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JTIMHAMIKA BUKWIIB TA CKHUIIB PAIIIOHYKJIIIIB
Y IIPUPOJITHE CEPEJIOBUIIIE 30HU CITIOCTEPEXEHHS
MIBAEHHOYKPATHCHKOI AEC

MerTa: ouiHka BnauBy pisnbHocTi MNiBgeHHoykpaiHcbkoi AEC Ha HaBKonuwWwHE cepepoBuile 30HM cnocTepexeHHs (3C)
33 NOKa3HMKaMW pafialinHOro MOHITOPMHTY B AWHamiLi 2015-2021 pp.
MeTtoau pocnigKeHHA: colianbHO-ririeHiYHi (aHani3 NOKa3HMKIB PagiaLinHOro MOHITOPUHIY), aHANITUYHUIA, CTATUC-
TUYHUIA.
Pe3ynbratu. BusHayeHo, Wo pagialidiHuil BNAMB Ha AOBKiNNSA, NOB'A3aHMIA 3 BUKMAAMM Ta CKMAAMM Pafii0aKTUBHUX pe-
YOBWH, YTBOPEHUX Yy BUpoOHUMYOMY Lukni MiBgeHHoykpaiHcbkoi AEC (MAEC) B ymoBax noBcAkaeHHS, He3HauHuit. [a3o-
Aepo30/ibHi BUKMAM IHEPTHUX PaLi0aKTUBHUX ra3is, LOBrOXMUBYYUX HYKNifiB, 311 B aTMochepy He nepeBuLLyBanm BCTa-
HOBNIEHUX [OMYCTUMUX PiBHIB i CKNaganu coTy BifCoTKa A0 NiMiTy BUKMAY iIHEPTHUX paflioaKTMBHMX ra3iB Ta AOBIOXMK-
BYYMX HYKNifiB i TCAYHY BifcoTka ansa opy. CymapHi Bukuam pagionyknigis (3:Cr, %Mn, *°Fe, 58Co, %°Co, ®Sr, *Zr, %5Nb,
134(Cs, 137Cs, 3H) eHeprobnokamu MAEC (pakTuyHuii, BincoTok Big nimMiTy BUKMAY) B aTMOCheEpyY He NMepeBuLLyBanu BCTa-
HOBNIEHMX JOMYCTUMKX PiBHIB. MaKcMManbHi cepefHi 3HaYeHHsA KOHLeHTpauii B atmocdepHomy nositpi 3C ¥7Cs 3a nepi-
of 2015-2021 pp. cknapanu Big 2,858 mkbk/m? (npommaingaHumk MAEC) po 1,986 mkbk/m? (c. PabokoHeBo 33,5 KM),
a MaKCMManbHi cepefHi 3HAaYeHHs KOHUeHTpauii B noBiTpi *Sr cknaganu Big 1,310 mkbk/m® po 0,566 mkbk/m3
gignosigHo. Ckugu NMAEC po piuku MNiBaeHHn byr, 33 nokasHMKamMn pafioHyKNifiB, AKi KOHTPOJIOIOTLCSA, HE BHOCUIN
CYTTEBUX 3MiH B AKiCTb nMoBepxHeBux BOA. MuToma akTuBHicTb B’Cs y cinbcbkorocnogapcbkii npoaykuii 8 3C MAEC
He3HayHa i He nepeBuLlyBana AONYyCTUMi PiBHI BMiCTy B NPOAYKTax xapyyBaHHs. Bmict 137Cs y npobax B 3C MAEC He
nepesuilye 1,0 % Big cyMapHOi aKTUBHOCTI.
BucHoBoK. CepefiHs KOHUEHTpaLis paaioHyknigiB B atmocdepHomy noBiTpi HaceneHux nyHkTiB 3C MAEC Ha pgekinbka
NOPALKIB BEIMYMH MEHLIA, HiX BCTaHOBNEHA HOopMaTUBHUMYK fokymeHTamu. Ckuam MAEC go piyku MNisgeHHuit byr, 3a
MoKa3HMKaMW PafioHYKNifiB, AKi KOHTPONIOIOTLCA, HE BHOCATb CYTTEBUX 3MiH B AIKICTb NOBEPXHEBUX BOA. BMicT %Sr i
137Cs piBHOMipHO Yy BCix pafiycax cnocTepexeHHs BignaneHocti Big AEC nigTBepmKye fyKe HU3bKUIA piBeHb BUKMAY
%Sy i 137Cs y HaBkonuwHe cepegosuwe MAEC. Bmict ¥Cs y cinbcbkorocnogapcebkint npogykuii 'y 3C MAEC 3Hauywe HUx-
YMiA LONYCTUMUX PiBHIB.
Knio4oBi cnoBa: HaBKOAMILIHE cepeioBulie, 30Ha cnocTepexerHs AEC, panioeKonoriyHuit MOHITOPUHT.
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TIME PATTERN OF RADIONUCLIDE EMISSIONS AND
DISCHARGES INTO THE NATURAL ENVIRONMENT OF THE
PIVDENNOUKRAINSKA NPP SURVEILLANCE ZONE

Objective: assessment of impact of operation of the Pivdennoukrainska Nuclear Power Plant (PUNPP) on the envi-
ronment of surveillance zone (SZ) based on parameters of radiation monitoring within 2015-2021 period.
Methods: socio-hygienic (analysis of the radiation monitoring parameters), analytical, statistical.
Results. The environmental radiation impact associated with emissions and discharges of radioactive substances
originated in the production cycle of the PUNPP in everyday conditions was found as insignificant. The gas-aerosol
atmospheric emissions of inert radioactive gases, long-lived nuclides, and I did not exceed the established per-
missible levels (PL) and amounted to a hundredth of a percent of the emission limit (EL) for the inert radioactive
gases and long-lived nuclides, and a thousandth of a percent for radioactive iodine. Total atmospheric emissions of
the >1Cr, >Mn, >°Fe, 58Co, %°Co, ®Sr, ®Zr, **Nb, 134Cs, 1¥Cs, and *H radionuclides by the PUNPP power units (actual and %
of EL) did not exceed the established PL. Maximum average values of atmospheric air concentration of ¥Cs in SZ for
the 2015-2021 period ranged from 2.858 uBg/m? (PUNPP industrial site) to 1.986 wBg/m? (Riabokoneve village,
33.5 km distance), and maximum average values of the %Sr air concentration were from 1.310 uBg/m?to 0.566 uBq/m?,
respectively. According to radionuclide monitoring no significant change of the quality of surface water occurred
upon the PUNPP discharges to the Pivdennyi Bug River. Specific activity of the »37Cs in agricultural products in the
PUNPP SZ was insignificant and not exceeding the PL of the content in food products. Content of »3’Cs in the sam-
ples from the PUNPP SZ did not exceed 1.0 % of the total activity.
Conclusion. Average concentration of radionuclides in atmospheric air of the settlements in the PUNPP SZ was sev-
eral orders of magnitude lower than that established by regulatory documents. The PUNPP discharges to the
Pivdennyi Bug River, according to radionuclide parameters that are monitored, have not significantly changed the
quality of surface water. The content of %Sr and 37Cs was uniform in all observation radii of distance from the NPP,
confirming the very low level of %Sr and ¥’Cs environmental emission by the PUNPP. The content of »¥’Cs in agricul-
tural products within the PUNPP SZ was significantly lower than PL.
Key words: environment, NPP surveillance zone, radioecological monitoring.
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BCTVYII

IMonan 50,0 % eHepreTMky YKpaiHW 3aJieKUTh Bil
ATOMHUX eJIEKTPOCTaHIIii, 3a ymoBH, mo Bci AEC
MpaloTh Ha YKpaiHy i He TMepeOyBaloTh ITiJl OKY-
naliero Ta BUpoOJIIIOTh eJeKTpoeHeprito. JlepxkaBHa
aToMHa KoMnaHis «EHeproaToM» mignucansa MemMo-
paHIyM 3 aMeprKaHCBhKOI0 KoMItaHiero Westinghouse
Electric Company, 3a sIKMM ILIaHYy€ 30yayBaTu 9 HO-
BUX aTOMHUX OJIOKiB B YkpaiHi [1, 2]. ¥V 2022 poui
€BponapjiaMeHT BM3HAB ra3 Ta aTOMHY €HEepPreTUKyY
«3ejeHuMun». Lle o3Havae, 1110 IXHE BUKOPUCTAHHS
HE CYIepeuuTh NMPUHLIMIIAM BYIJIeleBOi HEHWTpasb-
HoCTi, nocdarTtu sskux €C mianye a0 2050 poky, Ko

0«J Valentyna A. Prylypko, e-mail: basepril@i.ua

INTRODUCTION

More than 50.0 % of Ukraine’s power industry
depends on the nuclear power plants (NPPs), provided
that all NPPs work just for Ukraine, produce electrici-
ty and are not under occupation. The State Nuclear
Company «Energoatom» signed a memorandum with
the American Westinghouse Electric Company,
according to which it plans to build 9 new nuclear units
in Ukraine [1, 2]. In 2022, the European Parliament
recognized gas energy and nuclear energy as «green»
ones, which means that their use does not contradict
the principles of carbon neutrality, which the EU plans
to achieve by 2050, when European countries are going
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KpaiHu €BpoIu 30UparoThbCsd BUKMAATU CTiIIBKU 3K
NapHUKOBUX ra3iB, CKiJIbKU ¥ ToraMHaTH. Bci «cTa-
pi» AEC Malots OyTu miepeo0JiagHaHi BiImmoBinHO 10
HOBHMX TEXHOJIOTIYHUX BUMOTL AKTHBHillle OyIyThb
pPO3BUBATUCS HE BEJIMKi TPAAUIIiliHI peaKTOpH, a Ma-
Ji — Small Modular Reactor motyxHicTio 1o 300 MBT.
Vkpaina nocraBuia cobi 3a METy TPUMAaTHUCSI €BPO-
MEeNChKOro Kypcy, a Tomy IlmaH BigHOBJIEHHSI Ma€e
BiAmoBigaTu craHgapTam 3akoHoaancTea €C [3].

