).
AHaiizy npnumHHUX (PakTopiB BUHUKHeHHS PII3
Ma€ JIOTiYHO TMepeayBaTH OIJISII MOT0 PO3MOBCIOIXKE-
HocTi. Y BchoMy cBiTi, 3a nanumMu GLOBCAN 2022 [1],
y 2020 poui 3apeectpoBano 586 000 sumankis P13, 1o
BiAIOBiIa€E OB ITOMY MICLIO Y CTPYKTYpi 3aXBOpIOBa-
HocTi Ha 3H. IpyOmii moKa3HUK 3aXBOPIOBAHOCTI Ha 1110
MmaToJIoTio — 7,5, cTaHAapTU30BaHUI 3a CBITOBUM CTaH-
naptoM — 6,6 Ha 100 000 nacenenus. B kpainax Llenr-
panmpHOi Ta CximHoi €Bponn, 9Ki 3a3HaIN 3a0pyIHEHHS
pamioHykJigaMu YopHOOMIBCHKOTO TOXOIKEHHS, MO-

B«J Anatoly Ye. Prysyazhnyuk, e-mail: anatprys@gmail.com

ﬁ ccording to the International Agency for
esearch on Cancer (IARC), 80 % of malig-
nant tumors caused by negative side effects of
human activity. These include chemicals, physical
and biological agents, pharmaceuticals, complex
mixtures, occupational exposure, and other fac-
tors. This applies to the vast majority of nosologi-
cal forms of cancer, including thyroid cancer.

The analysis of the causal factors of thyroid
cancer should be logically preceded by an over-
view of its prevalence. Worldwide, according to
GLOBCAN 2022 [1], 586,000 cases of thyroid
cancer were registered in 2020, which corresponds
to the 9th place in the structure of the malignant
neoplasms incidence. The crude incidence rate of
this pathology is 7.5, standardized according to the
world standard — 6.6 per 100,000 population. In
Central and Eastern European countries contami-
nated with radionuclides of Chornobyl origin, the
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Ka3HUKM 3aXBOPIOBAHOCTI MEpEeBUILNYIOThH CepeaHb-
ocBiTOBUI TToKa3HUK: y JlaTBii Ta YropmuHi — 10,2, bi-
Jopyci — 9,0, Ykpaini — 8,6 Ha 100 000 Hacenenns. Crif
3a3HAYMTHU, 1110 B ASSIKUX KpaiHax 3axigHoi ta [liBmeHHoi1
€Bpomnu, SKi HE 3a3HaJIW CYTTEBOrO 3a0pYAHEHHS
pagioHyKJigaMU, MOKA3HUKU € iCTOTHO BUILIMMU: B
Itanii — 16,1, ®panuii —14,8, Asctpii — 11,9, IMopTty-
ranii — 11,7. lle BUKIMKae CYMHIBM 1100 TepeBakalo-
yoro BIUIMBY panialliiiHoro dakTopy Ha (opMyBaHHS
piBHSI 3aXBOPIOBAHOCTI Ha 110 maTojorito. Tomy, ciif
Bu3HaTH, mo eTioyorisg PILI3 BuBUeHa HemocTaTHBLO i
noTpedye OibII ITMOOKOro JOCiaKeHHs. PazoM 3 TUM,
JIO 1IbOTO Yacy €IMHUM J100pe BCTAaHOBJIEHUM (haKTOPOM
PU3UKY € i10Hi3yI04e BUIPOMiHIOBAHHS, OCOOJIMBO KOJIHU
OMNpPOMiHEHHS BiIOyI0Ch Y AUTUHCTBI.

ITin yac YopHoOMIBCHKOI aBapii OyJI0 BUKUHYTO B aT-
Mocdepy 6m3bko 1,8 TBq P'l. Binbire 10 % 1iei akTuB-
HOCTI BUMNAaJo Ha TepuTopii Ykpainu. Yepe3 4—5 pokiB
micJisl aBapil BiAMiueHO 3pOCTaHHSI 3aXBOPIOBAHOCTI Ha
PII3 niteit, a 3romom i mopocnux. BBaxkaerbcs, 110 1ie
3yMOBJieHO BIIMBOM "'l Ta crocTepiraeTbes nepeBaxkKHoO
B MiBHIYHUX perioHax YKpaiHuW 3 HaWOUIbIIMMU HOTO
omagamu [2].

BuBueHHs BIpoaoB:xk noHan 60 pokiB acoliaTUBHOTO
3B’SI3Ky MiX pamialliiHUM BUITPOMiHIOBAaHHSM i pU3H-
KoM BUHUKHEeHHs PIII3 npomoBxXye MNOMOBHIOBATUCH
HOBUMM 3HaxigkaMu. PU3UK, CHpUUYMHEHUN OMNpOMi-
HEHHSIM Y OUTSYOMY Billi, MaOyTh, TPUBAE BCE XKUTT,
X0ua, CXOXe, BiH 3HUXKYETHCS BIIPOJOBXK TPUBAJIOIO ya-
cy miciast ekcrio3uuii [3]. Pazom 3 TuM, JoKa3iB 30iJib-
meHHsd pusuky PILI3 cepen Tux, XTo mepeknB aTOMHE
OoMOyBaHHS y TOpOCJIOMY Billi, 3aMayio. MoXJIMBO, 1110
pi3Hi pe3yabTaTy AOCTiAXEHb 3yMOBJIEHI 0OCOOJIUBOCTSI-
MU OIIPOMiHEHHSI, SIKE CITOCTEpirajioch 3a pisHUX o0CTa-
BUH padialliiiHOro BILJIUBY.

Hoxyment HKAAP OOH 2008 poky [4] MicTUTb TBepa-
JKE€HHSI TIpo BiACYyTHICTh pu3nKy PIIL3 y mopociux, 3yMOB-
JICHOTO €KCMHO3UIIi€l0 BHACTiIOK YOpHOOMIBCHKOI KaTa-
ctpodu. Lle TBepIKEeHHS CylepednTh pe3yasTaTaM HallliX
JOCTiIKeHb, sIKi CBiq4aTh PO Te, 1110 TPU TPYIIU TTOCTPaXK-
Jaavx BHacHigoK YopHOOMILCHKOI KaTacTpodu — ydac-
HUKM JIKBifalii HacIiIKiB aBapii (JiKBiZaTopu), eBaKyio-
BaHi Ta MeIIKaHIIi HalOiIbIL pagioaKTUBHO 3a0pYyIHEHUX
teputopiit (P3T) MaroTh miaBuILIeHUI piBeHb 3aXBOPIOBa-
Hocti Ha PI3. Hanpukmnan, gociimkeHHs [5] 4acToTh
PIII3 B Koropti ykpaiHChbKUX JiikBigaTtopiB (n = 150 813)
BKasye Ha 30iJbLIeHHs puU3MKy Liel marosorii (1986—
2010 pp.), SIR = 3,50 % (95 % Al: 3,04—4,03). [Iponos-
JKEHHSI CITOCTepeXeHHs1 3a L€ Koroptowo go 2012 p.
CBITYMTH PO MOAIOHICTh BU3HAYEHUX MOKA3HMKIB 3aXBO-
proBaHocTi — 3,35 (95 % A1 2,51-3,80) [6].

incidence rates exceed the global average: 10.2 in
Latvia and Hungary, 9.0 in Belarus, and 8.6 in
Ukraine per 100,000 people. It should be noted
that in some countries of Western and Southern
Europe that have not been significantly contami-
nated by radionuclides, the rates are significantly
higher: Italy — 16.1, France — 14.8, Austria—11.9,
Portugal — 11.7. This raises doubts about the pre-
dominant influence of the radiation factor on the
formation of the incidence of this pathology.
Therefore, it should be recognized that the etiolo-
gy of thyroid cancer has not been studied suffi-
ciently and requires more in-depth research. At
the same time, ionizing radiation is the only well-
established risk factor, especially when exposure
occurred in childhood.

