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In the article, a radiation-hygienic analysis of x-ray methods for researching the population of the Zaporizhzhia
Oblast is carried out to assess the state of radiation exposure of the population due to medical exposure. The dynam-
ics of the structure and frequency of X-ray examinations were analyzed. Individual and collective radiation doses of
the population were determined. Risks of population exposure from medical research are calculated.

According to the UNSCEAR and the ICRP, medical radiation makes the largest contribution to the radiation dose of
the world's population in situations of planned exposure and amounts to an average of 0.4 mSv per year. The number
of stochastic (probable) effects — cancer diseases in irradiated persons and hereditary diseases in their descendants
— is considered a measure of medical radiation's negative impact. To calculate the probability of stochastic effects,
the ICRP determined the average risk coefficient by gender and age, which for the entire population is 5.7-10-2-Sv-1.
The assessment of the level of damage from exposure assumes that as a result of exposure to an effective dose of 1
Sv of one thousand citizens, 57 people will have stochastic effects during their lifetime.

In recent years, there has been a tendency to reduce doses of exposure to the population due to medical X-ray
examinations, which is associated with a decrease in the country's population, a decrease in the number of examina-
tions and a partial replacement of analog devices with digital imaging systems. At the same time, the collective ef-
fective dose was 22.9 thousand manSv, and the absolute risk of additional cases of oncological diseases was 1485.6
per year. The collective effective dose of the population of Zaporizhzhia Oblast, due to X-ray studies, decreased from
2754.6 person-Sv in 2016 to 2180.3 person-Sv in 2020. X-ray and fluorography made the main contribution to this

dose.

The estimated risk of negative consequences for the population of Zaporizhzhia Oblast due to medical radiation
(ie, the number of oncological and genetic diseases) decreased from 157.0 cases in 2016 to 124.3 cases in 2020 over

5 years.

Key words: medical exposure of the population, X-ray diagnostic procedures, radiation-induced risk.

Connection of the publication with planned re-
search works. This work is a fragment of the scientific
research of the department of General Hygiene and
Ecology of the ZSMU, “Scientific substantiation and risk
management in the public health system”, state regis-
tration number 0117U006957.

Introduction. Medical radiation due to X-ray diag-
nostics and other ionizing radiation has a negative effect
on the human body. At the same time, the number of
stochastic (probable) effects — cancer diseases in irradi-
ated persons and hereditary (genetic) diseases in their
descendants — is considered to assess its negative im-
pact.

To calculate the probability of stochastic effects,
the ICRP determined the average risk coefficient by gen-
der and age, which for the entire population is 5.7-10
2.Sv! [1]. This means that due to exposure to an effec-
tive dose of 1 Sv of one thousand citizens, 57 people will
have stochastic effects during their lifetime. In this way,
the level of damage from exposure is assessed.

The use of ionizing radiation in medicine is wide-
spread throughout the world. According to the UN-
SCEAR and the ICRP, medical radiation makes the largest
contribution to the radiation dose of the world’s popula-
tion in situations of planned exposure [1, 2] and is an av-
erage of 0.4 mSv per year. At the same time, depending
on the state of health care in the country, it ranges from

1.2 to < 0.02 Sv (the better the state of health care, the
greater the number of x-ray examinations and, accord-
ingly, the radiation dose).

In recent years, population exposure for medical
purposes has been growing globally and is currently the
largest anthropogenic source of radiation exposure.

For example, in the USA, in 2006, during medical
procedures, the population received a dose of 3.1 mSy,
seven times higher than in the early 1980s [3]. In this
regard, medical exposure accounted for about half of
the total exposure dose to the US population from all
sources of exposure.

Scientists attribute this to an increase in high-dose
X-ray medical imaging procedures, specifically, X-ray
computed tomography (CT). It is estimated that as a re-
sult of CT examinations conducted in 2007 in the USA,
approximately 29,000 additional malignant tumors may
occur, significantly increasing the overall risk of medical
radiation.

In Ukraine, according to the Institute of Public Health
named after M.O. Marzeev of the National Academy of
Sciences of Ukraine, in the early 2000s, the population
radiation dose due to medical diagnostics amounted
to 0.5 mSv per year, which is equal to 7% of the entire
population radiation dose of Ukraine [4].

In recent years, there has been a tendency to de-
crease the doses of radiation to the population due to
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medical X-ray examinations, which is connected with
the decrease in the country’s population (2011 — 45.9
million people, 2017 — 42.6 million people), a decrease
in the number of studies and partial replacement an-
alog devices to digital imaging systems, for which the
effective radiation doses are lower. At the same time,
the collective effective dose amounted to 22.9 thousand
manSy, and the absolute risk of additional cases of onco-
logical diseases was 1485.6 per year [5].

The work aims to assess the radiation load state of
the Zaporizhzhia Oblast population due to medical ex-
posure and damage from radiation exposure.

Object and research methods. The article provides
a radiation-hygienic analysis of radiological methods for
researching the Zaporizhia Oblast population for 2016-
2020. In particular, the dynamics of the structure and
frequency of radiological examinations and individual
and collective radiation doses of the population were
analyzed. Calculated population exposure risks from
medical research.

Analytical, statistical, and computational research
methods were used in work. When calculating the effec-
tive radiation doses of patients, the results of research
by specialists of the SO «Grigoriev Institute for Medical
Radiology and Oncology of the National Academy of
Medical Sciences of Ukraine» [5]. Statistical data on the
number of studies are obtained from the annual reports
of medical institutions of the region, form No. 20.

The collective effective dose of Si for each type of
X-ray examination was calculated according to the for-
mula [6]:

S,=IEN,

where Ei is the average effective dose from the i-th
type of X-ray examination; Ni is the number of x-ray
studies of the i-th type of research.

Subsequently, the average values of the doses by
study groups were calculated.

The assessment of radiation risks of stochastic ef-
fects (RE) was carried out according to the formula:

R, =Sgrg,

where SE is the collective effective dose, Sv; r_is the
radiation effect risk factor (oncological and genetic dis-
eases), Zv'.

Research results and their discussion. According to
the order of reduction of the patient’s radiation dose for
one study, radiological procedures are divided as follows:
angiography, computer tomography, radioscopy, mam-
mography, fluorography, radiography, dentography [7].
Information on the structure and frequency of radiologi-

cal examinations of various types gives a certain charac-
teristic of the radiation load on the patient (table 1).