BomHouac, aToMHa eHepreTukKa € IMOTEeHIIITHO He-
0e3MeyHo0 Yyepes3: MOXKJIMBI aBapii Ha eHeproycra-
HOBKaX, BUKUIM Onu3bKo 250 pamioaKTMBHMX i30-
TOITiB B HAaBKOJIMIITHE CEPEIOBUIIE B pe3yJbTaTi po-
0otu snepHux peakTopiB. Lli mpouecu NpuU3BOASATh
10 3a0pyOIHEHHS HaBKOJMIIHHBOTO CEpeloBMINA,
BIUIMBAIOTh Ha CTaH 300POB’S HaceleHHs. Bruius
nisimbHocTi AEC Ha BogoiiMu, 30KpemMa eKOJIOTiuHU I
cTaH BonHux cucteM p. IliBmeHHuit byr, Tanuuiib-
KOI'0 BOIOCXOBUIIA-OXOJIOMKYyBada, JOCTIIXyBaB B
IUHaMilli YKpaiHChKMIT HayKOBO-JIOCTiTHUIA iHCTH-
TYT €KOJoTiyHuX npodsieM [4, 5]. 3a maHumu OGara-
TOPIYHUX PaAAiOCKOJOTIYHUX i JO3UMETPUYHUX J0-
CITiKeHb B paitoHax KOxxHoOyKpaiHCHKOI Ta 3ammopizk-
cbkoi AEC BU3HA4YeHO palioeKOJOTiYHUIA PU3UK HA -
XOKEHHS Y TOBKIULISL PaliOHYKITi/IiB 3 ra30aep030J1b-
HUMHU BUKUIaMU i pinkumu ckugamu AEC [6, 7].
YV pob6otax HaykoBuUiB Y «HauioHanbHMIT HayKO-
BUIl LIEHTp paniauiliHoi MeauimHu HaiioHanbHOI
akajgeMii MenuuHuX Hayk Ykpainu» (HHIIPM) Bu-
CBITJIEHI MIUTAHHS 3aXBOPIOBAHOCTI HACEJICHHS BHA-
CJIITOK BILJIUBY 10Hi3yI04oro ompomiHeHHs [8—10].
[ToGynoBa HOBUX €HEpProOJIOKiB BUMAara€e 3aXMCHUX
3axXO/iB Ta paaialliifHOTO MOHITOPUHTY TOBKIJLIS MTPU
ekcryarauii. PagioakTuBHe 3a0pymHEHHS CyIpo-
BOJXKYE BCi JJAaHKU CKJIaJHOI'O ITOCIIOJapCTBa s11€PHO1
€HEepreTUKU: BUIOOYTOK i TTepepoOKy ypaHy, poOOTy
AEC, 30epiraHHs i pereHepailito najiusa.

META

Owninka BruMBY JOisiibHOCTI [liBmeHHOYKpaiHCHKOL
AEC Ha HaBKOJIMIIIHE cepeloBHIle 30HU CIIOCTepe-
xkeHHs (3C) 3a MOKa3HUKaMU patialliliHOro MOHITO-
punry B nuHamiti 2015—-2021 pp.

MATEPIAJIM 1 METOIN

ITiBnennoykpainceka AEC (ITAEC; no 2022 p. —
IOxxH0-Ykpainceka AEC) po3ramoBaHa B CTEIIOBIH
30Hi Ha J1iBoMYy Oepe3i piuku [liBneHHuit byr moonu-
3y TanummupbKoro BogocxoBuila y Bo3zHeceHCbKOMY
paitoHi (panime ApOy3MHCbKOMY) MUKOJIAiBChbKOI
obmacti. OcobnuBicTIO perioHy, Ae moOygoBaHa

(1) 160

to emit as much greenhouse gases as they absorb. All
«old» NPPs must be at that reconstructed in accor-
dance with new technological requirements. Not large
traditional nuclear reactors, but small ones — the Small
Modular Reactors with a capacity of up to 300 MW —
will be more actively developed. The national leader-
ship and people of Ukraine have set the goal of follow-
ing the European course, and therefore the Recovery
Plan must meet the standards of EU legislation [3].

At the same time, nuclear power industry is poten-
tially dangerous due to the possible accidents at NPPs
and emission of about 250 radioactive isotopes into the
environment as a result of the operation of nuclear
reactors, which lead to environmental pollution and
impact on population health. The influence of NPP
operation on water reservoirs, in particular the ecolog-
ical state of water systems of the Pivdennyi Bug River
and Tashlytsky reservoir-cooler, was studied at run-
time by the Ukrainian Research Institute of Environ-
mental Problems [4, 5]. According to the data of long-
term radioecological and dosimetric studies in the
areas of Pivdennoukrainska and Zaporizka NPPs, the
radioecological risk of radionuclide releases to envi-
ronment with gas-aerosol emissions and liquid dis-
charges of the NPP has been determined [6, 7]. Issue
of population morbidity as a result of the impact of
ionizing radiation has been highlighted in the works of
the State Institution «National Research Center for
Radiation Medicine of the National Academy of Me-
dical Sciences of Ukraine (NRCRM) experts [8—10].
Construction of the new power units requires intro-
duction of protective measures and environmental
radiation monitoring during their operation. Radio-
logical contamination accompanies all sectors of the
nuclear power industry complex, namely mining and
processing of uranium, operation of nuclear power
plants, storage and regeneration of nuclear fuel.

OBJECTIVE
Assess the impact of operation of the Pivden-
noukrainska NPP on the environment of surveillance

zone (SZ) based on parameters of radiation monitor-
ing within 2015—2021 period.

MATERIALS AND METHODS

Pivdennoukrainska Nuclear Power Plant (PUNPP,
until 2022— the Yuzhno-Ukrainska NPP) is located in
the steppe zone on the left bank of the Pivdennyi Bug
River near the Tashlytsky Reservoir in Voznesensky
(formerly Arbuzynskyi) District of the Mykolaiv
Oblast. The outcrop of dense crystalline rocks is a fea-
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ITAEC, € BuUXOIM Ha MOBEPXHIO IIiIABHUX KpUC-
taniyHux nopia; AEC posmillieHa Ha MiBASHHIN MexXi
cMepu-Hebe3IeuHOl 30HU «Ax».

OcHosHi xapaktepuctuku ITAEC: kinbKicTh peak-
TOpPiB — 3; TUI peaKTopa — BOJO-BOASTHUM eHEepreTud-
Huit peaktop (BBEP-1000); 3aranbHa NOTY>KHiCTh BU-
poboHutTBa enekrpoeHeprii — 3000 MBT. CanitapHo-
3axucHa 30Ha (C33) [TAEC mae paziyc 2,5 KM, 30Ha
cnoctepexeHHs: — 30 kM. B 3C ITAEC npoxuBae
143 200 oci6. MicTtoM-cynyTHukoM ITAEC € KOxHo-
YKpaiHCBK i3 HaceneHHIM Omm3bko 41 000 4JoJoBiK,
po3TallioBaHe Ha BicTaHi 2,5 KM.

ITAEC € ocHoBow IliBneHHOYKpaiHChKOTO eHepre-
TUYHOTrO KoMIuiekcy, skuii 00’eqnye AEC, OnexkcaH-
piBcbKYy Tinpoenekrpocraniio (I'EC) ta Tammmsky rim-
poakymymorouy enekrpocTaHiiio (TAEC) — enune B Yk-
paiHi MiAMPUEMCTBO 3 KOMITIEKCHUM BHKOPMCTaHHSIM
0a30BUX SACPHUX i MAHEBPEHUX TiApOaKyMYJIOIOUMX
MOTY>XXHOCTEN Ta BOOHUX pecypciB piku IliBgeHHuii byr.
[TiBneHHOYKpaiHCHKUIT €HEPrOKOMILIEKC 3a oOcAraMu
BUPOOHUIITBA 3a0€e3Meuye MoTpedu B eJIeKTpoeHeprii Ta
HOpPMaJIbHI YMOBU JJIs1 KUTTEMISJIBHOCTI IiBAEHHOIO
perioHy YKpaiHu 3 HaceJIeHHSIM TTOHaJ 5 MJIH Oci0.

OCHOBHUMU BUAAMM MOXKJIMBOTO BILUIMBY Ha HABKO-
JUIIHE cepenoBuine npu poodoti AEC, Buxomsuu 3
TEXHOJIOTIYHOTO MpPOLIeCY, € pamialifHUN, XiMiYHUIA i
¢isnunnii BrumB. 19 OLIHKM pamiamiifHOTO CTaHy
HaBKOJMIIHBbOTO cepenoBuiia 3C OyJIo BUKOPUCTAHO
JlaHi MOHITOPUHTIY JabopaTopii 30BHIIlIHBOTO paiia-
nitHoro kontposo (JI3PK) mexy pamiaiiiinoi 6e3re-
ku [TAEC. JI3PK BignosiganpHa 3a pamiallifHAH KOH-
TpoJb HaBKoJuiHboro cepenosuia 3C [TAEC i arec-
TOBaHAa Ha IPaBO BUKOHAHHSI BMMiproBaHb. PeecTpa-
1is1 iHopmallii 3 Bigdopy npo0d, pamioxiMiuHa Miaro-
TOBKA, paliOMETpUYHi i CIEeKTPOMETPUYHiI BUMIpIO-
BaHHS P00, KOHTPOJIb BUKOHAHHS perjaMeHTy pajia-
LIiAHOTO KOHTPOJIIO, MiArOTOBKA 3BiTiB BUKOHYIOThHCS 3
BUKOPMUCTAHHSIM MPOTrpaMHOro Komiuiekcy «<ATOM».

KoHTposib 1po0 y HaBKOJMUIIHbBOMY CepedoBUILL
BinOyBa€eThCs 32 KOHKPETHUMU MapaMeTpaMu:
> 00’eMHa aKTUBHICTb PaiOHYKJTiZIiB Y TOBEPXHEBUX
BOJIOMMAX;
> 00’€MHa aKTUBHICTh paliOHYKIIiIiB B aTMOC(HEPHO-
MY TIOBITpI;
> MUTOMA aKTUBHICTh PadiOHYKJIiiB y IOBEPXHEBOMY
IIapi rpyHTy;
> MUTOMA aKTUBHICTb PaJiOHYKJIiiB Y POCIMHHOCTI;
> TIMTOMAa aKTUBHICTb PaNiOHYKIIiNiB y MOJOLI Ta
CIJTbCHKOTOCIIOJAPChKill TPOMYKILii.

BinnosinHo 1o Hopwm paaiaiiiiHoi 6e3neku YKpaiHu
(HPBY-97) [11], oOMexkeHHSI OIIpOMiHEHHS HaceIeH-

ture of the region where the PUNPP was built. The
NPP is located on the southern border of the torna-
do-danger zone «A».

