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ABSTRACT. The Purpose of the Research. To draw up a system of measures for radiation protection at the iron ore mines to facilitate the
control of the natural exposure component of miners and to ensure that the established dose criteria are not exceeded.

Methodsand Materials. During the development of the measures, the results and conclusions of the radiation-hygienic study of the Kryvyi
Rih Agglomeration iron ore mines, the territory of which was identified as radon-dangerous with the presence of man-made sources of
natural origin, were used. The measurements were made on the selected network of control points at the horizons of the mines. For analy-

sis, the system was used to measure the volumetric activity of radon and its subsidiary decay products in the mine atmosphere, the dose
rate of gamma radiation in mines, the content of natural radionuclides in the ores, the dustiness of the mine atmosphere. At the same time,

they were guided by the main regulatory and methodological base.

Results and Conclusions. The main stages of the developed system of radiation protection at iron ore mines in terms of technogenic-

enhanced sources of natural origin are: radiation-hygienic examination, radiation control, protection measures for normalization of radi-

ation situation, control of the effectiveness of radiation prevention, preventive protection. The decision on the need for radiation monitor-

ing and the implementation of radiation protection measures for iron ore mines is made on the basis of the preliminary survey, which deter-

mines the categories of the mine and the type of control. On the basis of the conducted research of iron ore mines of Kryvyi Rih

Agglomeration, a system of radiation protection was developed and ordered, the sequence of implementation of measures of radiation

examination, radiation control and normalization of radiation situation was substantiated. The measures developed need to be consistent
with the recommendations of the International Commission on Radiation Protection regarding radiological protection against radon expo-

sure in the workplace.

Key Words: iron ore mines, radiation protection, radiation control, radon, man-made sources of natural origin, miners.

Introduction. The technogenic load on the
natural environment of the territory of
Ukraine is 4-5 times higher than the similar
indicator for the developed countries [1].
Thus, the activities of enterprises for the devel-
opment and extraction of minerals have led to
a large-scale destruction of natural landscapes,
the formation of man-made sources of natural
origin (MMSNO), which led to changes in the
volume of receipt and release of radioactive
radon gas in natural ways. Thus, in large vol-
umes, the release of radon accompanies, above
all, the extraction of uranium [2], coal, gas and
iron ore.

The development and production of iron
ore on the territory of Ukraine has been going
on since 1865, the center of which is the
Kryvyi Rih Agglomeration. The impact of this
production on the environment and human
health is combined. The first to be exposed to
the impact of harmful factors are miners. The
most common dangerous factors are dust,
noise, vibration. Natural sources of ionizing
radiation, natural radioactive radon gas and its
decay products (DPs) are also dangerous fac-
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tors. Miners are exposed to radon both in the
workplace and at home [3], where high levels
of radon have been detected. Particularly neg-
ative is the situation where in coal mining set-
tlements the houses are located along the waste
heaps (slagheaps), and in the case of iron ore
mines in sanitary protection zones above the
mine workings. Radon and its DPs contained
in the air in the work area of mines and in the
air of living quarters can cause lung cancer [4].
Epidemiological studies of miners have
become a major source of information on the
risks of lung cancer associated with radon
exposure [4].

An increased incidence of bronchial cancer
was observed among different groups of per-
sonnel in underground works, which are
exposed to radon during the stays below
ground[5]. In particular, epidemiological stud-
ies of radon-exposed working uranium mines
show a clear correlation between the doses of
radon radiation and an increase in the inci-
dence of lung cancer, which cannot be
explained by the influence of other factors.
This is confirmed by experimental data from
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radon-irradiated animals.The first study by
E.S. London on the toxic effects of radon on
animals in 1904 found that their death in the
early stages after inhalation of radon was
caused by respiratory apparatus damage by
radium emanation. Radon DPs caused lung
cancer in rats, histologically similar to human
lung cancer [6]. The original experimental
data are given in the work of N. Rayevsky and
others, when the authors placed animals in a
mine at the miners' workplaces. Of the 88 mice
dead in two years tumors were detected in 18 of
them: cancer and lung adenoma, thyroid ade-
noma, generalized lymphangiomatosis.