Analyzing the structure of radiological studies, it can
be stated that the percentage of high-dose computed
tomography increased from 1.27 in 2016 to 2.91 in 2020
over five years. The rate of radiography also increased
from 49.22 in 2016 to 55.59 in 2020.

At the same time, the percentage of high-dose radi-
ography decreased from 2.44 in 2016 to 1.96 in 2020.
The same trend is observed with high-dose fluorogra-
phy: a decrease from 33.02 in 2016 to 24.03 in 2020.

Characterizing the research frequency, it should be
noted that the total frequency of x-ray research per per-
son in 5 years decreased from 1.29 in 2016 to 1.08 in
2020. At the same time, the largest increase was due
to high-dose studies — radiography from 0.031 in 2016
to 0.021 in 2020 and fluorography — from 0.43 in 2016
to 0.26 in 2020. The decrease in the total frequency of
procedures can be explained by the COVID-19 epidemic,
during which there was an extended moratorium on
hospitalization and restrictions on providing second-lev-
el medical care to the population. To diagnose pneumo-
nia caused by the COVID-19 virus, the Ministry of Health
recommended conducting computed tomography,
which increased the frequency of computed tomogra-
phy from 0.016 in 2016 to 0.031 in 2020. Nevertheless,
during this time, the patient’s radiation doses decreased
(table 2).

Thus, the individual total effective dose due to medi-
cal radiation decreased from 1.58 mSv in 2016 to 1.31
mSv in 2020. At the same time, the dose decreased the
most due to radiography from 0.75 mSv in 2016 to 0.57
mSv in 2020, fluorography from 0.45 mSv in 2016 to
0.29 mSv in 2020, and radiography from 0.208 mSv in
2016 to 0.121 mSv in 2020.

At the same time, the radiation dose in patients
from the most high-dose studies increased: computed
tomography from 0.19 mSv in 2016 to 0.28 mSv in 2020
and angiography from 0.017 mSv in 2016 to 0.026 mSv
in 2020.

Based on the above, the collective effective dose
of the population of the Zaporizhzhya Region, due to
X-ray studies, decreased from 2754.6 manSv in 2016 to
2180.3 manSv in 2020. X-ray and fluorography made the
main contribution to this dose.

The estimated risk of negative consequences for the
population of the Zaporizhzhya Region due to medical
radiation (ie, the number of oncological and genetic

Table 1 — Structure and frequency of X-ray examinations of the population in the Zaporizhzhia Region

Structure (%) Frequency of studies per 1 person
> >
> > < > > > < >
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Years e o e | 58| ® 3 © = © o c | 58| ® 3 ©
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2016 49,22 | 33,02 | 11,04 | 1,27 2,80 | 2,44 | 0,21 1,29 0,63 0,43 | 0,142 | 0,016 | 0,036 | 0,031 | 0,003
2017 51,19 | 28,62 | 12,23 | 1,32 4,29 2,26 0,10 1,40 | 0,72 0,40 | 0,171 | 0,018 | 0,060 | 0,032 | 0,001
2018 46,34 | 27,12 | 17,77 | 1,42 5,48 1,77 0,09 1,52 0,71 0,41 | 0,271 | 0,022 | 0,084 | 0,027 | 0,001
2019 52,36 | 25,96 | 14,87 | 1,60 2,99 2,05 0,16 1,35 0,70 0,35 | 0,200 | 0,022 | 0,040 | 0,028 | 0,002
2020 55,59 | 24,03 | 12,59 | 2,91 2,72 1,96 0,20 1,08 | 0,60 | 0,26 | 0,136 | 0,031 | 0,029 | 0,021 | 0,002
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diseases) decreased from 157.0 Table 2 — Irradiation doses of the population of the Zaporizhzhia Region

cases in 2016 to 124.3 cases in and the risk of adverse consequences due to X-ray examinations
2020 over S.Vears' Individual effective dose, (mSv) g -
Conclusions E s S
> A =
The . total freqyency of > = g o Z = g £ N % S | S
radiological examinations for 5 | vears ) & © 22 & & g e o £ £ %
years decreased from 1.29 in 3 & g | g2 @ g ) g g9 | £8
2016 to 1.08 in 2020. The highest 3 3 S | 8§ g 3 £ = 2% | 2
frequency of x-ray examinations - = o
per person is radiography (0.60- | 2016 0,208 | 0,75 0,45 | 0,19 | 0,017 | 0,005 | 0,033 | 1,58 |2754,622| 157,0

8‘23 and fluorography (0.26- 7561570519 [ 0,77 | 0,44 | 0,16 | 0,016 | 0,003 | 0,024 | 1,63 |2816,940] 160,6

The collective effective dose 2018 | 0,208 | 0,75 | 0,45 | 0,19 | 0,017 | 0,005 | 0,033 | 1,66 [2851,558| 162,5
of the population of the Zapor- | 2019 | 0,185 | 0,73 | 0,38 | 0,20 | 0,026 | 0,004 | 0,016 | 1,55 |2624,049| 149,6

izhzhya Region due to X-ray re- | 2020 | 0,121 | 0,57 | 0,29 | 0,28 | 0,026 | 0,003 | 0,015 | 1,31 |2180,352| 124,3
search decreased from 2754.6
mansv in 2016 to 2180.3 manSv in 2020, which corre- Prospects for further research. Monitoring of radia-
sponds to all-Ukrainian trends. tion protection of patients, substantiation and optimiza-

The estimated risk of negative consequences for the  tion of the necessity to carry out radiological procedures
population of the Zaporizhzhya Region (i.e. the number  in medicine is quite relevant, in the future, it is planned
of possible oncological and genetic diseases) from X-ray ~ to develop and put into practice a methodical guide on
examinations decreased from 157.0 cases in 2016 to  issues of control and accounting of individual radiation
124.3 cases in 2020. doses of patients during medical radiation.
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OLIHKA PAAIALIAHO-IHOYKOBAHOT LLKOAW ONA HACENEHHA

3AMOPI3bKOi OBNIACTI 3A PAXYHOK MEAMUYHOIO OMNPOMIHEHHA

CeBanbHeB A. |, Kyuak A. B., KocteHeubkuii M. 1., Jlemewko /. T.