The PUNPP operates 3 power units with such type
of reactors as the water-water power reactor (VVER-
1000), and total power production capacity of 3000
MW. The sanitary and protective zone (SPZ) of the
PUNPP is of a 2.5-km radius, the SZ is of a 30-km
radius. 143,200 people live in the PUNPP SZ.
Yuzhnoukrainsk is the PUNPP satellite city located at
a distance of 2.5 km with population of about 41,000.

PUNPP is the key component of the South Ukrai-
nian energy complex, which unites the NPP itself,
Oleksandrivska Hydro Power Plant (HPP) and
Tashlytska Pumped-Storage Power Plant (PSPP)
jointly being the only enterprise in Ukraine with the
integrated use of basic nuclear and maneuverable
hydraulic storage capacities both with water resour-
ces of the Pivdennyi Bug River. The South Ukrai-
nian energy complex, in terms of production, pro-
vides the electricity needs and normal conditions for
life in the southern region of Ukraine with a popula-
tion of more than 5 million people.

The main types of possible environmental impact
during NPP operation by reference to technological
process are radiation, chemical and physical ones.
The monitoring data obtained by the External Radia-
tion Control Laboratory (ERCL) of the PUNPP
Radiation Safety Department were used to assess the
environmental radiation situation in SZ. The ERCL
is certified to perform the radiological measurements
and its personnel is responsible for the radiation con-
trol of the PUNPP SZ environment. Data registra-
tion on sampling, radiochemical preparation, radio-
metric and spectrometric measurements of samples,
supervising of implementation of the radiation con-
trol regulation, and reports preparing are conducted
using the «<ATOM>» software complex.

Control of samples in the environment is held
according to the following specific parameters:
> volumetric activity of radionuclides in surface
water bodies;
> volume activity of radionuclides in atmospheric
air;
> specific activity of radionuclides in the surface
layer of soil;
> specific activity of radionuclides in vegetation;
> specific activity of radionuclides in milk and agri-
cultural products.

In accordance with the Radiation Safety Norms of
Ukraine (NRBU-97) [11] the limitation of public
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Hsl 3AIMCHIOETHCS LIJISIXOM perjiaMeHTalii Ta KOHTPO-
JIIO: Ta30aepO30JbHMX BUKUIIB i PIIMHHUX CKUAIB Y
npoiieci pobotn AEC; BMIiCTy pamioHYKIIiIiB B OKpe-
MUX 00’€KTaX HaBKOJUIITHLOTO cepeoBUlIlla (Boaa, Mo-
BiTpsi, TPYHT, MPOAYKTU XapuyyBaHHs). g Bimmosim-
HUX pafialliiHO-sIIepHUX 00’€KTiB BCTAHOBIIIOETHCS
KBOTa JIIMITy 1034 OPOMiHEHHSsI 0cib kareropii B — Ha-
celleHHs. Ha ocHOBiI KBOTHU JiMiTy 103U 1151 KOKHOTO
00’eKkTy BU3HavaroTbcs poryctuMi ckuau (AC) i go-
nyctuMmi Bukuau (IB).

Bin6ip Ta anasi3 mpo6 mpu3eMHOTO mapy atMocdep-
Horo noBiTps B HacejseHux nmyHktax 3C AEC Buko-
HYETbHCS 3TiTHO 3 «PernaMeHTOM pamialliifHOro KOHT-
poito AEC». Tlepenik pagioHykJiaiB i 3HaueHHs 1B
nmimity Bukuny (JIB) BusHavaetncs mitounM Ha [TAEC
JOKYMEHTOM «JlOIyCTUMBIl ra30-a3po30JbHEIN BHIO-
poC W JOIYCTUMBIN BOMHBINA COPOC pagmOaKTUBHBIX
BellecTB B okpyxatoinyio cpeay OIT «FOY-AEC» (pa-
IUALIMOHHO-TUTUCHUYECKUA pErJIaMEHT MEepPBOM
rpynnbl) PI.0.0026.0159».

PanianiiiHuii KOHTPOJb BOAHOIO CEpEeloBMINA IPU
npoayBli TanUIMIIBKOrO BOJOCXOBHINA ITPOBOAMTHCS
BinnoBigHO 10 «PernameHTty nponyBku Tanuinibkoi Bo-
nporimu-oxonomkyBada BIT «FOxHo-Ykpaincbka AEC»
B OnekcanapiBcbke Bomocxosuie, PI.0.3708.0113».!
3HauyeHHs JiMiTiB piYHUX CKUIIB pagioaKTUBHUX pe-
YOBMH, HAIXOMKCHHS SIKMX Y HABKOJIMIIHE CePeaOBU-
e goryctume 3 BogHuM ckugoM [TAEC BuzHauaioThb-
cs gitounM Ha AEC gokymMeHTOM «J[omyCTUMBII ra3o-
a3pP030JIbHBII BBIOPOC U AOIMYCTUMbIA BOAHBIN cOpoOC
pPaaroaKTUBHBIX BEIIECTB B OKpyXatomnyio cpeny OI1
«IOYAEC» (pammaumoHHO-TUTUEHUYECKUI peria-
MeHT TiepBoii rpynmsr) PI.0.0026.0159».

KoHTponb 3a BMICTOM pamioOaKTMBHUX pPEYOBHH Yy
Boxi piku IliBpeHHMIA byr nmpoBOAUTHLCS y TOYKAX: C.
OnekciiBKa (HacocHa CTaHIIisI TMUTHOTO BOJIOMOCTAa-
YaHHS MicTa, B 7 KM BUILE 3a TeUi€lo piku Big MicTa) 3
1983 poky Ta c. by3bke (B 7 KM HUKYE 3a TEUi€l0 Piku
Bim M. FOxHOyKpaiHchK) 3 1988 poky. Touku KOHTpo-
J1o OyJM BU3HAYEHi 3 TEpUTOpPiaIbHUMU OpraHaMu
HepxcaHemiacay>kou Ha cTafii y3romxkeHHs «IIpor-
paM pamialliifHOTO KOHTPOJIO HAaBKOJMIIHLOTO Cepe-
JOBUILIA», 11O PO3POOJISIIOTHCS 1 MEeperysigarThes, 3
ypaxyBaHHSIM pajialiiiHoro craHy. KoHTpoab akTuB-
HOCTi BOAW MPOBOIMTHCS METOMOM IPOOOBiAOOpPY i
HACTYITHOro J1abopaTOpHOro aHamidy (pamioMeTpuy-
HOTO, PafgioXiMigHOTO Ta CIIEKTPOMETPUIHOTO).

exposure is carried out by regulating and controlling
of the gas-aerosol emissions and liquid discharges
during NPP operation, and content of radionuclides
in certain environmental matters e.g. water, air, soil,
and food. A quota of dose limit for exposure of per-
sons of the B-population category is established for
the relevant radiation and nuclear facilities.
Permissible discharges (PD) and permissible emis-
sions (PE) are determined in accordance with the
dose limit quota for each facility.

Sampling and analysis of samples of the surface
layer of atmospheric air in populated areas of the NPP
SZ is carried out in accordance with the «Radiation
Control Regulation of the Nuclear Power Plant». The
list of radionuclides and the value of permissible emis-
sion limit are stated in the document «Permissible
gas-aerosol release and permissible aqueous discharge
of radioactive substances into the environment of the
«YuU-AES OP» (radiation-hygienic regulation of the
first group) RG.0.0026.0159».

Radiation control of the water environment during
flushing of the Tashlytsky reservoir is held in accor-
dance with the «Regulations for flushing the Tashlyt-
sky reservoir-cooler of the «Yuzhno-Ukrainska
NPP» into the Oleksandrivske water reservoir,
RG.0.3708.0113»." Values of the limits of annual dis-
charges of radioactive substances, the environmental
entry of which is permissible with the PUNPP water
discharge are determined by the document in force at
the NPP «Permissible gas-aerosol release and water
discharge of radioactive substances into the environ-
ment of the «YouUAES OP» (radiation-hygienic reg-
ulation of the first group) RG.0.0026.0159».

Control of the content of radioactive substances in
the water of the Pivdennyi Bug River is carried out at
the Oleksiivka village (pumping station for the city’s
drinking water supply, 7 km upstream from the city)
since 1983 and the village of Buzke (7 km down-
stream from the city of Yuzhnoukrainsk) since 1988.
The control points were established in agreement
with the territorial bodies of the State Sanitation
Service at a stage of coordination of the «Programs of
radiation control of the environment», which are
being developed and revised, taking into account the
radiation situation. Control of water activity is car-
ried out by sampling and subsequent radiometric,
radiochemical and spectrometric laboratory analysis.

'BIN «lOxHo-Ykpaitcbka AEC» — Bigokpemnenuii nigpoaain «l0xHo-YkpaiHcbka
AEC» nepxaBHOro mignpuemcTea «HaujoHanbHa aToMHa eHeproreHepyioya Kom-
naHis «EHeproatom»; 3 14.04.2022 — Bigokpemnennit nigpo3ain «MiBaeHHOYK-
paiHcbka AEC» pepxaBHOro nignpuemcTea «HaujoHanbHa aToMHa eHeproreHepy-
lo4a komnaHis «EHeproatom», Bl «MiBaeHHoykpaitcbka AEC», Bl MAEC

The SD «South-Ukrainian NPP» is the Separate division «South-Ukrainian
NPP>» of the state enterprise «National Atomic Energy Generating Company
«Energoatom»; since 04/14/2022 is the Separate division «Southern
Ukrainian NPP» of the state enterprise «National Atomic Energy Generating
Company «Energoatom», SD «Southern Ukrainian NPP», SD SNPP
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BumiptoBaHHS MOTY>XKHOCTI 0O3M raMMa-BUIIPOMiHIO-
BaHHS Ha MiCIIEBOCTi MPOBOAWIUCS 3a JOMTOMOTOIO Tiepe-
HocHux pagiometpiB Tuny CPII-68-01 i MKC-01P nHa
yac BiZOoOpy IMpoO 30BHIIIHBOIO CepeloBUIla B Pi3HUX
HaceJeHUX MyHKTax, po3TallloOBaHUX Ha Pi3HUX BiacTa-
Hsx Big ITAEC, y Micugx cTaliioHapHUX MOCTiB CITOCTe-
pexeHHs. I[loTyxXHicTh 103U TaMma-BUIIPOMiHIOBAHHSI
BUMiproBaJiacs 3 norpimHictio 15,0 % Ha piBHi 1 MeT-
pa BiJ TTOBEPXHi 3eMJIi.

