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A0 ITMTAHHA BIUVINBY PATOHY HA POBOYNX MICHAX
B ICHYIOUIN CUTYALIIl OITPOMIHEHHS

MeTa pocnipXKeHHsA: ouiHKa MOBiIPHMX PiBHIB ONPOMiHEHHA Bif pajoHy Ta NPUPOAHUX PafioOHYKMiAIB HA pobOYMX
MicUAX B KOHTEKCTi 006I'pYHTYBaHHA NNaHiB pafialiiitHOro 3axmcTy B iCHyOYii cUTyaLLii onpoMiHeHHs.
Marepianu i meToau. [1ns ouiHku imoBipHOro Aiana3oHy edekTnBHUX J03 (E[l) onpoMiHeHHA npauiBHUKIB npoMuc-
NOBMX NiANPUEMCTB Bif NpupogHux pagionyknigis (MPH) BukopucToByBanuce matepianu wopo ouiHku Bmicty MPHy
Bigxopax nignpuemcTs BUAOOYBHOT Ta nepepobHOT npoMUcnoBOCTi YKpaiHu Ta OUiHKM PiBHiB 3a0pyAHEHHsS NpoMuUC-
NOBUX MalfaH4YMKiB HathTOrasoBMx MiANPUEMCTB, OTPMMaHi B pe3ynbTaTi BUKOHAHHSA HayKOBO-JOCHIAHMX PO6iT
daxisusamu naboparopii pagiauiitHoro 3axucty Y «IHCTUTYT rpomagcbkoro 3aopos’s im. 0.M. Map3eesa HAMH Yk-
paiHu» (P3 OY «IF3 HAMHY»). ina po3paxyHkiB E[} waxTtapiB 3ani3opyfHuX WaxT BUKOPUCTOBYBANNUCH pe3ynbTatu
pocnipxkers HAI Ykpnpommep. Po3paxyHku iimoBipHux E[l npauiBHKUKiB npoMMUCNOBUX NiANPUEMCTB NPOBOAMIMUCH 3a
METOAMKaMM Ta pekomeHpaLiamu nyénikauin MATATE, uo ctocytotbes npodeciitHoro onpomiHeHHs. OUiHKKM piBHiB on-
pOMiHeHHA 0(iCHMX NpauiBHMKIB NPOBOAMNUCHL 3a pe3ynbTaTaMu BUMiploBaHb BMiCTy pajoHy B NOBiTPi NpuMilLeHb
neplux noBepxie 6aratonoBepxoBux GYAMHKIB iHAYCTpianbHOT MicbKoi 3abyaoBu 3 BnacHUx 6a3 gaHux nabopartopii
P3 OV «II3 HAMHY». [locnigeHHs pafoHy B NOBIiTPi NpUMilleHb NPOBOLMANCE METOAOM NACUBHOT TPEKOBOT pajoHo-
MeTpii 3 YacoM eKcnoHyBaHHA He meHwe 30 fi6. Po3paxyHku E[l odicHux npauiBHUKIB NPOBOAMAMUCE 3 BUKOPUCTAH-
HAM [,030BUX KoedilieHTiB Ta MaTeMaTuyHux mopeneint MKP3.
Pe3ynbtatu. MNpu onpomMiHeHHi pagoHOM NpauyiBHUKIB BHACAIAOK TEXHONOTTYHOTO NMpoLecy 0OMeXeHHs ONpPOMiHEHHS
30iMCHIOETbCA 33 JO30BUM KpuUTepieM. Ha npuknaai waxtapis HeypaHOBMX WaxT nokasaHo, wo EJl, obymoBneHi ram-
Ma-BUNPOMiHIOBAHHAM, BapiloBaiun y By3bKOMYy Aiana3oHi i ctaHoBunm 0,2-0,4 m3B/pik i B cepeaHbomy Oynu Ha nops-
LOK MeHWMMK 3a pafjoHOBY KOMMOHEHTY cymapHoi E[l pns gBox rpyn waxTt, wo craHoBuna 2,0-14,0 m3B/pik ans
MiBHiuHOi rpynu Ta 0,3-0,8 M3B/pik ana lMiBgeHHoi rpynu. [Ins Tpbox cnewianbHocTe nig3emMHux npauisHukis EfL on-
POMiHEHHSA NOTEHLINHO MOXYTb NepeBuLLYyBaTU pedepeHTHNI piBeHb 6 M3B/piK i nignagatu nig perynaTopHUi KOHT-
ponb. MoTeHuinHi E[l onpomMiHeHHs nNpauiBHUKIB OJHOrO 3 YKPATHCbKMX HAa(TOBMUX POAOBULL BUSBUANUCH 3araioM He
Benukumn (< 0,1-1 m3B/pik), 32 BUHATKOM MicLb CKNafyBaHHA BignpauboBaHMX TpyO Ta WNamo-BifCTiNHMKIB
(70,0 m38/pik; 28,0 Mm3B/pik Ha BigcTaHi 10 M), N06ANU3Y AKUX NEPEBULLEHO NiMITW [O3 A1 NMepcoHany kateropii A
(6 m3B/piK), Wo nignagae nig perynsTopHUii KOHTPoONb. ONpoMiHEHHS pafoHOM HA poboUKX MicLax nepeabayae i ne-
pebyBaHHA NpaLiBHUKIB Y 3BMYAHUX O(iCHMX NpUMillleHHAX HA NepliMX noBepxax 6aratonoBepxoBUX OYAWHKIB, fe
OCHOBHUM [IXXEPENOM HAAXOMKEHHS pafjoHy B MOBITPA € nifcTensoyunin rpyHT. [ns Hanbinbw gocnigxkeHux obnacreil
Ykpainu (~1200 BUMipioBaHb KOHLEHTPALiA aKTUBHOCTI paoHy B NOBITPi NpuUMilLeHb NeplinX NOBEpXiB) BCTaHOBE-
HO, Wo pecdepeHTHMIt piBeHb 300 bk/M? nepeBuwyetbca y 0,2-0,5 % BUNAAKiB 33 OKpeMUMU 06NacTaMu, TOMY No-
TEHLUiHO pedepeHTHUI PiBEHb MOXeE OYTW NEepeBULLEHUIT Y AeCATKaX TUCAY NPUMillleHb.
BucHOBKM. [1n5 oUiHKM Hebe3neyHOCTi poboynx Micub € BUNpPaBAaHUM audepeHLiioBaHmii nigxin, AKkuii no3Bonse
ONTWUMi3yBaTV pagiauiitHMi 3aXMUCT NPALiBHUKIB LiHOIO PO3YMHUX BUTPAT i 3a0Waf1TW 3HAYHT pecypcu nifnpuemMcTs.
E[l onpomMiHeHHs npauiBHUKIB NiANPUEMCTB, A€ PaJiOH € HEBi[l'€MHO YACTMHOI TEXHOJOTIYHOTO NPOLECY, Bapilo0Th
B LUWMPOKOMY [iiana3oHi i MOXYTb Biipi3HATACSA HA NOPALOK HABiTb Ha 0AHOMY MiagNpPUEMCTBI. MToTeHUiAHO pedepeHTHi
piBHi 300 bk/M3 MOXYTb OYyTU NepeBuMLLEHT Y AECATKAX TUCAY O(ICHUX NPUMIiLLEHb, T TINbKW 3aBAAKU NPAMUM BUMipIO-
BAHHAM KOHLEHTpaLili akTUBHOCTI pafioHy B NOBiTpi GyaiBesb Taki NPUMilLEHHA MOXYTb OYTU BUABNEHI.
KnioyoBi cnoBa: pafoH y noBiTpi NpuMilleHb; iCHyOYa CUTyaLis OMPOMiHEHHS; OMPOMiHEHHS Ha PoboYMX MicusX;
eeKTMBHA 4,033 ONPOMiHEHHS NpPaLiBHMKIB.
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ON THE ISSUE OF RADON EXPOSURE IN THE EXISTING
RADIATION SITUATION AT WORKPLACES

