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JO31 OITPOMIHEHHA ITPAIIIBHUKIB I'PAHITOAOBYBHUX
HIAITPUEMCTB BIJ PATIOHY-222

MeTa: BM3HaYeHHsA iHTerpanbHOi BENMUYMHUM PiyHOT edeKTUBHOT A03M Big ?Rn ans npauiBHUKIB rpaHiTORo0yBHUX
NiANPMEMCTB Ta OLiHKA 04YiKyBaHOT 3a XUTTA edekTUBHOT fo3u Bif ?’Rn.
Martepian i meToau: pe3ynbTat BUMiptoBaHb MOTYXXHOCTI €KCNO3WLINHOT 031 30BHILIHBOTO ONPOMiHEHHS, eKBiBane-
HTHOT piBHOBAXHiil 06'€MHiit akTUBHOCTI 2Rn BcepefuHi po60YMX NpUMilleHb i Ha POOOYMX MiCLAX OCHOBHUX rpyn
NpauiBHUKIB rpaHiTHMX Kap'epiB MukonaiBcbkoi obnacri, pesynstatn gocnimkeHs EPOA ?2Rn B noBiTpi XKUTNOBUX
NpUMilleHb LMX NPaLiBHUKIB, pe3ynbTaT JOCAiIAXKeHb BMICTY “’Rn y NUTHIi BOAI.
Pe3ynbtati Ta BUCHOBKM. [TpaLiBHUKM rpaHiTHWUX Kap'epiB OTPUMYIOTb NOABIHE pafiaLinHe HaBaHTaXeHHA Big “’Rn
33 PaxyHOK ONPOMiHEHHs Ha poboyomy Miclli Ta BAOMa. BennuynHa HaBaHTaxeHHA Ha poboymx Micusx Big iHrans-
LiiHOTO HaaXxomKeHHA ?Rn 3 noBiTpsAM cTaHosuna (2,1 +0,2) m3B/pik (po3kug 0,9-5,9), y KNUTNOBUX NPUMiLLEHHAX —
(4,1 + 0,2) m3B/pik (po3kupg 1,8-5,9). CymapHa piyHa edeKTMBHA [03a BHYTPiLUHbOrO ONPOMiHEHHSA Bif HALXOAXEH-
HA ??Rn 3 NoBiTpAM B0 po60UMX i KUTNOBUX NPUMiLLeHb Ta 3 MUTHOK BOJOIO CKNana B cepefHbomy (6,5 + 0,2) M3B/pik,
a MaKcMManbHa BesMyuHa fopiBHioBana 20 m3B/pik. O4ikyBaHa 3a XKUTTA 1033 XPOHIYHOTO ONPOMiHEHHS Bij TEXHO-
FeHHO-NiACMNEHUX PAAIOAKTUBHUX [XEpen NPUPOLHOr0 MOXOMKEHHA ANA NIOAeN, AKi NpaLioloTb Ha TpaHiTHUX
Kap'epax i npu LbOMy MeLKalTb B yMOBAX NifiBUILEHOr0 PU3MKY Bif pafoHy, CKNajae B Aiana3oHi 3HaveHb 0,16-1,12
3B. Pe3ynbtatit gocnigxeHb BKa3yOTh, WO NPy oUiHLi eheKTiB, NOB'A3aHUX 3 ONPOMIHEHHAM 33 PaxyHOK “?Rn ans KoH-
TUHTeHTIB 0Cib, noaibHUX o6CTeXeHOMY, HeoOXiAHO BPaxoBYBaTW BCi mKepena thopMyBaHHSA 1034 Bifl LbOro papio-
HYKNigy.
KniouoBi cnoBa: ecekT1BHa 1033, pafioH-222, NpaLiBHUKM rPaHiTHUX Kap'epiB.
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Doses from radon-222 irradiation for workers of the granite mining industry

Objective: determining the integral value of annual effective dose from ?*Rn for workers of the granite mining
industry and assessment for the expected life effective dose from ?Rn.
Materials. Materials were the results of measurements of external exposure dose of radiation measurements equiv-
alent equilibrium volume activity of ?*Rn in workrooms and workplaces of major groups of granite quarry workers
Mykolaiv region, studies EROA #?Rn air premises of these workers, research content ??Rn in drinking water.
Results and conclusions. Granite quarry workers receive double radiation exposure of ??Rn due to exposure in the
workplace and at home. The load in the workplace due to inhalation of #?Rn the air was (2.1 + 0.2) mSv / year (vari-
ation 0.9-5.9) in a residential area — (4,1 + 0,2) mSv/year (variation 1.8-5.9). The total annual effective dose from
internal exposure from air flow and working premises and drinking water was on average (6,5 + 0,2) mSv/year, equal
to a maximum value of 20 mSv/year. The expected life for the chronic exposure dose of technological-naturally
occurring radioactive sources for people who work in the granite quarries and, while living in high risk from radon
isiin the range of 0.16-1.12 Sv. The research results indicate that in assessing the effects associated with exposure
due to radon-222 contingents persons such surveys must take into account all sources of this radionuclide dose.
Key words: effective dose, radon-222, granite quarry workers.
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BCTVYII
Bu3zHaueHHs Ta OLliHKa piBHiB OMNPOMiHEHHS JIOAWUHU
BiJl TeXHOTNeHHO-IIiACUJIEHUX pPadioaKTUBHUX JIXKEpel
npupoaHoro noxomkeHHs (TTIATITIT) i, 3okpemMa, Bif
pagoHy-222, JaBHO BH3HaHE SK aKTyaJlbHEe 3aBAaHHS
panio6Gionorii. ITo-nepiie, 11e 0OYMOBJIEHO PO3YMiHHSIM
Toro, 110 pamzoH (**Rn i **Rn) Ta IIpoayKTH Oro po3iia-
Iy € IPYrolo 3a 3HAUYIIICTIO ITicJIsl HaJiHHS MPUYMHOIO
BUHUKHEHHS paky JereHb [1, 2]. PanoH € MOTy:XXHUM
YUHHUKOM PM3UKY PO3BUTKY OHKOJIOTiYHOI MATOJIOTi1,
caMe pagoHoM 3ymoBieHi 10 % ycix BUIIaAKiB paky Jie-
reds [1—3]. BigoMi maHi 111ogo TOKCMYHOI il IPOIYKTiB
posnany *?Rn (*°Pb ta 2'°Bi) [4]. [To-apyre, Lie moB’s3a-
HO 3 BuMoramu HoBoi JAupexkTusu Pagu 2013/59/€Bpa-
TOM, 11O BCTAHOBJIIOE OCHOBHI CTaHIAPTU OE3MeKU IS
3aXMCTy Bil HeOe3MeKM Bil iOHi3yl0uoro BUITPOMIiHIO-
BaHHS Ta iMIUIEMEHTALlilO SIKO1 B HalliOHaJbHE 3aKOHO-
JIaBCTBO YKpaiHM IiepeadauyeHo Yroaoro Ipo acolliallio
MiX YKpaiHo1o, 3 omHOTro 00Ky, Ta €Bporeiicbkum Coro-
30M, €BporelicbkuM CI1iBTOBApUCTBOM 3 aTOMHOI
eHepril i ix AepxxaBaMu-uJieHamMu, 3 iHworo [5]. Tak, Ho-
Ba JIMpeKTHBa PO3IIMPIOE CBOE 3aCTOCYBAHHS Ha LiIUI
psia AKepes i KaTeropiii onpoMiHEHHSI, OXOIUTIOE 3aXUCT
MpalLiBHUKIB HA POOOYMX MICLISIX 3 pagOHOM Ta IIPUPOJI-
HUMU palioaKTMBHUMHU MaTepiajlaMM, a TaKOX Hace-
JICHHSI, 30KpeMa Bill palloHY B XKUTJIOBUX IMPUMIIIICHHSIX.
ITpu upboMy LISIMU HOBOI JIUPEKTUBH € BpaxyBaHHSI OC-
TaHHIX HAyKOBUX po3po0oK (Hampukmanm, ITy6mikarrii
103 MKP3), TeXHOJOTiYHOTO PO3BUTKY, a TAKOX HAKO-
MUYEHOro AOCBiay B 3a0e3IeUeHHi pagialliiiHOi Oe3MeKu;
peryJitoBaHHi BCixX JKepes BUIIPOMIiHIOBAHHS, 110 Migaa-
IOThCSI PETY/II0I0YOMY KOHTPOJIIO, B TOMY YUC/i — IpU-
POIHUX KEPeJT; TapMOHi3allisl YUCTOBUX KPUTEPiiB 0€3-
MeKu 3 HOBITHIMU MiXXHapogHUMU cTaHaapTaMu. OKpe-
MO Yy HOBi#t JIUpeKTHUBI NpUILJIEHO yBary MHOJIMIIEHHIO
3aXMCTy MpalliBHUKIB, 10 IPaIlOOTh 3 MPUPOIHUMU
JxKepesaMu, poOiTHUKIB, sIKi 3a3HAIOTh OMIPOMIHEHHS Bi
pagoHy, a JIMIT A03U il podeciiiHOro onpoMiHEHHS
mae ctaHoBuTH 20 M3B/piK B OyIb-IKUIA OKPEMUI1 PiK.
Oxpemi Teputopii miBOHA YKpaiHu (LieHTpajbHa i
niBHiYHa TepuTopii MukomaiBcbkoi, OmecbKoi, Xep-
coHchkoi Ta KipoBorpaachkoi obnacreii) xapakTepu3sy-
IOTbCSI TIPUCYTHICTIO B TiACTUJIBHOMY 1Iapi TipChbKUX
MOpiA I'PaHITOIMHOIO CKJIaAy, IO CIIPUSIE IIMPOKOMY
PO3BUTKY B PETiOHI rpaHiTOJOOYBHOI Ta IpaHiToIepe-
pobHOI poMuciioBocteil [2—6]. 3 iHmoro 60Ky, wi Imo-
poOoM XapaKTepU3YIOThCS IIABUIIEHUM KJIapKOBUM
BMICTOM palioaKTUBHUX €JIEMEHTIB PsILy ypaH-pafilo, a,
3HAYUTh, i **Rn 3 govipHiMU NPOAYKTAMK HOro po3ma-
oy (AITP). 3a gaHuMM BITYM3HSIHMX aBTOpPIB [2, 6—8],
CyMapHa piuyHa J03a Big OpUPOAHUX PadiOHYKJIiIiB B