During the Chornobyl accident, about 1.8 TBq
of *'l was released into the atmosphere. More than
10 % of this activity fell on the territory of Ukraine.
In 45 years after the accident, an increase in the
thyroid cancer incidence in children and later in
adults was noted. It is believed that this is due to "'l
exposure and is observed mainly in the northern
regions of Ukraine with the highest fallout [2].

The study of the association between radiation
exposure and the risk of developing thyroid cancer
has been going on for more than 60 years and con-
tinues to be updated with new findings. The risk
caused by childhood exposure seems to last a life-
time, although it seems to decrease for a long time
after exposure [3]. At the same time, there is little
evidence of an increased risk of thyroid cancer
among atomic bombing survivors in adulthood. It
is possible that different study results are due to the
peculiarities of exposure observed under different
circumstances of radiation exposure.

The UNSCEAR document of 2008 [4] states that
there is no risk of adult thyroid cancer caused by
exposure to the Chornobyl disaster. This statement
contradicts the results of our studies, which indi-
cate that three groups of victims of the Chornobyl
accident — liquidators, evacuees and residents of
the most radioactively contaminated areas have an
increased thyroid cancer incidence. For example,
a study [5] of the thyroid cancer incidence in a
cohort of Ukrainian liquidators (n = 150,813)
indicates an increased risk of this pathology
(1986—2010), SIR =3.50 (95 % CI: 3.04—4.03).
Continuation of follow-up of this cohort until 2012
indicates the similarity of the determined incidence
rates — 3.35 (95 % CI: 2.51-3.80) [6].
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PeasnizoBaHi pusznku BuHukHeHHs PII[3 B wmiii koropti
YYaCHUKIB JIiKBifallii HaACJIigKiB aBapii Oy/J0 OlLliHEHO B
aHAJIITUMHOMY €MieMioJIOriYHOMY AOCHiIXKEHHi, MpPOBe-
neHomy HHIIPM HAMH VYkpainu criinbHo 3 HattioHanb-
HuM iHcTUTYTOM paky CIIA [7]. byao nmpoBeneHo rHi3no-
BE€ TOCHIKEHHS «BUITaJIOK—KOHTPOJIb» (149 — BUMAanKiB i
458 — xoHTpomiB). HammmimkoBuit BimHOCHWI pU3NK, BU3-
HayeHUH K HamIMIIOK BimHomeHHs maHciB (EOR), Ha 1
Ipeit onpominenns 113 ckmas 0,40 (95 % 1I: -0,05—1,48;
p-value = 0,118).

Y poborTi [8] po3rmsgmaeThcsa 3B’SI30K MiX 03010 OIT-
poMiHeHHs Ta piBHeM 3axBopioBaHocTi Ha PII3 cepen
JIOPOCIIUX SITIOHILIB, SIKi ITEPEXUIM aTOMHE OOMOapyBaH-
Hs MicT XipociMu Ta Haracaki. 3po0JieHO BUCHOBOK, 11O
eKCITO3M1Iisl A0 i0HI3yI0UOT0 BUIIPOMiHIOBAHHS B 3piJIOMY
Billi Mo3uTUBHO acouitoBanacsa 3 PII3 Tinbku y XiHOK,
X04a, CX0Xe, IO LIel pU3MK HDKUMIA, HiXK Y THX, XTO 3a3-
HaB OMNPOMiHEHHSI B AUTMHCTBi. ATpUOYyTUBHMIA pamdia-
miftnmit pusuk P13 ckinas 25 %.

Coin 3a3HaYMTH, 1110 MOPSII 3 padiallifHUM OIPOMiHEH-
HSIM iCHYIOTb JOKa3u TOro, 11O iHIIi (pakTopu (HagMipHa
maca Tijla, BeJIMKWI 3piCT, TOPMOHAJIbHUIA BIUIMB i JAesIKi
3a0pyaHIOBaui HaBKOJUIIHBLOTO CEPEAOBUILA) MOXKYTb
BimirpaBaTu CyTTEBY poJib B etionorii PII3 [9]. Ockinbku
y OUTBIIIOCTI KpaiH CBITY mMoYMHaw4u 3 80-X poKiB MUHY-
JIOTO CTOJITTS CIIOCTEPIra€ThCs IIBUIKE 3POCTAHHS PiBHS
3aXBOPIOBAHOCTI Ta BiZHOCHA CTaOUILHICTH ab0O HaBiThb
3HIDKEHHS ITOKa3HUKiB cMepTHOCTI [9, 10], Take 3pocTaH-
Hs yactotu PII3 3me6inbiioro mop’s3yl0Th 3 BIIPOBAI-
JKeHHSIM IIMPOKO MOCTYIHOIO YJBTPa3BYKOBOTO TOCIilI-
JKEHHSI pa30M 3i 301/IblLIEHHSIM BUKOPUCTAHHSI iHIIKX Jiar-
HOCTUYHUX MeTOAiB Bizyamizaiii [11, 12]. Le, iiMoBipHO,
MPU3BEJIO IO IIMPOKOIO BUSBJICHHS Ta JiarHOCTUKU BEJIH -
KOro ymucja CyOKIiHIYHMX, MPUXOBAaHUX ypaxeHb II13,
SIKi, SIK BillOMO, IIpUTaMaHHi cUTyallil y 3arajbHiii MoIy-
Jsuii[ 13, 14].

Conin 3ayBaxkuTu, 110 pajdialliiiHe OMPOMiHEHHS B TeHe3i
PIII3 He Buuepnye nepesik (akTopiB, BiINOBiaIbHUX 3a
pM3UK BUHWKHEHHS 1iei martonorii. Cepen iHIINX YWH-
HUKiB HaBKOJMIIHBOIO CEpeoBHMIla Y BUHUKHEHHI Ta
MporpecyBaHHi OHKOJIOTIYHUX 3aXBOPIOBAHb iCTOTHY POJib
BilirparoTb eHIOKPUHHI PYIHHIBHUKMU (Au3panTopu). EH-
JIOKPUHHI pYIHIBHUKMU € CIIOJIyKaMU 3 MEPEeBaXKHO €CTPO-
Te€HHOIO aKTUBHICTIO i 3 OTJISIAY Ha Te, 1110 OCTAaHHIM YacoOM
MPUPOJHI €CTPOTEHU BiTHOCATH IO KaHIEpOreHiB [15],
SHIOKPUHHI pYyMHIBHMKMA MOXHAa PO3INISIAATU SIK OHKO-
reHHi YMHHUKU. EHOOKPUMHHI PYMHIBHUKM — li€ €K30-
T€HHi peYOBUHU aHTPOITIOT€HHOT'O ITOXOMXKEHHST — MeCTU-
LUK, ToJlixjJopoBaHi OideHinu, dicheHon A, mosidpo-
MingHi nudeHinosi edipu, ¢ranatu Ta iH. o eHAOKPUH-
HUX PYHHIBHUKIB HaJIEXUTh IUXJIOPAU(DEHIITPpUXIIOPE-

The developing thyroid cancer realized risks in
this cohort of accident liquidators assessed in an
analytical epidemiological study conducted by
the NRCRM of the National Academy of
Medical Sciences of Ukraine in collaboration
with the US National Cancer Institute [7]. A nest-
ed case— control study was conducted (149 cases
and 458 controls). The excess relative risk, defined
as the excess odds ratio (EOR), per 1 Gray of thy-
roid irradiation was 0.40 (95 % CI: -0.05; 1.48;
p-value = 0.118).

Study [8] examines the relationship between
radiation dose and the thyroid cancer incidence
among Japanese adults who survived the atomic
bombing of Hiroshima and Nagasaki. It is con-
cluded that exposure to ionizing radiation in adult-
hood was positively associated with thyroid cancer
only in women, although this risk seems to be lower
than in those exposed in childhood. The attributa-
ble radiation risk of thyroid cancer was 25 %.

It is worth noting, there is evidence that other
factors (overweight, height, hormonal effects,
and certain environmental pollutants) may play a
significant role in the thyroid cancer etiology
along with radiation exposure [9]. Since most
countries have experienced a rapid increase in the
incidence rate and a relative stability or even
decline in mortality rates since the 1980s [9, 10],
this increase in the thyroid cancer incidence is
mainly associated with the introduction of wide-
ly available ultrasound along with the increased
use of other diagnostic imaging methods [11, 12].
This has probably led to the widespread detection
and diagnosis of a large number of subclinical,
occult thyroid lesions that are known to be com-
mon in the general population [13, 14].