Objective: assessment of probable exposure levels from radon and NORM in workplaces within the context of justi-
fying radiation protection plans in an existing exposure situation.
Materials and methods. Materials regarding the assessment of naturally occurring radioactive material (NORM) con-
tent in tailing from mining and processing industries in Ukraine and assessments of contamination levels of industri-
al sites of oil and gas enterprises were used for estimating the probable range of effective doses (ED) of workers from
NORM at industrial enterprises. These materials were obtained as a result of research conducted by specialists from the
Radiation Protection Laboratory of the State Institution «0.M. Marzieiev Institute for Public Health of the National
Academy of Medical Sciences of Ukraine» (RP SI «IPH NAMSU»). The results of studies conducted by the State
Institution «Ukrainian Scientific Research Institute of Industrial Medicine» (SI «UKRMEDPROM») were used for calcu-
lating the EDs of iron ore miners. Calculations of probable EDs of industrial enterprise workers were carried out using
methodologies and recommendations from publications of the IAEA related to occupational exposure. Assessments of
exposure levels for office workers were based on measurements of indoor radon concentrations of first-floor premises
in multi-story buildings of industrial urban development from the laboratory’s own databases. Radon measurements in
indoor air were conducted using passive track etch radon detectors with an exposure time of at least 30 days.
Calculations of EDs for office workers were carried out using dose coefficients and mathematical models from the ICRP.
Results. When workers are exposed to radon as a result of the technological process, radiation exposure is limited
by dose criteria. Using non-uranium miners as an example, it was shown that effective doses (ED) due to gamma
radiation varied within a narrow range, ranging from 0.2 to 0.4 mSv/year, and were on average an order of magnitude
lower than the radon component of the total ED for the two groups of mines, which amounted to 2.0-14.0 mSv/year
for the Northern group and 0.3-0.8 mSv/year for the Southern group. For three underground worker specialties, radi-
ation EDs could potentially exceed the reference level of 6 mSv/year and fall under regulatory control. Potential
radiation EDs for workers at one of the Ukrainian oil fields were generally not significant (<0.1-1 mSv/year), except
for areas where used pipe storage and sludge settlers were located (70.0 mSv/year; 28.0 mSv/year at a distance of
10 meters), near which dose limits for Category A personnel (6 mSv/year), falling under regulatory control, were
exceeded. Radon exposure in workplaces also includes the presence of workers in reqular office premises on the first
floors of multi-story buildings, where the main source of radon entry into the air is the underlying soil. For the most
researched regions of Ukraine (~1200 measurements of radon activity concentrations in first-floor premises), it was
found that the reference level of 300 Bg/m? is exceeded in 0.2-0.5% of cases in certain regions, indicating that
potentially the reference level may be exceeded in tens of thousands of premises.
Conclusions. A differentiated approach is justified for assessing the hazards of workplaces, allowing for optimizing
radiation protection for workers at a reasonable cost and saving significant resources for enterprises. Effective doses
(ED) of radiation for workers at enterprises where radon is an integral part of the technological process vary widely
and can differ by an order of magnitude even within the same enterprise. Reference levels of 300 Bg/m3 may be
exceeded in tens of thousands of office premises, and only through direct measurements of radon activity concen-
trations in building air can such premises be identified.
Key words: indoor radon; existing exposure situations; exposure in workplaces; effective exposure dose of workers.
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BUMOTH IO OIPOMiHEHHS ITPUPOITHUMU PaliOHYKITiZaMK1
Ha poOOYMX MICLSIX BU3HAYAIOTHCS CUTYALi€l0 OIl-
POMiHEHHS: MJIaHOBOIO UM icHyo4o1o [1]. BinnosinHo go
1ILOT'O JOKYMEHTA Ta 3araJibHOro KepiBHUIITBA 3 Oe3IeKn
moao npodeciiiHoro omnpoMiHeHHs (General Safety
Guide — GSG-7) [2], onmpoMiHeHHSI MpaLiBHUKIB BiTHO-
CHUTBCS 10 TIPOECiiTHOTO ¥ BUTIaAKaX, KOJIN B OYIb-SIKO-
MY TEXHOJIOTIYHOMY MaTepiai KOHLeHTpallist Oyab-sIKO-
ro pamioHyKJimy B jaHLorax posmany U a6o *?Th me-
pesuiye 1 Bk/r Ta/a6o xoHueHTtpauis “K mepeBuiiye
10 bk/r abo edexrusHi 1o3u (E/l) ompomiHeHHS Tiepe-
BUIIYIOTb 6 M3B Yy piK Ta HE MOXYTh OyTH 3MEHILICH] 3a-
TaJIbHOBXXMBAaHUMM 3aXMCHUMU 3axXodaMU. Y 1IMX BUIIAI-
Kax MPOMMCJIOBA MisIbHICTh PO3IJISIAAETHCS SIK <«IIpaK-
TUYHA JiSUIbHICTb», a ONPOMIiHEHHSI IpaliBHUKIB — SIK
riaHoBe [1]. SIkiio BiAMOBiAHI KOHLIEHTpaLlil aKTUB-
HocTi ado EJI mMeHIi 3a BKa3aHi BEIWYWHU, 3aCTOCOBY-
IOTbCSI BUMOTH $IK 10 iCHY0YO1 CUTYyallil ONPOMiHEHHSI.

3rimgHo 3 GSG-7, 10 KOXXHOTO KOHKPETHOTO TTPOMMC-
JIOBOrO BUPOOHUIITBA PEKOMEHIYETHCS 3aCTOCOBYBATHU
IudepeHIliioBaHUI TTiaXil, BpPaXOBYIOUM: €KOHOMiUHi
3acajy, KiIbKiCTb BiIXO[iB — 3aJIMILKIB 3 IiABUILICHUM
BMicToM TipupomHux pazmionykiigis (ITPH), oco6mm-
BOCTI Ta BapTiCTh pPeTyJIIOBaHHS, a TAKOX BEJIMYMHY 103
OIPOMiHEHHS TpalliBHUKIB [2].

K110 OisSIbHICTh BU3HAYEHA SIK TJIaHOBA (MpaKTUYHA
TiSITBHICTD), 1O Hei 3aCTOCOBYIOTHCS BCi acIleKTH Jep-
JKaBHOTO PEryJIlOBaHHS, 3aIllpOBaKYIOThCSI IPOrpaMu
paialiifHOro 3aXyCTy TMpalliBHUKIB (ITepcoHaTy) Ta Ha-
CeJICHHSI, BCTAHOBJIIOIOTHCSI OCHOBHI BUMOTH 10 Oe3I1ed-
HOCTi 00’€KTa Ta 10ro AeKOMicii TOIIO.