INTRODUCTION

Identification and evaluation of exposure for a
human from technological-reinforced naturally
occurring radioactive sources (TRNORS), partic-
ularly from radon-222, has long been recognized
as an actual problem of modern radiobiology.
First, this is due to understanding that radon (***Rn
and **Rn) and its breakdown products are the sec-
ond most important after smoking cause of lung
cancer and is a significant factor in cancer risk for
10 % of all cancers of the lung, caused by radon
[1—3] and known data on the toxic effect of the
decay products of *Rn (*°Pb and 2'°Bi) [4].
Secondly, due to the new requirements of Council
Directive 2013/59/Euratom, which sets basic safe-
ty standards for protection against the dangers of
ionizing radiation and whose implementation in
Ukraine national legislation provided by Asso-
ciation Agreement between Ukraine, on one hand,
and European Union on other hand, the Euro-
pean Atomic energy Community and their coun-
tries-members of the other [5]. Thus, the new
directive extends the application on a number of
sources and exposure categories, covering the safe-
ty of workers at theirs workplace from radon and
natural radioaktive materials, particularly from
radon in homes. This new Directive aims are the
consideration of the latest scientific developments
(eg ICRP Publication 103), technological devel-
opment and experience in ensuring nuclear safety;
regulation of all sources of radiation exposed to
regulatory controls, including — natural sources;
harmonization numerical safety criteria with the
latest international standards. Separately, the new
Directive paid attention to improving protection:
employees working from natural sources, workers
exposed to radiation from radon and dose limit for
occupational exposure shall be 20 mSv/year in any
single year.

Some areas of the south of Ukraine (the central
and northern area of Mykolaiv, Odesa, Kherson
and Kirovohrad regions) are characterized by the
presence in the underlying layer of granitoid rocks
that promotes wide development in the region
granit mining and granit processing industry
[2—6]. On the other hand, these rocks are charac-
terized by a high content of clarke radioactive ele-
ments of uranium-radium series and, based on
this, of *2Rn with its products of disintegration
(DPR). According to local authors [2, 6—8] total
annual dose from natural radionuclides in Ukraine
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VKpaiHi € 3Ha4HOIO i cTaHOBUTH 6,15 M3B/piK. 3a OIliH-
kamu HKJIIAP OOH BHecok pamony 3 HIIP B no3y
OIIPOMiHEHHsI HaceJeHHs IJIaHeTU Bif MPUPOAHUX
JKepelsl ctTaHoBUTH 54 % [9]. B YkpaiHi pamoH mocsrae
79 % (4,2 M3B/piK) BeIMUMHU 3a3HAYECHOI 03U i OJIM3b-
K0 60 % BenuuMHU cepeaHbOl e(PeKTUBHOI 103U BiJl yCiX
mxepen [10, 11].

3 ooy Ha iHTEHCUBHMI PO3BUTOK B LILOMY pETioHi
rpaHiTOA00YBHOI i IpaHiTONepepoOHOI MPOMUCIOBOCTEIA,
a TaKoX YpPaHOOOOYBHOI Tajly3i, OMJHUMM 3 aKTyaJIbHMUX
3aBlIaHb palialliiiHOI 0e3MeKU Ta padialiiiHOl TirieHW Ha
LIMX TEPUTOPIsIX BUCTYIAKOTh MUTAHHS, 110 CTOCYIOTHCS
TEXHOT€HHO IiACUJIEHOTrO MPUPOAHOIO padialiiiHoro o-
HY, B IIEPILLY Yepry, orpoMiHeHHs **?Rn. 3a pe3yasraraMu
HAIlVX JOCIiIKeHb, epeKTUBHA 103a Bix *?Rn 3 TP mra
HaceJIeHHs TiBHIYHMX i LIEHTpaJlbHUX paiioHiB MuKo-
JIAIBIIMHU CTAHOBUTDH 4—5 M3B/pik [2—4], 1110 30ira€Thest
3 pe3yJbTaTaMy iHIIMX JOCTiIXKEeHb, OTPUMAHUX y 3a-
nopi3bkiil Ta KipoBorpanacekiii odnactsax [7].

META JOCJIJIZKEHHA

Bu3HaueHHs iHTerpajibHOI BEJIMYMHU PiYHOI e(DEeKTUB-
Hol mo3u Bim *?Rn mig IpaliBHUKIB IPaHiTOIOOYBHIX
MiATIPUEMCTB Ta OIliHKA OYiKyBaHOI 3a KUTTS e(heKTUB-
Hoi 1031 **Rn.

MATEPIAJIN TA METOJIN TOCIIIZKEHHA
HocnimkyBancs piuHa edpektrBHa 103a (PEJL) 30BHillIHb-
Oro OMPOMiHEHHS, a TAKOX BHYTPIlLLIHHOIO OMPOMiHEHHS
Bix *?Rn 3 JAI1P Ha mpalliiBHUKIB TPaHiTOO00YBHOI ramy3i
Ha TiBAHI YKpaiHu. Y mpolieci J0CTiIKeHb BCTAaHOBJICHO,
110 MPaliBHUKM TPaHITHUX Kap’epiB MOXYTb 3a3HaBaTH
TMOIBIITHOTO OMPOMiHEeHHS Bin ?Rn: Ha BUPOOHMIITBI Ta B
SKUTJIOBUX MPUMILIEHHSIX (purc. 1), TOMy LIS L€ KaTeropii
OpaliBHUKIB JOCTIIKEHHS 3 BU3HAYEHHSI CYMapHOIo pa-
JialiifHoro HaBaHTaXeHH Bi *2Rn 3po0s1eHi sIK Ha po0o-
womy micui (E%, ), TaK i Broma (£ B enhome )» 3 YPAXY-
BaHHSIM CITOXXVMBAHHS MUTHOI Boau (E ZZan,home’ E ;’ZfRn,work)'
MartepialaMy BUCTyHaIW pe3yabraTd BUMIpIOBaHb I10-
TyXHOCTi ekcrio3uuiiiHoi no3u (ITEJl), BuMiproBaHb €KBi-
BaJICHTHOI piBHOBaXXHOI 00’eMHOi akTHBHOCTI (EPOA)
22Rn BcepearHi poOOYMX MPUMILLIEHD i HA POOOYMX MiCLISIX
OCHOBHUX TpYII TIPalliBHUKIB (0OTepaTop IpoOMIEHOI yeTa-
HOBKM, OypUJILHUK Tep(opaTopHOro OypiHHS, KaMeHsIp,
MaIlIMHICT OyJIbI03€epa, MaIlIMHICT eKCKaBaTopa) TPaHiTHUIA
kap’ep (IlepBomaiicbkoro rpaHiTHoro i IlepBoMaiicbkoro
rpaHiTHO-IIIeOeHeBoTO Kap’epiB, OnekcanmpiBcbkoro, [Tpn-
oy3bkoro, CogiiBcekoro, HoBo-JlaHMTiBCHKOTO rpaHiTHUX
Kap’epiB), pesyasratu gociaimkeHb EPOA *?Rn B mosiTpi
KUTJIOBUX TIpUMIillleHb LUX TpalliBHUKIB, pe3yJbTaTu
JOCIIIKEHD BMIiCTY “2Rn y ITUTHI BO, KA CTIOXKUBAETHCS