It should be noted, radiation exposure in the
genesis of thyroid cancer does not exhaust the list
of factors responsible for the risk of this patholo-
gy. Among other environmental factors, endo-
crine disruptors play a significant role in the onset
and cancer progression. Endocrine disruptors are
compounds with predominantly estrogenic activ-
ity and given that natural estrogens have been
classified recently as carcinogens [15], endocrine
disruptors can be considered as oncogenic fac-
tors. Endocrine disruptors are exogenous sub-
stances of anthropogenic origin — pesticides,
polychlorinated biphenyls, bisphenol A, poly-
brominated biphenyl ethers, phthalates, etc.
Endocrine disruptors include dichlorodiphenyl-
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taH (T i fioro MeTtabomiT auxaopAnuGeHITANXI0pE-
taH (JIJ1)) — iHCeKTULMI, 1110 TTOBCIOAHO BUKOPUCTO-
ByBaIi BIIpoaoBxXK 70 poOKiB B T. 4. B iHOAMBIiTyaTbHUX
rocrnogapcTBax YKpaiHu 1is 00pOoThOM 3i IIKiTHUKAMU
KapTOoILTi, a TAKOX IepXJIOpaTH, 110 € KOMIIOHEHTaMU
pakeTHOro Mnajupa i MoOYTOBUX MUIOUMX 3ac00iB. Pa-
30M 3 TUM, SIKILIO po3mnoBcroaxkeHHs JIJIT mae piBHO-
MipHO I100aTbHUI XapaKTep i MEHIIIOI MipolO BILJIM-
Ba€ Ha CTaTUCTUYHI 3aJIeXKHOCTi, HA HAsSIBHICTb MePXJ10-
paTiB y HaBKOJMILIHbOMY CEPEAOBUILI BILIMBAIOTh KO-
JINIIHI BifiCbKOBI 00’€KTH, 30KpeMa B MUKOJIAIBCHKi
ta XKutomupchbkiii obnactsax. IlokazaHo, 1o KpiMm
(piziosioriuHoOiI 1ii €CTPOreHiB, B OpraHi3Mi 1li TOPMOHU
MNpy MOpYLIEHHI eHAOKPUHHOI peTyJisiiii 0epyTh y4acTb
y npoleci BAHMKHEHHS OiJIbIIOCTI BUIAKIB paKy MO-
JIOYHOI 3aJ1031, SIEYHMKIB, MaTKu i 1113 [16].

Bceyneped uyncieHHUM A0Ka3aM IIKiZJIMBOIO BILJIUBY
€HJIOKPUHHUX pYyiHiBHUKIB Ha III3, KilbKiCTh ermige-
MIOJIOTIYHMX HOCTIIKEeHb 3 BHUBYCHHS 3B’SI3KiB MiX
EKCITO3UIIIEI0 J0 IUX XiMiYHUX CIIOJIyK Ta 4acTOTOIO
PIII3, a TakoX AOCHiIKEHb, 30CEPEIKEHUX HAa BUB-
YeHHi MPUYETHOCTI OKPEMUX XiMiYHUX PEYOBUH HaB-
KOJIMIIIHBOTO CEepeloBMIIA O 3POCTaHHS 4YacTOTHU
PIII3, 3anuiaeTbcsa 0OMeEKEHOIO.

ITpuBeneHuit aHaTi3 JTaHUX JIITEPATypU CBITYUTH PO
HEOOXiAHICTh MOTJMOJIEHOr0 BUBYECHHS BIUIMBY KOMII-
JIGKCY HETaTMBHUX YMHHUKIB HOBKIJUISI, BKIIOYAIOUN
iOHi3yl0Ue OINMPOMiHEHHSI, €CTPOT€HHi PyHHIBHUKU
(mectuumau), Ha pu3uK BUHUKHeHHs PII3 B momy-
JISLIi1 B LiJIOMY Ta IpyIax HaceJeHHs, sSIKi MOCTpaXKaaaiu
BHacJ1in0K YopHOOUIbCHKOT aBapii.

META JOCJIIJIZKEHHA

OuiHka pu3uKy 3axBoproBaHocTi Ha PIII3 HaceleHHs
YKpainu y 3B’13Ky 3 10ro onmpoMiHeHHSIM OITagaMM pa-
JIi0aKTUBHOTO oay YopHOOMILCHKOTO MOXOMXKEHHS Ta
3aCTOCYBAHHSIM MECTULMAIB Y CiIbChKOTOCIIOAAPChKO-
MY BUPOOHMILTBI KpaiHU.

MATEPIAJIN 1 METOJIN

O0G’exTaMu JOCTIIKEHHS Oy

1. TToxka3zHuku 3axBoproBaHocTi Ha PII[3 HaceneHHs
Ykpainu y 2001-2019 pp. [Ixepeno iHdpopmarliii — go-
Oipka mopiyHMX OIOJIETEHIB Ta iHIIMX MyOJiKamii
HauionansHoro kaHuep-peectpy Ykpainu (HKPY) 3a
19-piuHuii mepioa yacy.

2. 3axBoproBaHicTb Ha 3H pi3HUX rpyn HaceaeHHST YK-
painu. JIxepeno iHdopwmallii: HaykoBuii 3BiT «Emine-
MioJIOTiuHEe AOCHiIKEHHS (DOpMYBaHHSI PU3UKIB 3J10-
SIKICHUX HOBOYTBOPEHb y TpYyIIaxX IOCTpaKIaanux BHa-
caimok asapii Ha YAEC (1990—2019 pp.)» [17].
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trichloroethane (DDT and its metabolite dichloro-
diphenyldichloroethane (DDD)), an insecticide
that has been widely used for 70 years, including in
individual households in Ukraine to control potato
pests, as well as perchlorates, which are components
of rocket fuel and household detergents. At the
same time, while the distribution of DDT is uni-
formly global character and less affect by statistical
dependencies, the presence of perchlorates in the
environment influenced by former military facili-
ties, in particular in Mykolaiv and Zhytomyr
regions. It is show that in addition to the physiolog-
ical effects of estrogens, these hormones are
involved in the process of most cases of breast, ovar-
ian, uterine and thyroid cancer in the body in case
of endocrine regulation disorders [16].

Despite the abundant evidence of the harmful
effects of endocrine disruptors on the thyroid gland,
the number of epidemiological studies examining
the relationship between exposure to these chemi-
cals and the incidence of thyroid cancer, as well as
studies focusing on the involvement of individual
environmental chemicals in the increase of the thy-
roid cancer incidence, remains limited.

The presented analysis of the literature data indi-
cates the need for an in-depth study of the impact of
a complex of negative environmental factors,
including ionizing radiation, estrogenic disruptors
(pesticides) on the thyroid cancer risk in the gener-
al population and population groups affected by the
Chornobyl accident.

OBJECTIVE

To estimate the risk of thyroid cancer incidence in
the population of Ukraine in connection with its
exposure to radioactive iodine fallout of Chornobyl
origin and the use of pesticides in agricultural pro-
duction in the country.

MATERIALS AND METHODS

The objects of the study were:

1. Incidence rates of thyroid cancer in the popula-
tion of Ukraine in 2001—2019. The source of infor-
mation is a selection of annual bulletins and other
publications of the National Cancer Registry of
Ukraine (NCRU) for a 19-year period.