IHmi migxoau 3acTOCOBYIOTHCS OO IPOMMCIOBOI
JiSITBHOCTI, Ky BiZHECEHO J0 iCHYIOUYOi CUTyallil OIl-
poMiHeHHs. B IboMy BMITagKy HIOEThCS PO ABa TUIIA
pobounx Micib 3 HeBim’eMHUM ompomiHeHHsM [IPH
(rtyHkT 5.1 (c) (i) GSR Part 3 [1]).

Ilepimit TN poGoYMX Miclib 200 CLieHapiil OIpOMiHEH-
H$1, OB’ SI3aHUI 3 BUTOOYTKOM Ta MEPEPOOKOI0 KOPUCHUX
KonajiuH, ko EJl mpaliBHUKIB HEe MEpeBULIYIOTH 6 M3B
y piK, Ipyruii — 3BuMYaliHi oicHi MpUMIilllEeHHsI, 1€ OIl-
POMiHEHHS TpaliBHUKIB BU3HAYAETHCSI KOHLIEHTpALli-
SIMJ aKTHMBHOCTI pagoHy B IIOBITpi, a JXKepeaoM Moro
HaJIXOMXEHHS] Yy IPUMILIEHHS € MiACTEs04i IPyHTH.

HeoOximHo 3ayBaxkuTu, 110 YKpaiHa Ma€ Oaratopiu-
HUI nocBin oomexeHHs onpoMiHeHHs ITPH. ¥V Bce e
yuHHUX Hopmax pagianiiiHoi ©Oe3neku YKpaiHu
(HPBY-97) [3] Ta OcHOBHUX CaHiTapHUX IIpaBWIaX YK-
painu (OCITY-2005) [4] 3anpoBamxeHi OKpeMi po3aiiu,
SIKi CTOCYIOTbCSI TEXHOT€HHO-MiACUIEHUX JKepea MpU-
POIHOTO MOXOIKEHHSI, Ta 3aIIPOBaIKEHO HOPMATHUB IIIO-
J10 OOMEXXEHHSI ONMPOMiHEHHS MpaliBHUKIB Ha PiBHi 5
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workplaces are determined by the exposure situa-
tion (planned or existing) [1]. According to this
document and the General Safety Guide on Oc-
cupational Radiation Protection (No. GSG-7) [2],
exposure of workers is considered as occupational
in certain cases. That is if, in any process material,
the activity concentration of any radionuclide in
the 2®U decay series or the **Th decay series
exceeds 1 Bg/g, or/and if the activity concentra-
tion of “K exceeds 10 Bqg/g, or an effective dose
(ED) exceeds 6 mSv in a year and cannot be
reduced by available protective measures. In these
cases, the industrial activity is regarded as a prac-
tice and exposure of workers as planned [1]. If the
appropriate concentrations of activity or ED are
less than the specified values, the requirements for
existing exposure situations apply.

According to GSG-7, it is recommended to
apply the graded approach to each specific indus-
trial activity, taking into account: economic prin-
ciples; volumes of residues and process wastes
involving naturally occurring radioactive material
(NORM), where activity concentrations are high;
the characteristics and cost of regulation, as well as
radiation exposure doses to workers [2].

If the activity is defined as planned (practice), all
aspects of state regulation are applied, radiation
protection programs for workers (personnel) and
the population are introduced, basic requirements
for the object safety and its decommissioning are
established, etc.

Other approaches are applied to industrial activ-
ities that are attributed to existing exposure situa-
tion. In this case, we are talking about two types of
workplaces with inherent exposure due to NORM
(para. 5.1(c) (i) of GSR Part 3 [1]).

The first type of workplaces or exposure scenario
is related to mining and processing of raw materi-
als, if an ED of workers does not exceed 6 mSv in
a year, the second one is regarding to ordinary
office premises, where the exposure of employees
is determined by radon concentration in air, and
underlying soils are the source of its entry into the
buildings.

It should be noted that Ukraine has many years of
experience in limiting of NORM exposure. Ra-
diation Safety Standards of Ukraine (RSSU-97) |3]
and Main Sanitary Rules of Ukraine (MSRU-
2005) [4] which are still valid, contain separate
chapters due to NORM and establish the dose
limit for occupational exposure of 5 mSv per year.
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M3B y pik. HeoOxinHO 3ayBakuTH, 1110, 32 BU3HAYEH-
HsMm BSS (Basic safety standards — OcHOBHI cTaHIapTu
oesnekn) MATATE (GSR Part 3), pedepeHTHUiA
piBeHb — 1I€ «piBeHb OIMPOMiIHEHHSI, IKUIi € TPAHUYHUM
KpUTEpieM MTPOLIEAYPH ONTUMI3allii 3axucty» [1]. Lle He
HOpPMAaTMBHA BeJIWYMHA — JIMIiT J03UM abo piBHi il
HPBY i OCITY-2005. Koxna KpaiHa, BUXOOSUM 3
COlIiaIbHO-€KOHOMIYHUX MipKyBaHb 1 pO3paxyHKIB,
MOXe CaMOCTIiHO 3ampoBaKyBaTWU HOPMaTHUBU i 00-
MEXXEHHSI, SIKi MOCTaloTh HUXYe peepeHTHUX PiBHIB, i
toMy 3amnpoBamkeHi HPBY-97 i OCIIY-2005 Hopma-
TUBU He cyriepeuath dupekTusi Panu €Bpatoma [5].

oo icHyro4o1 cuTyallii, TO MM MAaEMO JBa ClieHapii
ornpoMiHeHHs. Uil mepiioro cueHapilo OLiHKW BEIr-
yuHU onpomiHeHHs Big [TPH s 6inbliocTi mignpu-
€MCTB OyIyTb MOB’sI13aHi 3 30BHIlIIHIM BUITPOMiHIOBaH-
HSIM MiCllb CKJIaJyBaHHSI CUPOBMHM Ta pO3TalllyBaHHS
3JIMIIKIB/BiIXOiB BUPOOHUIITB 3 MiABUILEHUM BMiC-
tom IIPH. [Ins uboro cueHapito pe3yabTaTu AOCHi-
xkeHb EJI mpainiBHUKIB € 0a3010 M1 OOIpYHTYBaHHS
HEOOXiIHOCTI PEryasaTOPHOro KOHTPOJIIO UM 3BiJIbHEH-
Hs Big Hboro. [[J1s1 Apyroro cueHapito, KOJu OMpOoMi-
HEHHsI 00YMOBJIEHE PagOHOM Yy MOBITpi MPUMIlLIEHHS,
3aCTOCOBYIOTbCS 1HIII MiAXOOM O OOMEXEHHS OIl-
POMiHEHHSI.