is significant and is up to 6.15 mSv/year. According
to UNSCEAR [9] the contribution of radon with
daughter products of decay (DPD) to the dose of
the world’s population from natural sources is 54
%. In Ukraine radon reaches 79 % (4.2 mSv/year)
values specified dose and about 60 % of the value of
the average effective dose from all sources [10, 11].
Given the extensive development in these areas
and in the region of granit mining and granite pro-
cessing industry and uranium mining industry, one
of the pressing issues of radiation safety and radia-
tion hygiene in these areas are the issues relating
technologically amplified natural background
radiation, especially radiation *?Rn. According to
the results of our research [2—4] effective dose
from *?Rn with DPD to the northern and central
areas of Mykolayiv is 4—5 mSv/year, which coin-
cides with the results of other studies obtained in
Zaporizhzhia, Kirovohrad region [7].

OBJECTIVE

Definition of annual *?Rn effective dose for work-
ers of granite mining and granite processing indus-
tries and evaluation of the life expected effective
dose from ?*Rn for these workers.

MATERIALS AND METHODS

We studied the annual effective dose (AED) of
external exposure and internal exposure of *’Rn
with DPD for workers of granite mining field in
southern Ukraine. During the studies we found
that workers may be subject to a double exposure
of ?2Rn: at work and in residential areas (Figure 1),
so for this category of workers the research for de-
termination of the total radiation exposure of *?Rn
was made both at the workplace (Ei’z’meWk) and at
home ( E%S ), taking into account the con-

222 Rn,home K R
sumption of drinking water (E%¥ E}

As the materials were taken: ﬁl]é measuRre’mlént
results of exposure dose (MED), measurements
of equivalent equilibrium volume activity
(EEVA) of *’Rn inside workplaces of the major
groups of workers (operator crushing plant,
mason, machinist bulldozer, excavator driver) at
granite quarry (Pervomaiskiy Granite Quarry
and Pervomaiskiy Granite and Macadam Quarry,
Oleksandrivskyi, Prybuzkyi, Sofiivskyi, Novo-
Danylivskyi Granite Quarries); studies of EEVA
22Rn in the air at home of these workers; studies
of ?Rn content in drinking water that consumed
by these workers. EEVA ?Rn measurements
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226Ra IN CONSTRUCTIONS
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226Ra with DPD in 226Ra ON THE
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AIR RESIDENTIAL HOMES JOBS
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PucyHoK 1. bnok-cxema ¢opmyBaHHA papiauifiHOro HaBaHTAXKEHHA Bif, TeXHOreHHO-MiIACUNEHUX J)Kepen
npupoaHoro noxopxeHnHa (TNANM) pana npauiBHUKiB rpaHiTHMX Kap'epiB Ha niBAHI YKpaiHu.

E’Z’h: hom Ez,’fzal . (PEL) npu iHranauiiHomy Lwngaxy notpannsaHHea 222Rn i AoYipHix npoaykTie pagory (AMP)
n, e - Jwork . . . . .
e 3 MOBITPSM XUTNOBOro i pO60YOro NPUMILLEHb BiAMOBIAHO;
Ei’;ﬁ’é""{"") , Ei’ﬁ;"”"’”k — PEJ, Big, noTpannsiHHS222Rn 3 MUTHOIO BOAOIO BAOMA i Ha pO604OMY MiCLL BiAMOBIAHO;
71,hom e 1, Wor
E! — PE/], 30BHiLLIHBOr0 ONPOMIHEHHS BOOMA,;

tecn _nat

tecn _nat

— iHTerpanbHa PE[, 30BHiLLIHLOIO i BHYTPILUHLOrO ONPOMIHEHHS POBITHMKIB rpaniTHOro kap’epy Big TMAMMI.

Figure 1. Block diagram of the formation of radiation exposure from technological-reinforced naturally
occurring radioactive sources (TRNORS), for workers of granite quarries in southern Ukraine.

Einhal inhal
22 Rn,home > 222 Rn s work
Eing (drink) E ing (drink )
222 Ry ,hom e ! 222 Ry ,work

E ext

tecn _nat

— effective dose per year of external exposure at home;

— AED at inhalation of 222Rn with DPD through with air at home and work areas, in accordance:

— AED at inhalation of 222Rn with drinking water at home and work areas, in accordance;

— integrated effective dose per year of external and internal exposure from granite quarry workers for TRNORS.

tecn _nat

MM TTpatiBHuKamu. BumiproBanta EPOA 2Rn BUKOHY-
BaJId METOJOM TaCUBHOI TPEKOBOI T03UMETPIi 3 EKCITO3ULLi-
€10 IETEKTOPIB Y KUTJIOBUX MPUMIILIEHHSIX 6—12 MicsliB,
Ha pobounx Mictigx — He MeHIre 30 mi0. Y XXuTIoBnx nmpu-
MIIIIEHHSIX TPEKOBi JETEKTOPM BCTAHOBIIIOBAIM B MiCLISIX
HaioLIbIIOro repedyBaHHS 0co0U (BIiTaJIbHS, CHAbHS), a
Ha poOOYMX MiCLISIX — B KaOiHi eKcKaBaTopa, Oy/ibao3epa,
a00 pO3MIIITyBaI Ha BEpXHBEOMY OJIs13i (haxiBIIS.

JItst T ABUILIEHHST JOCTOBIPHOCTI pe3yJIbTaTiB BUMIipIO-
BaHHSI, TOPiBHSIHHS €(GeKTUBHOCTI, YYTJAMBOCTI i
HaJiHOCTI 3ac00iB BUMipIOBAaHHS HA KOXXHOMY POOOYO-
My MicLi i B XXUTJIOBUX MPUMIilLEHHSIX BUKOPHUCTOBYBAJIU
TPU TUIU IETEKTOPiB: «Altras» ¢ipmu «Patras» (Himeu-
ynHa), HIl-netexropu (Pocist), nerektopu « DEGBAK»
(VYkpaina) Ha ocHOBIi nosikapboHatiB Tuiry CP-39, 1o
XapaKTepU3YIOThCSl IMPOKUM €HEPreTUIYHUM iHTEpBa-

were performed by passive dosimetry track with
exposure detectors in dwellings during 6—12
months, in the workplace — at least 30 days. In
the accommodation track detectors installed in
areas of maximum stay of persons (living room,
bedroom) and in the workplace — in the cab
excavator, bulldozer, or placed on outerwear spe-
cialist.