2. The incidence of malignant tumors among differ-
ent population groups in Ukraine. Source of informa-
tion: scientific report «Epidemiological study of the
formation of risks of malignant tumors in groups af-
fected by the Chornobyl accident (1990—2019)» [17].
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3. CepenHi obnacHi morauHyTi 113 1031 onpoMiHeH-
Hs. Ixxepeno iHpopMauii — HalioHanbHa J0MOBiab.
JABagugaTh m’ITh pokiB YopHOOMILCHKOI KaTacTpodu.
Besneka maiioyrHroro. Kuis: KIM, 2011. 356 c. [18].
4. O0csrY 3aCTOCYBaHHS Pi3HUX TPYIT MECTULIUIIB B 00-
JacTsax Ykpainu. JIxepeno iHpopMauii: HatioHanbHMU
orsig «EHIOKpUHHI pylHIBHUKY B YKpaiHi: CTaH Mpo0-
JIeMU Ta IIUISIXU 11 BUpillleHHsT» / 3a ped. A. M. Cepaioka,
. A. basuku ta in. Kuis: Menindopwm, 2018. 156 ¢. [19].

Y noToyHOMY AOCHiAXEHHI IJ1s1 BUKOHAHHS po3pa-
XYHKiB BUKOPUCTaHIi JaHi Ipo cepeaHbOOOJACHI 1031
onpomineHHs 'l muronoaionoi 3ano3u (I13) [18].

71 OLiHKY 3B’SI3KY TaKUX €HJAOKPUHHUX PYHHIBHU-
KiB, SIK TIECTULIMOM, 3 pPiBHEM 3aXBOPIOBAHOCTI Ha
PII13 Bukopucrani nati [19]. [1pu mpoBeaeHHi po3pa-
XYHKiB BUKOPUCTaHi LIU(POBi JaHi ITpo 3arajibHi 00CsI-
TY 3aCTOCYBaHHS MECTULMIIB, MOCIBHI IO 0obyac-
Teil YKpaiHU Ta YMCeJIbHICTb HACEJeHHS Y KOXHii 00-
Jacti. st po3paxyHKiB iHTEeHCUMBHOCTI 3aCTOCYBaHHSI
NEeCTULMAIB 3aCTOCOBAaHI iHTEHCUBHI ITOKa3HUKU, BU-
paxeHi (hopmyJioro 1poody:

necmuyudu (xe) / W;oa (n) xnaowa (ea)

JouinbHiCTh 3aCTOCYBaHHS 11i€l OPMYINU OOTPYHTO-
BYETBCS THUM, 110 BOHA € ITOXiITHOIO IBOX ITOKA3HUKIB
IHTEHCUMBHOCTI 3aCTOCYBaHHS IECTULIMAIB. HA OJUHU-
10 iCHYIOUOi TTOCiBHOI TITOIIi (Ta) Ta HAa OMHOTO METIIl-
KaHIg KOHKpeTHO1 obnacTi. [ToTiM oTpumaHi mokas-
HUKM TIEPEMHOXYBAJINUCh Ta 3 OTPMMAHOIO HOOYTKY
BUJIy4aBCSI KBaIpaTHUI KOPiHb.

CyTTEBOIO YacTKOIO poboTtm OyB KapTorpadiuHmii
aHami3 posmnoniny sk ¢akropianbHuUX (panmiamiiiHa
CKJIaJoBa, MECTULUAN) TaK i pe3yJbTaTUBHUX MOKa3-
HUKIB 3axBoproBaHocti Ha PII3. I1a AP Kpum, Jlo-
HeubKol Ta JlyraHCchbKOi 00JacTeli MOKa3HUKU 3aXBO-
proBaHocTi Ha PII3 y 2001—-2019 pp. ckiaganucsk i3
JIBOX 4YaCTMH:. peaJbHUX LMGPOBUX BEJIWMYUH 3a
2001-2013 pp. Ta po3paxyHKOBUX OLIHOK ILISIXOM
ekcrpanosuii y 2014—2019 pp.

PE3VIJIBTATU JOCJIJI2KEHb

s BidyaJlbHOI OLIIHKM TePUTOpiaJIbHUX OCOOJIMBOC-
Teli pO3MOALTY 103 OMPOMIHEHHSI HACEJIeHHs Pi3HUX
perioHiB YKpaiHM BUKOPHUCTAaHO KapTorpamMy piBHS
3a0pyaHeHHs 'l BHacmigok aBapii Ha YAEC y obnac-
HOMY po3pi3i Ykpainu [18] (puc. 1).

IIpuBeneHa kapTorpama CBiIUUTb, 11O Y S5 MiBHIYHUX
obnacTax YKpaiHu criocTepiraBcsi HaliBUILIN# piBeHb ce-
penHboobmacHuX norHeHux I3 103 ompomiHeHHS:
BHACJIIIOK 3a0pyIHeHHS onagaMu *'1, sKkuii mepeBUIIB
35 mIp ( Yepkacorka — 49 mIp, Yepniriscbka — 50 mlp,

3. Average regional radiation doses absorbed by the
thyroid gland. The source of information is the
National Report. Twenty-five Years of the Chor-
nobyl Disaster. Safety of the Future. Kyiv: KIM;
2011. 356 p. [18].

4. Volumes of application of different groups of pes-
ticides in the regions of Ukraine. Source: National
review «Endocrine disruptors in Ukraine: the state
of the problem and ways to solve it» / A. Serdyuk, D.
Bazyka et al. Kyiv: Medinform; 2018. 156 p. [19].

Data on average regional doses of "'l exposure to
the thyroid gland were used to perform calculations
in the current study [18].

Data from [19] were used to assess the association
of such endocrine disruptors as pesticides with the
thyroid cancer incidence. The calculations were
based on digital data on the total volume of pesticide
use, sown areas of Ukrainian regions, and popula-
tion in each region. To calculate the intensity of pes-
ticide use, intensive indicators expressed by the frac-
tion formula were used:

pesticides (kg) / Vpersons (n) x area (ha)

The expediency of using this formula is justified
by the fact that it is the derivative of two indicators
of pesticide application intensity: per unit of exist-
ing sown area (ha) and per capita in a particular
oblast. Then, the obtained indicators were multi-
plied and the square root was removed from the
product.

A significant part of the work was a cartographic
analysis of the distribution of both factor (radiation
component, pesticides) and outcome indicators of
thyroid cancer incidence. For the Autonomous
Republic of Crimea, Donetsk and Luhansk oblasts,
the incidence rates of thyroid cancer in 2001—-2019
consisted of two parts: real digital values for
2001—-2013 and calculated estimates by extrapola-
tion in 2014—2019.

RESEARCH RESULTS

For visually assess the territorial features of the dis-
tribution of radiation doses to the population of
different regions of Ukraine, a cartogram of the
level of "'l contamination due to the Chornobyl
accident in the regional context of Ukraine was
used [18], (Fig. 1).

This cartogram shows that five northern regions of
Ukraine had the highest level of average regional
thyroid doses absorbed by "'l fallout, which exceeded
35 mGy (Cherkasy — 49 mGy, Chernihiv — 50 mGy,
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Figure 1. Average regional thyroid absorbed radiation doses (mGy) of the population of Ukraine's regions
due to the Chornobyl accident
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Figure 2. Intensity of pesticide use (in terms of area and population) in the regions of Ukraine in 2001-2012
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PiBHeHCchKa — 62 MIp, KuiBcbka — 71 MIp, 2Kuromupcs-
ka — 81 mIp).

IeorpacdiuHe Bima3epKaaeHHSI TepUTOpPiaIbHUX OCO0-
JIMBOCTEl IHTEHCUBHOCTI 3aCTOCYBaHHS TMECTULIMIIB Y
po3pi3i obsacTelt BimoOpaXkeHo Ha KapTorpami puc. 2.