Pestome. CTaTTa NpMcBAYEHA OLiHL CTaHY A030BOro HaBaHTAXKEHHA HaCeNeHHA Bi4 MeANYHOro ONPOMIHEHHSA Ta
pO3paxyHKy WKoAM Big pagiauiiHoro Bnamey. Lle nuTaHHA Bia3HAYa€eTbcA 0cOB/IMBOIO aKTyasibHICTIO | MaE AocTaT-
HbO BMCOKWI fIK HAYKOBUM, TaK i NPAKTUYHUI iHTEpec.

Mema 0ocnidxeHHs. 3 MeToo OLLIHKM CTaHY MPOMEHEBOr0 HaBaHTAXKeHHsA HaceieHHA 3anopi3bKoi 0b6aacTi Hamum
byno npoBeAeHO pagiauiiHO-TiriEHIYHNI aHaNi3 PEHTreHONOrNYHNX MEeTOAIB AOCNiAXKEeHHA HaceNeHHs 3anopi3bKoi
obnacrti 3a 2016-2020 poku. 30Kpema, NpoaHani3oBaHO B AMHAMIL CTPYKTYpa Ta YacToTa PEHTIeHON0rYHMUX A0CAi-
[OKeHb, a TAKOXK iHAMBIAYANbHI Ta KOIEKTUBHI A03M ONPOMIHEHHA HAaCe/IEHHA. 33 PAaXYHOK MeANYHOro ONPOMIHEHHA
i po3paxyHOK LWKoAM Big pagiauinHoro Bnamay.

06’ekm ma memodu docniorneHHsa. O6’eKTom gocnigxeHHa 6yno HaceneHHa 3anopisbKoi obnacti. Mpu npo-
BeZleHHI pob0TN BUKOPUCTOBYBA/IMCb aHANITUUHI, CTAaTUCTUYHI Ta PO3PaxyHKOBI meToau AocniaxKeHHs. Mpu pospa-
XYHKY epeKTUBHUX A03 ONPOMIHEHHA NALEHTIB OY/IM BUKOPUCTAHI pe3ynbTaTtv gocnigxeHb ¢axisyis Y «IHCTUTYT
meaunyHoi pagionorii im. C.MN. Mpurop’eBa HAMH YKpaiHn». CTaTUCTUYHI AaHi 3 KiNbKOCTI A0CNiAXKeHb OTPUMaHI 3
pivHMX 3BIiTiB NiKyBa/IbHMX 3aKNaais obnacTti, popma Ne 20.

Pe3ynbmamu 0ocniduceHHA ma ix o62o8opeHHA. BU3HaYeHo, WO cymapHa 4YacToTa PEeHTreHOIoNYHUX A0CAi-
OXeHb 3a 5 pokis 3HM3MMack 3 1,29 y 2016 poui go 1,08 y 2020 poui. Halibinbluy 4acToTy PeHTreHONOoriYHUX 40-
CnigyeHb Ha OAHY NHOAMHY CKNagaoTb peHTreHorpadis (0,60-0,72) i dnooporpadis (0,26-0,43). BctaHoBNEHO, WO
KONeKTUBHa edeKTUBHA A03a HacesieHHs 3anopi3bkoi 061acTi 3a paxyHOK PEHTreHONOrYHUX AOCNiAXKEeHb 3HU3K-
nacb 3 2754,6 noa.-3s'y 2016 poui go 2180,3 ntog.-38 y 2020 podi, WO BiANOBIAAE 3aralbHOYKPATHCbKUM TEHAEHLLI-
AM. PO3paxyHKOBUIA PU3MK HEraTUBHUX HACNIAKIB A4 HaceNeHHA 3anopi3bKoi 061acTi (TOBTO KifibKiCTb MOMKAMBUX
OHKO/IOTIYHUX Ta FEHETUYHMX 3aXBOPHOBaHb) Big, PEHTreHONOrYHMX A0CAiAKeHb 3HM3MBCA 3 157,0 Bunaakis y 2016
poui oo 124,3 sunagkis y 2020 poui.

KntouoBi cnoBa: meanyHe ONPOMiIHEHHA HAaCENEHHSA, PEHTIEHOAIArHOCTUYHI Npoueaypw, pagiaLiiHo-iHaAyKoBa-
HUI PU3KK.
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ASSESSMENT OF RADIATION-INDUCED DAMAGE TO THE POPULATION ZAPORIZHZHA REGION AT THE EXPENSE
OF MEDICAL EXPOSURE

Sevalnev A. I., Kutsak A. V., Kostenetsky M. I., Lemeshko L. T.

Abstract. The article is devoted to the assessment of the dose of the population from medical exposure and the
calculation of damage from radiation exposure. This issue is particularly relevant and has a fairly high scientific and
practical interest.

The aim of the study. In order to assess the state of radiation exposure of the population of Zaporozhye region,
we conducted a radiation and hygienic analysis of radiological methods of research of the population of Zaporozhye
region for 2016-2020.

The object and methods of research. The object of research was the population of Zaporozhye region. Analytical,
statistical and computational research methods were used in the work. The collective effective dose for each type of
radiological examination was calculated according to the instructions Radiate. Prot. Dosimetry. 2015. Subsequently,
the average values of doses by study groups were calculated.When calculating the effective radiation doses of pa-
tients, the results of research by specialists of the Institute of Medical Radiology named after S.P. Grigoriev National
Academy of Medical Sciences of Ukraine.

Research results and their discussion. It is determined that the total frequency of X-ray examinations for 5 years
decreased from 1.29 in 2016 to 1.08 in 2020. The highest frequency of radiological examinations per person is
radiography (0.60-0.72) and fluorography (0.26-0.43). It is established that the collective effective dose of the
population of Zaporizhia region due to X-ray examinations decreased from 2754.6 man-stars in 2016 to 2180.3
man-stars in 2020, which corresponds to the all-Ukrainian trends. The estimated risk of negative consequences for
the population of Zaporizhia region (namely the number of possible oncological and genetic diseases) from X-ray
examinations decreased from 157.0 cases in 2016 to 124.3 cases in 2020.