To improve the reliability of measurement
results, the compareing, sensitivity and reliability
of measurements at each workplace and in homes
were used three types of detectors: «Altras» firm
«Patras» (Germany), SC detectors (Russia),
detectors «DEGBAK» (Ukraine) based polycar-
bonates type CR — 39, characterized by a broad
energy interval sensitivity to alpha radiation of

(1) 100
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JIOM YYTJIMBOCTI A0 ajiba-BurpomMiHioBaHHsa 0,1—20
MeB. BusHaueHHst BMicTy *Rn y BoIi BUKOHYBAJIM FaM-
Ma-CIeKTPOMETPUYHUM METOIOM 3a pPiBHOBaXKHUM
BMicToM ramma-punpoMiHioouux HAITP. Bchoro Buko-
HaHo 95 BumiptoBaHb EPOA *’Rn Ha po6o4mnx MicCIsx
MpalLiBHUKIB I'PaHITHUX Kap’€piB, TaKa X KiJbKiCTb — y
ix xumroBux npuMimeHHsx. Ha Bmict ?Rn y Bomi
JocliakeHo 87 mKepea MUTHOI BOAU B MiCLSIX MTPOXKU-
BaHHs TIpalliBHUKIB TpaHITHUX Kap’epiB, i 9 mxepen
MUTHOI BOIM, sIKa CIIOKMBAETHCSI HUMHU Ha TPaHITHUX
Kap’epax (Ipu LIbOMY B KOXHOMY 3 TaKUX IIUTHUX JIKe-
peJl Ha TpaHiTHUI Kap’ep BUKOHAHO Bif 3 10 6 aHaIi3iB).

BusznauenHs PE/I 30BHIIITHBOTO OMPOMiHEHHS TIOAMHU
Bill TEXHOT€HHO-TIACUIEHOTO pafiallifHOro (GOHY 3Miii-
CHEeHO 3a pesyJisraramu BuzHaueHHs1 TTE/J] i 3 orsimy Ha
yac TiepeOyBaHHSI JIOJMHU Ha BiIKPUTIHE MiCIIEBOCTI.
BusHaueHHsT echeKTUBHOI 103U Bin *’Rn 1ipm iioro Ham-
XOJDKEHHI IHTAISILIMHUM IUISIXOM i 3 TMTHOI BOAOIO
3MiICHEHO BIAMOBIIHO 10 MAaTEeMaTMYHUX Mojaeaeu
MKP3 [12] i nanux nonosigi HKJIAP OOH [13]: no3y Ha
OIMHUIIIO IHTASALIHOTO HAIX0IKEeHH *2Rn 10 TIOAMHA
npu nepedyBaHHI B XXMTJIOBOMY MPUMILLICHHI TPUIAHSITO
0,042 m3B-Ton'/bk'M3, a Ha poboyomy Micui — 0,016
M3B-ron!/bkm3. Jlo3y Ha OIMHULIIO HAAXOMKEHHS **Rn
3 TMIUTHOIO Bofo10 MpuitHaTo 1:10-% M3B-bk' [12], piuHumii
o0csr crioxkuBaHHs nutHOI Boau — 800 i1 [11]. CepenHe
3HaueHHs1 PEJI Bu3Hauanu crooyaTky [Jisi HEeBHOTO
Kap’epa, a TOTiM, SIK cepeIHbO3BaxkKeHe, JIJIs BCiX Kap’'e-
piB. BenmnurHy cymMapHOi piyHOI €(eKTUBHOI J03U OIl-
POMiHEHHS MpaliBHUKIB TPaHITHUX Kap’€piB Bil TEXHO-
TeHHO-ITIIACUJICHUX JKEPeNT IIPUPOIHOTO ITOXOMKEHHS,
BU3HAYaJIOCs 3 ypaxXyBaHHSIM BCiX 1Oro CKJIaJ0BHX.

IIpu craTMCTMYHI 0OpOOI pe3yabTaTiB MOCTiTKEHb
3acrocoBaHa mporpama STATISTICA 6.0. Ilpu mopis-
HSTHHI CepeIHiX BeTMINH Pe3yILTaTiB JOCTiIKEeHD (UTS Be-
JINKUX BUOIPOK) BUKOpUCTaHUI t-KpuTepiii CThIoAeHTA 3a
nortomororo riporpamu STATISTICA 6.0, MathCard 7.0.

PE3VYJIBTATU TA OBI'OBOPEHHS

Cepenne 3HadyeHHs1 [1EJ] Ha poGoumx MiclLisIX TIpalliB-
HukiB ITepBomaiicbkoro, ITpuby3bkoro, OnekcaHIpiBCh-
Koro, HoBo-J/IaHWIIBCbKOTO IpaHiTHUX Kap’€piB CKIAIO
(17 = 3) mxPron!. INokasuuku ITEJ] y CodiiBchkoMy
TPaHITHOMY Kap’€pi CTAHOBWJIM PiBHi, B cepeIHbOMY, (22 =
2) MxP-ror!, mpuyomy TTEJL Ha piBHi 24—28 MKP-Ton! 3a-
PEECTPOBAHO HA POOOYMX MICLISIX €KCKaBaTOPHUKA, IpPO-
ounbHUKa, OypribHIKa. B HoBo-JlanmmiBcbKoMy Kap'e-
pi, Ae TPOBOIUIMCS POOOTU 3 PO3KPHUTTS TPaHITHUX
1apiB, 3apeectpoBanuii piBeHb [1EJ] 35 mxP-ron:'. Buxo-
Js14u 3 cepenHix 3HaueHb ITEJL Ha pobouux Miclisix Ta Bpa-
XOBYIOUM 4ac IepedyBaHHS JIIOAMHU HAa poOOYOMY MiClli

0.1-20 MeV. Determination of *?Rn in water was
performed with gamma-spectrometric method for
equilibrium content of gamma-emitting DPD.
Totally were made 95 measurements of EEVA of
22Rn at workplace of the experts at granite quar-
ries. The same amount was made in their homes.
About *?Rn were studied 87 water sources of
drinking water habitats of granite quarry workers,
and 9 sources of drinking water consumed by them
in granite quarries (with each of these sources for
drinking water were performed from 3 to 6 ana-
lyzes).

Definitions of EDY of human external irradia-
tion from technological-reinforced background
radiation amplified made by results of definition
EDR and considering the time of human being in
the open. The definition of effective dose from
22Rn when it arrives by inhalation and wth rinking
water made according to mathematical models of
the ICRP [12] and data report UNSCEAR [13]
dose per unit of inhalation of ?Rn to person when
staying in an apartment 0,042 premises taken
mZv-year' / Bk'm=3, and in the workplace — 0.016
mZv-year' / Bk.m=. The dose per unit flow of ’Rn
in drinking water taken 1-10% mZv-Bk-' [12], the
annual consumption of drinking water — 800 liters
[11]. Average EDY originally determined for a
quarries, and then as the weighted average of all
quarries. The value of total annual effective dose of
granite quarry workers from technogenic sources
of reinforced natural origin, determined with all its
components.

In the statistical analysis of the results applied
research program STATISTICA 6.0. When com-
paring the averages results of research (for large
samples) used t-Student test using STATISTICA
6.0., MathCard 7.0.