Kaprorpama 3acBimuye iCHyBaHHSI TMEBHUX TepHU-
TOpiaJIbHUX BiIMIHHOCTE iIHTEHCUBHOCTI 3aCTOCYBaHHSI
MEeCTULUAIB Ha TepuTopili YKpaiHM, IO MOXe OyTHu
MOB’13aHO 3 OCOOJMBOCTSIMU CLIBCHKOTOCIOAAPCHKOTO
BUPOOHMIITBA BiIMOBIAHO 10 KJIiMaTUYHO-reorpapiyHmux
Ta BUPOOHMUYO-EKOHOMIYHUX YMOB TOCHOJApIOBAHHS
(muB. puc. 2). HaitGinbin iHTeHCMBHE 3aCTOCYBAaHHS T1eC-
TULIMAIB MaJIo MiClIle Y cepenHili reorpacivyHiii monoci Yk-
painu: XMeabHULbKiN, BiHHubkii, Yepkacokiit, Kipo-
Borpanacekiii, [Tonrascekiit, Cymchkiii obmactsx. Koedi-
LiEHT iIHTEHCUBHOCTI 1X 3aCTOCYBaHHSI CTAHOBUB Bif 1 10
1,23. Hemwo Hyxxyi nmokazHuku — 0,70—0,99 BigmiveHi y
TepHominbChKiil Ta TPbOX MiBAEHHUX perioHax: MHUKo-
JaiBchbKil, XepcoHChKiil obaactsax Ta AP Kpum. ¥V nepe-
BakHOI OUIbIIOCTI oOacTeil miBHOYI: PiBHeHCHKIl, 2Ku-
TOMUpPCHKil, KuiBchbKiil, YepHIriBcbKiii, y SIKUX CIOC-
Tepirajych HAMBUILINI piBeHb 3a0pyaAHEHHS onagaMu '],
KoeilliEHT iHTEHCUBHOCTI 3aCTOCYBaHHS TICCTUIINIIB
cknaB 0,5—0,69 ymoBHMX oguHULIb. TOOTO 1€ Binnosinae
PiBHIO 3aCTOCYBaHHS MECTULIMIIB, OJIM3bKOMY 0 CEpel-
Hboro. Taky caMy iHTEHCUBHICTb BigMiueHO B OJeChKiii,
YepHiBelibKiii 00JIACTSIX Ta TPbOX OOJACTSIX CXOLY Ta
miBAHS: XapKiBCbKili, JHIiMponeTpoBCchKiil Ta 3amopi3b-
Kiii. HalimeHmmii koedilieHT iHTEHCUBHOCTI 3acTOCY-
BaHHs nectuuuaiB — 0,20—0,49 BinMiueHO Ha KpailHLOMY
cxoli Ta 3axoni KpaiHu: JloHeubkKiid, JIyraHchbkiii, Bo-
JIMHCBKIM, JIbBiBCBHKill, IBaHO-MPpaHKiBChKi Ta 3akap-
MaTChKiil o0macTsx.

Pe3ynbraTuBHI MOKAa3HUKU MOCHIAXKEHHS, SIKUMU €
piBeHb Ta AUHAMiKa 3aXBOPIOBAHOCTI HaceJeHHs1 YKpaiHU
Ha PII3, mpencrasneHi Ha pucyHky 1 [17]. 3axBopio-
BaHicTh Ha PIII3 B moaBapiliHuii nepioa xapakTepusyBa-
JIachb HU3bKMMM Moka3zHuKamu (1—2 Bumaaku Ha 100 000
HaceJIEHHs) 1 ITOCTYITIOBUM 3POCTaHHSIM BITPOIOBXK 1962—
1979 pp. (puc. 3). Iliciasa aBapii Ha YAEC Temmnu 3pocTaH-
Hs 3HaYHO npuckopunucs. ITokaznuku 2012—2019 pp. y
JKiHOYOI1 monyJsiii Oysu B 4 pa3u, a B 40J0BiUoi — y 3 pa-
31 BUIMMU 32 OUiKyBaHMIA CITIOHTAHHUI pPiBEeHb.

Cepen MOXJIMBUX TMPUYMH iHTEHCUBHOTO 3pOCTAaHHS
yactotu PIII3, nepiu 3a Bce, cif po3risigati BIUIMB pa-
JialifHo1 cKi1amoBoi. Pe3yasratu TpUALUSTUPIYHOTO MO-
HiTopuHry yactot PIL3 3 ypaxyBaHHSIM cepeaIHbOOO-
JlacHuX 103 ornpoMiHeHHs I3 imocTpye pucyHok 4, ne
MPOAEMOHCTPOBAHO MMOKA3HUKM PiBHS Ta JUHAMIKI 3aX-
BoproBaHocTi Ha PIII3 aBox rpym HaceneHHs1 YKpaiHu:
MEILLKAHLIB PErioHiB 3 BITHOCHO BUCOKUMM CEPeIHbO00-

Rivne — 62 mGy, Kyiv — 71 mGy, Zhytomyr —
81 mGy).

Cartogram on the Fig. 2 shows the geographical
reflection of the territorial features of the intensity
of pesticide use in the context of regions.

Cartogram shows that there are certain territorial
differences in the intensity of pesticide use in
Ukraine, which may be related to the peculiarities
of agricultural production in accordance with cli-
matic and geographical, production and economic
conditions (see Fig. 2). The most intensive use of
pesticides took place in the middle geographical
area of Ukraine: Khmelnytskyi, Vinnytsia, Cher-
kasy, Kirovohrad, Poltava and Sumy regions. The
intensity coefficient of their use ranged from 1 to
1.23. Somewhat lower rates of 0.70—0.99 were
recorded in Ternopil and three southern regions:
Mykolaiv and Kherson regions and the Autono-
mous Republic of Crimea. In the vast majority of
northern regions: Rivne, Zhytomyr, Kyiv, Cher-
nihiv, which had the highest level of "*'I fallout con-
tamination, the intensity coefficient of pesticide
use was 0.5—0.69 conventional units. This corre-
sponds to a level of pesticide use close to the aver-
age. The same intensity was observed in Odesa and
Chernivtsi regions and three regions in the east and
south: Kharkiv, Dnipro, and Zaporizhzhia regions.
The lowest pesticide application intensity coeffi-
cient — 0.20—0.49 — was recorded in the far east
and west of the country: Donetsk, Luhansk, Volyn,
Lviv, Ivano-Frankivsk, and Zakarpattia regions.

The results of the study, namely the level and
dynamics of thyroid cancer incidence in Ukraine,
are shown in Figure 3 [17]. The thyroid cancer
incidence in the pre-accident period was charac-
terized by low rates (1—2 cases per 100,000 popu-
lation) and a gradual increase during 1962—1979.
After the Chornobyl accident, the growth rate
accelerated significantly. The rates in the female
population were 4 times and in the male popula-
tion 3 times higher than the expected spontaneous
level in 2012—2019.

To analyze the possible causes of the intensive
increase in the thyroid cancer incidence the impact
of the radiation component should be considered
first. Figure 4 illustrates the results of thirty years
monitoring of the thyroid cancer incidence, taking
into account the average regional doses of thyroid
irradiation. It demonstrates the level and dynamics
of thyroid cancer incidence in two groups of the
Ukrainian population: residents of regions with rel-
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Figure 3. Thyroid cancer incidence and dynamics among males and females in Ukraine in 1962-2019
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Figure 4. Thyroid cancer incidence and dynamics in the population of Ukrainian regions, taking into account
the value of the average regional doses of thyroid irradiation (> 35 mGy and < 35 mGy)

JacHuMHu no3amu ornpoMiHeHHs I3 pamioaktTuBHUM  atively high average regional doses of thyroid exposure
mogom (mo3u > 35 mIp) — XKuromupcbka, KuiBch-  to radioactive iodine (doses > 35 mGy) — Zhytomyr,
ka, PiBHeHcbKa, Uepkacbka, UepHiricbka oonacti Ta  Kyiv, Rivne, Cherkasy, Chernihiv regions and the city
M. KuiB, i pemtir oomacteit Ykpainm (mo3u < 35 mIp).  Kyiv, and other regions of Ukraine (doses < 35 mGy).
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Figure 5. Territorial differentiation of the incidence of thyroid cancer in Ukraine in 2001-2019 (standard-

ized rates per 100,000 inhabitants)

PucyHok 4 cBiguuTh Tpo iCHyBaHHS OiJIbII BUCOKOTO
piBHsI 3axBoproBaHOCTI Ha P13 xXiHOYOTO Ta 40JIOBiYO-
ro HaceJeHHs MiBHIYHUX TEPUTOPiA YKpaiHU 3 cepeaHb-
oobnmacHUMHU no3aMmu orpomideHHs I3 > 35 wmlp
MOPiBHSIHO 3 MOKa3HUKAMU PEIITH o0iacTelt 3 piBHSIMU
1103, HIoK4rMu 3a 35 MIp. TpeHaoBi Moziesti TaKOX KOHC-
TaTyIOTh OLIbII BUCOKI TEMIIU 3POCTAHHS MOKA3HUKIB y
MiBHIYHMUX 00JIACTSIX Ta CTATUCTUYHO 3HAUYYLLY Pi3HUILIIO
(p <0,01) Mixx KoediuieHTaMu perpecii. AHaIi3 LIUX T0-
Ka3HUKIiB Y po3pi3i OKpeMHUX 00IacTeil BUSIBUB OCOOJIN-
BOCTi AMHAMiKM 3pOCTaHHS, 1110 3aCBiTYMIN 3pOCTaHHS
3axBoproBaHocTi Ha PIL[3 B ycix obmactax Ykpainu, 6e3
BUHSTKY, XO4ya MpPU ILIbOMY CIIOCTEPIira€Thcsl CyTTEBA
PI3HULISA 32 TEMMaMU 3pOCTaHHSI B OKPEMUX PerioHax.