Big6ip rpyHTY B IMMyHKTaX MOCTIMHHOTO CITOCTEPEXEHHS
TMIPOBOJINBCS OJHOYACHO 3 BimOopoMm Mmpod TpaB’THUCTOL
POCIMHHOCTI. BMicT pamioHyKIIiIiB y IPYHTI il pOCIUH-
HOCTi BM3HA4yaBCsl, B OCHOBHOMY, padiOHYKJiJaMU IJ10-
OanbHOro noxomkeHHs: *Sr i ¥7Cs. Bindip nmpob rpyHTy i
POCIMHHOCTI ITPOBOAMBCS 3a 6 paaiycaMu CIIOCTEPEXKEH -
Hs (25 TOYOK), OJUH pa3 Ha piK (TpaBeHb-YePBEHbD).

PE3VIJIBTATU

Bukunpun B atmocdepy

B pesyabraTi mopiny simepHOro IMajvBa YTBOPIOETHCS
6sm3bK0 200 pi3HUX pamioOHYKIIiAiB. 3HaYHA YaCTUHA HYK-
JIiZiB, IO YTBOPIOIOTHCS TIPU TIOAUTI, MPUTIAIa€ HA BUKU-
I iHepTHUX pamioakTuBHUX Tra3iB (IPI") — izoTomnm kpuri-
TOHY i1 KCEHOHY, a cepell paJdioHYKJIiAiB, 1110 BU3HAYAIOTh
HeOe3MneKy BHYTPIlIHLOTO ONTPOMiHEHHS JTIOAUHU — i30-
TOIU IOy, 1Ie€3il0, CTPOHIIiI0, LIMPKOHIiI0, Oapito Ta py-
teHiro. [1pn ekcruryaranii AEC y HopMaTbHOMY pexXuMi
3a0e3IeuyeThCs JIoOKali3allisi OCHOBHOI KiJIbLKOCTI pajio-
AKTUBHUX MPOIYKTiB Y PEaKTOPHill YCTaHOBIII Ta Yy CIie-
LiaJIbHUX cUcTeMax Bomo- i razoounctku. OnHak yepe3
HM3KY MPUYMH He3HAYHa YaCTHMHA paJioOHYKJIiIiB BCe X
MOTparvisie 'y HaBKOJMIIHE cepenoBulle. BennuuHa
pamioaKTUBHMX BUKUIIiB B aTMOC(HEPY KOHTPOJIOETHCS B
rpynax paaioHykiinis: IPI, moBroxxuByuymx HYKJIiIiB
(I2KH), 3'I. B Tabmui 1 Ta pucyHKy 1 rpuBeneHi ra3o-

Ta6nuusa 1

Measurements of the dose rate of gamma radia-
tion in the area were carried out using portable
SRP-68-01 and MKS-01R type radiometers dur-
ing the environmental sampling in several settle-
ments located at different distances from the
PUNPP at the places of stationary observation
posts. The dose rate of gamma radiation was
measured with an error of + 15.0% at the altitude
of 1 meter from the soil surface.

Sampling of soil and herbaceous vegetation at
the points of permanent surveillance was carried
out simultaneously. Radionuclide content in soil
and vegetation was mainly represented by those of
global origin, i.e. *Sr and ¥’Cs. Sampling of soil
and vegetation was carried out in 25 points within
6 surveillance radii once a year in May-June.

RESULTS

Atmospheric emissions

About 200 different radionuclides are formed as a
result of the decay of nuclear fuel. Most of them
belong to the inert radioactive gases (IRG) family
(featuring isotopes of krypton and xenon), while iso-
topes of iodine, cesium, strontium, zirconium, bari-
um and ruthenium are the radionuclides being haz-
ardous to human because of the internal exposure
risk. During normal NPP operation the localization
and/or utilization of the main amount of radioactive
products in the reactor unit and in special water and
gas treatment systems is ensured. However, for a
number of reasons, a small part of radionuclides still
enters the environment. The amount of atmospher-
ic radioactive emissions is controlled in such groups
of radionuclides as IRG, long-lived nuclides (LLN),
and B'I. Table 1 and Figure 1 show the amounts

CymapHi Bukuam IPT, IKH, **'I eHepro6nokamu MNiBaeHHOYKpaiHCbKOT aTOMHOT eneKTpocTaHuii (hakTuuHUM,

JIB % Bip ponycrumoro)
Table 1

Total emissions of IRG, LLN, and **'I by the Pivdennoukrainska NPP in actual amount and emission limit (% of

permissible values)

Poku IPl, Bk JIB, % monyctumoro  [DKH, I'Bk JIB, % nonyctumoro 1311, Bk JIB, % ponyctumoro
Years IRG, GBq  EL, % of permissible LLN, GBq EL, % of permissible 1311, GBq  EL, % of permissible

2015 6,01E+01 1,34E-01 6,10E-05 7,63E-03 1,43E-04 3,77E-03

2016 5,44E+01 1,21E-01 1,32E-04 1,65E-02 3,16E-04 8,32E-03

2017 5,15E+01 1,15E-01 1,40E-04 1,75E-02 1,46E-04 3,84E-03

2018 4,28E+01 9,51E-02 1,64E-04 2,05E-02 8,08E-05 2,13E-03

2019 4,05E+01 9,00E-02 2,97E-04 3,71E-02 7,25E-05 1,91E-03

2020 4,49E+01 9,97E-02 2,55E-04 3,18E-02 1,14E-04 3,01E-03

2021 2,84E+01 6,31E-02 2,19E-04 2,74E-02 8,83E-05 2,32E-03

MpumiTka. Kontpons [DKH, IPI i pagioHyknigis iofy 3MiACHIOETLCS LWoA06M.
Note. Control of IRG, LLN, and iodine radionuclides is held daily.
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PuUcyHoK 1. ®aktuuni Bukuau IPT Ta *'I eHepro6nokamu MAEC B guHamiui
Figure 1. Actual releases of IRG and *'I in GBq by the PUNPP power units at a runtime

aepo3osbHi Bukuau pamionykiigis (IPL, J2KH, "'I)
eHeprobdysiokaMu ((paKTUIHUI, BiICOTOK BiI JOMMYCTH-
moro) ITAEC B qunawmini 2015—2021 pp.

Ha pucyHky 2 i B Tabauii 2 npuBeaeHi cyMapHi BU-
kuau pamionykiinis (*'Cr, >*Mn, *Fe, *Co, “Co, *Sr,
%7r, “Nb, *Cs, 'Cs, *H) enepro6ioxkamu ITAEC
(paxTnuHmii, Bigcotok Big JIB) B armocdepy. Bei Bu-
KUAW paJioHYKJIiiB HEe TTepeBUIYBaId BCTAHOBICHUX
AP, 3okpema *°Sr, '¥Cs.

Big’emHuiT TeMIT IpUpOCTy B AMHAMIll 32 pOKaMU
CIIOCTEPIra€ThbCsl I OUTBIIOCTI CyMapHUX BUKUIIB

(actual and percentage of permissible) of gas-aerosol
emissions of radionuclides (IRG, LLN, ") by the
PUNPP power units at a runtime of 2015—2021.
Figure 2 and Table 2 show the total amount of
atmospheric radionuclide emissions (°'Cr, **Mn, *Fe,
3Co, “Co, *Sr, *Zr, *Nb, '*Cs, ''Cs, H) by the
PUNPP power units (actual and % of EL). All emis-
sions of radionuclides, in particular *°Sr and '¥’Cs, did
not exceed the established permissible levels.
Negative rate of increase at a runtime over years
was observed for the majority of total radionuclide

x5
- s
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2016 2017 2018 2019 2021

poKu / years

X

b/B
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—e—— %Gy
——— 137(5 |
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PUCYHOK 2. ®akTuyHi Bukuam °*°Sr 1a *’Cs enepro6nokamu MAEC (A) Ta JIB % Bip ponyctumoro B AuHamiui (b)
Figure 2. Actual releases of °*°Sr and **’Cs by the PUNPP power units (A) and EL % from permissible values at

a runtime (B)
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Ta6auusa 2

Temn npupocTy cymapHux BUKUAIB papioHyknipis enepro6nokamm MAEC (daktuuxun, JIB, % Bia ponyctumoro)

Table 2

Increase rate of total radionuclide emissions by the PUNPP power units (actual and % of EL)

Poku / Years

Pagionykni Temn npupocty, %
AploRyITIA 2015 2021 PAPOCTY:
Radionuclide KBk / kBq JIB, % ponycTumoro Kbk / kBq JIB, % ponyctumoro  Increase rate, %

EL, % EL, %
Sicr 672,30 3,00E-08 171,71 1,00E-08 -74,46
%Mn 106,93 6,00E-07 40,72 2,30E-07 -61,92
Fe 154,66 4,20E-07 50,91 1,40E-07 -67,08
5%Co 85,03 2,00E-07 23,42 6,00E-08 -72,46
80Co 573,46 5,89E-05 334,92 3,44E-05 -41,60
90gr 11,20 9,70E-07 23,92 2,07E-06 113,57
957r 127,34 2,20E-07 37,21 6,00E-08 -70,78
BNb 94,17 8,00E-08 21,46 2,00E-08 77,21
T1ompg 173,50 1,10E-05 253,36 1,60E-05 46,03
13Cs 83,97 6,27E-06 20,56 1,54E-06 -75,52
134Cs 308,90 2,31E-05 43,49 3,25E-06 -85,92
°H 0,00E+00 0,00E+00 8,92E+07 1,40E-03 -

Mpumitka. Kontponb 90Sr — woksapTany, iHWMX PagioHyKNIAB — WoMicsLS.
Note. Quarterly control of %Sr, and monthly of all other radionuclides.

pagioHykJIiaiB. [TO3UTUBHUI TeMI OPUPOCTY CyMapHUX
BUKUIIB PagiOHYKIimiB B IuHaMilli 3a pokamu 2015—
2021 xapakrepuuit s *°Sr (113,57 %) i '''"Ag (46,03 %).