Key words: medical exposure of the population, X-ray diagnostic procedures, radiation-induced risk.
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OLIHKA PAAIALIMHO-IHAYKOBAHOI LLKOAWU ANA HACENEHHA
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Y cmammi nposedeHo padiayiliHo-2ieieHiYHuUl aHani3 peHmeaeHon02i4HuUx memoodie 00CniOHeHHA HACeNeHHS
3anopi3bKoi 06aacmi 3 Memor OUiHKU CMAHY NpoMeHe8020 HA8AHMAMXEHHA HACENEHHA 30 PAXYHOK MeOUYHO20
onpomiHeHHA. [1poaHaniz08aHoO 8 OUHAMIYi CmMpPyKmypy, Yyacmomy peHmeaeHon02i4YHuUxX 00cCnioHeHb. BusHayeHo
iHOuBIOyanbHi Ma KonekmugHi 003U onpoMiHeHHA HaceneHHA. Po3paxoeaHO puU3UKU OrnpoMiHeHHA HaceneHHsA 8i0
mMeduYHUX 00CnidnceHb.

3a daHumu HKAAP OOH ma MKP3 medu4He onpomiHeHHA Oa€ Halibinbwuli BHECOK 8 003y OMPOMIHEeHHS
HaceneHHA cgimy 6 cumyauiax naaHo8020 ornpomMiHeHHs i cknadae y cepedHoomy 0,4 m38 Ha pik. Miporo ouiHKuU
HeaamueHOo20 8rau8y MedUYHO20 ONMPOMIHEHH:A 88AHAEMbLCA KinbKicmb cmoxacmu4Hux (limosipHux) epekmis —
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OHKO/102[4YHUX 30X80PHOBAHbL 8 ONPOMIHEHUX 0Ci6 ma criadKosux x8opob y ix Hawaokis. [ po3paxyHKy limosipHocmi
BUHUKHEHHA cmoxacmu4Hux egpekmie MKP3 su3zHa4usa cepedHili 3a cmammio i 8ikom KoegiyieHm pu3suky, akuli
0114 sciei nonynayii HaceneHHs cmaHosume 5,7-10 -2-38-1. OyiHKa pieHA WKOOU 8i0 ornpomMiHeHHs nepedbayae, wjo
8HAC/MIOOK ONPOMIHEHHA egpekmusHor 0030t 1 38 00Hiei mucayi epomadsH 57 nwodeli 8NpodosH« c8020 Humms
Mamumyme cmoxacmuyHi edpekmu.

OcmaHHIMU poKamu criocmepicaemscs meHOeHYis 00 3MeHWeHHA 003 ONpPOMiHeHHA HacesneHHsA 30 PaxyHOK
MeOUYHUX peHMeeHOon02iYHUX 00CNiOHEeHb, WO M08’A30HO 3i 3MEHWEHHAM HaceneHHA KPpaiHu, 3MeHWeHHAM
KinbKocmi 00cnidnceHb ma 4acmKo8o 3aMiHOK GHA/0208UX aNapamie HA yugposi cucmemu eisyanizayii. Mpu
UbOMy KO/IeKMUBHA egheKmusHa 003a cKaana 22,9 muc.a100.-38, a abcontomHuli pusuk 8UHUKHEHHA 000amKo8ux
8UNAOKi8 OHKOs/I02iYHUX 3aX80pt08aHb — 1485,6 Ha pik. KonekmusHa eghekmusHa 003a HaceneHHs 3aropi3bKoi
0b61acmi, 30 PaxyHOK peHM2eH0o102iYHUX 00CMiOHeHb 3MeHWUAack 3 2754,6 nd.-38 y 2016 poui 0o 2180,3 n1t00.-

38 6 2020 pouyi. OcHosHuli 8HECOK y Uto 003y 0asa peHmeeHozpais i ptoopozpadpis.
Po3paxyHKosuli pusuK He2amueHUX HAcCniOKie 05 HaceneHHs 3anopizekoi obaacmi 8HACMIOOK MeOUYHO20
onpomiHeHHA (Mobmo KinlbKicmb OHKO/102iYHUX | 2eHemMuUYHUX 30X80pPH08AHb) 30 5 pokie 3HU3uUecs 3 157,0 sunadkis

y 2016 poui 0o 124,3 sunadkis y 2020 poui.

Knwuosi cnoea: meouyHe OnNpomiHeHHA HaAcesneHHs, peHmeeHodiazHocmuYHi rnpouedypu, padiayiliHo-

iHOyKo8aHUU PU3UK.

38’A30K ny6nikauil 3 NAaHOBMMM HAYKOBO-
pocnigHumu pobotamu. [aHa pobota € oparmeH-
TOM HayKoBO-AoCNigHOT poboTu Kadeapu 3aranbHoI
ririeHn Ta ekonorii 3MY «HaykoBe 06rpyHTyBaHHSA
Ta ynpasAiHHA pPU3MKaMW B CUCTEMi FPOMAACHKOro
3g0poB’a», Ne gepxaBHOi peecTpauii 0117U006957.

Bcryn. MeanyHe onpoMiHIOBaHHA BHACNILOK PEHT-
reHZiarHOCTUKM, AK W iHWI BMAW iOHi3yto4Oro BUNpPO-
MiHIOBAHHA HEraTMBHO BMJIMBAE HA OPraHi3m NOAMHW.
MpY UbOMY MIpPOO OLiHKM MOro HEeraTMBHOroO BMJ/UBY
BBAYKAETbCA KiJIbKiCTb CTOXaCTUYHUX (MMOBIpHUX) edek-
TiB — OHKOJIOTFYHMX 3aXBOPIOBAHb B OMPOMiIHEHUX OCib
Ta CNaAKoBUX (reHeTUYHMX) XBOPOb Y iX HallladKiB.

[na po3paxyHKy MMOBIPHOCTI BUHMKHEHHA CTOXac-
TnYHMX edektieB MKP3 BM3Haunna cepeaHin 3a cTaTTio
i BikoMm KoedilieHT pu3nKy, AKMI anA Bciel nonynauii
HaceneHHaA cTaHoBUTL 5,7-102:3871 [1]. Lle o3Hauae, Wwo
BHAC/iLOK onpomiHeHHA edekTnBHO ao03o0t0 1 3B oa-
Hi€l TUCAYi rpomaanH 57 ntoget BNpoAOBK CBOMO KUTTA
MaTUMYTb CTOXaCTUYHi epeKTU. TAaKUM YNHOM OLLiHIOETb-
CA piBEHb LWKOAM BiZ, ONPOMIHEHHA.