The risk of lung cancer [7] by inhaling
radon DPs is the accumulation of dose in the
corresponding lung tissues and depends on the
length of stay in this area and age [8].

In the course of the previously conducted
radiation-hygienic study at Kryvbas iron ore
mines [9], the presence of natural radiation
sources found in iron ore and accompanying
rocks has been determined, which defines the
Kryvyi Rih iron ore basin as the territory of
MMSNO, where radon is the main dosage fac-
tor. The study of morbidity, its relationship
with working conditions, the analysis of radia-
tion status, the study of the content of air in the
working zone of radon and its DPR have estab-
lished the presence of a link between lung can-
cer and upper respiratory tract with the accu-
mulated dose in these organs. By regulating the
radiation situation in mines, the incidence of
lung cancer among miners can be significantly
reduced. That is why it is necessary to develop
and systematize radiation protection measures
at iron ore mines.

The Aim of the Research. To establish a sys-
tem of measures for radiation protection at
iron ore mines based on the conducted radia-
tion and hygiene study in the Kryvyi Rih
Agglomeration in order to control the natural
constituent of the miners' irradiation and to
provide appropriate conditions to prevent
exceeding of the established dose criteria.

Methods and Materials. During the devel-
opment of the system, the results and conclu-
sions of the radiation and hygiene examination
of the Kryvyi Rih region were used. According
to the results of studies [9, 10], the territory of
the Kryvyi Rih Agglomeration was identified
as radon-dangerous with the presence of
MMSNO. The measurements were made on
the selected network of control points at the
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horizons of the mines. For analysis, the system
was used to measure the volumetric activity of
radon and its DPs in the mine atmosphere, the
dose rate of gamma radiation in the mine, the
content of natural radionuclides in the ores,
the dustiness of the mine atmosphere. The
decision on the need for radiation control and
the implementation of radiation protection
measures for iron ore mines is made on the
basis of the preliminary survey, which deter-
mines the category of the mine and the type of
control. At the same time, they were guided by
the main regulatory and methodological base
[11—-14].

Results and Discussion. The sources of radi-
ation hazard in iron ore mines are the natural
radionuclides of uranium and thorium, which
are found in iron ore and surrounding rocks.
The annual effective irradiation dose of iron
ore workers is determined by the following
components: annual effective doses from
external gamma radiation, irradiation by radon
and thoron decay derivative products, aerosols
of long-lived alpha-emitting radionuclides of
uranium and thorium series, respectively. The
gamma radiation of ores and rocks creates an
external exposure to the miners’ body. As a
rule, gamma radiation is not an influential
radiation factor in iron ore mines because the
content of uranium and thorium in ores and
associated rocks in most cases does not go
beyond the fluctuations of the natural back-
ground.

The developed system of measures (Fig.) of
radiation protection at iron ore mines consists
of the following stages: radiation-hygienic
examination, radiation control, protection
measures for normalization of radiation situa-
tion at iron ore mines, control over the effec-
tiveness of anti-radiation measures aimed at
improving the radiation situation in iron ore
mines, measures of medical and preventive
protection.

Radiation hygiene inspection at iron ore
mines includes: preliminary examination;
detailed examination; current survey. The pur-
pose of the preliminary survey is to classify iron
ore mines according to the level of cumulative
influence of radiation-hazardous factors
(RHF) (preliminary dose assessment) and the
justification of the composition and volume of
control of the radiation situation at the mine.