Ile moB’s3aHO 3 0araTopiyHOIO AMCKYCI€IO 111010
MPaKTUYHOTO 3aCTOCYBAaHHSI HOBUX JTO30BMX Koedilli-
enTiB [lybmikamii 137 MixkHapoaHoi KoMicii 3 pagiono-
rivnoro 3axucty (MKP3) [6] Ta ITy6nikariero 130 [7],
sKa 3ampoBaauia ISl PO3PAXyHKIB 103 OMPOMiHEHHS
HOBY MOJIEJIb PECITiPaTOPHOIO TPAKTY JIIOAUHU.

Ilybnikauisg 137 posnopinuiaa pododi Micus IIOIO
OINPOMiHEHHSI PAaJOHOM Ha MBI KaTeropii 3 pi3HUMU
M030BUMM KoediuieHTamu. o mepiioi Kareropii
MKP3 BimHOCHTB po0OOTH, SIKi MepeadavyaloTh 3HAYHE
(isMyHe HaBaHTaXEHHS, 10 APYroi — poboui Micus B
MPUMIILIEHHSIX, a TAKOX pOo00Yi MICIIS y IIaxTax i3 ce-
peIHIM Ta HEBEJIMKUM HAaBaHTaXXEeHHSM [6].

Bigmosimrno o BSS (GSR Part 3) [1] i JlupexTunu
Pagu €Bpatoma [5], piyHa go3a onpoMiHEHHS BiJ pa-
JIOHY Ha pobouux Micugx ckiagae 10 M3B/pik npu
KOHILIeHTpalii akTUBHOCTI pagony y 1000 bx/M® mis
ctaHgaptHoro 4acy nepedyBanusg 2000 roguH, a mis
JKUTJIOBUX OyIMHKIB Ti 3k cami 10 M3B/pik Biamosiga-
J0Th KOHLIeHTpalLii aktuBHocTi 300 bx/M® 111 yacy ne-
peodyBanHs 7000 roguH. Ko nepepaxyBaTu 1ii BeJIU-
YUHU 3a JTO30BUMM KoedilieHTamu myomikaii 137
MKP3 [6], To KoHLeHTpawis akTuBHOCcTI 1000 Bx/M?
Ha poOOYMX MicUsIX 3 BEJUKUM (Pi3UUHUM HaBaHTa-
JKEHHSIM OLIIHIOETBCS BXe y 26 M3B/piK, 110 3HAYHO
MEPEBUILLYE JO30BUM JIIMIT IJISI TIEPCOHAIY.

It should be noted that according to the definition of
IAEA Safety Standards Series (GSR Part 3), the ref-
erence level is «the level of dose, risk or activity con-
centration above which it is not appropriate to plan
to allow exposures to occur and below which opti-
mization of protection and safety would continue to
be implemented» [1]. A dose limit or action levels in
RSSU and MSRU-2005 are not standards. Each
country can independently establish standards and
constraints below reference levels based on socioe-
conomic considerations and calculations, and there-
fore the standards established by RSSU-97 and
MSRU-2005 do not contradict Council Directive
2013/59/Euratom [5].

Due to existing exposure situations, we have two
exposure scenarios. For the first scenario, estimation
of exposure due to natural sources for the most
enterprises will be related to the external exposure
due to raw material storage sites and location of
residues/waste from manufacturing with high con-
tent of NORM. For this scenario, studies of workers
ED are the basis for justifying the need of regulatory
control or its exemption. For the second scenario,
when the exposure is due to indoor radon, another
approaches are used to limit the exposure.

This is related to the long-term discussion on the
practical application of the new dose coefficients of
Publication 137 of the International Commission on
Radiological Protection (ICRP) [6] and Publication
130 [7], which introduced a new model of the
human respiratory tract for radiation exposure dose
calculations.

Publication 137 divided workplaces according to
radon exposure into two categories with different dose
rates. ICRP refers workplaces with significant physi-
cal activity to the first category, and to the second it is
referred workplaces in buildings, as well as workplaces
in mines with medium and light physical activity [6].

According to BSS (GSR Part 3) [1] and Council
Directive 2013/59/Euratom [5], an annual effective
dose due to radon for workplaces is 10 mSv/year
with radon concentration of 1000 Bg/m’ and a
default occupancy period of 2000 h; and for homes,
the same 10 mSv/year corresponds to radon concen-
tration of 300 Bq/m? for exposure period of of 7000
hours. If we recalculate these values using dose coef-
ficients in Publication 137 of the ICRP [6], radon
concentration of 1000 Bg/m® for workplaces with
significant physical activity is already estimated as
26 mSv/year, which significantly exceeds the dose
limit for workers.
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Ha croronni ouinku EJl ompoMiHeHHs Bil paloHy €
KOMITPOMiCOM, SIKOTO OYJIO IOCSTHYTO MiX eKCIlepTaMu
MKP3, MATATE i MixnapogHol opraHi3aiiii mpairi
(International Labour Organization). [Inst po3paxyHKiB
no3 MATATE pekoMeHIye BUKOPUCTOBYBAaTH KO-
ediuient 10 Mm38/WLM (Working Level Month — po6o-
YUt piBeHB 32 MiCAIIb) JUIST POOOUYMX MiCIlb, SKIIIO iHITHH
KOHBePCIMHUN KoedillieHT He BUMpaBIaHUN yMOBaMU
npaii Ta cneunudiYHUMU XapaKTEPUCTUKAMU aepO30JII0
(Hanpuknan, mwaxty). El Bin pagoHy B iCHYIOUill CUTY-
auii MATATE pekoMeHAye po3paxoByBaTU 3a YMOBH,
o pedepentauit pisens 1000 bx/m* = 10 M3B/pik [6].

TakM YMHOM, OIliHKa OMPOMiHEHHS PaJOHOM 3Mili-
CHIOETBCS IS IBOX CIIEHAPiiB: MEPIINN — CTOCYEThCS
OIIPOMiHEHHSI pagOHOM, KOJIM IKEePeJIOM HaaXOMKEHHS
€ IpyHTH (O(icHI MPUMIILIEHHS), APYTUIA, — KOJU HOro
HAJXOIKEHHS B TOBITPS MPUMIILIEHHSI € HEBiJ €MHOIO
YAaCTUHOIO TEXHOJIOTIYHOTO TPOIIECY BUAOOYTKY UM TIe-
pepooku cupoBuHu 3 [TPH. Ilepiua kaTeropist podouynx
MicCIlb — 3BMYaliHi 0(iCHi TpUMIIIEeHHS, i OTIpOMiHEHHS
MpaliBHUKIB palOHOM Ha pOOOYMX MICIISIX OOMEXKYETh-
cs1 cTOCOBHO pedepenTHoro piBHg 300 bk/M* B oquHu-
LSIX KOHLEHTpaliii akTUBHOCTI. JIpyra Kateropist cTo-
CYETHCSI BUBHAUCHHS PaJlOHOBOI KOMIIOHEHTH $SIK CKJla-
JIOBOi YAaCTMHM CYMapHOI JO03M TpalliBHUKIB MiANpu-
€MCTB 3 BUIOOYTKY Ta MepepoOKA KOPUCHUX KOTAJIWH B
KOHTEKCTi oNTUMi3allil 3aX0AiB pafiallilHOro 3aXUCTy, a
OCHOBHUM KPUTEPIEM € CyMapHa J03a ONPOMIHEHHS BiJl
ycix ITPH.