RESULTS AND DISCUSSION

Average EDR value at the workplaces of workers
of Pervomaiskiy, Prybuzkiy, Novo-Danylivskiy
granite quarries was (17 £ 3) pR-year!'. Value of
(22 £ 2) pR-year! was a EDR performance in
Sofiivskyi Granite Quarry, EDR in a range of
24—-28 pR-year' was registered at a workplace
excavator and driller. The EDR registered 35
uR-year' in the Novo-Danylivskiy Granite
Quarry where work was carried out to reveal the
layers of granite. The value of annual effective
dose of external radiation workers in the granite
quarries workplace amounted to Pervomaiskiy,
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2000 rom-pik! [12], BenuuMHA piyHOI €(EKTUBHOI 03U
30BHILIIHBOTO OMPOMIHEHHSI TMpPALliBHUKIB TPaHiTHUX
Kap’epiB Ha pobouoMy Micili ctaHoBMia: Ha [lepBoMaiich-
komy, IIpubGyspkomy, OinexkcaHapiBcbkoMy, HoBo-Ia-
HWIIBCBKOMY T'paHITHUX Kap’epax, B cepeaHbomy, (0,32 =+
0,05) m3B/pik; Ha Codiicbkomy — (0,42 * 0,04) M3B/piK.
VY Tabmui 1 HaBeaeHO CTaTUCTUYHI XapaKTepUCTUKH (Ce-
penHboaprMeTUUHE 3HAUSHHS 3i CTAHAAPTHUM BiIXWJICH-
HSIM, MeJliaHa, MoJa, MiHiMaJIbHe i MaKCUMaJlbHe 3HAUYeH-
Hs1) pe3ynbraTiB BuMipioBanb EPOA *?Rn 11 KOXHOro
Kap’epa. SIk BumHO 3 Tabnmili 1, mMaiike U BCiX TPaHITHIX
Kap’epiB XxapakTepHUI IIMPOKUI iHTepBaI PO3KUAY JaHUX.
Y CodiiBcbKOMyY TpaHITHOMY Kap’epi Maiike BCi BUMIipIO-
BanHs EPOA ?Rn cTaHoBwin 3HayeHHs Buiie 100 bx-m=3,
1110 MOSICHIOE OLIbII BUCOKI MOKA3HUKM MEAIaHHOIO Ta MO-
JaIbHOTO cepenHix 3HadeHb EPOA 2Rn, oTpyMaHMX I
IIbOTO Kap’epa MO BiAHOIIEHHIO 10 aHAJIOTIYHUX TOKa3-
HUKiB UIs iHIIMX Kap’epiB. KoeillieHT Bapiallil pe3ysib-
tariB BusHayeHHsT EPOA ?Rn y IboMy Kap’epi TAKOXK BUSI-
BUBCSI BUCOKUM (~44 %) yepe3 IMPOKUIA iHTepBaj PO3KH-
oy naHux. CepenHbo3BaxkeHa 1o Kap’epax BennunHa EPOA
2Rn Ha poboumx micisix ctanoBwia (129 + 2) bkm3.
Buxoasiuu 3 MajiocTi BUOIpOK JaHUX MO KOXKHOMY po0O-
yoMmy Micliio (ormepaTrop IpOoOMIIBHOI YCTAaHOBKU, OypUIIb-
HUK TiepdopaToOpHOro OypiHHSI, KaMeHOTeC, MaIllWHICT
Oyabao3epa, MAIIMHICT €eKCKaBaTopa), Ha KOXHOMY
rpa”iTHOMY Kap’epi (n = 24), TpoaHaIi30BaHO BETMYMHU
CepeqHix 3HayeHb aKTMBHOCTI **Rn Ha LUX pOOOYMX
MiCILISIX, OTpMMaHUX 3 YCiX Kap’epiB. 3HaUyIla PI3HULIS MixXK
cepennimMu 3HaueHHIMU EPOA ?Rn oTpyMaHa it po6o-
4oro Miclrg orneparopa apodapku {(137 £ 28) bk'm>, n =
19)}, 6ypuibHuKa nepdoparopHoro oypiHus {(160 = 69)
bxm?, n=19)}, kamenoreca {(171 + 53} bx'm~, n=19) no
BiIHOILIEHHIO A0 POOOYOro MicClisl MallIMHICTa eKCKaBaTopa
{(96 £ 35} bx'm™, n = 13) Ta MaimHicTa Oy/ba03epa {(86
25} Bx'm?, n = 16). Beaxxaemo, 1110 Hagaji MOTpiOHO IIpo-

Ta6nuusa 1

Prybuzkiy, Oleksandrivskiy, Novo-Danylivskiy
granite quarries, on average, (0.32 = 0.05)
mSv/year; in Sofiivskyi — (0.42 = 0.04) mSv/year
(based on 2000 hour-year! — the average values of
the EDR in the workplace and considering the
time of human presence in the workplace).

Table 1 shows the statistical characteristics
(mean value of the standard deviation, median,
mode, minimum and maximum values) EEVA of
22Rn measurement results for each quarry. As can
be seen from Table 1, almost all granite quarries
have a wide range of spread data. In Sofiivskiy
Granite Quarry almost all measurement values
were EEVA of *?Rn above 100 Bk'm=3, which
explains the higher rates of median and modal
22Rn EEVA average values, obtained for this
career against the similar indicators for other
quarries. The coefficient of variation results
EROA determining ?*Rn in this career was also
high (~ 44 %) spread across a wide range of data.
On career average value EEVA of *Rn in the
workplace was (129 £ 2) Bk-m-.

Based on the small size of data sample for each
workplace, namely the operator crushing plant,
driller, mason, machinist bulldozer, excavator
driver on each granite quarry (n = 24), the aver-
age values of the *?Rn activity in those work-
places derived from all quarries were analyzed.
Significant difference between the mean values
was obtained the for EEVA **Rn operator station
crushers {(137 £ 28) Bk.m?>, n = 19}, driller
{(160 =+ 69) Bk'm>, n = 19}, stonemason {(171 +
53) Bk'm™, n = 19}, comparatively to the work-
place of excavator driver {(96 + 35) Bk'm?, n =
13} and bulldozer {(86 = 25 Bk'm™, n = 16}. We
believe that future research should be continued

OCHOBHi CTaTUCTUYHi XapaKTepUCTUKKN pe3ynbratiB BUmipioBaHb EPOA ?2?Rn Ha po6oumux micuax npayiBHUKiB

rpaHitHux Kap’epis (bk-m?).
Table 1

Basic statistical characteristics of measurement results of EEVA ??Rn at workplaces of granite quarry work-

ers (Bk-m?).

FpaHiTHMiA kap’ep / granite quarry

n M= SD Me Mo Max Min

MepBomaiicbkuit rpaHiTHUIA kap’ep / Pervomaiskiy Granite Quarry

MepBoMaitcbkuii rpaHiTHO-1LebeHeBuii kap’ep / Pervomaiskiy Granite and Macadam Quarry 15

OnexkcaHppiscbkuin rpaiTHuid kap’ep / Oleksandrivskiy Granite Quarry
Mpuby3bkuin rpatiTHuin kap’ep / Prybuzkiy Granite Quarry

Codiiscbkuin rpatiTHuiA kap’ep / Sofiivskiy Granite Quarry
Hogo-[anuniscbkuit rpaniTHuiA kap’ep / Novo-Danylivskiy Granite Quarry

15 136 + 24 124 138 220 85
124 £ 46 118 133 190 50
16 110+ 34 118 120 160 86
15 156 + 48 133 152 310 84
22 196 + 86 160 184 355 58
12 110 + 36 118 116 240 58
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Ta6auuysa 2

OCHOBHi CTaTUCTUYHI XapaKTepUCTUKM pe3ynbTaTiB BUMiptoBaHb EPOA #2Rn y KUTNOBUX NpUMiLLeHHAX npayiB-

HUKiB rpaHiTHuUx Kap’epiB (bk-m?).
Table 2

Basic statistical characteristics of measurement results of EEVA ??’Rn in a residential area of granite quarry

workers (Bk-m?).

FpaHiTHMA kap’ep / granite quarry

n M=SD Me Mo Max Min

MepBoMaiicbkuii rpaHiTHUIA kap’ep / Pervomaiskiy Granite Quarry

MepBoMaiicbkuii rpaHiTHO-LLebeHeBuii kap’ep / Pervomaiskiy Granite and Macadam Quarry 15

OnexkcaHppiBcbkuin rpaHiTHuid kap’ep / Oleksandrivskiy Granite Quarry
Mpuby3bkuin rpaHiTHuin kap’ep / Prybuzkiy Granite Quarry

Codiiscbkuin rpaHiTHuiA kap’ep / Sofiivskiy Granite Quarry
HoBo-[laHuniecbkuii rpaHiThuii kap’ep / Novo-Danylivskiy Granite Quarry

15 108 + 30 98 112 120 55
123+ 12 102 125 160 45
16 88+ 10 86 102 160 45
15 83+ 10 87 96 120 55
22 127+ 34 117 132 230 75
12 87+19 88 94 180 65

TOBXWTH MOCTIIKCHHS IOAO BUSIBICHHS IIEBHUX IPYIl
MpaLiBHUKIB IPpaHITHUX Kap’€piB, 1110 3a3HAIOTH ITiABUIIIE-
HOTO PaJJOHOBOTO HaBaHTaXXEHHS Ha pOOOYOMY MICIIi.

Pesynbratu nocaimkens EPOA *Rn y XUTIOBUX MPU-
MillIEHHSX MPaLiBHUKIB IPaHiTHUX Kap’€piB HaBeJICHI B
TadauLi 2.