The objectives of the preliminary survey are:
to determine the content of natural radionu-
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Fig. Stages of radiation protection system at iron ore mines
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clides (NRNSs) in iron ore and host rocks;
determination of the content of long-lived
NRNs in the mine atmosphere (taking into
account the air dust data) at the main under-
ground workplaces and transport facilities;
measurement of the power absorbed by the air
dose of gamma radiation at the main worksta-
tions or its calculation taking into account the
content of NRNs in the ore and the host rocks;
determination of the content of radon and its
DPs, the derived products of thoron in all inlet
and outlet air streams of the mine, at the main
workplaces;the calculation of effective doses of
radiation from the total impact of RHF in the
main workplaces; assessment of the radiation
status of the mine as a whole, preparation of
proposals for the organization of dosimetric
control and improvement of the efficiency of
the use of protection means.

A detailed examination of the radiation sit-
uation is carried out if, according to the results
of the preliminary examination, it is estab-
lished that the annual effective dose for miners
exceeds 5 mSv. In this case it is obligatory to
carry out: measurement of RHF levels at all
workplaces and in transport workings and cal-
culation of radiation doses of individuals
(workers) taking into account the route of their
movement in workplaces; identify sources of
radioactive contamination of the atmosphere;
study of radioactivity of all types of mine
water; development of a rational set of protec-
tive measures to minimize radiation doses;
development of proposals for adjusting the vol-
umes and regulations of current radiation con-
trol. Repeated detailed examination of the
radiation situation makes it possible to evalu-
ate the effectiveness of the implemented safety
measures.

According to the results of radiation-
hygienic examination, the distribution of iron
ore mines is divided into categories by the
degree of radon danger and the identification
of sites with high radioactive contamination of
the atmosphere (air of the working area) and
the radiation situation is monitored.

The amount of radiation control at iron ore
mines depends on the radiation situation at the
enterprise. The decision on the need for radia-
tion monitoring is made based on the results of
a preliminary survey, which determines the
category of the mine and the type of control.
For a mine where the category of «radon-safe»
is installed, an unscheduled inspection in the
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volume of the previous one is carried out in
cases of the mine ventilation change; the com-
missioning of new horizons or blocks with
parameters other than those previously set in
the mine for iron ore and rocks; combining or
decoupling mining fields and changing the
ventilation parameters and layout.

For iron ore mines, a typical set of technical
and organizational protective radiation meas-
ures is recommended. Technical measures to
normalize the radiation situation at iron ore
mines to reduce the content of radon and its
DPs and prevent them from entering the body
of workers include: 1. Reducing the flow of
radon (thoron) and ventilated volume by: iso-
lating areas that have lost their production
value; intensification and concentration of
mining operations; changing the way the mine
is ventilated. 2. Increasing the amount of air
supplied to the mine on the working horizons
and sections by reducing air leaks in surface
structures; maximizing the use of the main
ventilation system; reconstructing the mine
ventilation system. 3. Improving of air distri-
bution in the ventilation network and reduc-
tion of dust in the mine atmosphere, which is
achieved by rational distribution of air between
sections of the network; stabilizing of the ven-
tilation mode; increasing the efficiency of the
use of dust control. 4. Applying the reverse
order of the ore deposit with the mandatory
isolation of the spent cleaning space.

Organizational measures: 1. Transfer of aux-
iliary workplaces to the areca with low atmos-
pheric pollution. 2. Maximum reduction of
people's time spent in workings with high levels
of atmospheric pollution. 3. Rotation of work-
ers performing work in conditions with high
radioactive contamination of the atmosphere.
4. Exclusion of people's access to unventilated
workings.

According to preliminary estimates, the
effectiveness of worker protection is sometimes
around 20-40%, including worker rotation of
30%, the transfer of auxiliary jobs to dangerous
areas of approximately — 70%.

Measures for preventive protection of min-
ers consist of high-quality examinations;
undergoing psychophysiological examination
of the suitability of workers to perform their
professional duties in the face of high risk, the
determination of contingents and properties of
the organism (state of individual sensitivity,
state of adaptation). Formation of the workers’




response to avoid the risk of additional radia-
tion through sanitation, in particular: promot-
ing the benefits of a healthy lifestyle, the use of
bioprophylaxis (individual and / or collective),
improving the quality of life. Application of the
principles of sustainable development policy,
namely: providing objective information on
radon hazard, providing complete information
on available protection measures with the
involvement of occupational safety, radiation
hygiene professionals, scientists of this profile.
Bringing reliable information to the workers
and the need to follow the instructions on radi-
ation and radon protection, possible risks. In
addition, radon policy can have a positive
effect on addressing other public health issues
such as smoking and indoor air quality [4].
Although the absolute risk of lung cancer due
to radon irradiation is significantly higher for
smokers than for non-smokers, the
International Committee on Radiation
Protection recommends that no distinction be
made between these categories of people when
performing radiation protection.