Ckungun y BOgoviMmm

Texuiune Bomonocrauanas [TAEC 6a3yeTbcs Ha HalmB-
HOMY BOJIOCXOBMIIi, CTBOpeHOMY Ha Oanui Tammimk
IIJISIXOM 3alOBHEHHS 11 Bogorwo 3 piku IliBmeHHuii byr.
ITimxyBIeHHST BOAOCXOBMILA 3AiMCHIOETHCS 3 PiKMU
IMiBgenHuit byr. JIns KOHTpoIO pafiallifHOro CcTaHy
BiIKPUTHX BOHONM BigOMparOThCsl MPOOU BOAM B piulli
ITiBnennuit byr i TamanubKoMy BOJOCXOBHILII.

VY Tabnuui 3 HaBedeHi cepenHi 3HAYEHHS BMICTY
pamioHykJiaiB y TallinubKii BOgoMMi-0X0J101KyBadi Ta
p. IliBoeHHu#t byr B Touykax KOHTpPOJIO 3a Tepiof
2015—2021 poxiB.

Bmict JKH °Sr i ""Cs y cTaBKy-0XOJIOIXKYBadi
3HAXOIMBCS B MexXaX (pOHOBUX 3HaueHb: Bix 24,50 bk/m?
no 14,00 bk/m*® BopomoBx pokiB mis *Sr ta Bim 3,95
bk/m* 1o 1,85 bx/m* g ¥Cs.

Bwmict I2KH *Sri "¥'Cs y p. [liBagennuii Byr piBHOMIp-
HUM 110 BCiit pO3MISTHYTIN TisHIL piku Big ¢. OnekciiBka
o c. by3bke i 3HaxonuBcsa B Mexkax (DOHOBUX 3HAUYE€Hb
Bin 22,50 bk/m* no 11,25 bk/m® mst *°Sr i Bin 4,24 bx/m*
1o 1,85 bx/m* g ¥Cs.

JnHaMika 3MiHM KOHIEHTpalil pamioHyKIigiB *Sr y
CTaBKY-OXOJIOMXYyBaui Ta Boxi p. IliBmeHHuii byr y
TOYKaxX KOHTPOJIIO HaBeJeHa Ha PUCYHKY 3 3a BKa3aHUI
Tepioz CIIOCTePEeKeHHS.

emissions. Positive increase rate of total radionu-
clide emissions at a runtime of 2015-2021 was typ-
ical for *Sr (113.57 %) and '"""Ag (46.03 %).

Discharges into water bodies
Process/service water supply of the PUNPP is pro-
vided from a pumped storage reservoir created on
the Tashlyk coomb by filling it with water from the
Pivdennyi Bug River which now feeds the reservoir.
Water samples are taken from the Pivdennyi Bug
River and the Tashlytsky Reservoir to monitor the
radiation status of open water bodies.

Average values of radionuclide content at the
control points at the Tashlytsky cooling reservoir
and Pivdennyi Bug River for the 2015—2021 peri-
od are shown in Table 3.

Content of the long-lived radionuclides *Sr and
7Cs in the cooling pond was within background
values, i.e. 24.50—14.00 Bq/m’ for *Sr and
3.95—1.85 Bg/m’ for '*’Cs over the years.

Content of the long-lived radionuclides *Sr and
Cs in the Pivdennyi Bug River was uniform
throughout the surveyed part of river from the village
of Oleksiivka to the village Buzke being within back-
ground values from 22.50 Bg/m’ to 11.25 Bq/m’ for
“Sr and from 4.24 Bq/m® to 1.85 Bq/m’® for *’Cs.

The time pattern of changes in the *’Sr radionu-
clide concentration in the water of cooling pond
and Pivdennyi Bug River at the control points is
shown in Figure 3 for the stated period of survey.
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Ta6nauusa 3
Bmict papioHyknipiB y Boponmax 30Hu cnoctepexkeHHa MAEC (bk/m°)
Table 3
Radionuclide content in the water bodies of the PUNPP SZ (Bq/m?)
Pik PapioHyknip, CraBoK-0X0N0/MKyBaY p. N. byr po NAEC p. N. byr nicna MNAEC
Year Radionuclide Cooling reservoir Pivdennyi Bug River Pivdennyi Bug River
upstream the PUNPP downstream the PUNPP
2015 137Cs 3,95* 4,0 4,24*
134Cs 3,53* 3,55* 3,58*
8Co 103,8* 112,8* 95,4*
905y 21,8 22,0 22,5
°H 105792 12084 12167
2016 17Cs 3,95* 4,0* 4,24
134Cs 3,53* 3,55* 3,58*
80Co 103,8* 112,8* 95,4*
90y 21,8 22,0 22,5
°H 105792 12084 12167
2017 137Cs 2,15* 2,16* 2,16*
134Cs 1,87* 1,83* 1,76*
80Co 75,65* 72,63* 70,95*
90Gy 20,5 20,0 19,75
°H 136650 13000 13084
2018 137Cs 2,20* 2,14* 2,05*
134Cs 1,79 1,76* 1,74*
8Co 75,23* 73,75* 71,55*
90y 21,00 17,50 17,25
°H 125861 12667 12834
2019 17Cs 1,86* 1,92* 1,90*
134Cs 1,56* 1,65* 1,66*
8Co 75,15* 71,38* 72,90*
90y 24,50 17,25 12,0
°H 125445 11584 14250
2020 17Cs 1,88* 1,89* 1,88*
134Cs 1,55* 1,63* 1,56*
8Co 78,23* 78,00* 76,85*
90Gy 16,50 12,25 11,25
°H 139000 12083 14667
2021 157Cs 1,85* 1,85* 1,88*
134Cs 1,69* 1,61* 1,60*
8Co 73,83* 73,10* 76,50
90y 14,00 12,25 11,75
°H 142500 12250 12250

MMpumiTka. * — 3HaueHHs HaBeaeHo B 0,5 MiHIManbHO IETEKTOBAHOI aKTUBHOCTI CMIEKTPOMETPA NMpY BUMIPIOBAHHI KOHKPETHOI Npobu.
Note. * — values of the 0.5 of minimal detected activity (MDA) by spectrometer in the specific sample.

30
£
g PUCYHOK 3. luHamika KoHLe-
o~ HTpauii °°Sr y cTaBKy-0x0Nnop-
2 xysavy, p. MispeHHnit byr y
4
O 10 [ TOYKaX KOHTPONIo
| | —e—— craBok-oxonomxysau / cooling pond B Figure 3. Time pattern of *°Sr
5 ——=a—— piuka M. byr go MAEC / Pivdennyi Bug River upstream the PUNPP radionuclide concentration in
———— piuka . byr nicns MAEC / Pivdennyi Bug River downstream the PUNPP .
0 the water of cooling pond and
2015 2016 2017 2018 2019 2020 2021 the Pivdennyi Bug River at the
PoKu / years control points
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KonueHrpariii pamionykmigiB *Sr i '’Cs y BogHux
00’eKTax 3a JOCiIKYyBaHUI Nepiod He epeBUIIyBa-
JIM HOpMAaTUBHUX BeJW4uH 3rigHo 3 HPBY-97 [11].
Bpaxosytoun, mo p. IliBnennuit byr mae 3HayeHHSs
SIK JIKEPEJO TOCIOJapChbKO-MUTHOIO TOCTayaHHs,
TO UIs1 pamioHykiiaiB *°Sr i ¥’Cs 3acTocoBaHi BUMOI1
«[AP-2006», ACanllin 2.2.4 — 171-10 [12, 13], gki
MaloTh TaKi 3HaYeHHs IJIs1 mUTHOI Boau: *Sr — 2000
bx/m?*; ¥7Cs — 2000 Bk/m°.

CepenHi 3HaUeHHST BMIiCTy TpUTiO y TallUTMIbKii
BomoitMi-oxonomKyBadi (puc. 4) B {MHaMIIli CKIaga-
i Bin 105 792 bk/m* no 142 500 bk/m’.

CepenHi 3HaU€HHs BMIiCTY TpuTit0 y Bofi p. ITiBmeH-
Huit byr o Toukax koHTpoto 3 2015 poky mmo 2021 pik
ckinanamu Bix 11 584 bk/m® 1o 13 000 bx/M?* y ¢. Onek-
ciiBka i Bim 14677 bx/m* no 12167 bk/m* y ¢. Byrch-
ke Ta He nepeuiyBanu I P. 3rintno HPBY-97 [11]
JOMYCTUMi KOHILIEHTpALil TPUTiI0 B MUTHI BOAI —
3,0E+07 bx/m°.

PapiauiiHa cuTyauis B HaceseHUX NyHKTax
3C NAEC
CepenHe 3HAYEHHS ITOTY>KHOCTI JO3M raMMa-BUII-
pomiHtoBaHH 3a 2015—2021 pp. B 3C Ha mpoMucIO-
Bomy MaiimaHuuky ITAEC (0,2 kM), y Micti FOxHO-
YKpaiHChbK Ta 15 HaceleHUX MyHKTax, HA KOHTPOJIb-
HOMYy TtocTy B c. Pssboxoneno (33,5 kM) Oysio B Me-
kax Bin 0,10 mx3B/ron no 0,12 Mk3B/rof, 1110 He Ie-
peBUIIyBajo AomycTUMUX 3HadeHb (0,3 MK3B/ron).
IITyyHa pagioakKTUBHICTb MPU3EMHOTO MOBITPS
3C ITAEC obymosiieHa rnepeBaxHo izororoMm 'Y'Cs
Ha (OHI TIPUPOTHUX i KOCMOTE€HHUX PaTiOHYKIIiIiB
(*K, "Be). Pamionykiigu *’Cs, ©°Co, 3Co, *Mn, **Cs

Concentrations of the **Sr and '¥’Cs radionuclides in
water bodies during the survey period did not exceed
the normative values according to NRBU-97 [11].
Taking into account that the Pivdennyi Bug River is
critical as a source of economic and drinking water
supply, the requirements of «DR-2006», State Sani-
tary Rules and Norms 2.2.4-171-10 [12, 13] are ap-
plied to *Sr and 'Cs radionuclides providing the
value for drinking water of 2000 Bq/m® for both.

Average values of tritium content in the Tashlytsky
cooling reservoir (Fig. 4) range at a runtime from
105,792 Bg/m’ to 142,500 Bq/m’.

Average values of tritium content in the water of
Pivdennyi Bug River at control points since 2015 till
2021 was from 11,584 Bq/m*to 13,000 Bq/m? in the vil-
lage of Oleksiivka and within 14,677—12,167 Bq/m® in
the village of Buzke not exceeding the permissible level.
According to NRBU-97 [11], the permissible concen-
tration of tritium in drinking water is 3.0E+07 Bq/m’.

