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Summary. The radiation safety of the population is a global and important problem of our
time. The main radiation background of the Earth is formed due to natural radiation sources. Nu-
merous explorations conducted abroad have convincingly proven that radon and its short-lived
daughter decay products create about 40-75% of summary doze that a human gets from all natural
sources of ionizing radiation. In 1987, radon and its decay products were classified by experts of
the International Agency on Cancer Research as a group of elements carcinogenic to humans. Peo-
ple’s protection from exposure to radioactive natural gas — radon and its decay products is the na-
tional problem and requires studying a number of issues related to radon source and radon availa-
bility in the buildings. The paper presents the characteristic results of the analysis of the relation-
ship between the incidence rates of the population with malignant neoplasms of the lungs and the
distribution of indoor radon. The obtained results confirm the role of radon as a dominant factor
leading to a high risk of lung cancer, which should be taken into account in the development and
implementation of appropriate preventive social and health measures, construction standards, es-

pecially for certain regions of Azerbaijan with a high level of natural radon radiation.
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1. Introduction

Medical geology is a new, strategically signifi-
cant direction in geology, studying the relationship
between the features of the geological environment
and the incidence of the population, the state of the
flora and fauna. The target of the medical geology is
to identify harmful geological factors and their con-
ditions of impact that contribute to the deterioration
of health, as well as to develop rational principles,
strategies, programs and approaches necessary to
eliminate or minimize health risks.

Azerbaijan is known for its natural resources,
mainly oil and gas, which has been the reason for the
rapid industrial growth of the country since the end
of the 19th century. The exploitation of oil fields,
accompanied by pollution of the soil and water ba-
sins, has caused a rather dangerous radiation envi-
ronmental situation for human life in certain regions.
In addition, Azerbaijan is located in a seismically
active geological zone, which leads to the presence
of certain regions with a high level of radiation
background, especially in connection with the inten-
sive release of radon from active faults to the Earth's
surface. The main objectives of researches in medi-
cal geology in Azerbaijan are the zoning of the terri-
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tory of the republic from the standpoint of environ-
mental problems and the studying of radiation, geo-
chemical and environmental features of these territo-
ries. One of the main directions of medical geology
in Azerbaijan is the problem of radon safety of the
population.

Indoor radon studies in Azerbaijan were firstly
conducted in 2010-2011 with the financial support
of the Swiss National Science Foundation (SNSF).
These studies were carried out jointly by the Radon
Competence Center (RCC) of the University of Ap-
plied Sciences and Arts of Southern Switzerland
(SUPSI) and the Institute of Geology and Geophys-
ics of the Azerbaijan National Academy of Sciences
(ANAS) (Annes u zp., 2017).

Based on the obtained data, the maps of the dis-
tribution of indoor radon activity and maximum vol-
umetric activity of radon were made (Fig.1) (Aliyev
etal., 2018).

The obtained data were processed using purely
statistical methods since no geological or soil meas-
urements (usually a radon source indicator) were
available (Hoffman et al., 2016). The frequency dis-
tribution of the measured radon concentrations is
shown in Fig. 2 indicating a log-normal character
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with a median of 58 Bg/m® and a mean of 84 Bg/m?.
The upper background limit calculated as twice the
median amounted to around 116 Bg/m?®. All of the
above values can be considered as statistically ele-
vated, but compared with the maximum allowable
concentration (MAC) for indoor in Azerbaijan,
which is 200 Bg/m?, only the buildings with radon
concentrations exceeding the MAC are interesting
from public of view.
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Fig. 1. Distribution of indoor radon in Azerbaijan
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Fig. 2. Frequency distribution of the indoor radon concentration

Increased values of concentration of indoor radon
are characteristic of the mountain-folded regions of
the Greater and Lesser Caucasus, Talysh, composed
of more ancient and deployed rocks, and relatively
low values of radon volumetric activity are confined
to the Kura and Caspian-Guba depression zones rep-
resented on the surface of the Earth by rocks of qua-
ternary age (Aliyev et al., 2014). As a result of the
research, the territory of Azerbaijan was divided into
4 zones by the degree of radon hazard (indoor radon
activity): dangerous (200-400 Bg/ms), moderately
dangerous (100-200 Bg/ms), conditionally safe (50-
100 Bg/ms) and safe (<50 Bg/ms) (Mahmudova,
2021).