Thus, in the mines of radon irradiation and
its DPs refers to the situation of existing irradi-
ation, because the source is unchanged con-
centrations of NRNs in the rocks. Human
production activity alters radon supply vol-
umes increases its activity in the work area air
(and as a consequence, also in the air of resi-
dential dwelling adjacent to mines), compared
to the background value outdoors. Radon is
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unlikely to lead to an emergency situation [4],
but an excessively high volumetric activity
requires an effective protective system. In
Ukraine, in the presence of operating iron ore
mines in the air of which the natural factors of
radon and its DPs are revealed, the developed
radiation protection system needs to be
improved and harmonized with the recom-
mendations of the International Commission
on Radiation Protection regarding radiological
protection against radon radiation.

Conclusions

A system of radiation protection at iron ore
mines was created and organized.

1. The basic stages of the radiation protec-
tion system at the iron ore mines are deter-
mined and the sequence of implementation of
the measures of radiation examination, radia-
tion control and normalization of the substan-
tiated radiation situation.

2. Measures of preventive health protection
of miners are harmonized with the require-
ments for professions with dangerous working
conditions, using methods and techniques of
sanitary and educational work, principles of
sustainable development policy.

3. Further work on radiation protection
measures at iron ore mines under conditions of
technogenically enhanced sources of natural
origin requires immediate compliance with the
recommendations of the International
Commission on Radiological Protection
against radon irradiation.
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PATTIAIIIAHHH 3AXHCT HA 3ATTI30PYTHUX IIIAXTAX B YMOBAX JilI TEXHOTEHHO-
IIJCHIEHUX JI2KEPEJI IIPHPO/HOIO IIOXO/XKEHHA
JL.O. lwenko, T.A. Kosarvuyx
Y «Ykpaincokuil Haykoso-0ocaionuil incmumym npomuciosoi meduyunu», m. Kpusuii Pie, Yipaina

PE3FOME. Mema docaidxcens. Cmsopumu cucmemy 3axo0ie 3 npomupadiayiiino2o 3axucmy Ha 3a1i30pyOHUX waxmax 04s cnpu-
AHHA 30IlICHEHHIO KOHMPOAIO NPUPOOHOI CKAGO080i ONPOMIHEHHS 2IPHUKIG [ 3a0e3neueHHs HenepegUujeHHs 6CMAH08ACHUX J0308UX
Kpumepiis.

Mamepiaau i memodu docaioxcenns. Ilpu po3pobuyi 3ax00ie 6Yau BUKOPUCIAHT pe3yabmamu ma 8UCHOBKU PadiayiliHo-2ieicHiuH020
docaioxcenns 3anizopyonux waxm Kpueopizokoi aenomepauii, mepumopis axoi idenmuchikosana K padoHonebe3neuna 3 Has6HiCMI0
MexHo2eHHO-nIOCUAeHUX 0dcepen NpUpooH02o noxooxceHHs. Bumipu nposoduaucs 3a 00panor mepedicero KOHMPOAbHUX MOHOK HA
20pu3oumax wiaxm. JIns ananizy npu cmeoperHi cucmemu 6panucs NOKAsHuKy 00 EMHoI akmusHocmi padoxy ma 1ioeo 004ipHix npo-
dykmie po3nady 6 pyoHuuHil ammocghepi, HOMYHCHICHb 003U 2aMaA-8UNPOMIHIOBAHHS 8 2IPCOKUX BUPOOKAX, 6MICI RPUPOOHUX padio-
HyKaidie y pydax, nokasHuku 3anuaerHocmi pyoHuxoeoi ammocgepu. Ilpu ubomy Kepysaaucs 0CHOBHOI HOPMAMUBHO-NPABOBOI) MA
Memoou4How 6a300.