3acTocyBaHHA iOHI3yHOYOro BUNPOMIHIOBAHHA B Me-
OVUMHI LUWMPOKO MOLUMPEHe y BCbOMY CBITi. 33 AaHUMM
HKOAP OOH Tta MKP3 meauyHe onpomiHEeHHs Aa€ Hal-
BiNblUMIA BHECOK B A03Y ONPOMIHEHHSA HAaceNeHHA CBITy
B CMTYyaLifX NJIaHOBOro onpomiHeHHs [1, 2] i cknagae y
cepegHbomy 0,4 m3B Ha piK. [pn LbOMy B 3a/1€KHOCTI
Bif, piBHA CTaHy OXOPOHW 340p0B’A B KPaiHi BOHA KOAK-
Ba€eTbcA Big 1,2 A0 < 0,02 3B (4MM KpaLymii CTaH OXOPOHMU
300p0B’A, TUM BiNblUa KiNbKICTb PEHTTEHONOTIYHMX 06-
CTeXKeHb i, BiANOBiIAHO, 4033 ONPOMIHEHHS).

OCTaHHIMM pOKaMU Y CBIiTi ONPOMIHEHHA HaceNeHHA
Y MEANYHUX LifAX pOCTe i HMHI € HANBINbLWIMM aHTPOMNO-
reHHUM [yKepesnom pagialiiHoro Bnauey.

Tak, Hanpuknag, y CLUA we y 2006 poui npu npose-
OEeHHI MeanYHUX Npoueayp HaceneHHA OTPMMano A03y
3,1 m38, AKka y 7 pasiB binblua HixK Ha noyaTky 1980-x
pokiB [3]. Y 38’A3Ky 3 UMM MeanYHE ONPOMIHEHHA CKMa-
No 6113bKO NONOBWMHW 3arafibHOi A03M ONPOMIHEHHSA
HaceneHHA CLUA Bia ycix axkepen onpomiHeHHsA.

HayKoBUi MOACHATL Ue 36ifblIeHHAM KibKOCTI
BUCOKOZO3HUX PEHTreHOOrNYHNX Npoueayp MeanyHoi
Bi3yanisauii, 30Kpema pPeHTreHiBCbKOi KOoMM oTepHOI
Tomorpadii  (KT). MiapaxoBaHo, WO BHacNigok KT-
pocnipgxeHb, nposegeHux y 2007 poui y CLUA, moxe
BMHUKHYTU [04aTKOBO 64M3bKO 29 TUCAY 310AKICHMX

NyX/IMH, WO 3HA4YHO 36inblUye 3arafbHUIA PUSKK Big Mme-
OVNYHOrO ONPOMIHEHHS.

B VYKpaiHi, 33 AaHUMM [HCTUTYTY TrPOMAACBLKOro
3popos’a im. M.O. Map3seesa HAMH YkpaiHu, Ha noyat-
Ky 2000-x pOKiB A03a ONPOMIHEHHA HAaCceNeHHA 3a paxy-
HOK MeAMYHOI AiarHOCTUKKM cKknana 0,5m3B Ha piK, Wwo
DopiBHIOE 7% BifA yCi€l 03K ONPOMIHEHHS HaceneHHsA
YKpainu [4].

OCTaHHIMM  pOKaMM CNOCTEpPIraeTbca TeHAEeHLiA
[0 3MEeHLIeHHA A03 OMpPOMIHEHHA Hace/leHHA 3a pa-
XYHOK MEeAUYHUX PEHTreHONONYHUX AOCAIAMKEHDb, LWO
NnoB’A3aHo 3i 3MEHLWEHHAM HaceneHHa KpaiHu (2011 pik
— 45,9 mnH.0ci6, 2017 — 42,6 MAH.0CI6), 3MEHLLEHHAM
KiIbKOCTi JOCAiAMEeHb Ta YaCTKOBOK 3aMiHOK aHaso-
roBMx anapaTiB Ha UMPPOBI cuctemu Bisyanisauii, ana
AKMX ePEeKTUBHI L03M ONPOMIHEHHA HUXKYI. Mpu LboMy
KONEeKTUBHA epeKTUBHA [03a CKaana 22,9 Tuc.awog.-3s,
a abCONOTHUIM PU3MK BUHUKHEHHA 00AATKOBUX BMMNA/-
KiB OHKO/IOTIYHMX 3axBOptoBaHb — 1485,6 Ha piK [5].

MeTta po6oTtn. OUiHWUTK CTaH NPOMEHEBOro HaBaH-
TaXKeHHA Ha HaceNeHHA 3anopi3bkoi 0baacTi 3a paxyHOK
MeANYHOro OMNPOMIHEHHA i LWKoay Big, paiauiiHoro
BM/IMBY.

06’ekT i MeTOAM pocCniaXeHHA. Y cTaTTi HaBoAMTbLCA
pagiauiiHoO-ririeHiYHUIM aHani3 PEHTreHoNorYHMX me-
TOAiB AOCNIAMKEHHS HaceneHHA 3anopi3bKoi obaacTi 3a
2016-2020 poku. 30Kpema, NpoaHaNi30BaHO B ANHAMILL
CTPYKTypa Ta 4aCTOTa PEHTIEHONOTYHNX AOCIAXKEHD, A
TaKOX iHAMBIAYANbHI Ta KONEKTUBHI 4031 ONPOMIHEHHA
HaceneHHA. Po3paxoBaHi pU3MKKM ONPOMIHEHHA Hace-
NIeHHA BiA MeAWYHUX OOCNIAXKEHD.

Mpu npoBegeHHi PobOTU BUKOPUCTOBYBAIUCL aHa-
NiTUYHI, CTAaTUCTMYHI Ta PO3pPaxyHKOBi meToau AOCHi-
OxKeHHA. MNpy po3paxyHKy ePeKTUBHUX 4,03 ONPOMIHEH-
HA NaLieHTIB 6yM BUKOPUCTaHI pe3ynbTaTv AOCIAKEHD
daxisuis Y «lHcTUTYT meguuHoi pagionorii im. C.M.
Mpurop’eBa HAMH YKkpaiHu» [5]. CTaTucTMuHi AaHi 3
KIIbKOCTi JOCANIAKEHb OTPUMAHI 3 PiYHWX 3BITIB NiKy-
Ba/IbHUX 3aKnaais obnacTi, popma Ne 20.