Radiation situation in the settlements of the
PUNPP Sz

Average value of the gamma radiation dose rate for
2015—2021 period in the SZ at the PUNPP industrial
site (0.2 km distance), in the city of Yuzhnoukrainsk
and 15 settlements, and at the control post in the vil-
lage of Riabokoneve (33.5 km distance) was from
0.10 uSv/h to 0.12 uSv/h, which did not exceed the
permissible values (0.3 uSv/h).

Artificial radioactivity of the surface air at the PUNPP
SZ is formed mainly by the "Cs isotope against the
background of natural and cosmogenic radionuclides
(*K, "Be). The "'Cs, “Co, *Co, **Mn, and '*Cs

I pidka M. byr go NAEC / Pivdennyi Bug River upstream the PUNPP
16000 — M piuxa N. byr nicns MAEC / Pivdennyi Bug River downstream the PUNPP
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CepeaHi KoHueHTpauii paaioHyknipie y armocepHomy noBiTpi HaceneHux nyHkTiB 3C MAEC (MkBK/M®)

Table 4

Average concentrations of radionuclides in atmospheric air of the PUNPP SZ settlements (uBq/m?)

[onycTumi KOHUEHTpauil

Touka cnocTepexeHHs Papionyknip Pik / Year B NOBITPI AN HACENEHHS
Control points Radionuclide 2017 2018 2019 2020 2021 Permissible air concentrations
for population
MpoMManzaH4mK 131Cs 0,373 0,705 0,493 2,858 0,448 0,800
PUNPP industrial site 134Cs 0,743 0,260 0,267 0,277 0,279 1,000
90gy 0,147 1,307 1,310 0,783 0,658 0,200
M. lOXHOyKpaiHChK 131Cs 0,430 0,334 0413 3,722 0,29 0,800
City of Yuzhnoukrainsk 134Cs 0,701 0,256 0,258 0,265 0,264 1,000
90gy 0,106 1,568 0,978 1,286 0,490 0,200
¢. PaGokoHeBe (KOHTPOSIbHMIA NOCT) 131Cs 0,322 0,844 0,629 1,986 0,271 0,800
Village of Riabokoneve (control station) 134Cs 0,277 0517 0,236 0,245 0,245 1,000
0S5y 0,115 0,222 0,156 0,566 0,497 0,200

peectpyiotbes ¥ 50—100 % Bimiopanux mnpo6. Pamio-
gykiign °'Cr, B, """Ag, *Nb, 'Ru npucyTHi B TOBiTpi
€I1i30AMYHO, Y Mepiol MPOBeAeHHs ILJIaHOBO-IIOIEpe/I -
JKyBaJIbHUX PEMOHTIB.

KinbKicHi MOKa3HUKM PagdioOHYKIiAiB y aTMOCEepHOMY
noBitTpi 3C mpuBeneHi B TabauU1li 4.

CepeaHbOpPiUHI 3HAYEHHS TUTOMOI KOHIIEHTpallii
pamioHYKJiiB y MpU3eMHOMY IIapi aTMoc(epHOro
MHOoBiTPS 3a mepiof croctepexeHsb i3 2015 poky mo 2021
piK cBimyaTh, 1110 BMicT i3oTtormiB *’Cs i *Sr y nositpi 3C
PiBHOMIpHO pO3MOJIJIEHUN MO TIOoCTax palialliiiHoro
KOHTPOJTIO.

Ha pucyHnkax 5—6 HaBemeHa OMHaMiKa 3MiHU ce-
peIHBOPIYHOI KOHIIEHTpaLIil pagionykiaiB *°Sr ra 'Cs y
MpU3EeMHOMY IIapi aTMOC(PEpHOro MOBIiTps 3a Tepion
CIIOCTEPEXEHb Ha CTalliOHApHMUX MOCTax paaialliifHOro
KoHTpoJto: npommaiigaHuuk ITAEC, c. PsabokoHeBo
(KOHTPOJILHUM TTOCT).

radionuclides are registered in 50—100 % of the sam-
pled specimens. The 3'Cr, *'I, ""mAg, *Nb, and '*Ru
appear in the air sporadically during the periods of
planned and preventive services and repairs.

Quantitative parameters of radionuclide content
in atmospheric air of the SZ are given in Table 4.

Average annual values of specific concentration
of radionuclides in the surface layer of atmospher-
ic air for the observation period since 2015 till 2021
show that the content of '’Cs and *°Sr isotopes in
the SZ air was evenly distributed among the radia-
tion control posts.

Figures 5—6 show the time patterns of changes in
the average annual concentration of '’Cs and *°Sr
radionuclides in surface layer of atmospheric air
during the survey period at the stationary radiation
monitoring stations i.e. the PUNPP industrial site
and village of Riabokoneve (the monitoring site).

I c. Ps6okoHese / Village of Riabokoneve

2021

I npommaitpanunk / PUNPP industrial site

2020

2019

2018

pPoOKu / years

N
S
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2015

PucyHoK 5. CepeaHi KoHueHTpauii papgio-
HyKnigy 1¥7Cs y atmocepHoMy noBiTpi Hace-
neHux nyHkriB 3C MAEC

Figure 5. Average concentrations of 237Cs ra-
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SZ settlements
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Figure 6. Average concen-
trations of °°Sr radionuclide

2016 2017 2018 2019
POKHM / years

2020 2021 in atmospheric air of the

PUNPP SZ settlements

MakcumalibHi cepeaHi 3HauyeHHsI KOHLEHTpalil B
atMochepHoMy noBiTpi *¥’Cs 3a mepion 2015—2021 pp.
ckiagany: npommaiiaaHuuk [MTAEC — 2,858 mxbk/M?,
M. FOxHoykpaiHcek — 3,722 Mmxbk/M?, ¢. Pa6okoHe-
Bo — 1,986 MkBk/M’, 1110 He TEpeBUILYE AOMYCTUMI
3HayeHHs 3rigHo HPBY, mig ¥Cs — 0,8 bx/m°. Mak-
CUMAaJIbHi cepefHi 3HaYeHHs1 KOHILIEHTpallil B MOBITpi
PSr cknaganu: mpommaiiganunk I[MTAEC — 1,310
Mkbk/M?, M. FOxHOyKkpaiHCcbK — 1,568 MKBK/M?,
c. PabokoneBo — 0,566 Mxbx/M?, 1110 He TTepeBUIILY-
Bajio JOMYCTUMUX 3HauyeHb 3rigHo 3 HPBY-97 [11]
st *°Sr — 0,2 bx/m?.

BmicT pagioHyknigiB y 'pyHTi, POCJIMHHOCTI
Ta CiZIbCbKOrocrnoaapchKii NpoayKuir

BwmicT pamioHykJiniB y mpobax I'pyHTY Ta POCJIMH-
HocTi B 3C ITAEC mnipeacraBieHo B TaOaMLIX 5—8.

V rpynTi BMicT *Sr piBHOMipHMIA y Beix pamiycax 3C o
BinmaneHocTi Bin ITAEC Bin 1,03 bx/kr no 0,24 bk/xT,
IO MiATBEPIXYE OyKe HU3bKUI piBeHb BUKUAY *Sry
HaBkoymminHe cepenosuine AEC. Bmict '¥'Cs y Bcix
paziycax crioctepexkeHHs ckianaae Bin 19,15 bk/kr no

The maximum average values of '¥’Cs concentration
in atmospheric air for the period of 2015—2021 were
2.858 uBg/m’ at the PANPP industrial site, 3.722
uBg/m’ in Yuzhnoukrainsk city, and 1.986 uBg/m’ in
Riabokoneve village, not exceeding the permissible
value of 0.8 Bq/m® for *’Cs according to the NRBU-
97 [11]. Maximum average values of the *’Sr air con-
centration were 1,310 uBq/m* at the PANPP indus-
trial site, 1,568 uBg/m® in Yuzhnoukrainsk city, and
0.566 uBg/m® in Riabokoneve village, not exceeding
the permissible value 0.2 Bq/m?® for *Sr according to
NRBU-97 [11].

Radionuclide content in soil, vegetation and
agricultural products

Content of radionuclides in soil and vegetation sam-
ples in the PUNPP SZ is shown in Tables 5—8.

The soil content of *°Sr was uniform in the SZ radii at
all distances from the NPP and range from 1.03 Bg/kg
to 0.244 Bq/kg, which confirms the very low level of *°Sr
environmental emission from the NPP. Content of '¥’Cs
at the all observation radii ranged from 19.15 Bq/kg to

Ta6nuua 5

BmicT papioHyknipy °°Sr y rpynTi 3C 3a paaiycamu cnoctepexkeHHs B auHamiui (Bk/kr)

Table 5

Soil content of °°Sr in the ZS by observation radii at a runtime (Bq/kg)

Pagiyc cnocrepexeHHs Pik / Year

Observation radius 2015 2016 2017 2018 2019 2020 2021
0-11 (reputopia AEC) / «Zero» (NPP territory) 0,45 0,54 - 0,78 0,52 0,44 0,24
1-14 (0-3 km) / 1% (0-3 km) 0,45 0,68 0,95 0,75 0,42 0,55 0,55
2-i1 (3-8 km) / 2" (3-8 km) 0,60 0,49 0,42 0,90 0,65 0,44 0,67
3-i1 (816 km) / 39 (8—16 km) 0,66 0,52 0,46 0,66 0,25 0,65 0,36
4-i1 (16-24 km) / 4" (16—24 km) 1,03 0,44 0,76 0,82 0,38 0,55 0,59
c. Pabokorese (33,5 km) / Riabokoneve village (33.5 km) 0,83 0,49 0,63 0,71 0,15 0,67 0,46
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BmicT papionyknipy *’Cs y rpynTi 3C 3a paaiycamu cnocrepexkeHHs B auHamiui (bk/kr)

Table 6

Soil content of **’Cs in the ZS by observation radii at a runtime (Bq/kg)

Pagiyc cnocrepexeHHs Pik / Year

Observation radius 2015 2016 2017 2018 2019 2020 2021
0-1 (teputopist AEC) / «Zero» (NPP territory) 3,65 8,68 12,37 5,38 4,65 8,81 2,85
1-7 (0-3 km) / 15 (0-3 km) 9,88 7,23 18,72 9,62 8,45 6,04 4,02
2-11 (3-8 km) / 2" (3-8 km) 6,64 5,94 12,84 12,19 11,54 7,32 7,86
3-i1 (8—16 km) / 3 (816 km) 8,64 9,53 12,80 9,49 11,34 7,34 8,14
4- (1624 km) / 4™ (16—24 km) 9,33 10,05 11,47 9,83 14,54 7,76 8,33
c. PabokoHese (33,5 km) / Riabokoneve village (33.5 km) 15,53 8,40 10,91 20,46 19,15 6,11 747
Ta6nuua 7