In 1987 experts of the International Agency of
Cancer Study classified radon and its daughter decay

products as a group of elements definitely carcino-
genic to humans. Numerous explorations conducted
abroad convincingly proved that radon and its short-
lived daughter decay products create about 40-75%
of the summary that human gets from all natural
sources of ionizing radiation (TuxoHos, 2006). Ra-
don is the only gaseous product formed during the
decay of all radioactive families. In nature, radon
occurs in three main forms: in the form of 2%°Rn,
half-life T = 3.8 days, formed in the radioactive fam-
ily of uranium-238; 2Rn (side), half-life T = 55
seconds, member of thorium-232 radioactive series;
2Rn (actinone), decay period T = 4 seconds, is
formed in the radioactive family of actinium. Radon-
222 gives the greatest contribution to the total radia-
tion dose.

The long half-life and chemical inertness of
222Rn, located in the decay chain of uranium-238,
increases its content in the air of the areas. Most of
the radiation comes from short-lived daughter prod-
ucts of radon decay. Short-lived daughter decay
products of radon-222 actively irradiate internal hu-
man organs with alpha particles.

Materials and methods: In order to analyze the
link between the development of lung malignancies
and the population living in radon-hazardous zones,
relative risk indicators were determined (Dupont,
Plummer, 1996). At the same time, the indicator of
relative risk made it possible to assess how many
times living in conditions of radon-hazardous zones
increased the likelihood of getting malignant lung
neoplasms.

For the analysis two databases were formed.
The first one contained information about number of
newly diagnosed cases of malignant neoplasms
among the population in the regions of Azerbaijan
for the period from 2005 to 2015. Population of the
studied regions of Azerbaijan in 2005-2015 was de-
termined according to official state statistics. The
second database contained information on the values
of indoor radon in the regions of Azerbaijan.

Results and discussion: To determine the rela-
tionship between the incidence rates of the popula-
tion with malignant lung formations and the distribu-
tion of indoor radon in Azerbaijan, two groups were
formed. The main group included persons living on
the territory of radon hazardous zones of Azerbaijan
(Shamakhy, Tovuz, Shamkir and Zakatala regions)
and the control group included persons living on the
territory of Azerbaijan, which is not radon hazard-
ous, with the lowest arithmetic mean values of in-
door radon (Barda, Agjabadi, Imishli and Gadabey
regions) (Table 1).

Relative risk (RR) is calculated using the fol-
lowing formula:
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RR = 4 =

C+D

A+ (C+D)
C(A+B)’ (1)

where A — patients with lung malignancies from ra-
don-hazardous zones over the period of 2005-2015;
B — patients with malignant lung neoplasms from
non-radioactive zones over the period of 2005-2015;
C — persons without detected malignancies from ra-
don-hazardous zones over the period of 2005-2015;
D - individuals without detected malignancies from
non-radioactive zones over the period of 2005-2015.

Next, we find the values of the boundaries of
the confidence interval — 95% CI.

The formula for calculating the upper limit of
the confidence interval is:

B D

In(RR) + 1.96 - \/A_(A+B)+C.(C+D). )

The formula for calculating the lower limit of the
confidence interval:

B D
A-(A+B) = C-(C+D)’ (3)

In(RR) — 1.96 - J

Relative risk indicators are compared with one:
if the relative risk indicator is equal to one, it can be
concluded that exposure does not affect the outcome
(there is no relationship between the factor and the
result). When the values are greater than one, it is
concluded that the risk of the outcome is increased
by the exposure, which is a "risk factor" (direct rela-
tionship). If the values are less than one, it indicates
that the risk of the outcome is decreased by the ex-
posure, which is a "protective factor".

In addition, the boundaries of the 95% confidence
interval are also necessarily determined. If the lower
and upper limits are on the same side of one, or, in oth-
er words, the confidence interval does not include one,
then a conclusion is made about the statistical signifi-
cance of the identified relationship between the factor
and the result with a probability of error p <0.05.

If the lower limit of the 95% confidence interval
is less than one, and the upper limit is greater, then it
is concluded that there is no statistical significance
of the influence of the factor on the frequency of
outcomes, regardless of the relative risk value
(p> 0.05).

The RR calculated from Table 1 was RR =
1.915 (CI 2.183-1.679), p< 0.05. Thus, with a prob-
ability of 95%, we can claim that there is a signifi-
cantly pronounced and statistically reliable link be-
tween the development of lung malignancies and
living in the conditions of radon-hazardous zones of
Azerbaijan.
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Relative risk indicators were also determined
for the Greater and Lesser Caucasus and Talysh in
comparison with the Kura depression (table 2).