KonektveHa epeKTMBHA [03a S, 33 KOXKHUM BUAOM
PEHTreHONOrYHOro AOCNIAXKEHHA PO3paxoByBanach 3a
dopmynoto [6]:

S =2EN,

Ae E — cepepHs edeKTMBHa A03a Bif, i-ro BUAY pPeHT-
TEHIBCbKOTO A0CAiAMEHH:A; N, — KiNbKiCTb peHTreHis-
CbKWUX AOCNIAXKEHb i-ro BUAY AOCNiIAXKEHD.
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Tabnunua 1 — CTpyKTypa Ta YacToTa PeHTreHONorYHUX AOCNiAXKeHb HacesneHHA B 3anopi3bKii obnacTi

CTpyKTypa (%) YacToTa gocnigeHb Ha 1 ntoanHy

= < «© RS Z = « R

5 5 Z i 5 = 3 Z = © = z

2| 3| g |58 3| ¢ = | 3| e |38 3| ¢ 3
Poku 2 Q S [ a S © o 2 o S [T a S ©

2 o = Q2 G e > 9 2 o = = G 2 2

S| 8| £ |cg| | g| | 8| 2| 8| g |cel | |

El e | 8|28 3| 5| 2| 7| E| | & |38 5| 8| =

le | F =" =] & |F 3|6 | X =" =] 8]
2016 49,22 | 33,02 | 11,04 | 1,27 | 2,80 | 2,44 | 0,21 | 1,29 | 0,63 | 0,43 | 0,142 | 0,016 | 0,036 | 0,031 | 0,003
2017 51,19 | 28,62 | 12,23 | 1,32 | 429 | 2,26 | 0,0 | 1,40 | 0,72 | 0,40 | 0,171 | 0,018 | 0,060 | 0,032 | 0,001
2018 46,34 | 27,12 | 17,77 | 1,42 | 548 | 1,77 | 0,09 | 1,52 | 0,71 | 0,41 | 0,271 | 0,022 | 0,084 | 0,027 | 0,001
2019 52,36 | 25,96 | 14,87 | 1,60 | 2,99 | 2,05 | 0,26 | 1,35 | 0,70 | 0,35 | 0,200 | 0,022 | 0,040 | 0,028 | 0,002
2020 55,59 | 24,03 | 12,59 | 2,91 | 2,72 | 1,96 | 0,20 | 1,08 | 0,60 | 0,26 | 0,136 | 0,031 | 0,029 | 0,021 | 0,002

Y noganbluomy 6ynn BUpaxyBaHi cepeaHi 3Ha4YeHHsA
0,03 33 rpynamm JOCAiAMKeHb.

OuiHKa pagiauiiHUX pU3MKIB CTOXaCTUYHUX edeKTiB
(R,) 3aiticHioBanach 3a dopmynoto:

R, =S.rg,

fe S, — KonektneHa edpeKTMBHa A033, 38; r,— Koedi-
LiEHT pU3MKY pagiauiiiHoro edekTty (OHKONOrIYHI Ta re-
HEeTUYHi 3axBOptoBaHHA), 3871

Pe3ynbTatM pocnigKeHHAa Ta ix obroBopeHHA. 3a
NOpAAKOM 3MEHLIEeHHA [A03M OMPOMIHEHHA MauieH-
Ta 33 OAHe AOCNIAXEeHHA PEeHTreHOJNOoriYHI npoueny-
pU PO3MOAINAITLCA HACTYMHUM YMHOM: aHriorpadis,
Komn’toTepHa Tomorpadisa, peHTreHoCKonis, MaMmorpa-
ois, dntooporpadis, peHTreHorpadia, aeHtorpadia [7].
MeBHY XapaKTePUCTUKY MPOMEHEBOrO HaBaHTaXKEHHA
Ha naujieHTa Aae iHpopmauia Npo CTPYKTYpY i YacToTy
PEHTreHONOTIYHUX AOCAIAKEHDb pi3HOro BuAay (Taba. 1).

AHani3yloun CTPYKTYpPYy PEHTFEHONOTYHUX A[0CNi-
OKeHb MOYKHa KOHCTaTyBaTH, LLLO BiACOTOK BE/IMKOA030-
BOi KoMmn'toTepHOoi Tomorpadii 3a N’ATb POKiB 36inbLLIMB-
ca 31,27 y 2016 poui go 2,91 y 2020 poui. 36inbwmsca
TAKOX BiCOTOK peHTreHorpadii 3 49,22 y 2016 poui Ao
55,59y 2020 poui.

Y TOW e 4yac 3MEHLUNBCA BiACOTOK BE/IMKOA030BOT
peHTreHockonii 3 2,44 y 2016 poui go 1,96 y 2020 poui.
Taka K TeHAEHLIA CnoCTepiraeTbCcA 3 BEMKOAO030BOHO
dntooporpadieto: 3meHweHHs 3 33,02 y 2016 poui go
24,03 y 2020 pou,.

XapaKTepu3yrun 4acToTy AOCNIAKEHDb CNig BiA3HaA-
YMTK, WO CYMapHa YacToTa PEHTreHONOriYHUX A0Chi-
OXeHb Ha O4HY NOAMHY 3a 5 pOKiB 3HM3MNAcL 3 1,29 y
2016 poui no 1,08y 2020 pou,. Mpu ubomy HanbinbLie 3a
PaxyHOK BUCOKOAO3HMX AOCNIAXKEHb — PEHTreHOCKoMii 3

Tabnuusa 2 — lo3n onpomiHeHHA HacesieHHA 3anopi3bKii obaacTi Ta pU3UK
HEraTUBHMX HACNIAKIB 33 PAXYHOK PEHTreHONorYHUX A0CNiAXKeHb

0,031y 2016 poui ao 0,021 y 2020 poui i nooporpadii
—-30,43y 2016 poui 8o 0,26 y 2020 pouii. 3HUKEHHA Cy-
MapHOI 4acToTK Npoueayp MOXHA NMOACHUTU enigemi-
eto COVID-19, nig yac akoi bys TpmuBanuii mopaTopiit Ha
rocnitanisauito Ta obmexKeHHA HaZaHHSA APYroro piBHA
MeANYHOI AOMOMOrM HaceneHHto. [Ana AiarHoCTyBaHHA
NHEBMOHIi cnpuynHeHoi Bipycom COVID-19 MO3 peko-
MeHAyBa0 NpoBeAeHHs KoM toTepHOoI Tomorpadi, Lo
36iN1bLLIMNO YACTOTY KOMMN' IOTEPHUX ToMorpadili maiixe
y ABa pasn —3 0,016 y 2016 poui go 0,031 y 2020 poui.
TM He MeHLW 3a Lel Yac A03M ONPOMIHEHHA NALLIEHTIB
3HU3UAMUCD (Tabn. 2).