MeTo10 1aHOi CTAaTTi € OlliHKa WMOBIpHMX PiBHiB OIl-
poMiHeHHs Big pagony Ta ITPH Ha pobouux micusix B
KOHTEKCTi OOIpyHTYBaHHS IUIaHIB pagialliliHOro 3axuc-
Ty MiANPUEMCTB B iCHYIOUill CUTYyallil OIPOMiHEHHSI.

MATEPIAJIN TA METOJIN DTOCIIJIZKEHb

s oLiHKKM MMOBIPHOTO diara3oHy 403 OMPOMiHEHHS
MpaliBHUKIB TPOMUCIOBUX MiApueMcTB Bix [TPH 6ynu
BUKOPUCTaHI MaTepiajii, OTpMMaHi B pe3yjbTaTi BUKO-
HaHHSI HAyKOBO-HOCTiTHUX PoOIT (axiBosgmm gabdbopa-
Topii pamiauiitHoro 3axucty Y «IHCTUTYT rpomManchKo-
ro 3popoB’sa iMm. O.M. Mapzeesa HAMH Ykpainu»
(P3 1Y «II'3 HAMHY»), s1ki cTocyBaanCh OLIIHKI BMiC-
ty I1PH y Binxogax mianpueMCTB BUIOOYBHOI Ta Iepe-
pOOHOI TIPOMUCIOBOCTI YKpaiHu [8] Ta OLiHKM piBHIiB
3a0pyIHEHHSI TTPOMUCIOBUX MaiIaHUMKiB HadTOoraszo-
BUX HiANPUEMCTB [9], SIK TpUKIaAd, OO0 MPUUHATTS pi-
ILIEHHS PO 3aMIPOBAIKEHHS PETYISITOPHOIO KOHTPOJIIO
Ta mpouenyp ontumiszaiii. s po3paxyHkiB EJI max-
TapiB 3aJi30pYOHUX IIAaXT BUKOPUCTAaHI pe3ylabTaTh
nociaimkenb HII Ykpnopommen [10]. g po3paxyHKiB
moBipHux EJl mpauiBHUKIB MPOMUCIOBUX HigNpu-
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For today, estimation of ED due to radon expo-
sure is a compromise reached between experts of
the ICRP, the IAEA and the International Labor
Organization (ILO). For dose calculations, the
TAEA recommends using a dose coefficient of
10 mSv/WLM (Working Level Month) for work-
places, unless another conversion factor is justified
by working environment and specific aerosol char-
acteristics (for example, mines). The IAEA rec-
ommends ED due to radon in the existing situa-
tion should be calculated providing that the refer-
ence level 1000 Bg/m* = 10 mSv/year [6].

Thus, the assessment of radon exposure is carried
out for two scenarios: the first one refers to radon
exposure, when the radon source is the soil (office
space), the second one provides its entry to indoor
air is an integral part of the technological process of
extraction or processing of raw materials with
NORM. The first category of workplaces is ordinary
office space, and workers’ exposure due to radon at
workplaces is limited by reference level of 300
Bg/m’ in activity concentration units. The second
category refers to the determination of the radon
component as a part of the total dose of workers at
mining and mineral processing enterprises in the
context of optimization of radiation protection
measures, and the main criterion is the total expo-
sure dose of radiation from all types of NORM.

The purpose of this article is to assess of proba-
ble exposure levels from radon and NORM in
workplaces within the context of justifying radia-
tion protection plans on enterprises in an existing
exposure situation.

MATERIALS AND METHODS

Materials obtained as a result of scientific research
carried out by specialists of the Radiation Protection
Laboratory of the State Institution «O.M. Marzieiev
Institute for Public Health of the National Academy
of Medical Sciences of Ukraine» (RP SI «IPH
NAMSU») were used to estimate the probable range
of radiation exposure doses of workers on industrial
enterprises due to NORM; these materials related to
the assessment of the NORM content in the waste of
enterprises of the mining and processing industry of
Ukraine [8] and the assessment of contamination
levels at industrial sites of oil and gas enterprises [9]
were used as an example regarding decision making
due to the introduction of a regulatory control and
optimization procedures. For the calculation of ED
for miners of iron ore mines, the results of research
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€MCTB 3aCTOCOBYBAJIMCh BilMOBiIHI METOIMKHU Ta pe-
KomeHaauii nyo6naikauiii MATATE [2, 11-13], mo
CTOCYIOTBCS TIpOGeCiifTHOTrO OTTPOMiHEHHS.

Jnsa ouiHKM piBHIB OINpOMiHEHHS BiA pagoHy
o(icHUX TIpalliBHUKIB OyJIM BUKOPUCTAHI pe3yJibTa-
TU BUMIipIOBaHb 3 BJIAaCHMX 0a3 JaHuUX JadopaTopii
P3 1Y «II'3 HAMHY» mono BMicTy pamoHy B
MOBITPi MPUMIllIEHb ITePIINX TOBEPXiB OaraTornoBep-
XOBUX OYAWHKIB iHIyCTpiaJbHOI MiChKOI 3a0yI0OBH.
HocnimxeHHs pagoHy B MOBITpi OYAMHKIB MPOBOA-
JIMCh METOJOM MAacCHUBHOI TPEKOBOI pagoHOMETpil 3
yacoM ekcrioHyBaHHs He MeH1ie 30 ni6. Cucrema ra-
paHTIil IKOCTi BUMipIOBaHb paloHy 3a0e31evuyBajiach
KaJiOpyBaHHSIM IETEKTOPIB Y PaIOHOBiIN atMocdepi
3 BimoMo10 00’eMHOI0 akTuBHicTIO (OA), gKa Ma€ B
cucremi HepxcraHmapty YKpaiHM cTaTyCc po0OOYOro
etajgoHy oguHuli OA pamoHy-222. JIyist po3paxyHKiB
El odicHux mpaliBHUKIB 3aCTOCOBYBaJIMCh JT030Bi
Koe(dilieHTH Ta MaTeMaTU4Hi Mojeni myOmikauii
MKP3 [6, 14].

CratucTUYHMIA aHani3 gaHux

MateMatnyHa oOpoOKa BKJIHOYaja PO3paxyHOK Iep-
BUHHUX CTaTUCTUYHUX TMOKa3HMKIB (I€CKPUIITHBHA
cTaTUCTUKA). ISl MepBUHHOI MiATOTOBKM TaOIUIIb Ta
MPOMIXHHMX PO3paxyHKiB BMKOPHUCTOBYBAaBCS ITaKeT
Microsoft Excel 2003. OcHOBHa yacTMHA MaTeMaTU4-
HO1 00pOOKM BUKOHYBAJIACh i3 3aCTOCYBAHHSIM CTaHIa-
ptHoro cratuctTruyHoro nakety «STATISTICA 10.0».

PE3VYJIBTATU TA IX OBTOBOPEHHS

3a cueHapieM, KOJM ONMPOMiHEHHS paJloHOM € Ha-
CJIIIKOM TEXHOJIOTiYHOIO Tpoliecy, OOMEKEeHHS OI-
POMiHEHHS TpaliBHUKIB 3AiMCHIOETHCS 32 1030BUM
KpUTEPieM, 1 padoH € TUIbKU CKJIAA0BOI CyMapHOI
03U OINPOMiHEHHS, 0OYMOBJIEHOI KiJTbKOMa JKepe-
Jlamu. HailOinbIl MoKa30BUM € OMPOMiIHEHHS Iax-
TapiB HEYPAHOBHUX IIIAXT.