The main group included persons living on the ter-
ritory of radon hazardous zones of Greater Caucasus
(Shamakhy, Zakatala, Sheki, Gakh and Guba regions)
and the control group included persons living on the
territory of Kura depression, which is not radon ha-
zardous, with the lowest arithmetic mean values of
indoor radon (Barda, Agjabadi, Imishli, Shirvan and
Saatly regions).

The RR calculated from Table 2 was RR = 2.316
(Cl1 2.062-2.603), p< 0.05. Thus, with a probability of
95%, we can claim that there is a significantly pro-
nounced and statistically reliable link between the
development of lung malignancies and living in the
conditions of radon-hazardous zones of Greater Cau-
casus.

The main group included persons living on the ter-
ritory of radon hazardous zones of Lesser Caucasus
(Shamkir, Gazakh, Tovuz and Terter regions) and the
control group included persons living on the territory
of Kura depression, which is not radon hazardous, with
the lowest arithmetic mean values of indoor radon
(Barda, Agjabadi, Imishli, Shirvan and Saatly regions).

The RR calculated from Table 3 was RR =
1.623 (CI 1.450-1.816), p< 0.05. Thus, with a prob-
ability of 95%, we can claim that there is a signifi-
cantly pronounced and statistically reliable link be-
tween the development of lung malignancies and
living in the conditions of radon-hazardous zones of
Lesser Caucasus.

The main group included persons living on the
territory of radon hazardous zones of Talysh (Ma-
sally, Lankaran, Astara, Yardimly and Lerik regions)
and the control group included persons living on the
territory of Kura depression, which is not radon ha-
zardous, with the lowest arithmetic mean values of
radon volume activity (Barda, Agjabadi, Imishli,
Shirvan and Saatly regions).

The RR calculated from Table 4 was RR =
1.542 (CI 1.355-1.755), p< 0.05. Thus, with a pro-
bability of 95%, we can claim that there is a signifi-
cantly pronounced and statistically reliable link be-
tween the development of lung malignancies and
living in the conditions of radon-hazardous zones of
Lesser Caucasus.

The obtained results confirm the role of ra-
don as a dominant factor leading to a high risk
of lung cancer, which should be taken into ac-
count in the development and implementation of
appropriate preventive social and health mea-
sures, construction standards, especially for cer-
tain regions of Azerbaijan with a high level of
natural radon radiation.
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Table 1
Distribution of patients with malignancies of lungs and other persons depending
on residence in radon active and non-radon active zones
Presence of lung malignan- Groups
cies (LM) Basic Control Summary RR P
Patients with cases of LM 716 (A) 323 (B) 1039
Persons without cases of 1.915
LM 575 634 (C) 497 477 (D) 1073701 (2.183-1.679) <0.05
Total 576 350 497 800 1074 150
Table 2
Relative risk indicator for the Greater Caucasus compared to the Kura depression
Presence of lung malig- Groups
- Summar RR
nancies (LM) Basic Control y P
Patients with cases of LM 959 (A) 401 (B) 1360
Persons without cases of 2.316
LM 636 455 (C) 616 977 (D) 1253422 (2.062-2.603) <0.05
Total 637 414 617 378 1254792
Table 3
Relative risk indicator for the Lesser Caucasus compared to the Kura depression
Presence of lung malig- Groups
- Summary RR p
nancies (LM) Basic Control
iz;}llents with cases of 1250 (A) 401 (B) 1651
- 1.623
persons without cases of | 1 184612(C) | 616977 () 1801589 | (1.450-1.816) <0.05
Total 1185 862 617 378 1803 240
Table 4
Relative risk indicator for Talysh compared to the Kura depression
Presence of lung Groups
malignancies (LM) Basic Control Summary RR P
izla\illents with cases of 536 (A) 401 (B) 937
Persons without cases 1.542 <0.05
of LM 534 227 (C) 616 977 (D) 1152 141 (1.355-1.755) '
Total 534 763 617 378 1153078

Currently, there is a number of methods of anti-
radon protection in residential buildings with in-
creased concentrations of indoor radon. Reducing of
indoor radon concentrations in the air of rooms can
be achieved due to the following technical solutions:

- Selection of a site for construction on the territo-
ry with a minimum yield of natural radon from
the soil;

- Application of various design solutions that pre-
vent radon entering from the soil into the buil-
ding;

- Forced and natural ventilation to remove radon
from indoor air.

The first and the second versions are used at the
stage of design and construction of structures in are-
as with increased emanations of radon from soils.
For houses under construction, at the design stage, a
comprehensive environmental and geophysical con-
trol should be carried out, including the study of the
natural radiation background, the identification of
active tectonic zones, distribution of the radon vol-
umetric activity when choosing sites for the con-
struction of residential and industrial buildings.