Menuko-reorpadiuyHy TepuTopiaabHy AudepeHLia-
wiro yacroru PLI3 B Ykpaini y 2001-2019 pp. nemoH-
CTpYE puc. 5.

HaHi kapTorpaMu CBig4yaThb MpPO OCOOJIUBOCTI TEpU-
TOPiaJILHOTO PO3MOAiAY obsacTeil 3 BUCOKUMM, Ce-
peIHIMM 1 HU3BKUMM ITOKa3HUKAMU 3aXBOPHOBAHOCTI
Ha PII3. Cepenniii 1151 BCiel KpaiHU IMTOKa3HUK CTaHO-
BUTL 5,10 x 1073,

Bucoki (> 8 x 107°) moka3sHMKM 3aXBOPIOBAHOCTI
BimMmiveHi y MemkaHuiB BinHuubkoi — 8,28 x 107,

Figure 4 shows that there is a higher thyroid cancer
incidence in the female and male population of the
northern territories of Ukraine with average regional
doses of thyroid irradiation > 35 mGy compared to the
rest of the regions with lower dose levels < 35 mGy.
Trend models also show higher growth rates in the
northern regions and a statistically significant differ-
ence (p < 0.01) between the regression coefficients.
The analysis of these indicators in the context of indi-
vidual regions revealed peculiarities of the growth
dynamics, which showed an increase in the thyroid
cancer incidence in all regions of Ukraine, without
exception, although there is a significant difference
in the growth rate in individual regions.

Figure 5 demonstrates the medico-geographical
territorial differentiation of the thyroid cancer inci-
dence in Ukraine in 2001—-2019.

The data on the cartogram in Fig. 5 shows the
specifics of the territorial distribution of regions
with high, medium, and low rates of thyroid cancer
incidence. The average rate for the whole country is
5.10x 107

High (> 8 x 10) incidence rates were observed in
residents of Vinnytsia — 8.28 x 10, Sumy — 8.36x 10,
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CymMmcbkoi — 8,36 x 10, XepcoHcbkoi — 9,10 x 10°°, Kuis-
cbkoi — 12,68 x 10° obnacteit Ta M. Kuepa — 13,83 x 107,
Cepen miepenriueHnX perioHiB Tiabkn KniBchka 001acTh
Tta M. K1IB BiTHOCSTHCS 1O TEPUTOPIli iHTEeHCUBHOTO pa-
nianiiHoro 3a6pyaHenHsa 1. Yei inmi, pasoMm 3 Yep-
HiriBcbkoio — 7,36 x 10° ra Uepkacbkowo — 7,54 x 1073,
y SIKMX BiIMiueHO iHTeHcUBHe 3a0pymHeHHs "*'I, Hae-
KaTh A0 PETiOHIB MepeBaXkKHO CiIbChbKOTOCIIOAAPChKOTO
npodiao HapoaHoro rocrmogapcTBa. BiHHUIbKA,
CymMmcbka, XepcoHcbKa 00J1acTi, Ae BiAMiueHO BUCOKUI
piBeHB 3axBopioBaHocTi Ha P13, HanexkaTh 10 perioHiB
MepeBaXKHO CiIbChKOTOCIIOAAPChKOI Opi€HTALlii HapOI-
HOTO TOCITOJApCTBa Ta BUCOKOIO PiBHS 3aCTOCYBaHHS
MNEeCTULIMAIB.

Bcynepeu ouikyBaHHIO, ITOPiBHSIHO HEBUCOKI MOKA3HU -
KM 3aXBOPIOBAHOCTIi BU3HAYAlOThCS y HaceleHHs Bo-
JUHCBKOI — 2,23 x 107, PiBHeHCBHKOI — 4,25 x 10 Ta 2Kuro-
MupcbKoi — 6,81 x 10 obiacreii 3 MigBUILIEHUM piBHEM
omazniB "'I, sIKi 10 TOTO X HaJIeXaTh 10 HomoAehillUTHAX
TEPUTOPIIA.

YV BUCOKOiIHAYCTpiali30BaHUX 00JACTSIX 3 MOPiBHSHO He-
BEJMKMMH cepeIHboo0IacHUMU no3amu 'l — 4,5—8,8 mIp
3axBoproBaHicTh Ha P13 peecTpyeThest Ha BUILIOMY 3a ce-
pemHiii o KpaiHi piBHi: y JloHewbKiit — 6,55 x 107, JIHinpo-
MeTPOBCHKii — 6,48 x 1073, 3amopisbkiii — 6,93 x 107,

V niBaeHHil rpyni o61acTeit 3 BiTHOCHO HEBEJIMKUMU
cepeaHbOOOIACHUMU 103aMM oTipoMiHeHHS (5,1—12MmID)
piBeHb 3axBopioBaHocTi Ha PII[3 OyB OGAM3BKUM 10
CepPEIHbOTO 3HAUEHHS IO KpaiHi: MuKoJaiBChbKill —
5,04 x 107, Onecekiit — 5,28 x 105, AP Kpum — 5,87 x 10,

Husbkuii piBeHb 3aXBOPIOBAHOCTI BiIMiU€HO Y 3axii-
HUX 00JIacTsIX, Ie¢ MOKa3HUKU CepeIHbOOOJACHUX 103
omnpoMiHeHHs1 — 2,7—6,7 mIp MaloTh HaiiMeHIIe 3Ha-
yeHHs: 3akapratcekin — 1,55 x 107, IBaHo-®pan-
KiBChKiit — 2,39 x 10, YepHiBenpkiii — 2,68 x 10, Tep-
HOMUIBCBKIA — 3,52 x 107, a Takox cxigHii JlyraHcobkii
ooutacti — 2,87 x 107,

ITpuBeneHi gaHi, sIKi AEMOHCTPYIOTh BEJIMYUHU (haK-
TOpiaJlbHUX Ta pe3yJbTaTUBHUX O3HAK JAlOTh ITiJACTaBU
JIJIS TIPOBEIEHHSI PO3PaXyHKIiB LIITBHOCTI 3B’ SI3KY IMMOMIX
Humu. Le imocTpyeThes KoedilieHTaMU KOopesiii, 110
XapaKTepU3YIOTh IIIbHICTb 3B’SI3KY MiX pe3yJbTaToM i
BimmmoBigHUM fditounM ¢akTopoM. Po3paxoBaHumii Ko-
edillieHT Kopelslii MiX cepeIHbOOOJACHUMU H03aMU
OIPOMiHEHHS Ta piBHeM 3axBopioBaHocTi Ha PII3
ckiaB — 0,4187 (p < 0.05). OTpumaHuii pe3yabTaT Iij-
TBEPIKYE iCHYBAaHHSI ITOCTOBIpHOTO 3B’SI3KY MiX Ce-
penHbooONMacCHUMM Jo3aMu omnpomiHeHHs I3 Ta
piBHeM 3axBoproBaHocTi Ha PIII3.