Ha BinkpuToMmy moBiTpi (hOHOBI 3HAUEHHS pPaTOHY
3a3Buyail ckinamaroth 5—10 bx/M®. PamoH, sakuii Bu-
BIJILHSETBCS 3 TPYHTIB, IIBUAKO MEPEMILIIYEThCS 3 aT-
MoC(hEepHUM MOBITPSIM Ta PO3CIIOETHCH, MIPOTE Y 3aMK-
HYTOMY OpPOCTOpPi BiH Ma€ BJIACTUBICTb HAKOIUYyBa-
THCs. B 11axrax Ha KOHIIEHTpallii aKTUBHOCTI paloHy
Ta oro modvipHix mpomykTiB posmnany (IITP) mo-
TEHUIHO BIUIMBAIOTh iHTEHCUBHICTb BEHTWJISLIL, il
po3TalllyBaHHSI 1IOAO0 POOOYMX MiCllb, TEXHOJIOTIUHI
OCOOJIMBOCTI BUIOOYTKY TOILIO. Y pa3i MOpyIIeHHS
LIMX CKJIAIOBUX 3aXUCTy KOHLEHTpALlil aKTUBHOCTI pa-
JIOHY TIOTEHUIMHO MOXYTh IEPEBUILYBaTU JA030Bi
JIIMITH i OyTH 3HAYYIIUMU IIOJI0 BIIMBY Ha 3I0POB’S

by the SI «UKRMEDPROM>» [10] were used. For the
calculation of probable ED for industrial enterprise
workers, relevant methodologies and recommendations
from publications of the IAEA [2], [11—13] regarding
occupational exposure were applied.

To assess levels from radon exposure among office
workers, the measurements from the laboratory data-
base of the RP SI «IPH NAMSU» regarding indoor
radon concentration of ground-floor premises of multi-
storey buildings in industrial urban areas were used.
Radon air surveys in buildings were conducted using
passive track-etch radon detectors with an exposure
time of no less than 30 days. Quality assurance of radon
measurements was ensured by calibrating detectors in a
radon atmosphere with a known activity concentration
(AC), which holds the status of a working standard unit
of radon-222 AC in the State Standardization System of
Ukraine. For the calculation of ED for office workers,
dose coefficients and mathematical models from publi-
cations of the ICRP [6, 14] were applied.

Statistical data analysis

Mathematical processing included the calculation
of primary statistics (descriptive statistics). The
Microsoft Excel 2003 package was used for the ini-
tial preparation of tables and intermediate calcula-
tions. The main part of mathematical processing
was performed using the standard statistical package
«STATISTICA 10.0»

RESULTS AND DISCUSSION

In the scenario where radon exposure is a conse-
quence of the technological process, the limitation of
workers’ exposure is carried out according to the dose
criterion, and radon is only a component of the total
exposure dose due to several sources. The most
revealing is the exposure of miners in non-uranium
mines.

The background radon values are typically 5—
10 Bg/m?® outdoors. Released from the soil radon
quickly mixes with atmospheric air and disperses,
but it tends to accumulate in a closed space. In
mines, the activity concentration of radon and its
daughter products is potentially influenced by the
intensity of ventilation, its location in relation to
workplaces, technological features of mining, etc. If
these protective components are violated, the radon
activity concentrations can potentially exceed dose
limits and be significant in terms of worker health
effects. Practice has shown that even at the same
enterprise the doses exposures of workers can differ
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Ta6auusa 1

EdekTuBHI f031 onpomiHeHHA NpauiBHUKIB 3aNMi30pyAHUX WAXT Big pagoHy Ta noro AMNP

Table 1

Effective exposure doses due to radon and its decay products for iron ore mine workers

E¢ektuena posa, m3B/pik / Effective dose, mSv/year

CneujanbHicTb / Profession

MisHiyHa rpyna waxr
Northern group of mines

MispeHHa rpyna waxr
Southern group of mines

Bypunbhuku / Drillers 8,0-14,0
MpoxigHukm / Sinkers 3,6-6,8
KpinunbHukm / Fastening workers 6,0-12,0
[HwWi nig3emHi npavjsrmuky / Other underground workers 2,0-4,0

0,8
0,8
0,4
0,3

npaiiBHUKiB. [TpakTrKa rmokasana, 1110 HaBiTh Ha OJTHOMY
MiINPUEMCTBI 1031 ONPOMiHEHHS TpalLliBHUKIB MOXYTb
iICTOTHO BIAPI3HSITUCS 3a/IEXKHO BiJl pO3TalllyBaHHSI po0O-
YUX MiCIIb.

B tabauui 1 npuBeaeHo oLiHKK HMOBIpHUX 103 OMPO-
MiHEHHs pi3HUX Tpodeciii mpaliBHUKIB OKpEeMUX TIpyIl
3aJ1i30pyIHUX 1IAXT OJHOro mignpueMcTsa. JocrigkeH-
Hs BctaHoBwiM, o EJI mpauiBHukiB [liBmeHHOI rpymu
IIIaXT B KiJIbKa pa3iB nepeBulllytots EJI mpalliBHUKIB Bil-
nosigHoro axy IliBHiYHOI rpynu. BcTaHoBJIEHO, 11O
EI, o6ymoBIIeHi TaMMa-BUIIPOMiHIOBAaHHSIM, BapiloBaiu
y By3bKoMy niama3oHi i craHoBuiau 0,2—0,4 m3B/piK,
TOOTO B CEpeIHbOMY OYJIM Ha MOPSAOK MEHILIMMHU 3a pa-
JMIOHOBY KOMITOHEHTY cymapHoi EJI 17151 060X rpyIl 1IaxT.

Jisi NOpiBHSIHHSL: 11 TPhOX OCHOBHUX ITiI3€MHMX
clieliaJibHOCTe# TpauiBHUKIB IliBHIYHOI Ipynu 3aji3o-
pyaHux maxt B/l BinpizHsumics Bia 10 no 14 pasiB mis Oy-
PWIbHUKIB, 4,5—8,5 pazy — 151 mpoXinHuKiB Ta 7,5—15
pasiB — IS KPIMMMIBHUKIB i TIPSIMO 3aj1exkanu Bif eek-
TUBHOCTI pOOOTH BEHTWISILIIHHUX CUCTEM Ta iX po3Tallly-
BaHHS CTOCOBHO pOO0OYMX MiCllb. AHAJTi3 103 OIPOMiHEH-
HSI IIaXTapiB BCTAHOBUB, 1110 IJISI TPHOX CIIELiaIbHOCTE
nigzeMHux TpauiBHukiB EJl ornpomiHEHHS NOTEHLiHO
MOXYTb IlepeBUILyBaTH pedepeHTHUI piBeHb 6 M3B/piK
[5] i minmamaTv mia peryasiTOpHU KOHTPOJIb.