BmicT papgioHyknigy °°Sr y pocnuHHOCTi 3a paaiycammu cnoctepexkeHHs B auHamiui (bk/kr)

Table 7

Content of °°Sr in vegetation by observation radii at a runtime (Bq/kg)

Papiyc cnoctepexeHHs Pik / Year

Observation radius 2015 2016 2017 2018 2019 2020 2021
0-11 (teputopia AEC) / «Zero» (NPP territory) 0.35 0.35 0.174 0.248 0.201 0.112 0.165
1-1 (0-3 km) / 15t (03 km) 0.41 0.36 0.157 0.264 0.215 0.109 0.382
2-11 (3-8 km) / 2" (3-8 km) 0.37 0.34 0.186 0.255 0.171 0.105 0.115
3-i1 (816 km) / 3¢ (8—16 km) 0.41 0.40 0.201 0.211 0.212 0.114 0.175
A-if (16-24 xm) / 4 (1624 km) 0.33 0.32 0.213 0.231 0.207 0.223 0.190
¢. PabokoHese (33,5 km) / Riabokoneve village (33.5 km) 0.26 0.30 0.210 0.232 0.261 0.243 0.106
Ta6nuusa 8

BmicT papioHyknigy *’Cs y pocnMHHOCTI 3a paaiycammu cnoctepexkeHHA B auHamiui (bk/kr)

Table 8

Content of **’Cs in vegetation by observation radii at a runtime (Bq/kg)

Papiyc cnocrepexeHHs Pik / Year

Observation radius 2015 2016 2017 2018 2019 2020 2021
0-11 (Teputopis AEC) / «Zero» (NPP territory) 0.44 0.26 0.26 0.27 0.36 0.25 0.28
1-i4 (0-3 Kkm) / 1%t (0=3 km) 0.41 0.26 0.27 0.28 0.31 0.31 0.27
2-i1 (3-8 Kkm) / 2" (3-8 km) 0.45 0.21 0.25 0.27 0.31 0.26 0.24
3-i1 (816 km) / 3 (816 km) 0.4 0.25 0.24 0.29 0.32 0.25 0.24
4-i1 (16-24 xm) / 41 (1624 km) 0.39 0.24 0.21 0.28 0.38 0.29 0.24
c. PabokoHese (33,5 km) / Riabokoneve village (33.5 km) 0.53 0.27 0.26 0.37 0.32 0.26 0.29

2,85 bk /kr. BmicT pagioHykitiay *’Sry pocIMHHOCTI 3a
pagiycaMM CITIOCTepekeHHSI B AMHaMIlli CKJIaga€ Bif
0,10 7o 0,41 bk /xr, a Bmict '¥'Cs Big 0,21 bk /kr mo
0,53 bk /xr. [lpuBeneHi gaHi CBimuaTh, 10 3HAUYIIOTO
BHECKY, TOB’S3aHOTO 3 €KCIUTyaTalli€lo 00’ €KTIB
ITAEC, y pamioakTuBHe 3a0pyIHEHHS IPYHTY Ta pOC-
JIMHHOCTI HE CIIOCTEPIira€ThCsl.

Pesynbratu mocaimkenss sMicty ¥’Cs y nmpobax Mo-
JIOKa, 3epHOBUX KYJIBETYp i OBOUIB, BimiOpaHux Ha (ep-
Max i B HaceJleHMX NyHKTax, pos3ramoBaHux y 3C
ITAEC npencrasieHi B Tabauili 9.

Bwmict '"Cs B 371aKax y HaceJeHMX IyHKTaX CKJIaaaB
Bin 0,076 bx/kr g0 0,185 bk/kr, B™micT *’Cs y Mmooni —

2.85 Bg/kg. Content of *Sr in vegetation according
to the radii of observation at a runtime was from
0.103 Bqg/kg to 0.410 Bg/kg, and content of “’Cs
varied at that from 0.210 Bq/kg to 0.530 Bq/kg. The
given data show that there was no significant contri-
bution to radioactive contamination of soil and veg-
etation due to the operation of PUNPP facilities.

Study results on the '¥’Cs content in the specimens
of milk, grain crops and vegetables, sampled on
farms and in settlements located in the PUNPP SZ
are presented in Table 9.

Content of ’Cs in cereals sampled in the settle-
ments was from 0.076 Bg/kg to 0.185 Bg/kg, content
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Bmict papioHykniaa *’Cs y xapuoBux npopayKkrax HaceneHux nyHkriB 3C MNAEC B guHamiui (Bk/Kr)*

Table 9

Content of **’Cs in food products at the PUNPP SZ settlements at a runtime (Bq/kg)*

Touka cnocTepexeHHs Xap4oBwuii npoaykT Pik / Year

Control points Food products 2016 2017 2018 2019 2020 2021

C. KoHcTaHTMHIBKA (6 KM) 3epHOBI / grain crops 0,085 0,158 0,131 0,116 0,077 0,095

Kostiantynivka village (6 km distance) Monoko / milk 0,078 0,088 0,081 0,079 0,079 0,082
kapTonns / potato 0,113 0,185 0,187 0,136 0,083 0,127
umbyns / onion 0,125 0,181 0,124 0,109 0,070 0,104

c. bysbke (7,5 km) 3€pHOBI / grain crops 0,123 0,078 0,121 0,111 0,079 0,139

Buzke village (7.5 km distance) Monoko / milk 0,093 0,085 0,085 0,078 0,077 0,077
kaptonns / potato 0,191 0,185 0,122 0,159 0,085 0,096
umbyns / onion 0,168 0,192 0,135 0,114 0,074 0,098

cwMT. ApbyauHka (A) (11 km) 3€pHOBI / grain crops 0,089 0,185 0,145 0,119 0,076 0,089

Arbuzynka village (A) (11 km distance) Monoko / milk 0,096 0,097 0,085 0,073 0,082 0,076
kapTonnsa / potato 0,076 0,221 0,112 0,107 0,083 0,11
umbyns / onion 0,102 0,223 0,107 0,129 0,073 0,103

c. Pa6okoHeBO (KOHTPONbHUIA NOCT 33,5 KM) 3epHOBI / grain crops 0,116 0,185 0,126 0,128 0,086 0,103

Riabokoneve village (control station, 33.5 km distance)  monoko / milk 0,081 0,075 0,072 0,071 0,078 0,07
kaptonns / potato 0,183 0,211 0,163 0,152 0,078 0,093
umbyns / onion 0,086 0,221 0,108 0,091 0,073 0,074

MpumiTka. * — 3HaueHHs HaBeseHi B 0,5 MiHIMaIbHO eTEeKTOBAHOI aKTUBHOCTI CMIEKTPOMETPA NPU BUMIPIOBaHHI KOHKPETHOT Npobu.

Note. * — values of the 0.5 MDA by spectrometer in the specific sample.

0,070—0,970 Bk/kt, B™micT *’Cs y KapToruti Ta LuoyJi
Bim 0,076 bx/kr mo 0,222 Bbk/kr. OtpumaHni naHi
CBigyaTh, IO PiBHI BMicTy pamioHykiiaiB *’Cs y npo-
JOYKTaX XapuyyBaHHS Oy/Iu 3HAYyIIe HMXYi JOITYCTH-
mux piBHiB I P-2006. Bmict "Cs He mepeBulllyBaB
1,0 % Bin cyMapHOi aKTHUBHOCTI.

OBI'OBOPEHHAA

3a maHMMU aHai3y MOKa3HUKIiB pajialliilHOTO MOHi-
TOPUHIY pafiallifHUI BIJIUB Ha JOBKIUIS, MOB’s13a-
HUI 3 BUKAJAMM Ta CKUIAMM PamgioaKTUBHUX pedo-
BUH, yTBOpeHMX y BUpoOHMYomy muki I[TAEC, B
yMOBaX MOBCSKICHHSI, He3HauHUii. [lopiBHSAIbLHUI
aHaJjli3 aHaJOTiYHUX JaHMX AisIbHOCTI PiBHEHCBKOI
AEC [14], 110 HajexXuTh A0 pagioaKTUBHO 3a0pyaHe-
HUX TePUTOPili, MiATBEPIXKYE, 1110 CEPEIHS] KOHLIEHT-
pallist pagioHYKJIiiB B aTMOC(epHOMY TOBITpi Hace-
sneHux nmyHKTiB 3C [TAEC ta 3C PAEC Ha gexinbka
MOPSIIKiB BEIMYMH MEHIIIA, HiXK BCTAHOBJIEHA HOpMa-
TUBHUMM TOKYMEHTaAMMU.

Pazom 3 M, Ha PAEC Buxkunu aemo Bumii: IPT,
H2KH B atMocdepHOMYy TOBIiTpi CKJIamaiTh MEHIIEe
0,2 % nimity Bukuay, Bukuau ' — coty Bincotka [14].
Inpexcu niMiTy Ta30-aepo30JbHUX BUKMAIB HYKJIiAiB
eHeproosiokiB PAEC ckianaroTh 3a1eKHO Bif, HyKJTiIy:
Bix coroi Biacorka wist *H go 7,97 E-06 mns °'Cr.

Ckuan PAEC no piuku Ctup, 3a NOKazHUKaMM
pamgioOHYKIIiIB, SIKi KOHTPOJIOIOTHCSI, HE BHOCSTH

in milk was 0.070—0.970 Bg/kg, and content in pota-
toes and onions was from 0.076 Bq/kg to 0.222 Bq/kg.
Obtained data indicate that the levels of *’Cs in food
products are significantly lower than the permissible
values of DR-2006. The '*’Cs content is not exceeding
at that the 1.0 % of total activity.

