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INTRODUCTION 

Radon is an inert gas, which naturally occurs in soil and rocks. It 

concentrates in living spaces, what causes a radiation exposure of the lung, 

and by implication, the potential risk of lung cancer.  

In Publication 65 (ICRP, 1993), an approach was considered, which 

analysed the epidemiological case-control-studies of underground-miners. 

With these data, they compared the risk of fatal lung cancer caused by a 

special exposure (in WLM or Jh/m³) with the total risk of detriment per 

effective dose (in mSv). This leads to the "dose conversion convention", 

with values of mSv/WLM or mSv/Jh m
-3

. With this convention, the 

exposure to radon will be translated to an effective dose. The Commission 

notifies in ICRP Publication 115 (ICRP, 2011) that the "dose conversion 

convention" will be replaced in the future using reference biokinetic and 

dosimetric models to get a consistent system of conversion from an 

exposition to an effective dose. 

The nominal probability coefficient, which is used to convert an 

exposure to a risk of lung cancer, was revised in ICRP Publication 115. The 

new nominal risk coefficient was thereby determined as 5∙10
-4

 per WLM 

and 8∙10
-10

 per Bq∙h/m³, respectively. Foundation for this was recent 

epidemiological and miner studies which were reviewed. In the former 

ICRP Publication 65, the coefficient has been 2.83∙10
-4

 per WLM and 

4∙10
-10

 per Bq∙h/m³, respectively. In this paper, the basic pooled studies 

will be listed and the consequences of the doubling of the nominal risk 

coefficient in the ICRP Publication 115 will be analysed and discussed. 

 

ICRP PUBLICATION 115 

The studies in ICRP Publication 115 considered data since 1993 with 

lower levels of radon. Studies, which focused especially on the behaviour of 
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the participants, such as smoking habits, were emphasized in particular. This 

is crucial because the risk of lung cancer is not an additive but assumes to be 

a multiplicative effect.  

Three pooled studies from Darby, Krewski and Lubin [1-3] verify the 

increase of the risk with higher expositions. The conclusion of the three 

studies was nearly the same: The increased risk (excess relative risk, ERR) 

is about 1.09 per 100 Bq/m³, on condition of exposition duration of about 30 

years. Even by regarding only exposures below a level of 200 Bq/m³, the 

increased risk of lung cancer was similar. By exclusion of uncertainties in 

the radon measurement or only considering participants with residential 

stability, the studies of Darby, Krewski and Lubin showed an increase of the 

excess relative risk up to 1.16, 1.18 and 1.32 [1-3]. 

For comparing the excess relative risk (ERR) with the lifetime excess 

absolute risk (LEAR), some assumptions have to be taken. Tomasek et al. 

[4] used the BEIR VI TSE-age-concentration model [5] to calculate the 

LEAR. This model is based on miner-studies with low level of exposure and 

provides data for the analysis of the modifying effects of attained age, time 

since exposure and exposure rate. With this concept, Tomasek et al. [4] got 

to a LEAR of 5.3∙10
-4

 per WLM. On the same basis, Tomasek et al. used 

another model to calculate the ERR into the LEAR. This model based on the 

Czech-French cohorts analyses [6]. This model is based on only those miner 

data with good accuracy and considers age and time since exposure at low 

radon exposure levels and leads to an LEAR of 4.4∙10
-4

 per WLM. 

In part of ICRP Publication 115 other calculations were undertaken to 

confirm the results. They based on several studies and resulted in the 

commission’s recommendation of the new LEAR of 5∙10
-4

 per WLM, which 

is twice of the value in ICRP Publication 65. 

The excess relative risk coefficient was calculated in another way, 

with a lot of assumptions like a mean duration of stay, the equilibrium factor 

and the ordinary exposition, which leads to an ERR of 0.16 per 100 Bq/m³. 

This is equal to the value recognized in the BEIR VI-report. It is also the 

same value as in the European study from Darby et al. [1] and shows the 

good compliance of the procedures. 