B 1boMy BUITaIKy € CEHC MPOBOAUTU MPOLIEAYPHU OIT-
TUMi3allii Ta 3aCTOCOBYBAaTU IM(MEpeHIIIHOBAHWIA TTiIXiI
11010 BUBHAYEHHS POOOYMX MicCllb, ¢ HEOOXiqHO peai-
30BYBaTU MPOTUPATOHOBI 3axoau, 100 3Hu3uTU EJl no
MPUMHSTHOTO PiBHSL.

BigMmiHHICTIO JAHOTO ClieHapilo Bil HACTYIHOIO €
MOXKJIMBICTh 3aITOOIrTH PETyJIITOPHOMY KOHTPOJIIO, TO-
My 110 KOHIIEHTpallil aKTUBHOCTi pagoHy MOTEHIiIAHO
MOXHa 3HM3UTH, TepeayciM 3a paxXyHOK MoJAepHizallil
BEeHTWIsALiHUX cucteM. HabaraTo ckiiagHilua cutya-
i, Koau mnepeBullleHHa cymapHux EJI obyMoBiioe
ramMma-BUIIPOMiHIOBaHHSI.

B Tabnuui 2 npuBeneHi MOTeHLiMHI 1031 ONPOMiHEH-
HSI IPaLliBHUKIB OJHOTO 3 YKPATHCHKMX HA(PTOBUX POIO-
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significantly depending on the location of work-
places.

Table 1 displays the estimated exposure doses for
workers across various occupations, categorized by
groups of iron ore mines within the same enterprise.
The study found that ED of workers in the Southern
group of mines exceed those of workers in the cor-
responding profession in the Northern group by
several times. It was established that the doses attri-
buted to gamma radiation varied within a narrow
range from 0.2 to 0.4 mSv/year, which were on aver-
age an order of magnitude lower than the radon
component of the total ED for both groups of mines.

For comparison, among the three main under-
ground professions of workers in the Northern
group of iron ore mines, ED differed by 10 to 14
times for drillers, 4.5 to 8.5 times for sinkers, and
7.5 to 15 times for timberers fastening workers.
These differences directly correlated with the
effectiveness of ventilation systems and their prox-
imity to the workstations. An analysis of miners’
exposure doses revealed that for these three under-
ground professions, EDs could potentially exceed
the reference level of 6 mSv/year [5] and fall under
regulatory control.

In this case, it makes sense to conduct optimiza-
tion procedures and apply a differentiated
approach to determine workplaces where radon
protection measures need to be implemented to
reduce ED to an acceptable level.

The difference between this scenario and the
next one is the possibility of avoiding regulatory
control because radon activity concentrations can
potentially be reduced primarily through ventila-
tion system upgrades. The situation becomes
much more complex when exceeding the total
EDs is due to gamma radiation.

Table 2 presents potential exposure doses for
workers at one of the Ukrainian oil fields depend-
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Ta6nuusa 2

EcdexTnBHi po3un npauiBHMKiB okpemoro HadTtoBoro poaosuia MontaBcbKoi o6nacti (3 po3paxyHky 2000 po6o-

YUX FOAMH Ha piK)
Table 2

Effective doses of workers et a specific oil field in Poltava region (calculated for 2000 working hours/year)

PoGoui micus / Workplaces

Edektuena po3a, m3B/pik / Effective dose, mSv/year

l'a303amipHe obnapHaHHs / Gas measuring equipment 1,0
O6napHaHHst (Tpybm, 3acnitku) / Equipment (pipes, valves) <0,2
EmHicTb s 30epiraHHs MetaHony / Methanol storage tank <0,1
Cenapatop '3Y (rpynosoi 3amipHoi ycTaHoBku) / Gas metering separator (group metering unit) 0,7
MyHKT ouncTkmM Ta 3amipy rasy / Gas cleaning and metering point <0,1
Ceeppanosutm (5) / Wells (5) 0,4-0,6

Micue cknaayBaHHS HACOCHO-koMnpecopHUx Tpyb / Storage site for pump-compressor pipes

70,0 (28,0 Ha BigcTaHi 10 m / 28.0 at a distance of 10 m)

BUIII 3aJI€3KHO Bill po3TalyBaHHS 1X poOoYMnX Miclb. JIjs
OinpiIocTi podounx Micups EJ onmpoMiHeHHST HEBETHKI,
3a BUHSITKOM MiCIIb CKJIaAyBaHHSI BiIIIpallbOBaHUX TPYO
Ta IIJIAMOBIACTIHHUKIB, MOOJM3Y SIKMX HABiTh Ha BiAcTa-
Hi 10 meTpiB EJI mipaliBHUKIB ITepeBUIIYIOTH JIIMITH 103
JIJIsI TIepCOHAITy KaTeropii A.

IIpote, came 11i Mic1is1 0OOYMOBJTIOIOTh 3aCTOCYBAHHSI pe-
TYJIITOPHOTO KOHTPOJIIO JUIST TAKUX ITIATIPUEMCTB 3a iH-
MM KpuTepiem — mnepeBullieHHs BMmicty ITPH y Bigxo-
JIax, a caMe: HasIBHOCTI KOHIIEHTpalliii aKTUBHOCTI pafio-
HYKJIiIiB, SIKi BUIL 3a KpuTepii B 1 BK/T 17151 pamioHyKITi-
IiB psIdiB ypaHy Ta Topito un 10 bk/r — mia kamiro-40 [9].

TakuM yrMHOM, OKpeMi IpaliBHUKMU, SIKi MalOTh Ipa-
LI0OBATU B MicLSIX 30epekeHHSs 1IaMiB ab0 BiAIpalbo-
BaHUX TpyO, HaMpuKIaa, Ha Ha(TOBUX POJAOBMUILAX, 3a
BUMoOraMu €BpaTtoma [5], MOBUHHI MaTU CTATYC «I1€pCO-
Hally», a IIporpaMu pajialiiHOTO 3aX1UCTy — 3MEHILIyBa-
TH HeOe3IeKy 10 MiHIMyMy.

Haii6inpur mommupeHoo CUTyalli€lo OMpoMiHEHHS pa-
JIOHOM Ha po0OYMX MiCLSIX € TTepeOyBaHHS y 3BUYAHUX
oicHnx nmpuMineHHsIX. OCHOBHUM JKepPeIOM HaIXOJI-
JKEHHS paJioHy B MOBITPsI LIMX MPUMIILIEHD € ITiICTesII0-
yuii rpyHT [15]. K nmpaBuiio, 11e — 6araTornoBepxoBi Oy-
JUHKM, MIEPIINUI TTOBEPX SIKMX BiIBEACHO Mil rpOMaaChKi
npuMillieHHsT abo odicu. Y Tabmuni 3 mpuUBeIeHO OC-
HOBHI CTaTUCTUYHI IaHi Ta ycepelHeHi 3HaueHHsI KOHIIe-
HTpalliif aKTUBHOCTi paJioHy B MOBITPi MPUMIllIEHb TTep-
1II0TO MOBEPXY 0AraToIroBepXOBUX OYIMHKIB, KPUTHUIHO-
ro 3a BMICTOM pajoHy, AjIs1 HAOUIbII AOCTIIKEHUX 00-
nacteii Ykpainu (~1200 BumiproBaHb). HociigkeHHs
BCTAaHOBWJIM, 110 YaCTOTHUM PO3MOIiJ HOCUTH JIOTHOP-
MaJIbHMI XapakTep, a pedepeHTHUii piBeHb 300 bx/M* [5]
nepeBuiyeThes y 0,2—0,5 % BuIanaKiB 3a OKpeMUMU 00-
JIACTSIMU.

