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Abstract 

Radon is one of the natural radioactive sources and it considered as a main factor in human’s exposure to the 

radioactive source which have major biological effect such as lung cancer for individuals who exposed to it. The aim of this 

study is to evaluate the results of the researches which have done by librarian’s study method about the relation rate of lung 

cancer in miners and radon gas. The results showed that the average increasing of the mortality rate from lung cancer for 

each WML of 21% to 0.44% were variables and at least after 5 years exposure, the highest rate of lung cancer incidence 

have been occurred. The radon’s concentration has an opposite relation with lung cancer incidence. But the accumulative 

rate of exposure have a direct relation with lung cancer incidence and in this field more risks have threatened young 

individuals in comparison with old one. Based on the study’s results, the percentage increased rate of lung cancer in 

nonsmokers is more than smokers. However, these differences are not statistically significant. But according to the fact that 

cigarette is the first factor of lung cancer and it is considered as a stronger factor than radon, therefore, the mortality rate 

from lung cancer in miners who smoke is higher than nonsmoker miners. According to the results it could be said that 

identifying and measuring radon gas in the environment and particularly at closed environment (underground mines) have a 

great importance and the necessity of doing this research in this field is very high. 
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Introduction 

The natural radioactive sources are the main cause of 

humans and living organism’s exposure to the radioactive 

and from the total of human’s exposure, 15% of it is 

related to the indoor air of building and other closed 

environment and 4% of it is related to the outdoor air and 

the rest of 1% is related to the drinking water sources. 

Among natural radioactive sources, the most of them are 

radon gas (52%) and it is the cause of decaying products 

(Quinn et al., 1997; Fathivand et al., 2007; WHO, 2009). 

Physically, radon is an inert gas, colorless and invisible and 

it released from the natural decaying of the radium and in 

fact Uranium is released as a mother core (Pirsaheb et al., 

2013). So, the main source of radon gas producing at first 

place is uranium and then thorium which exist in soil and 

acidic igneous rocks (such as granite and black shields) and 
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metamorphic rocks (gneiss and schist) (Cooper et al., 

2003).  

Radon with atomic number of 86 have 27 types of 

isotope which were started by Radon-200 and ended with 

Radon-226. But most of them are unstable, they don’t 

catch the chances to get to the surface and accumulate in 

closed environment but Radon-222 with half-life of 3.82 

day which is the product of the Uranium 238 decay, have 

the chance to get to the surface and accumulate in the 

closed environment (underground mines and buildings). 

When the Radon gas is in the atmosphere and open-air, its 

concentration is very low but when it confined in a closed 

environment, its concentration and as a result it’s activate 

level have increased (Darby et al., 2005). The radon gases 

which exist in the air have entered to the body through 

inhalation and would cause great biological effect in 

resident or workers who live in that place.  

One of the major effect of it is causing lung cancer 

which have proved the theory of this study that have done 

by United Nation Scientific Committee (UNSCERA) on 

the effects of atomic radiation (UNSCERA., 1996). Radon 

after its short half-life produces a product which has named 

radon’s sister or radon’s derivatives. These derivatives 

which are in gas form at the environment enter the lung 

through inhalation and hurt the lung tissue by placing in air 

sacs of the lung and producing alpha particles. Long term 

breathing would have caused serious damages to the lung 

and caused emphysema, fibrosis disease and finally 

increased the risk of lung cancer (Appleton, 2007; 

Riesenfeld et al., 2007).  The evidence before 16th century 

shows that mortality rate from the respiratory disease in 

miners of central Europe had been high but until 19th 

century no one known that the cause of this mortality was 

lung cancer.  

Radon have recognized as a main factor of lung 

cancer incidence in miner and its causing role in lung 

cancer confirmed in 1950 (WHO, 2002). A lot of 

researches have been done in relation with miner’s lung 

cancer because of the Radon’s high concentration. Based 

on the obtained data from this research the international 

agency for research on cancer in 1988, classified Radon as 

a human carcinogen factor (IARC, 1988; WHO, 2002). 