3Hauyla pi3HULS MixX cepeIHiMU 3HAYEHHSIMU aKTUB-
HOCTi *?Rn y XXUTIOBUX MPUMIILIEHHSX OTpUMAaHAa IS
nepcoHaiy IlepBomaiicbkoro rpaHitHoro, IlepBomMalich-
Koro rpaHiTHo-1e6eHeBoro Ta CodiiBCbKOTro rpaHiTHUX
Kap’epiB. Ilpu 11bOMy, 32 HAIIMMHU CITOCTEPEKEHHSIMMU,
nigBuieni BemuumHu EPOA ?2?Rn xapakrtepHi misg
OyaiBeb i3 06 TOHHUX KOHCTPYKIIiii Ta MOLLIMPEHO] Y Cijlb-
ChbKill MiclIeBOCTI IMMHU (camMaHy); TakKux, 110 MaloTb
TpaHITHUM (byHIAMEHT, HE MalOThb BEHTWJIOBAHMX Mill-
BaJIBHUX TPUMIIIEHb, a TaKOX IIPUMIIICHb, I¢ BEHTHU-
JIsiiss abo BiACYTHsI, abo Oyja HepocTaTHbOW0. B OynuH-
Kax 3 XOPOIIIOI0 BEHTUISILIIEIO XKUTJIIOBOTO MPUMIILIEHHS, a
TaKOX TiamibHOro mpocropy, EPOA ?Rn Gyna HU3b-
koto. Cnig Big3HAuWTH, 1O IS OpauiBHUKIB IlepBo-
MaMchbKOTro rpaHiTHoro, IlepBoMaiicbKoro rpaHiTHO-11Ie-
o6eHeBoro i Co@iiBCbKOro IpaHiTHOrO Kap’€piB cepelnHi
BEJIMUMHU aKTUBHOCTI pPagoHy 3HAXOOWJIMCS Ha pPiBHI
HOpPMATUBIB s icHytounx OymuHkiB — 100 Bx-m™ [12].
CepenHbo3BaxeHa 110 Kap’epax sesmunHa EPOA 22Rn y
SKUTJIOBUX MPUMIlIEHHSIX cTaHOoBMIIA (96 + 2) Brk'M™,

Pesynbratu nocmimkeHb BMicTy *?Rn y mUTHii Boji, 110
BUKOPHUCTOBYEThCSI pOOITHUKAMU IPaHITHUX Kap’€PiB (KO-
JIOAS3b, CBEpUIOBMHM) (TaOJI. 3), CBIIUMIN TIPO TIEPEBU-
meHHs 100 B! (AP **Rn y nutHii Boxi [12]) B messkux
MUTHUX JKepeaax. SK BuaHo 3 Tabauii 3, MaKCUMaJbHi
3HaYeHHS **Rn BUsBIIEHO B apTe3iaHChKiil BOAI HA Tepu-
topii CodiiBcbkoro kap’epy — (345 £ 17) bxr'. Bucoki
3HaYeHHs BMicTy ?Rn y NMUTHIN BOAi BiA3HAYEHO TaKOX
IS min3eMHuUX Jkepest 3 OnekcaHapiBCbKOIo MpaHiTHOIO
Kap’epy. Ha miacTaBi oTpyMaHUX JAHMX BBAXKAEMO, IO
HEOoOXiTHO A0AAaTKOBO MPOBECTU IOCHIIXKEHHSI BMICTY

to identify the specific groups of workers of gran-
ite quarry exposed to elevated radon load in the
workplace.

The results of studies EROA **Rn in a resi-
dential area of granite quarry workers shows in
Table 2.

Based on the data in Table 2 there are signifi-
cant difference between the average values of
22Rn activity in residential areas obtained for per-
sonnel of Pervomaiskiy Granite Quarry, Per-
vomaiskiy Granite and Macadam Quarry and
Sofiivskiy Granite Quarry. However, according to
our observations the value EEVA of *?Rn
increased in buildings built from concrete struc-
tures, or widespread in rural clay; buildings hav-
ing a granite foundation, and also at the buildings
where ventilation facilities either absent or was
inadequate. And in homes with good ventilation
of premises and underground space EEVA of
22Rn was low. It should be noted that experts of
Pervomaiskiy and Sofiivskiy Granite Quarries,
Pervomaiskiy Granite and Macadam Quarry
averages were radon activity level standards for
existing buildings — 100 Bk'm™ [12]. On quarries
average value EEVA 2Rn in a residential area was
96 + 2 Bk'm™.

The research results of **Rn content in the water
used by the workers of granite quarries (wells)
(Table 3) showed exceeding 100 Bk-1"' (NORM of
2Rn in drinking water [12]) in some drinking
water sources. As shown in Table 3, the maximum
values of ?*Rn found in artesian aquifer in the ter-
ritory of Sofiivskyi Granite Quarry — (345 £ 17)
BkI"'. High values of 2Rn content in the water was
also noted for underground sources of Olek-
sandrivsky Granite Guarry. Based on these data we
believe that it is necessary to conduct research in
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Ta6nauuysa 3
BmicT ?*’Rn y nuTHiil BOAi 3 apTe3iaHCbKUX CBEPANOBUH Ta KONOAA3IB rpaHiTHUX Kap'epi (Bk-n).

Table 3
Content of ?*Rn in drinking water from artesian wells and wells of granite quarries (Bk-l*).

Micue Bigbopy / sampling point Ibkepeno nutHoi Boau / source of drinking water n M+ SD
CodiiBcbkuin rpatiTHuiA kap’ep / Sofiivskiy Granite Quarry AprtesiaHcbka ckBaxuHa (25 M) / artesian well (25 m ) 3 345 + 17
Konogsiab (5 m) / well (5m ) 165+ 15
OnexkcaHppiscbkuin rpaiTHuid kap’ep / Oleksandrivskiy Granite Quarry Konopsib (6 m) / well (6 m ) 4 104 +£5
ApTesiaHcbka ckBaxuHa (25 m) / artesian well (25 m ) 4 74+19
ApresiaHcbka ckBaxuHa (50 m) / artesian well (50 m ) 3 4 +3
Mpuby3bkuin rpatiTHuin kap’ep / Prybuzkiy Granite Quarry ApresiaHcbka cksaxmHa (30 m) / artesian well (30 m ) 6 55+5
ApTesiaHcbka ckBaxuHa (42 m) / artesian well (42 m ) 4 23+5
Hoso-[anuniscbkuit BogoriH / Novo-Danilivskiy water supply ApTesiaHcbka ckBaxmHa (25 m) / artesian well (25 m ) 5 205
KasankiBcbkuid BoporiH / Kazankivskiy water supply ApTesiaHcbka ckBaxmHa (25 m) / artesian well (25 m ) 3 1949

22Rn y JKepesiaX IMUTHOI BOAY Ha BCIiX TpaHiTHUX Kap’epax  addition *?Rn content in drinking water at all
J7IT OTpUMAaHHS OiBIIOI KiTBbKOCTI JAHWX i po3poOKM  granite quarries to get more information and
pillleHHsI, e came MOTpiOHO 3abe3mnevyBary TpaliBHUKIiB  develop solutions where necessary to ensure that
MPUBI3HOIO BOIOI0. 3a pe3yJbraTaMy HalllMX JocimkeHb  workers use imported water. The results of **Rn in
(n = 87) BmicT **Rn y nuTHiii Boai, cnoxuBaHiii mumMu  drinking water consumed by these experts home
daxiBugMHU BIOMa, cKJ1aB y cepeaHbomy (50 £ 18) bk, was on average 50 = 18 Bk'I"' (n = 87).

Ha mincrasi pesynsratiB BusHadeHHss EPOA *Rn y Based on the definition of ?Rn EEVA in the
NnoBiTpi pobouux (Tabdna. 1) Ta XkuTaoBux mpumimieHb  air of working places and homes of the granite
(Tabi. 2) mpaliBHMUKIB IrpaHiTHUX Kap’epiB oOumcieHi  quarries staff (Table 1, 2) an annual effective
piuHi epeKTUBHI 103K BHACITIAOK iHTaALifiHoro nuaxy  dose due to inhalation flow ??Rn in the work-
HaIxomkeHHs **Rn Ha poboyomy Miclii i Bmoma Ta cy-  place and at home and total dose from inhalation
MapHi 103U BiA iHramsuiiiHoro HagxomxkeHHs *Rn Ha  of ?2Rn at house and granite quarries was calcu-
rpaHiTHOMY Kap’epi i BioMa (tab. 4). lated (tab. 4).