Buxoaaum 3 BMLLECKA3aHOrO, KONEKTUBHA edeKTmB-
Ha [O03a HacefeHHA 3anopisbKoi 06s1acTi, 3@ pPaxyHoK
PEHTIEeHONOTIYHUX AOCAiIAKEeHb 3MeHWMnack 3 2754,6
nog.-38 y 2016 poui go 2180,3 nwoa.-38 8 2020 pou,i.
OCHOBHMI BHECOK Yy L0 403y Aana peHTreHorpadia i
dnrooporpadis.

Tak iHAMBIAyanbHa cymapHa edbeKkTMBHa A03a 3a pa-
XYHOK MeAMYHOro OnpoMiHeHHA 3HU3nNach 3 1,58 m38
y 2016 poui go 1,31 m38 y 2020 poui. Mpu ybomy Han-
6inblue [03a 3HM3UNACL 3@ PAaxXyHOK peHTreHorpaodii 3
0,75 m3BYy 2016 poui go 0,57 m3sy 2020 poui, daroopo-
rpadii 3 0,45 m38 y 2016 poui zo 0,29 m3s y 2020 poui
Ta peHTreHockonii 30,208 m38y 2016 poui 70 0,121 m38
y 2020 poui.

Y TOl e yac 36inblumMnack fo3a ONPOMIHEHHA Na-
LieHTIB Big Hahbinbll BENUKOAO3HUX AOC/iAMKEHb:
Komn’toTepHoi Tomorpadii 3 0,19 m38 y 2016 poui o
0,28 m3B y 2020 poui Ta aHriorpadii Big 0,017 m38 vy
2016 poui oo 0,026 m3s y 2020 poui.

Po3paxyHKOBUI PU3UK HEraTMBHWUX HaACNiAKIB ANA
HaceneHHA 3anopisbKoi 061acTi BHACNILOK MeANYHOrO
onpomiHeHHA (TOBTO KinbKicTb
OHKO/IOMYHUX | reHeTUYHuX 3a-

XBOPIOBaHb) 33 5 POKiB 3HM3MBCA
IHoMBigyanbHa edpekTMBHA 033, (M3B > i i
_ _ AnBIAY ¢ Ao3a, (m38) i § z|3 157,0 BUNaaKiB y 2016 poui Ao
z £ g S o = = % N o | . % | 124,3 sunagakis 'y 2020 pouj.
2 s © o5 | @ © o w | EE% | S8 BUCHOBKM.
Poku o o o ¢ © s a xod| 2=
Q Q s e g g 5 5] g Qs g a o CymapHa 4acTtoTa peHTreHo-
2 2 9 Es| T £ z 2 | 23 7 | noriunmx mocnigskeHb 3a 5 pokis
s I 2 | 3o 2 o s $ -3 x .
kS 3 s 2 F < = s o 3HM3mMnacb 3 1,29 y 2016 poui
2016 | 0,208 | 0,75 0,45 0,19 | 0,017 | 0,005 | 0,033 | 1,58 [2754,622| 157,0 Ao 1,08 y 2020 poui. HaVI6inbUJy
4 4 4 4 ’ 4 4 4 4 *Z | 4aCTOTy PEHTreHONOoTiYHNX A0CHi-
2017 | 0,219 | 0,77 | 0,44 | 0,16 | 0,016 | 0,003 | 0,024 | 1,63 |2816,940| 160,6 | gskeHb Ha OAHY NtOAMHY CKNada-
2018 | 0,208 | 0,75 | 0,45 | 0,19 | 0,017 | 0,005 | 0,033 | 1,66 |2851,558| 162,5 | tOTb peHTreHorpadis (0,60-0,72) i
2019 | 0,185 | 0,73 | 0,38 | 0,20 | 0,026 | 0,004 | 0,016 | 1,55 |2624,049] 145,6 | PMOOPOrPadiA (0,26-0,43).
KonektneHa epeKTnBHa f03a
2020 | 0,121 | 0,57 | 0,29 | 0,28 | 0,026 | 0,003 | 0,015 | 1,31 |2180,352| 124,3 | pacenemHs 3anopisbKoi obnacti
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33 PaXyHOK PeHTreHONOrYHNX AOCAIAMKEHb 3HU3UNAC MepcnekTMBM NoAanblMX AOCAIAKeHb. MOHITO-
3 2754,6 ntop.-38 y 2016 poui no 2180,3 ntoa-3B Y  puHr pagialiiHOro 3aXMCTy MaLLi€HTIB, 0BrPYHTYBaHHA
2020 poui, Wo BiANOBIAAE 3aranbHOYKPATHCLKUM TeH- 13 onrymisaLis HEOBXILHOCTI NPOBEAEHHS PEHTIeHONO-
AEHLIAM. . L riYHMX Npoueayp B MeULUNHI € AOCUTb aKTyaZlbHUM, B
PO3paxyHKOBUI PU3MK HEraTMBHWX Hacnigkis ana

HaceneHHsA 3anopisbkoi 06/1acTi (TOBTO KiNbKICTb MOXK- noAaneiomy, I'IJ'IaHyeTbCH. Po3pobuTi Ta BnpoBaANTK B
JIMBUX OHKOMOFYHMX Ta FeHEeTUUYHUX 3axBoptoBaHb) Big ~ MPAKTUKY METOAMYHE KEPIBHMLTBO 3 NUTaHb KOHTPO/IIO
PEHTIEHONONYHUX AOCNIAKEHb 3HM3MBCA 3 157,0 Bu-  Ta 06/iKy iHAMBIAYaNbHMX [03 ONPOMIHEHHA NaLieHTIB
nagkis y 2016 poui go 124,3 sunaagkis y 2020 pou,. npu meguyHoOMy OnpPOMiHEHHI.
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OLIHKA PALIALIAHO-IHOYKOBAHOI LUKOAW ANA HACENEHHA

3AMOPI3bKOI OB/IACTI 3A PAXYHOK MEAUYHOTO OMNPOMIHEHHA

CeBanbHes A. I., Kyuak A. B., KocteHeubkuit M. 1., Jlemewko /1. T.