Pesyavmamu docaioxncens i sucnosxu. OcHosHUMYU emanamy po3poodaeHoi cucmemu npomupadiayilinoeo 3axucmy Ha 3aai30pyoHux
Waxmax 8 ymosax 0ii mexnoeeHHo-niocuaeHux dicepen NPUPOOH020 NOX00NCeHHA €: padiauiliHo-eieicHivHe oOcmedceHHs, padiauii-
HUL KOHMPOAb, 3aX00U 3axucmy 045 Hopmanizauii padiauiiinoi 00CMaHoeKU, KOHMPOb 3a ePeKMUBHICHIIO NPOMUPAdIayIlHUX 3aX0~-
0i8, CNPAMOBAHUX Ha NoAinweHHs padiayilinoi cumyayii, 3axo0u meduxo-npogirakmu4noeo 3axucmy. PiuenHs npo neobXionicmo
npoeedenHs padiauyiiiHo2o KOHMPOA | 6nposadiicents 3axodie NPoMupadiayiiiHoeo 3axucmy 3a1i30pyOHUX WaxXm NPUIMAEMbCS 34
pe3yabmamamy nonepeoHb020 00CMmeceHHs, Oe 6CIAHOBAIIOMbCS KAme2opii waxm i 6ud KOHMpoa.

Ha nidcmasi nposedenoeco docaioxcenns 3anizopyonux waxm Kpueopizvkoi aenomepauii po3pobaeno i 6nopaokosano cucmemy npo-
mupadiayiiinoeo 3axucmy, 00TpyHMOBAHO NOCAIOOBHICHb BUKOHAHHSA 3aX00i6 padiauiiinoeo o0cmedceH s, padiauiiino2o KOHMPORIo
i Hopmanizauii padiayiiinoi o6cmarnosxu. Po3pobaeni 3axo0u nompe6yroms y3200xcenHs 3 pekomenoauismu MixncHapoonoi komicii 3
padiayiiinoeo 3axucmy y yacmuri padionoeiuHoeo 3axucmy 8io OnpoMiHeHHs paGOHOM HA POOOMUX MICUSX.

Karonosi caosa: 3anizopyoni waxmu, npomupadiayiiinuii 3axucm, padiauidHui KOHMpPoAb, padoH, mexHoeeHHO-niocUAeH] Oxcepena
npUPoOH020 NOX00JNCEHHS, Waxmapi.

PAJTHAITHOHHASA 3AIITUTA HA JXEJE30PYJTHBIX IIAXTAX B YCIOBUAX JEHCTBHA
TEXHOI'EHHO-YCHJIEHHBIX HCTOYHHKOB IIPUPO/THOIO IIPOUCXOXX/IEHUA
JIL.A. Huenko, T.A. Kosanvuyk
TY «Ykpaunckuii nayuno-uccaedosamenvckuil UHCmumym npomoluinerHoli meouyuns», e. Kpueoii Poe, Ykpauna

PE3FOME. Ileab uccaedosanuii. Pazpadbomams cucmemy meponpusmuii no paduayuorHoil 3auume Ha Hceae30pyOHbIX Waxmax oas
ocyuecmenerus KOHmpoas npupooOHoll cocmaesroulell 004y4eHus 20pHAK08 U 00eCne4eHUs: He NPesbllleHUs YCMAaH08AeHHbIX 0030~
8bIX Kpumepues.