The aim of this study which is a review one and had done 

based on the librarian study, is to evaluate the increasing 

risk rate of lung cancer incidence in underground miners 

because of increasing the concentration of radon based on 

the factors such as exposure time, age and radon 

concentration by the most important and major studies 

which have done in this field.  

     After 1980 decade many studies had done in Europe 

and China which directly evaluate the relation between 

lung cancers with indoor radon. Regarding the fact that 

each of these studies separately provided little evidence in 

relation with the topics, therefore the researchers of these 

studies, gathered their results of studies and again analyzed 

them together (Lubin et al., 2004; Krewski et al., 2005; 

Darby et al., 2005; Krewski et al., 2006; Darby et al., 

2006). These researchers do a direct assessment on the 

lung cancer risk incidence which caused by radon gas and 

stated that radon is a factor of lung cancer incidence in a 

significant number of public and suggested that even in 

less than 200 Bq/m3 radon concentration, the cancer cases 

in some countries could be found. In lung cancer of miner 

which caused by high concentration of radon gas, several 

studies have been done around the world between 1990-

2006 (Archer et al., 2004; Grosche et al., 2006; Hazelton et 

al., 2009). Each of these studies confirmed the relation 

between lung cancer and the radon gas which is exist in 
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different mines particularly uranium mines and also remind 

this fact that by increasing the radon gas concentration in 

the environment which have discussed, the risk of the lung 

cancer incidence has been increased. Among these studies 

two of them because of the large sample volume and also 

detailed analyzes based on the effective factors (time 

exposure, radon concentration, individual’s age and being 

smoker) in comparison with other surveys are particular 

and have more importance and they are arguable that are as 

follows. 

The biological effect of Ionized Radioactive Committee’s 

(BEIR) study 

     This study is a review one and had done in 1990 decade 

by BEIR. This study includes a review evaluation of 11 

cohort studies which have done in different part of the 

world such as Europe, North America, Asia and Australia. 

This review survey contain 60,000 miner which among 

them 2600 deaths were reported because of lung cancer 

and among these, 8 studies are related to the Uranium 

mines and the rest of them are related to the Iron and Tin. 

The results of these studies (except one study) showed that 

by accumulative increase of the radon expose, the risk of 

the lung cancer would increase and this studies has been 

revealed that for each WML (an accumulative exposure to 

the certain concentration of radon (a combination of infant 

and Radon’s derivatives by short half-life in 1 lit air which 

causes MeV5103.1  potential energy released from 

alpha particle) during one working month (170 hours)),  

the average increased of mortality because of lung cancer 

were 0.44% (with 95% assurance and 0.2-1%). In addition, 

it has been revealed that the most lung cancer increase was 

in 5-14 yrs after exposing to the radon. Also, with the 

variation of the individual’s age, the risk of the lung cancer 

incidence which have caused by radon is different and the 

young individuals have more risk of exposure than the old 

persons. Based on the results of this study, it has revealed 

that the mortality percentage of lung cancer in miner which 

were exposed to less radon concentration were more than 

the individuals who were exposed to the high concentration 

(Table 1).  

Grosche study 

        This research is a cohort study and 5900 miners which 

were employed by Vismote firm have followed during  52 

yrs (1946-1998). The results of this surveys like the BEIR 

study revealed that the accumulative increased of exposure 

to the radon gas, have increased the lung cancer incidence 

and the average increased of mortality rate from lung 

cancer was 0.21% (with 92% assurance space 0.18-0.24%) 

for each WML while this rate in the BEIR study (Beir, 

1999) was 0.44% also it has been revealed that the highest 

percentage increase of mortality rate from lung cancer for 

each WML was related to the 15-24 yrs period time after 

exposure while in the BEIR study this period time was 5-

15 yrs. In this study, the results was relates to the increased 

of the mortality from lung cancer which was based on the 

factors such as age, radon concentration were similar with 

the results of the BEIR committee’s study (Table 1).  