Pestome. CTaTTA NpMCBAYEHA OLiHLI CTaHYy A030BOr0 HaBaHTaXeHHA Hace/IeHHA Bif, MeaMYHOro ONPOMIHEHHA Ta
pO3paxyHKy WKOoAM Bif pagiauiiHoro Bnamsy. Lle nuTaHHA BiA3HAYaeTbCA 0COBAMBOIO aKTyasIbHICTIO | Ma€ gocTaT-
HbO BMCOKMI AIK HAYKOBWI, TaK i MPaKTUYHKUI iHTEpec.

Mema docnioceHHA. 3 MeTO OLLIHKM CTaHY MPOMEHEBOTO HaBaHTaXKEHHA HaceieHHA 3anopi3bKoi 061acTi HamK
byno npoBeaeHo paaiauiMHO-TiriEHIYHWA aHaNi3 PeHTreHONOTNYHUX METOAIB AOCAIAKEHHS HaceNeHHs 3anopi3bKoi
obnacTi 3a 2016-2020 poKuK. 30Kpema, NpPoaHaNi30BaHO B AMHAMIL CTPYKTypa Ta YacToTa PEHTIEHONOTYHUX AOCi-
[OKeHb, a TaKOXK IHAMBIAYaNbHi Ta KONEKTUBHI 4031 ONPOMIHEHHA HAaCceNeHHA. 33 PaXyHOK MeAUYHOro ONPOMiHEHHSA
i pO3paxyHOK WKoAM Bif, pagiaLiliHoro Bnansy.

06’ekm ma memoodu OocnioreHHA. O6’ekTom focniaxKeHHs byno HaceneHHs 3anopisbkoi obnacTi. MNpu npo-
BeAeHHi pobOTM BUKOPMCTOBYBAIMCb aHANITUYHI, CTATUCTUYHI Ta PO3PaxyHKOBI MeToam gocnigskeHHs. MNpu pospa-
XYHKY ebeKTUBHMX 03 ONPOMIHEHHA MaLieHTIB ByIM BUKOPUCTaHI pe3ynbTat gocniaskeHo daxisuis Y «IHCTUTYT
meanyHoi pagionorii im. C.MN. Mpurop’eBa HAMH YkpaiHu». CTaTUCTUYHI AaHi 3 KiAbKOCTI AOCAiAXKEHb OTPUMaHi 3
piYHMX 3BIiTiB /liIKyBaNbHMX 3aKnagis obnacti, opma Ne 20.

Pe3ynemamu 0ocnioxeHHA ma ix 062080peHHA. BU3HAUEHO, LLO CyMapHa 4acToTa PEHTreHOMorYHUX A0CAi-
OyKeHb 3a 5 pokiB 3HM3MAack 3 1,29 y 2016 poui ao 1,08 y 2020 poui. Halibinbluy 4acToTy peHTreHONOrNYHUX 40~
CniasKeHb Ha o4HY NOAMHY CKNaaaoTb peHTreHorpadis (0,60-0,72) i dntooporpadis (0,26-0,43). BctaHOBMEHO, WO
KO/IeKTMBHa edeKTUBHA [03a HaceneHHA 3anopisbkoi 061acTi 32 paxyHOK PEHTFeHONOTNYHUX AOCNIAKEHDb 3HU3M-
nacb 3 2754,6 noa.-3s8 'y 2016 poui go 2180,3 ntoa.-38 'y 2020 poui, Wo BiANOBIAAE 3araibHOYKPATHCbKMM TEHAEHL,i-
AM. PO3paxyHKOBUWI PU3KMK HEraTUBHWUX HACNiAKIB A1 HaceneHHA 3anopi3bKoi 06aacTi (TOH6TO KiNbKiCTb MOXKANBUX
OHKO/IOTIYHUX Ta FEHETUYHMX 3aXBOPHOBAHb) Big, PEHTIEHONOrYHMX A0CNiAKeHb 3HM3MBCA 3 157,0 Bunaakis y 2016
poui oo 124,3 sunagkis y 2020 pou,.

KnouoBi cnoBa: meamyHe onpoMiHEHHA HAaCeNeHHs, PEHTIeHOAiarHOCTUYHI Npoueaypwu, pagialiliHo-iHayKoBa-
HUI PUSUK.

ASSESSMENT OF RADIATION-INDUCED DAMAGE TO THE POPULATION ZAPORIZHZHA REGION AT THE EXPENSE
OF MEDICAL EXPOSURE

Sevalnev A. I., Kutsak A. V., Kostenetsky M. I., Lemeshko L. T.

Abstract. The article is devoted to the assessment of the dose of the population from medical exposure and the
calculation of damage from radiation exposure. This issue is particularly relevant and has a fairly high scientific and
practical interest.

The aim of the study. In order to assess the state of radiation exposure of the population of Zaporozhye region,
we conducted a radiation and hygienic analysis of radiological methods of research of the population of Zaporozhye
region for 2016-2020.

The object and methods of research. The object of research was the population of Zaporozhye region. Analytical,
statistical and computational research methods were used in the work. The collective effective dose for each type of
radiological examination was calculated according to the instructions Radiate. Prot. Dosimetry. 2015. Subsequently,
the average values of doses by study groups were calculated.When calculating the effective radiation doses of pa-
tients, the results of research by specialists of the Institute of Medical Radiology named after S.P. Grigoriev National
Academy of Medical Sciences of Ukraine.
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Research results and their discussion. It is determined that the total frequency of X-ray examinations for 5 years
decreased from 1.29 in 2016 to 1.08 in 2020. The highest frequency of radiological examinations per person is
radiography (0.60-0.72) and fluorography (0.26-0.43). It is established that the collective effective dose of the
population of Zaporizhia region due to X-ray examinations decreased from 2754.6 man-stars in 2016 to 2180.3
man-stars in 2020, which corresponds to the all-Ukrainian trends. The estimated risk of negative consequences for
the population of Zaporizhia region (namely the number of possible oncological and genetic diseases) from X-ray
examinations decreased from 157.0 cases in 2016 to 124.3 cases in 2020.
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