As the character of the regional radon field of
Azerbaijan is determined according to a limited
number of residential objects, to identify a more
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real picture, detailed work must be done in anoma-
lous zones in order to measure radon in residential
objects without previous researches. It is recom-
mended to carry out comprehensive work, inclu-
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OLEHKA IIOTEHIHAJIbHOTI'O KAHIIEPOI'EHHOTI'O PUCKA PAJJOHA
JJIA 310POBbSI HACEJIEHUA ASEPBAUTVKAHA

AmmeB Y.C., MaxmynoBa @.D.
Munucmepemeo nayxku u o6pazosanus Azepoaiioscanckou Pecnybnuxu, Uncmumym eeonozuu u ceogpusuxu, baxy, Azepbaiioxncan
AZ 1143, Baxy, npocn.I [locasuoa, 119: aliyev_chingiz47@gmail.com

Pesrome. 1o nanasiM MexaynapogHoro Komurera no PaananmoHHo# 3amuTe Ha pajoH M JOYepHUE MPOAYKTHI €ro pacrnaja
npuxoautcs 40-75% oT cyMMapHOH 035! 00TydeHHS, OTYyIaeMOTO OT IPHPOAHBIX HCTOUHHKOB. B 1987 r. pamoH u mpoayKTsI ero
pacmaja ObIIH OTHECEHBI SKCIepTaMy MeXTyHapOJHOTO ATEHTCTBA [0 N3YYEHHIO paka K IPYIIIe IEMEHTOB, 0€3yCIIOBHO KaHIIEPO-
TeHHBIX IS 4eJloBeKa. B HacTosee BpeMst 3amuTa HaceJICHNs OT BO3ASHCTBUS PaZioHa, IPUPOJHOTO PaJHOaKTHBHOTO ra3a, sBIsIeT-
csl BOKHOU Mpo0JIeMoii, 00yClIaBIMBaroIeii HEOOX0IUMOCTh MPOBEACHHS Psijia UCCICTOBATEILCKIX PAOOT MO BBISBICHUIO HCTOYHH-
KOB 9TOTO Ta3a, ONPEACNICHNIO ero KOJNYECTBA B HACEJICHHBIX ITyHKTaX. B cTaTbe MPHUBOIATCS XapaKTepHbIE pe3yNbTaThl aHATIH3a
3aBHCUMOCTH MEXAY IOKa3aTeIsIMH 3a00JIeBaéMOCTH HAcCeJCHHs 3JI0Ka4eCTBEHHBIMH HOBOOOPA30BAHMSIMH JIETKUX U paclpesere-
HHUeM panoHa. Ha oCHOBe BBINOJHEHHBIX MCCIICAOBaHUN TeppuTopHs A3sepOaiikana Oblia pasjesieHa Ha 4 30HBI [0 CTENICHU Pajio-
HOOMAcHOCTH (0OBEMHOM aKTUBHOCTH paloHa BHYTPH moMemnienuit): onacuas (200-400 Bx/m3), ymepenno omacuast (100-200 Bx/m3),
ycnoBHO Oe3omacHast (50-100 Bx/m3) u 6e3omacHas (<50 Bk/m3). BeisiBneHo, 94To 3a0011€BaMOCTh CO 3JI0KaYeCTBEHHBIMH HOBOOOpa-
30BaHUAMH OCOOEHHO BBICOKA B TIpeJeax TOPHO-CKJIaqJaToi 30H6I bonpimoro n Manoro Kaskasa u Tanbima, rie 3aHKCHPOBaHEI
TIOBBIIICHHBIE 3HAYEHMsI 00BEMHON aKTMBHOCTH pajgoHa. Hanbornee BBICOKHE IOKa3aTesld 3a00I€BAEMOCTH CO 37O0KaYeCTBEHHBIMH
HOBOOOPa30BaHUSMH OPraHOB JIbIXaHUsI 3a()MKCHPOBAHBI B ONACHBIX U YMEPEHHO OIAaCHBIX 30HaX PaJioHOBOro obmyuenus. s mpo-
BE€ICHUSA aHAJIM3a 3aBUCUMOCTU MEXIY PAa3BUTUEM 3JI0OKa4€CTBEHHBIX HOBOOGpaSOBaHI/Iﬁ JICTKUX U NMTPOKUBAHUEM HACCJICHUA B paao-
HOOTACHBIX 30HaX OBLIM OIPe/IeNICHbI II0Ka3aTeN OTHOCUTENBLHOTO prcka. [loka3aTean OTHOCHTENFHOTO PUCKA MO3BOJIMIN OLICHHUTH,
BO CKOJIBKO pa3 MPOXKMBAHUE B YCIOBHSX PaJOHOOINACHBIX 30H YBEIMYUBAJIO BEPOSTHOCTH 3a00JIETh 3JI0KaueCTBEHHBIMH HOBOOOpa-
30BaHUSAMMU JICTKHUX. ﬂonyquHble IOKa3aTejIni OTHOCUTEJIBHOTO pUCKA CBUACTECILCTBYIOT O HaJIMYUU l'lpﬂMOI\/'l CBS3HU MEXIY pasBU-
THEM 3JI0Ka4eCTBEHHBIX HOBOOOPA30BaHMIA JIETKHX U IIPOKMBAHUEM B YCIOBHSAX PaJOHOOIIACHBIX 30H A3epbaiipkana.