Cigarettes and its role in causing cancer of radon: In a 

review study of the BEIR committee, the average 

percentage of mortality from lung cancer in evaluations 

which access to the smoker’s data was possible and has 

been increased 0.53% for each WML ( with assurance 

space of 0.15% , 0.2-1.38%). And the average percentage 

increase of mortality for individuals who never smokes 

was 1.02% for each WML with assurance space of 0.95%, 

0.15-7.18%) and for the smoker miners (includes 

individuals who smoke at the present time and whom 

smoke already (give it up now) this rate was 0.48% for 
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each WML (with assurance space of 0.95%, 0.18-1.27%). 

According to the results, the percentage increase of 

mortality average from lung cancer in nonsmoker miners 

was more than smoker miners. But this difference is not 

statistically significant.  

The data which was related to the smoking cigarette in 

Grosch study et al (Grosche, 2006) was not in access. But 

based on the results of the case-control study which have 

done by Brosk et al. in 1990 decade on uranium mine’s 

worker of Grosch et al. study, it had revealed that the 

percentage increase of mortality rate from lung cancer in 

nonsmoker was 0.2% for each WML (with assurance space 

of 0.95%, 0.07-0.48%), in the individuals who already 

smoke but now they give up. This rate was 0.1% for each 

WML (with assurance space of 0.95%, 0.03-023%) and for 

individuals who never smoke this rate was 0.05% for each 

WML (with assurance space of 0.95%, 0.001-0.14%). In 

fact, like the pervious study, the results of this research 

also showed that the percentage increase of the mortality 

rate from lung cancer for each WML in nonsmokers was 

more than smokers. But this difference like the BEIR 

committee’s study was not statistically significant and this 

mean that radon and cigarette as two factors of causing 

lung cancer do not have synergic effect, according to the 

fact that cigarette is the first factor of causing lung cancer 

and it is stronger than radon, the real percentage increase of 

mortality from lung cancer for each WML in smokers was 

higher than nonsmokers and this is because of the fact that 

in a certain concentration of radon gas, the individuals who 

smoke have higher risk of lung cancer than nonsmokers. 

For the individuals who already smoke and now give it up, 

this rate is depend on the factors such as smoking period, 

the time which they decide to give up smoking, the exact 

number of consuming cigarette, the day before quitting it 

etc. and these rates are between those related to individuals 

who never smoke and who give up. 

Table 1. The radon’s relation with lung cancer’s risk 

percentage increase of miners pattern in evaluated study by 

BEIR committee and Germany’s uranium mine’s worker 

study (Beir, 1999; Duport, 2002) 

Factor 
BEIR 

Committee 

Germany’s 

Uranium 

miners 

Exposure 

period (year) 

5-14 1 1 

15-24 0.78 1.52 

25< 0.51 0.76 

Age (year) 

55> 1 1 

55-64 0.57 0.8 

65-74 0.29 0.66 

74< 0.09 0.49 

Radon’s 

concentration 

(wl2) 

0.5 1 1 

0.5-1 0.49 0.52 

1-3 0.37 0.36 

3-5 0.32 0.31 

5-12 0.17 0.25 

15< 0.11 0.12 

Conclusion 

Based on the results of the evaluated studies, it have 

revealed that, by accumulative increase of exposure to 

radon, the lung cancer incidence in miners have increased 

and the average increased of the mortality from lung cancer 

in some studies was 0.44% and in some other was 0.21% 

for each WML, and the most time of cancer incidence was 

at least 5 yrs after exposing to it. The results of the study 

showed that the low concentration of radon in comparison 

with higher concentration, have more risk percentage of 

causing lung cancer in young individuals than the old one. 

And more risks threated them. Based on the obtained 

results from this study, it had been revealed that according 

to the fact that cigarette is a main and stronger factor in 

causing lung cancer than Radon gas; the real percentage 

increase from lung cancer for each WML in smokers is 

more than nonsmokers. In fact according to the above 

results, it could be said that identifying and measuring 

radon gas in the environment and also in the closed 
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environment (such as mine) have a great importance and 

according to the fact that in our country such a study  have 

not been done yet, surveying such studies seems necessary.  
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