DISCUSSION
According to the analysis of radiation monitoring
parameters, the environmental radiation impact due
to emissions and discharges of radioactive substances
formed in the PUNPP production cycle in everyday
conditions is insignificant. Comparative analysis with
similar data on the operation of Rivnenska NPP
(RNPP) situated on the radiologically contaminated
territory confirms that average radionuclide concen-
tration in atmospheric air of the SZ settlements of the
PUNPP and RNPP was several orders of magnitude
lower vs. one established by the regulatory documents.
At the same time, emissions at the RAPP are some-
what higher, just the IRG and LLN in atmospheric air
make up less than 0.2 % of the emission limit, emis-
sions of 'l — a hundredth of a percent [14]. Indexes
of the limits of gas-aerosol emissions from the RNPP
power units vary depending on the nuclide i.e. from
one hundredth of a percent for *H to 7.97 E-06 for *'Cr.
The RNPP discharges to the Styr River, according
to the parameters of radionuclides under monitoring,
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CYTTEBUX 3MiH B SIKiCTb ITOBEPXHEBUX BOJ, SIK i CKU-
au ITAEC no p. IliBnenHuit byr. MakcuMaibHi KOH-
medTparii '¥'Cs i **Co ckmamaoTh OJIM3bKO TUCIIHUX
BiZcoTKa, a 'l — coTux BimcoTKa BiJ JOITyCTMMOTO
3HayeHHs HPBY.

B 3C PAEC cnioctepiraetbcsi HepiBHOMipHe 3a0-
PYIHEHHS ITOBEPXHEBOTO mapy rpyHTY ’Cs «4opHO-
OMIbCBHKOro» moxomkeHHs. [luToma aKTUBHICTH
B¥7Cs y cinbcbkorocnomapcebKii mpoaykiiii B 3C
PAEC He nepeBulllyBaja AOIYCTUMi PiBHI BMiCTy B
MPOAYKTAaxX XapuyBaHHS (3€pHO, KapTOILIS, MOJIOKO),
ajie TTOKa3HUKMU Oy/Iu 3HAYHO BUILi MopiBHSIHO 3 3C
ITAEC.

AHaJi3 oTpUMaHMX HAMU JTaHUX BMIiCTy paliOHYK-
JIiIiB B MpU3EeMHili CKJIaloBiii aTMOcdepu Ta BOAOM-
max (p. IliBnenHuit byr, OnekcaHapiBCbKe BOIOCXO-
BUIIIE) CBiIUMTH MPO TEHACHLIIO MO0 iX 3HMXKEHHS
nopiBHsSHO 3 naHuMu Ipurop’eoi JI. 1., KoBaneH-
ko I JI., Carenu C. O., 1m0 MoxXe OyTr 00YMOBJIEHO
BIipoBaIkeHHSIM KomriuiekcHoi (3BeneHoi) mporpa-
mu nigsueHHs 6e3neku AEC Ykpainu [7, 5, 15].

3a pesyasraTaMM OaraTOpiyHUX AOCHIIIKEHb OYJ10
BU3HAYEHO €(eKTUBHY 03y 30BHILLIHHOTO Ta BHYT-
PILIHBOTO OMPOMiHEHHS JIIOAUHU BHACTIIOK HAAXOI-
JKEHHS pagioHYKJTiAiB Y JOBKIJLISI 3 ra30- aepOo30JIbHU-
MU BUKUAAMU U pinkumMu ckuaamu FOxHo-YKpaiHeh-
koi i PiBHeHcrkoi AEC [16, 17]. B ymoBax HOpMaibHOI
excruryarailii AEC npoBigHe 3HaueHHs y (popMyBaHHi
JIO3U BHYTPIIITHBOTO OITPOMIHEHHSI JIIOMMHN HAJICKUTh
TepopaIbHOMY IIUISIXY HAOXOMKEHHS 3 IPOOYKTaMM
XapuyBaHHS i TATHOI BOAM, 1110 TIOB’SI3aHO 3 BUKOPHC-
TaHHSIM BOJIM ITOBEPXHEBUX BOJOM IS 3pOIIyBaHHS.

BUCHOBKU
Panianifinnii BIUIMB Ha OJOBKULIS, IIOB’I3aHUN 3 BU-
KMIIaMU Ta CKUAaMM palioaKTUBHUX PEYOBUH, YTBO-
peHux y BupooHuyomy uukii ITAEC B ymoBax 1os-
CSIKIeHHs, He3HauHuil. CepemHsI KOHIEHTpALIis
PamioOHYKIIiIIiB B aTMOCc(EepHOMY ITTOBITpi HaceJlIeHNX
nyHkTiB 3C Ha AeKijabKa MOpsAKiB BeIUUYNH MEHIIa,
HiX BCTaHOBJIEHa HOPMAaTUBHUMM JOKYMEHTaMU
IIOI0 TPAaHWYHO IOIYCTUMMX KOHIIeHTpauiii. [a3o-
aeposoubHi Bukunu IPT, JIDKH, *'I B atmocdepy He
MePeBUIIYBaJIM BCTAHOBJICHMX ITOIMYCTUMMX PiBHIB i
CKJIajaJi COTy BimcoTkKa o Jimity Bukumy IPT,
J2KH i tucauny Bigcorka mig “'I. CymapHi dak-
tryHi Bukuay ’Cs ta *Sr eneproomokamu ITAEC B
atmocepy B 2015—2021 pp. He mNepeBUIIYyBaIU
BCTAHOBJICHUX TOMMYCTUMMX PiBHIB.

MakcuManibHi cepeliHi 3Ha4YeHHsI KOHLEHTpallii B
atmMocdepromy mositpi 3C *’Cs 3a mepioxm 2015—

do not significantly change the quality of surface
water, as well as the PUNPP discharges to the
Pivdennyi Bug River. The maximum concentrations of
¥Cs and ®Co were about thousandths of a percent,
and of "'l — hundredths of a percent of the permissi-
ble value by the NRBU.

Uneven contamination of the soil surface layer with
¥Cs of the «Chornobyl» origin was observed in the
RNPP site. Specific activity of '¥'Cs in agricultural
products in the RNPP SZ did not exceed the permis-
sible levels of content in food products (grain, pota-
toes, and milk), but values were significantly higher
compared to the PUNPP SZ.

Analysis of data obtained by us on the content of
radionuclides in atmospheric surface component and
water bodies (the Pivdennyi Bug River, Oleksandrivske
Reservoir) indicates a trend to their decrease compared
to the data by L. I. Grigorieva, G. D. Kovalenko, and
S. O. Sageda, which may be due to implementation of
the Comprehensive (consolidated) program for im-
proving the safety of NPPs in Ukraine [7, 5, 15].

The effective dose of human external and internal
exposure due to the environmental release of radionu-
clides with gas-aerosol emissions and liquid discharges
of the Pivdennoukrainska and Rivnenska NPPs was
determined according to the results of multi-years
research [16, 17]. Under the normal operation of
nuclear power plants the oral route of radionuclide
incorporation with food and drinking water which is
associated with the use of water from surface reservoirs
for irrigation is the key contributor in the formation of
internal exposure dose.

CONCLUSIONS
The environmental radiation impact associated with
emissions and discharges of radioactive substances
formed in the PUNPP production cycle in everyday
conditions is insignificant. The average concentration
of radionuclides in atmospheric air of the SZ settle-
ments was several orders of magnitude lower than that
set by the regulatory documents on maximum permis-
sible concentrations. Gas-aerosol atmospheric emis-
sions of IRG, LLN, and "'l did not exceed the estab-
lished permissible levels and were a hundredth of a
percent of the emission limit for IRG and LLN, and a
thousandth of a percent for “'I. The total actual
atmospheric emissions of '*’Cs and **Sr by the PUNPP
power units in 2015—2021 did not exceed the estab-
lished permissible levels.

Maximum average values of “’Cs concentration in
atmospheric air of SZ for the period of 2015—2021

) 172



ISSN 2304-8336. pobnemu paniauiiiHoi Meguunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2023. Iss. 28.

EPIDEMIOLOGY

AND DOSIMETRY

2021 pp. ckinaganau Bim 2,858 mMxBk/M* (mpommaii-
nanuuk [MTAEC) mo 1,986 Mxbk/m’ (c. Psbokone-
BO), a MakKCMMaJlbHi cepelHi 3HauYeHHSI KOHLIEHT-
paitii B moBitpi *’Sr cknanamu Bin 1,310 Mmxbk/M* 1o
0,566 mxbk/M*® BinnmoBigHO, 1110 HE MEPEBUIIYE HO-
nycTuMi BeanurHu 3rigHo 3 HPBY-97.

Konunenrpauii pagionykminis *Sr i *’Cs y BomHUX
00’eKTax, 30KpeMa, y CTaBKy-0X0J0MKyBauy, p. I1iB-
neHHuit byr y Toukax KoHTposto (c. OJekciiBka i c.
by3bke) 3a pociiaKyBaHUN nepiod HE MepeBUIllyBa-
JIM HOPMATUBHMX BennuynH 3rimHo 3 HPBY-97.

Bwmict *Sr i ¥’Cs, piBHOMipHUII y BCiX pamiycax
cnocrepexxeHHss 3C mo BigaaieHocTi Big ITAEC,
MATBEPIXYE IysKe HU3LKUN piBeHb BUKUIY St i
1%7Cs y naBkosuiHe cepenonuiie ITAEC. Bmict '¥'Cs
y mpobax MOJIOKA, 3€pHOBUX KYJIbTypax i OBoYax,
BimiOpaHux Ha (pepMax i B HaCeJIeHMX ITyHKTax, Po3-
tamoBaHux y 3C ITAEC, 3Hauyllle HUXYUA Jomyc-
TUMUX PiBHIB i He nepesuiye 1,0 % Binm cymapHoi
AKTUBHOCTI.
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ranged from 2.858 uBq/m’* (PUNPP industrial site)
to 1.986 uBg/m® (Riabokoneve village), and maxi-
mum average values of the air **Sr concentration
ranged from 1.310 uBq/m’ to 0.566 uBq/m’ respec-
tively not exceeding the permissible values according
to NRBU-97.

Concentrations of *Sr and 'Cs radionuclides in
water bodies, in particular in the cooling pond,
Pivdennyi Bug River, and at the control points
(Oleksiivka and Buzke villages) during the studied
period did not exceed the normative values according
to NRBU-97.

The content of *Sr and '¥Cs was uniform in all
observation radii of the SZ by distance from the NPP,
confirming the very low level of *Sr and '’Cs environ-
mental emission from the PUNPP. Content of '¥'Cs in
the samples of milk, grain crops and vegetables, taken
at farms and in settlements located within the PUNPP
SZ, was significantly lower than permissible levels and
did not exceed 1.0 % of the total activity.
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