3a jaHuMu Tadnuii 4, MaeEMo, 1110 BeJIMYMHA JO30BOTO According to the Table 4 a value of dose accumu-
HaBaHTaXXEHHS Ui pOOITHUKIB IpaHiTHUX Kap’epiB Big  lation for granite quarries workers from **Rn at

Ta6nuusn 4
Piuna epexTnBHa posa (PE/l) Bip ??’Rn pna npauiBHUKiB rpaHiTHux Kap'epiB (M3B/pik).

Table 4
Annual effective dose (AED) from ??’Rn for granite quarry workers (mSv/year).

PE[], Ha poGo4yoMy MicLi PE[l Bopoma IHTerpanbHa PE[],
lpaHiTHMiA kKap’ep / granite quarry n AED at workplace AED at home Untegrated AED
M+SD Max Min M=SD Max Min M+=SD Max Min
MepBOMaCbKMiA rpaHiTHUIA Kap’ep 15 22+03 35 14 4504 50 2,3 6,706 85 3,7
Pervomaiskiy Granite Quarry
MepBomalickuii rpaHiTHO-1LLeOeHeBUIA Kap’ep 15 20+02 25 08 52+05 70 1,8 72+£0,7 95 2,6
Pervomaiskiy Granite and Macadam Quarry
OnekcaHapIBCbKMIA FpaHiTHUIA Kap’ep 16 1,8+04 24 11 37+04 6,7 1,8 55+05 9,1 2,9
Oleksandrivskiy Granite Quarry
Mpuby3bkuii rpaHiTHUIA Kap'ep 15 2504 50 1,1 3504 50 28 60x06 10,0 39
Prybuzkiy Granite Quarry
CodiiBCbkuin rpaHiTHAN kap'ep 22 32+06 59 1,8 53+x14 97 3,2 87+34 156 50
Sofiivskiy Granite Quarry
HoBo-[JaHuniBCbKMiA rpaHiTHWIA Kap'ep 12 1,804 3,8 09 37«08 7,6 2,7 5619 114 3,8

Sofiivskiy Granite Quarry

(1) 104
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22Rn BmoMa € GUIBLIOIO 32 BEIMYUHY 103U HAa POOOYOMY
MIiCTi.

3HauyILy pi3HULIO MK cepeIHiMI 3HAYCHHSIMHU CyMap-
HOi piuHOi 703W Bim **Rn oTpuMaHO I IpaLiiBHUKIB
CodiiBchbkoro rpaHiTHOro kap’epy, Ilepsomaiicbkoro rpa-
HiTHoro i IlepBomaiicbKOro rpaHiTHO-1IEOEHEBOro Kap’e-
PpiB TI0 BiTHOIIIEHHIO A0 TIPAILliBHUKIB Kap’€piB, e 3apee-
CTPOBaHO HIKYi BEJMYMHU CYMapHOIO HaBaHTaXKEHHSI
Bix “?Rn (OnekcannpiBcbkoro ta HoBo-/laHWTiBCHKOTO).

CepenHbo3BaxkeHa 3a Kap’epaMu piyHa edeKTHBHA
J103a BiIl IHTAIALIHOrO HAIXOMIKeHH *2Rn 3 MOBITpAM
poboumx Mmicub ckiana (2,1 + 0,2) M3B/pik, Ipu po3KUIi
Big 0,9 no 5,9 M3B/piK; cepeAHbO3BAXEHA 3a Kap’ epaMu
piuHa e(peKTUBHA 1032 BiJl iHraJSLiAHOIrO HAAXOMXKEHHS
22Rn 3 MOBITPAM KUTIOBUX IIpUMilleHb ckiana (4,1 +
0,2) m3B/pik, mpu po3kumi Bix 1,8 10 9,7 M3B/pik.

3a OoTpUMaHMMHM pe3yjiabTaTaMM OOCIIIKEeHb BMICTY
22Rn y BOAi 3 MiA3eMHMX JXKepesl MUTHOI BOAM piyHa 10-
3a Bix **Rn cxitana: y [Ipubysskomy i HoBo-/laHMmiBCh-
KoMy TpaHiTHUX Kap’epax (0,02 = 0,01) m3B/pik; B
OnekcaHApiBCbKOMY TpaHiTHOMY Kap?epi — OJM3bKO
0,04 Mm3B/pik, a B CodiiBCbkOMYy TpaHITHOMY Kap’epi
nocsirana 0,15 m3B/pik. CepenHe 3HAYeHHS PivyHOI
eexTUBHOI 103U Bil HagxomKeHHs *’Rn 3 MUTHOIO BO-
noto Broma ctaHoBuio (0,05 = 0,01) m3B/pik.

V migcymky, cymMapHa piuHa edeKkTuMBHaA [103a OIM-
pOMiHEHHSI POOITHUKIB TpaHITHUX Kap'e€piB 3a iHTa-
JISUIAHUM 1 TIepopaJlbHUM LIJIsIXaMu (3a cepeIHbO3Ba-
>KEHUMU MMOKa3HuKaMu) ckiana (6,2 £ 0,6) M3B/pik.

BenuunHy o4ikyBaHOI 3a XKUTTSI €(DEKTUBHOI 03U IS
MpaliBHUKIB rpaHiTHUX Kap’epiB Bim TTTITTTT E rnarrors
SIKi TIPOXMBAIOTh B yMOBaX IMiIBUIIEHOTO PU3UKY OIT-
pomiHeHHs Bin *?Rn, po3paxoByBanu st pehepeHTHOT
TPUBAJIOCTI XKUTTS moauHu 70 pokiB [11], sIK cymy 103,
olepKyBaHMX BIOMA i Ha poOoOTi: ouikyBaHa 3a 70-piu-
HUN TIepiof XXUTTS JIOOUHU 1032 XPOHIYHOTO OIPOMi-
HeHHs Big TTIATIIT B XUT/IOBUX MPUMILLIEHHSIX E;‘Z’ﬂ: w707
IUIST palOHOHOCHUX TepuTopiit ckiana 0,06—0,92 3B.

OuikyBane pagianiiine HaBaHTaxkeHHs Big TTIITITIT ra
BUPOOHUITBI (OUiKyBaHy MpodeciiiHy 103Y) E,f,’f,;fnww
BU3HAYaJIA, BUXOISIYM 3 CEPEIHBOTO Yacy poOOTH Ha BY-
poboHuuTBi 25—30 poKiB: BeJIMYMHA AO3M CTAaHOBUJA
0,1-0,2 3B. Cyma umMx BeJIMYMNH A€ OYiKyBaHY 3a XKUTTS
epextuBHy mo3y Binm TIIAIIIl nng npaniBHUKIB
rpaHiTHMX Kap’epiBy 0,16—1,12 3B.

BUCHOBKU

1. Teonoriuni oco0aMBOCTI MiBAHSA YKpaiHW — HasIBHICTb
PO3JI0MiB KOPIHHUX IMOPII i BUXiI 'paHiTHUX IIACTiB Ha
TIOBEPXHIO, YUCJIEHHE PO3TOPTAHHS MiAITPUEMCTB 3 BUIO-
OYyTKy Ta MepepoOKU I'paHiITy sIK IJ1s1 MOTped OyIiBHULITBA,

home is greater than the value of dose at a work-
place.

Significant difference ( ) between the mean values
of total annual dose from *?Rn obtained for workers
of Sofiivskiy Granite Quarry, for Pervomaiskyi
Granite Quarry and Pervomaiskiy Granite and
Macadam Quarry employees — in relation to the
pits, where registered lower levels of the total load of
22Rn (Oleksandrivskiy and Novo-Danylivskiy).