3 MeTO10 MOIIYKY UMOBIpHOI CKJ1aa0BO1 Y (POpMYBaHHi
piBH# 3axBopioBaHocTi Ha PLI3 3xilicHeHi po3paxyHKu

Kherson — 9.10 x 107, Kyiv — 12.68 x 10~ regions
and Kyiv — 13.83 x 10, Among these regions, only
Kyiv region and the Kyiv city belong to the areas of
intensive radiation contamination with "*'I. At the
same time, in some areas contaminated with '*']
radionuclides, there are not such high thyroid can-
cer incidence (in Chernihiv Oblast — 7.36 x 107
and Cherkasy Oblast — 7.54 x 10). The latter are
areas of predominantly agricultural economy.
Vinnytsia, Sumy, and Kherson oblasts, which have
a high thyroid cancer incidence, are regions with a
predominantly agricultural economy and a high
level of pesticide use.

Contrary to expectations, relatively low inci-
dence rates are found in the population of Volyn
(2.23 x 107%), Rivne (4.25 x 10°), and Zhytomyr
(6.81 x 10) regions with high precipitation''l,
which also belong to iodine-deficient areas.

In highly industrialized regions with relatively low
average regional doses of "'l (4.5—8.8 mGy), the
thyroid cancer incidence is registered at a level high-
er than the national average: Donetsk — 6.55 x 1073,
Dnipropetrovs’k — 6.48 x 107, Zaporizhzhya —
6.93x10°.

In the southern group of regions with relatively
low average regional doses (5.1—12 mGy), the thy-
roid cancer incidence was close to the national
average: Mykolaiv region — 5.04 x 107, Odesa
region — 5.28 x 10°%, and the Autonomous Republic
of Crimea — 5.87 x 107,

A low incidence rate was noted in the western
regions, where the average regional doses of 2.7—
6.7 mGy are the lowest: Zakarpattia — 1.55 x 107,
Ivano-Frankivsk — 2.39 x 107, Chernivtsi —
2.68 x 107, Ternopil — 3.52 x 10, and eastern
Luhansk — 2.87 x 107,

The given data, which demonstrate the values of
the factorial and effective signs, provide grounds
for calculating the density of the connection
between them. This is illustrated by correlation
coefficients characterizing the density of the con-
nection between the result and the relevant operat-
ing factor. The calculated correlation coefficient
between the average regional radiation doses and
the thyroid cancer incidence was 0.4187 (p < 0.05).
This result confirms the existence of a significant
relationship between the average regional doses of
thyroid irradiation and the thyroid cancer inci-
dence.

In order to search for a possible component in
the formation of the thyroid cancer incidence, we
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Ta6nmusa 1

KopenAauiitHuit 38’A30K NOMiXK NOKa3HMKaMM 3aCTOCYBaHHA necTMUMUAIB Ta piBHeM 3axBoploBaHoCTi Ha PLI3 B
VkpaiHi

Table 1

Correlation between pesticide use and the rate of the thyroid cancer incidence in Ukraine

lpyna nectuumpis MoTouHi po3paxyHku r p Pospaxynku [19] r p
Group of pesticides Current calculations r Calculations [19] r

®yHriuman / Fungicides -0,0667 > 0,05 0,180 >0,05
lep6iuvam / Herbicides 0,4369 <0,05 0,512 <0,05
IHcekTmumay / Insecticides 0,4244 <0,05 0,441 < 0,05
Pasom / Total 0,4597 <0,05 0,491 <0,05

MOKAa3HUKIiB KOpeJsslil MiX iHTEHCHBHICTIO 3aCTOCY-
BaHHS ITIECTULIMAIB Ta piBHEM 3aXBOPIOBAHOCTI Ha
PII3. [eit mokasuuk ckianae — 0,4597 (p < 0,05), mo
CBiIUUTH MPO JOCTOBIPHUIA 3B’SI30K MixX aHaJli30BaHU-
MU ckJagoBumu. OKpiM TOro, BUKOHAHi pO3paxyHKU
BEJIMYMHU TIOKA3HUKIB KOPEslil 3aXBOPIOBAHOCTI Ha
PIII3 ta okpeMuMy BUAaMU NECTULIMAIB, 1110 BUKOPUC-
TOBYIOTbCSI Y HAPOAHOMY TOCIIOAAPCTBI KpaiHu. OTpu-
MaHi pe3yJbTaTy MOPiBHSIHHI 3 pO3paXyHKaMu, MpUBe-
JeHNMH y Tryomikarii [19], (tadm. 1).

IIpuBeprae yBary nogiOHiCTh OTpMMaHUX Pe3yIbTaTiB
y 000X cepisix po3paxyHKiB. BcTaHOBIEHO BiACYTHICTh
JIOCTOBIpHOIO 3B’SI3Ky MiX 0O0cCsIraMM 3aCTOCYBaHHS
¢yuTiumais i 3axpopioBaHicTio Ha PII3. [TomMix 3acTo-
CYBaHHSM JBOX iHIIWX BUIIB MECTULIMAIB — repoilunaiB
Ta iIHCeKTULMIIB i 3axBoproBaHicTio Ha P13 icHye moc-
TOBipHUIA 3B’ 430K (p < 0,05). Taka cama 3a71eXHiCTb ic-
HY€ ILIO0AO0 BCIX CyMapHO BHU[IiB MECTULMAIB i piBHEM
3axBoproBaHocTi Ha PIII3.

IToMiTHa pi3HUL HU(PPOBUX MOKA3ZHUKIB y HAIUX
po3paxyHKax Ta gociiaxkeHHi [19] moxe OyTu noB’s13a-
Ha 3 BUKOPUCTAaHHSIM Y IOTOYHOMY AOCJiI>)KEHHI Kope-
KTHUX, 3 HAaIllOl TOYKM 30pYy, MOKA3HUKIiB iHTEHCUB-
HOCTi 3aCTOCYBaHHS MECTULIMAIB Ha MPOTUBAry Ipak-
TULIi 3aCTOCYBaHHS AJ1s1 PO3paXyHKiB MOKA3HUKIB Ba10-
BUX OOCSITIB.

IinbHICTb CMiJILHOTO BIUIMBY aHaTi30BaHUX (haKTOPiB
JIa€ 3MOT'y OLIIHUTU KOe(illiEHT MHOXKXMHHOI KOPEJISLIil.
KoeilieHT MHOXMHHOI KopeJsuii (200 CyKyInmHUi KO-
edilieHT KopeJIsilii) 3a71eXKHOCTI piBHSI 3aXBOPIOBAHOCTI
Ha PIII3 Bim cepenHboobmacHuX 103 onpomiHeHHs L3
Ta IHTEHCUBHOCTI 3aCTOCYBaHHSI MECTULIMIIB JOPiBHIOE
0,5866 (p < 0,05), TO6TO Ma€ Miclie BUCOKA CTYIiHb JOC-
TOBIPHOCTI OTpPMMaHUX PO3PAXYHKIB.

YacTkoBuii (nmapuiaabHuil) KoedillieHT MHOXWHHOT
KOpeJslii XapakTepu3ye UIUTbHICTh 3B’SI3KY MiX pe-
3yJbTaTOM 1 BiIMOBiTHUM (PaKTOPOM MpPU YCYHEHHI
BIUIMBY iHINX (pakTopiB. MixX MOKa3HWKAMM 3aXBO-

calculated the correlation between the intensity of
pesticide use and the thyroid cancer incidence. This
indicator is — 0.4597 (p < 0.05), which indicates a
reliable relationship between the analyzed compo-
nents. In addition, we calculated the value of the
correlation between the thyroid cancer incidence
and certain types of pesticides used in the national
economy. We compared the results with the calcula-
tions presented in publication [19], (Table 1).

The similarity of the results obtained in both series
of calculations is noteworthy. There was no signifi-
cant relationship between the volume of fungicide
use and the thyroid cancer incidence. There is a sig-
nificant relationship between the use of two other
types of pesticides — herbicides and insecticides —
and the thyroid cancer incidence (p < 0.05). The
same relationship exists for all types of pesticides in
total and the thyroid cancer incidence.