Knrouesvie cnosa: meduyunckas 2eonocus, 0onyuetue padoHoM, 310Ka4ecmeeHble HOB00OPA306aHUs N1€2KUX, OMHOCUMENbHbIL
Ppuck, padonosbvie 301bl, pAOOH BHYMPU NOMeUjeHUll
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AZBRBAYCAN OHALISi UCUN RADONUN POTENSIAL KANSEROGEN RiSKIiNiN
QiYMOTLONDIRILMOSI

Oliyev C.S., Mahmudova F.F. )
Azorbaycan Respublikast EIm va Tohsil Nazirliyi, Geologiya vo Geofizika /nstitutu
AZ1143, Baku, H.Javid prosp., 119: aliyev_chingiz47@gmail.com

Xiilasa. Beynslxalq Radiasiyadan Miihafize Komitasinin molumatlarina asasen tobii menbslordon alinan imumi radiasiya dozasi-
nin 40-75%-i radon va onun parcalanma mohsullarinin payina disiir. 1987-ci ilds radon vo onun parcalanma mohsullar: Beynolxalq
Xorgong Aragdirmalart Agentliyinin miitoxassislori torofindon insanlar iigiin miitlog kanserogen olan elementlor grupuna daxil edil-
migdir. Hal-hazirda ohalinin tobii radioaktiv gaz olan radonun tasirindon gorunmasi bu gazin monbslorinin miioyysn edilmasi vo ya-
say1s montagalorinds migdarinin mitoyyan edilmasi tigiin bir sira todgigat islorinin aparilmasini zoruri edon miihiim problemdir. Ma-
galoda shalinin agciyarlorin badxassali téromolarinin rastlagsma nishoti vo radonun paylanmas: arasindaki slagonin tohlilinin xarakte-
rik naticalori tagdim olunmusdur. Yerino yetirilmis todgigatlar ssasinda Azarbaycan orazisi radon tohliikasi (daxili mokanlarda rado-
nun hacmi aktivliyi) doracasine gére 4 zonaya béliinmiisdiir: tohliikali (200-400 Bk/m®), orta tohliikeli (100-200 Bk/m3), sorti olarag
tohliikasiz (50-100 Bk/m?) va tohliikasiz (<50 Bk/m?). Miioyyan edilmisdir ki, radonun hacmi aktivliyinin yiiksok gostoricilori xarak-
terik olan Boyiik vo Kicik Qafgaz va Talisin daglig-qurisiqliq zona hiidudlarinda agciyarin badxassslli toromslori ilo Xastolonmo xii-
susilo yiiksokdir. Tonoffiis organlarinin badxassali xastoliklorinin on yiiksok gostoricilori radon siialanmasinin tahliiksli vo orta tohlii-
koli zonalarinda geyds alinmigdir. Agciyarlorin boadxassali téramolarinin inkisafi ilo shalinin radon-tohliikali zonalarda yerlagmosi
arasindaki olagoni tohlil etmak ti¢iin nisbi risk gostaricilori mitayyan edilmigdir. Nisbi risk gostaricilori radon-tohliiksli srazilords ya-
sayanlarda agciyarlorin bodxassali téromolarinin inkisaf ehtimalini ne¢o dofo artirdigini toxmin etmoys imkan verir. Alinmus nisbi
risk gostaricilori insasnlarda agciyarlarin badxassali téramolarinin inkisafi ilo Azarbaycanin radon-tohliiksli zonalar: soraitindo yasa-
magq arasinda birbasa slagenin oldugunu gostorir.

Agar sézlar: tibbi geologiya, radon siialanmasi, agciyarlarin badxassali toramalari, nisbi risk, radon tohliikali zonalar, yasayis
yerlarinda radon
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