Mamepuaavt u memoost uccaedosanus. Ilpu paspabomke meponpusmuii OblAU UCNOAB308AHD! PE3YALIMAMbL U 6b1600bl PAOUAUUOH-
HO-2U2UEHUMECK020 UCCAe008aHUSL Jcene30pyOHbIX waxm Kpueopoxcckoi aznomepayui, meppumopus Komopol uoeHmu@uuyuposana
KaK padoHOONACHAS ¢ HAAUMUEM MEXHOSEHHO-YCUACHHbIX UCMOYHUKOE8 NPUPOOH020 Npoucxoxcoerus. HUszmepenus nposodusucs no
BbIOPAHHOIL Cemu KOHMPOAbHbIX MOUEK HA 20pU30HMax waxm. i ananuza npu cocmasaenuy cucmems bpaaucs nokazamenu 00s-
eMHOU AKMUBHOCU PAOOHA U e20 0HEPHUX NPOOYKMOB pacnaoa 8 pyOHUHHOU ammocgepe, MOUHOCMb 003bl 2AMMA-U3AYHEHUS 8 20D~
HbIX 6bIPABOMKAX, KOHUEHMPAUUs padoHd 6 PYOHUMHBIX 004X, COOEPICAHUE eCHieCmBeHHbIX PAOUOHYKAUO08 8 pydax, noKazamenu
3anviaenHocmu pyoHuHHol ammocgepol. IIpu s5mom pykoeo0cmeo8ancs 0CHOBHOU HOPMAMUBHO-NPABOBOIL U MemoOu4eckoll 6a3oii.
Pesyavmamot ucciedosanuii u 6v1600vt. OCHOGHBIMU IMANAMU PA3PAOOMAHHOL CUCHIEMbl NPOMUBOPAOUAUUOHHOU 3AWUMbL HA
AHCENE30PYOHBIX WAXMAX 6 YCAOBUSX 0eliCmBUs MEXHOLEHHO-YCUACHHBIX UCMOYHUKO8 NPUPOOHO20 NPOUCXONCOCHUS ABASIOMCA:
DPaouayUoHHo-euUeHuteckoe 00caedosanue, paduayuoHHbLil KOHMPOAb, Mepbl 3auiUMbL 045 HOPMAAU3AYUY PAOUALUOHHOL 00CMa-
HOBKU, KOHMPOAb 3G 3PHeKmusHoCmobio NPOMUEOPAOUAUUOHHBIX MEPONPUAMULL, HANPAGACHHbIX HA YAY4UieHUe PAOUAyUOHHOU
cumyayuu, mepbl Meduko-npogusaxmuueckoli sauumol. Pewenue o Heobxodumocmu nposedenus paouayuoHHO20 KOHMPOs U
GHeOpeHUU Mep NPOMUBOPAOUAUUOHHOU 3AUUMbL JCeAe30PYOHbIX WAXM NPUHUMAEMCA NO Pe3yAbMAmam npedsapumenbiozo oocie-
008aHus1, 20e YCMAHABAUBACMCS KAMe20PUsl WaAXMbl U 8UO KOHMPOA.

Ha ocrnosanuu nposedenroeo uccaedosanus scene3opyonsix waxm Kpusopoxcckoi aznomepayuu pazpabomana u ynopaooveHa
cucmema npomusopaduayUOHHOL 3auyumol, 000CHOBAHA NOCACO08AMEALHOCHb BbINOAHEHUS MEPONPUSMUL paduayoHHo20 obcie-
006aHUsA, paduayUOHHO20 KOHMPOAS U HOPMAAU3AuUY paduauyuornoi obcmanosku. Ilpedcmasnentvie meponpusmus mpebyiom
coenacosanus ¢ pexomenoauusmu Mexcoynapooroi Komuccuu no paduayuoHHoI 3auume 6 4acmu paouos02u4eckol 3augumol om
001y4eruUs padoHOM HA paboyux mecmax.

Karouegnte crosa: xcene3opyonvie waxmol, NPOMUBOPAOUAUUOHHAS 3AUUMA, PAOUAUUOHHbLI KOHMPOAb, PAOOH, MEXHOLEHHO-YCU-
JIeHHble UCIMOYHUKU NPUPOOHO20 NPOUCXONCOCHUS, WAXMEDbL.
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