The noticeable difference between the figures in
our calculations and the study [19] may be due to
the use of intensity indicators of pesticide use,
which to some extent individualize exposure to
these substances, taking into account the popula-
tion and the size of the sown area of the studied
regions. In contrast, the study [19] provides indica-
tors of gross pesticide use.

The density of the joint influence of the analyzed
factors makes it possible to estimate the multiple cor-
relation coefficient. The coefficient of multiple corre-
lation (or total correlation coefficient) of the depend-
ence of the thyroid cancer incidence on the average
regional doses of thyroid irradiation and the intensity
of pesticide use is 0.5866 (p < 0.05), i. e., there is a
high degree of reliability of the calculations obtained.

The partial coefficient of multiple correlation char-
acterizes the density of the relationship between the
result and the relevant factor when eliminating the
influence of other factors. Between the thyroid can-
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pioBaHocTi Ha PIII3 Ta cepenHbOOOJACHUMHU Ad03aMU
OINpOMiHEHHS (MPU YCYHEHHi BILUIMBY (hakKTOpy IeCTH-
LUAIB) LIeil moKa3HUK ctaHoBUTh 00,4502 (p < 0,05). Mix
noka3HuKaMu 3axBoproBaHocTi Ha PIII3 ta iHTeH-
CHBHICTIO 3aCTOCYBaHHSI TMECTULMIIB (MpUA YCYHEHHi
BIUIUBY (baKTOPY OMpPOMiHEHHS) BiH cTaHOBUTH 0,4761
(p < 0,05). OrpumaHi pe3ybTaTH CBiT4aTh PO OLIBIIY
BEJIMYMHY 4YacTKOBOTO (mapuiajlbHOro) KoedillieHTa
MHOXWHHO1 KOPEJIsLlii 3 KOXXHUM 3 aHali30BaHUX CKJla-
JTOBUX MPU YMOBI YCYHEHHS BIUIMBY iHIIIOrO aHasli3oBa-
HOTro (akKTOpy Ta BHCOKY HOCTOBIPHICTH OTPUMAaHUX
3HayeHb NMokKa3HuKiB. Ciin 3BaxaTu TaKOX Ha Te, 110
YUM OJIMKYE CYKYITHUM KoedillieHT Kopessilii 10 oau-
HULi, TUM MEHIIIAa POJb HE BpaXxOBaHUX y Mojaesi ¢ak-
TOpiB i TUM OiJblle IiACTaB BBaXaTu, 110 MapaMeTpu
perpeciiiHoi Mofesi BimoOpaxkaroThb CTYMiHb e(heKTUB-
HOCTIi (haKTOpiB, SIKi B Hill yKIaIeHi.

ITpoananizoBaHi (pakTOpU HEe BUYEPITYIOTh MOXKIMBUI
KOMIIIEKC HifounX (paKToOpiB i € BCi MiICTaB! IS TIOIITY-
Ky iHIIKX, 110 MOXYTb BIUIMBAaTU Ha (POpMYBaHHSI piBHSI
3axBoproBaHocTi Ha PII3 — nmpupoaHux, reHETUYHUX,
CoLliaJIbHUX i BAPOOHNYO-EKOHOMIUHUX.

BUCHOBKU

1. BigmiyeHO iCTOTHI perioHaIbHI BiAMiHHOCTI B 3aXBO-
p1oBaHOCTI HacejeHHs1 YKpaiHnu Ha PII3 3ano3u y
2001-2019 pp.

2. BuzHaueHoO icHYBaHHS JOCTOBIpPHOTO KOPEJSIifHOTO
3B’s13Ky IMOKa3HUKIB 3axBoptoBaHocTi Ha PIII3 B peri-
OHAaxX KpaiHW 3 BEJIMYMHOIO pafialliiHOTO OMpOMiHEHHS
I3, cipuumHeHoro aBapieio Ha YAEC.

3. BcraHoBEHO iCHYBaHHSI TOCTOBIpHOTIO KOPEJSIIiii-
HOTO 3B’SI3Ky ITOKa3HUKIB 3axBoproBaHOCTi Ha PII3 3i
CTYIEHEeM iHTEHCUBHOCTI BUKOPUCTAHHS MECTULIUIIB Y
CUILCbKOMY FOCIIOJAPCTBI 001acTeld YKpaiHu.

4. BcTaHOBJIEHO HOCTOBipHE 3HAUEHHS MMOKA3HUKIB CY-
KYITHOI Ta YaCTKOBOI MHOXWHHOI KOPEJIsLii MiX piBHS-
MU 3aXBOPIOBAHOCTI HaceJeHHs1 Ykpainu Ha PIII3 ta ce-
peIHbOOOJACHUMU A03aMU OINPOMiIHEHHS i MOKa3HUKA-
MM iHTEHCUBHOCTI 3aCTOCYBaHHS TECTULIU/IIB B CiJIbCh-
KOTOCIOJapChbKOMY BUPOOHUUTBI KpaiHu. CyKymHUA
KoediuieHT Kopesuii ckias r = 0,5866 (p < 0,05).

5. IIupokomacmrTabHa arpeciss Pocii i3 3acTocyBaHHSIM
apTuiepii, paKeTHUX TEXHOJIOTi Ta BAHUILEHHS IIPOMUC-
JIOBOI iH(PACTPYKTypy HEMUHYYE Bele MO MiIBUIIEHHS
PiBHSI ITEPXJI0PATiB Ta iHILMX €HIOKPUHHUX AU3PAITOPIB Y
JoBKiLli. IcHye HaraabHa HEOOXiOHICTh JOCIIiIKEHHS
BIUIMBY 1IMX Ta iHIIMX HE BpaxXoBaHUX (paKTOpPiB — TpH-
POAHUX, TEHETUYHUX, COLIATBbHUX i BUPOOHUYO-EKO-
HOMIYHMX YMHHMKIB, $IKi MOXYTb BifirpaBaTW iCTOTHY
poib y hopMyBaHHI piBHS 3axBoproBaHocTi Ha PLL[3.

cer incidence and the average regional doses of radi-
ation (when eliminating the influence of the pesti-
cide factor), this indicator is 0.4502 (p < 0.05). Be-
tween the thyroid cancer incidence and the intensi-
ty of pesticide use (when eliminating the influence
of the exposure factor), it is 0.4761 (p < 0.05). The
obtained results indicate a higher value of the partial
coefficient of multiple correlation with each of the
analyzed components, provided that the influence
of the other analyzed factor is eliminated, and the
high reliability of the obtained values of the indica-
tors. It should be borne in mind that the closer the
aggregate correlation coefficient is to one, the less-
er the role of the factors not taken into account in
the model and the more reason to believe that the
parameters of the regression model reflect the
degree of efficiency of the factors included in it.

The analyzed factors do not exhaust the possible
set of factors and there is every reason to search for
others that may influence the formation of the thy-
roid cancer incidence — natural, genetic, social,
industrial and economic factors.

CONCLUSIONS

1. There are significant regional differences in the
thyroid cancer incidence in Ukraine in 2001—-2019.
2. The existence of a reliable correlation between
the thyroid cancer incidence in the regions of the
country and the amount of radiation exposure to
the thyroid caused by the Chornobyl accident was
determined.

3. The existence of a reliable correlation between
the thyroid cancer incidence and the degree of
intensity of pesticide use in agriculture in the
regions of Ukraine was established.

4. A reliable value of the multiple correlation
r = 0.5866 (p < 0.05) and partial coefficients
between the incidence rates of the Ukrainian pop-
ulation with thyroid cancer and the average
regional doses of radiation and indicators of the
intensity of pesticide use in agricultural production
of the country were established.

5. Russia’s large-scale aggression with the use of
artillery, missiles and destruction of industrial infra-
structure inevitably leads to increase in the level of
perchlorates and other endocrine disruptors in envi-
ronment. There is an urgent need to study the influ-
ence of these and other factors not taken into
account i.e. natural, genetic, social and production-
economic ones, which can play a significant role in
formation of the incidence rate of thyroid cancer.
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