Average annual effective dose for quarries
from inhalation of ?Rn with air was (2.1 = 0.2)
mSv/year, at emission from 0.9 to 5.9
mSv/year; the average annual effective dose for
quarries from inhalation of *?Rn with air was
(4.1 £ 0.2) mSv/year, at emission from 1.8 to
9.7 mSv/year.

According to the research results of *?Rn in
underground sources of drinking water its annual
dose **Rn was: (0.02 = 0.01) mSv/year in
Pribuzkyi and Novo-Danylivskiy Granite
Quarries; about 0,04 mSv/year — in Oleksand-
rivskiy Granite Quarry, up to 0,15 mSv/year — in
Sofiivskiy Granite Quarry. Average annual effec-
tive dose from *Rn in drinking water at home was
(0.05 £ 0.01) mZv/year.

Summing up all the values obtained we found
that the total annual effective dose of radiation for
granite quarries workers by inhalation and orally
(by average weight) was 6.2 = 0.6mSyv / year.

The magnitude of the expected life effective dose
for granite quarry workers from TRNORS £, .. o7
live in high-risk exposure of ?Rn, was calculated
for the reference length of human life about 70
years [11] as the sum of doses received at home
and at work, specifically the expected chronic
exposure dose of TRNORS for the 70 years of
human lifelenth in homes £ . for *’Rn areas
was 0.06—0.92 Sv.

Expected radiation load of TRNORS in produc-
tion (expected occupational dose) E}o* . . was
determined based on the average duration of the
production of 25—30 years: the dose was 0.1—0.2
Sv. The sum of these values gives the expected
effective dose of TRNORS for the life for granite
quarry workers is 0.16—1.12 Sv.

CONCLUSIONS

1. The geological features of the South Ukraine
— the presence of faults bedrock of granite and
output layers to the surface, and a large deploy-
ment of enterprises extracting and processing
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TakK i AJIs OTPUMaHHSI ypaHy, IIPU3BOISITE 10 (DOPMYBaHHS
TEXHOT€HHO 3MiHEHOTr0 MPUPOJHOTO padialliftHOro (hoHy i
OiIBUILIEHOrO HaBaHTAXKEHHSI Ha JIIOAMHY Bijl IPUPOIHUX
JKepes papialiii, B TIeplly 4epry Bing pagoHy-222. Bcra-
HOBJICHO, 1110 TPAlliBHUKKU TPaHITHUX Kap €piB 3a3HAIOTh
MOABIMHOrO HaBaHTaXXEHHIO Big **Rn Ha poboyomMy Mmiciii
i Bmoma. EdexTrBHA 103a Bl iHTAIAIAHOTO HATXOIKEH-
Hs *?Rn 3 moBiTpsIM po6o4unx Miclib craHoBmia (2,1 £ 0,2)
M3B/pik (ipu po3kumi Bix 0,9 1o 5,9 M3B). CepenHbo3Ba-
JKeHa 3a Kap’epaMu piuHa eeKTUBHA A03a BiJl iHTa/IsILili-
HOTO HaIXOMKeHHS *Rn 3 MOBITPSIM XUTIIOBUX IIPUMI-
1eHs ckiaanana (4,1 £ 0,2) m3B/pik (ipu po3kui Bix 1,8
10 9,7 M3B). CymapHa piuHa e(heKTHBHA 1032 BHYTPIillIHb-
Oro OMNPOMIHEHHS Bil HAIXOMKEeHHS Rn 3 MOBITpsIM 10
poOOYMX 1 XXKUTIOBUX MPUMIlLEHb Ta 3 MUTHOK BOJOIO
ckitajna y cepeqHboMy (6,5 £ 0,2) M3B/piK, a MaKCUMaJTb-
Ha BelMurHa aopiBHIoBana 20 M3B/pik.

2. OuikyBaHa 3a XUTT$ 1032 XPOHIYHOTO OIMPOMiHEHHSI Bifl
TITATIIIT mrst mromeit, sIKi TpAIfio0Th Ha TPAHITHUX Kap’'€-
pax i mpu 1IbOMY MEIIIKalOTh B YMOBaX ITiAABUILIEHOTO PU3K-
KY Bill pajioHy, CKJ1ajia€ B fiara3oHi 3Ha4eHsb 0,16—1,12 3B.
3. Pesynbratu gociigkeHb BKa3ylOTb, 110 MPY OLIHLIL
eeKTiB, TTOB’I3aHNX 3 ONIPOMIHEHHSIM 3a paxXyHOK pa-
JIIOHY-222 nJisi KOHTUHTEHTIB 0ci0, TMoaiOHUX 10 o0cTe-
>K€HOT0, HeOOXiTHO BpaxOBYBaTH BCi Jkepena (opmy-
BaHHSI 03U BiJl LIbOTO PaJioOHYKJIiaa.

IMongka

ABTOpHY BUCJIOBIIOIOTH ITUOOKY MOASAKY daxiBLsIM Mu-
KOJIaIBChbKO1 HAayKOBO-IOCJiAHO1 JabopaTopii pamialiiii-
Hoi 06e3nekn HaceneHHs (HIJI «JIapani») MO3 Ykpainu
3a y4acTh y IPOBEJEeHHI 0araTOpiyHUX JOCiIKeHb Ha
pi3HUX 00’ekTax MMUKOJAiBCbKOi 0O0JacTi Mpu BUKO-
HaHHi H/IP «Po3po0ka 3axofiB 1100 3HMXEHHS J030-
BOI0 HAaBaHTAXXEHHS BiJ paJoOHY HAa HACEJIEHHSI PErioHy»
(moroBip No 28-117 3 ympaBiiHHIM OXOPOHU 3I0POB’S
MukonaiBchbKoi 001mepKaaMiHiCcTpallii).

CMUCOK BUKOPUCTAHOI NITEPATYPU

1. Tpurop’esa J1. I., Tomini t0. A. Jo3a BunpomiHioBaHHs 222Rn B okpe-
MUX panoHax nisaHs Ykpaiiu. HaykoBuii BICHUK BOMMHCHKOMO HaLioHabHO-
ro yHieepcuteTy imeHi Jleci Ykpaitku. Jlyubk, 2008. Ne 1. C. 291-294.

2. Tpurop’esa J1. 1., Tominin H0. A. CymapHa 1033 iOHI3yH040ro BUMPOMIHIOBAH-
HS1 BifL KOMMOHEHT NPUPOJHOIO i LUTYYHOTO MOXOXEHHS 1St HACeNeHHs nigal-
Ha YkpaiHu. Bichuk npobnem Gionorii i meamuynn. 2008. Bun. 1. C. 70-74.
3. KaptupoBanue Tepputopuu HukonaeBckoii 06nactv no cymMmapHoit fio-
30BOVi Harpy3ke Ha Hacenenue : Otyet o HUP (npomex.) Hukon. Hayy.-uc-
cneq. nabop. no npobnemam pagvaumHHon 6e30MacHOCT HaceneHuns «Jla-
pann». Ne 5197/1. Hukonaes, 2000. 58 c.

4. Jlocb W. M., Maenetko T. A. CywecTeytowme [03bl 00/y4eHns Hacene-
Hus YkpauHbl. finepHa Ta pagiauiiiHa 6esneka. 2009. Ne 1. C. 18-22.

granite for construction purposes as well as for
uranium, are responsible for the formation of
technologically modified natural background
radiation and high load per person from natural
sources, primarily from radon-222. Established
that granite quarry workers are under double
burden of *’Rn: at work and at home. The effec-
tive dose from inhalation of **Rn with air was
(2.1 £ 0.2) mSv (at emission from 0.9 to 5.9
mSv). Average for quarries annual effective dose
from inhalation of **Rn with the air of premises
amounted to (4.1 = 0.2) mSv (at emission from
from 1.8 to 9.7 mSv). The total annual effective
dose from internal exposure to air flow **’Rn
working and residential and drinking water was,
on average (6.5 = 0.2) mSyv, and the maximum
value — 20 mSv.

2. The expected lifetime dose for chronic exposure
of TRNORS for people who work in the granite
quarries and, while living in high risk area from
radon is in the range of 0.16—1.12 Sv.

3. The research results indicate that in assessing
the effects associated with exposure due to radon-
222 for population groups of persons similar to
surveyed ones all the sources of this radionuclide
dose should be taken into account.
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