BcranoBneHo, 110 MOTEHIIIHHO pedepeHTHUI piBEeHb
11I0/I0 PAIOHY MOXe OYTH TIepEeBUILIEHUI Y JeCATKaX TH-
CSI4 IPUMIlLIEHb.

ing on the location of their workplaces. For most
workplaces, EDs are not significant, except for
areas where used pipe storage and sludge settlers
are located, near which even at a distance of 10
meters, workers’ EDs exceed dose limits for cate-
gory A workers.

However, it is precisely these areas that necessi-
tate regulatory control for such enterprises based
on a different criterion — exceeding the activity
concentration of NORM in waste, namely the
presence of radionuclide activity concentrations
exceeding criteria of 1 Bq/g for uranium and tho-
rium series radionuclides or 10 Bq/g for potassi-
um-40 [9].

Thus, individual workers who are to work in
sludge or used pipe storage areas, such as in oil
fields, according to Euratom requirements [5],
must be categorized as «personnel», and radiation
protection programs should minimize the risk.

The most common situation of radon exposure
in workplaces is being in regular office premises.
The primary source of radon entry into the air of
these premises is the underlying soil [15]. Typi-
cally, these are multi-story buildings, the first floor
of which is allocated for public spaces or offices.
Table 3 provides basic statistical data and averaged
values of radon activity concentrations in the air
of first-floor premises in multi-story buildings,
critical for radon content, for the most researched
regions of Ukraine (~1200 measurements).
Studies have shown that the frequency distribution
is logarithmic-normal, and the reference level of
300 Bg/m’® [5] is exceeded in 0.2—0.5 % of cases in
certain regions.

It is established that the potentially reference
level regarding radon may be exceeded in tens of
thousands of premises.

159 ‘&



ENIAEMIONIOrNIA

TA AO3SUMETPIA

ISSN 2304-8336. [pobnemu pagiauiiHoi meguuynxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2024. Bun. 29.

Ta6nauusa 3

CepeaHbO3BaXeHi KOHUEHTpaLii aKkTMBHOCTel pagoHy B NOBiTpi neplworo noBepxy 6aratonoBepxoBux GyAUHKIB

oKpeMmux obnacreit Ykpainu, bk/m?
Table 3

Weighted average indoor radon activity concentrations of the first floor of multi-story buildings in certain

regions of Ukraine, Bq/m?

O6nactb / Region

CepepHb03BaX€Ha KOHLIEHTPALLSi aKTUBHOCTi
Weighted average activity concentration

CraHpgapTHe BiAXWEHHS
Standard deviation

CepepHe reoMeTpuyHe
Geometric mean

Xurtomupceska / Zhytomyr 282
Kuiscbka / Kyiv 195
Kiposorpancbka / Kirovohrad 235
Opecbka / Odesa 183
MonTascbka / Poltava 200
PiBHeHcbka / Rivne 238

245 145
158 133
193 153
158 138
170 121
208 112

HeoOxinHo 3a3HauuTH, 1o pedepeHTHUI piBeHb 300
bx/M* st nmpumiieHb odiciB aHAJIOTiYHMI pedepeHT-
HOMY PiBHIO JJIsI KUTJIOBUX MPUMIILEHb, i JO30Bi Kpu-
Tepil JAJIsl TaKUX poOOUYMX MiCLlb HE 3aCTOCOBYIOTHCSI.
[TpoTupanoHoBi 3aX0AM TAKOX MPAKTUYHO HE BiIpi3HSI-
IOThCSL.

[ BUSBIACHHS IPUMIILIEHD, € IePEeBUILIYETHCS pPe-
¢epeHTHUI piBeHb 100 PagoHy y MOBITPi MPUMIIIEHD
HeoOXiaIHO 3AiliCHIOBATU MPSIMi BUMipIOBaHHS KOHLIEHT-
pallii aKkTUBHOCTI LIbOTO JAXepea.

BUCHOBKU

1. AHani3 pe3ynbrariB JOCiIKeHb BCTAHOBUB, 110 AW-
(bepeHUiiOBaHUI MiIXia 1O OLIHKW HEOE3MEeYHOCTi po-
0ouuMX Micub €, 6e3nepeuyHo, BUllpaBaaHuM. Takuii -
XiJ JO3BOJISIE ONTUMIi3yBaTU padialliiHUI 3aXUCT Mpa-
LiBHUKIB L[IHOIO PO3YMHUX BUTPAT i 3a0IIAAUTH 3HAUHI
pecypcu MiaMpPUEMCTB.

2. EdexTuBHi 1031 OpOMiHEHHS MpaliBHUKIB ITiANpHU-
€MCTB, J¢ PaJOH € HeBiJ EMHOIO YACTUHOIO TEXHOJIOTiu-
HOTO MpPOLIECY, BapiloloTh B IIMPOKOMY Jiara3oHi i MO-
KYTh BiIPI3HATHCS Ha MOPSAOK HaBITh Ha OJHOMY Mill-
MPUEMCTBI.

3. BcranosieHoO, 1110 MOTEHIIIHO pedepeHTHUI piBeHb
LIO0 pagoHy y moBiTpi mpumitieHs 300 bx/m® Mmoxke Oy-
TA TIEPEBUILEHUN y AecsATKaX TUCSY OGiCHUX MPUMi-
ILIEHb, i TIIbKKW 3aBISIKHU MPSIMUM BUMIipIOBAaHHSIM KOH-
LIeHTpallilfi aKTUBHOCTI paJioHY B IMOBITpi OyaiBesib Taki
OPUMILLIEHHS MOXKYTb OyTH BUSIBJICHI.

diHaHcyBaHHSA
be3 ¢pinancyBaHHs, TeMa iHilliaTUBHA.

KoHdnikT iHTepecis
ABTOpPHU 3asIBJISIIOTh MPO BiICYTHICTb KOHMIIIKTY iHTe-

peciB.
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It is important to note that the reference level of
300 Bg/m?® for office premises is equivalent to the
reference level for residential premises, and dose
criteria for such workplaces are not applicable.
Radon protection measures also do not signifi-
cantly differ.

To identify premises where the reference level for
indoor radon is exceeded, direct measurements of
the activity concentration of this source must be
carried out.

CONCLUSIONS

1. Analysis of the research results has established
that a differentiated approach to assessing the haz-
ards of workplaces is unquestionably justified.
Such an approach allows for optimizing radiation
protection for workers at a reasonable cost and
saving significant resources for enterprises.

2. Effective radiation exposure doses for workers at
enterprises where radon is an integral part of the
technological process vary widely and can differ by
an order of magnitude even within the same enter-
prise.

3. It has been found that the potentially reference
level for radon in indoor air, 300 Bq/m’, may be
exceeded in tens of thousands of office premises,
and only through direct measurements of radon
activity concentrations in building air can such
premises be identified.
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