 

CONSEQUENCES OF ICRP PUBLICATION 115 

In view of the recommendations in ICRP Publication 103 (ICRP, 

2007), 10 mSv per year is the reference level for radon in dwellings. This 

value was determined concerning the range of the reference level of 1 to 

20 mSv/a for radiation exposure with a benefit of the situation for the 
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people. With the conversion factor of 2.83∙10
-4

 per WLM and 4∙10
-10

 per 

Bq∙h/m³ respectively from ICRP Publication 65, the upper value of 600 

Bq/m³ for radon in dwellings was recommended. According to the recent 

calculations (ICRP Publication 115) with the new factor of 5 10
-4

 per WLM 

and 8∙10
-10

 per Bq∙h/m³ respectively, an annual dose of approximately 

20 mSv per year can be calculated by 600 Bq/m³ in dwellings. Therefore the 

Commission revised the reference level for radon concentration in dwellings 

from the value in ICRP Publication 103 of 600 Bq/m³ to 300 Bq/m³. 

This will have drastic effects for the homeowner. Sanctions to reduce 

the radon concentration in existing dwellings have to be introduced and 

precautions have to be taken for new buildings. Close-meshed measurement 

has to be accomplished to recognize high-risk-territories. The government 

has to provide consultants for the population for more information about 

how to reduce and avoid radon in buildings. Especially, information about 

the risk of high radon exposure has to reach the inhabitants because the 

problem of radon is still unknown in the society. The government has not 

already taken the suggestions concerning the radon problem into 

regulations. Without any nationally settlement the reference level of 

10 mSv/a will not be complied.  

Until now the known effective dose from all radiation sources 

amounts for inhabitants in industrialized countries to an average of almost 

3.5 mSv per year. Within that value, the natural radiation exposure 

contributes more than half of the total dose. The other part arises from 

medicine, especially x-ray diagnostics. The inhalation of radon and its short-

lived decay products delivers thereby the main contribution of the natural 

amount with 1.2 mSv per year (Figure 1), calculated with the dose 

conversion convention of ICRP Publication 65. 

Using the new dose conversion convention of the ICRP Publication 

115, a value of approximately 2.3 mSv can be calculated for the yearly 

effective dose caused by radon in dwellings in Europe (Figure 1). Basis for 

this is the average concentration of 60 Bq/m³ for radon in dwellings. This 

increases the effective dose from all radiation sources for inhabitants from 

3.5 mSv per year to approximately 4.6 mSv per year.  

The International Commission of Radioprotection (ICRP) has not 

specifically mentioned that the mean effective dose will also be doubled 

using their new recommendation (ICRP Publication 115). But this is 

especially one of the main consequences of the new conversion factor 

because the population will get a higher exposition of natural radiation 

sources (Figure 1). 
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Figure 1. Average effective dose per year (mSv/a), values caused by radon 

calculated with the recommendation of ICRP Publication 65 or 115 [7] 

 

All former comparisons of artificial radiation with natural radiation 

have to be revised because of the higher natural radiation exposure. The 

reference levels or boundary values have to be updated and the population 

has to be informed. This is a main point of the consequences, which will be 

expected. The population is frightened of the artificial exposure, especially 

from the nuclear technology, without knowing where the main part of the 

radiation comes from. This part has to be limited, even if it originates from a 

natural source.  

 

CONCLUSION 

The revised studies show consistently compliance to the new 

probability coefficient of 5∙10
-4

 per WLM and 8∙10
-10

 per Bq∙h/m³, 

respectively. This leads to a higher effective dose from 1.2 mSv/a to 

2.3 mSv/a by radon exposure. The upper reference level for radon gas in 

dwellings will have to be adapted from 600 Bq/m³ to 300 Bq/m³ for 

observing the limit of 10 mSv/a for radon in dwellings according to ICRP 

Publication 103. 

Just by a change of the conversion factor, the effective dose of the 

population becomes about 25 % higher than before. The risk of lung cancer 

is not an additive but assumes to be a multiplicative effect. Since smokers 

have an obvious higher risk to contract on lung cancer, the main part of the 

additional effective dose concerns to smokers. A possible way to reduce the 

risk of lung cancer, even the radon attributed risk, is simply to reduce 

smoking itself. 
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Even the effects of the higher natural effective dose concerning the 

comparisons of artificial and natural exposure have to be observed. It is not 

possible to cast the exposure from e.g. medicine in a positive light just 

because the part of radon is higher. In the other way round, the comparisons 

have to be updated for bringing the different types of exposure into 

accordance with the potential risks.  

It has to be published and mentioned, that the mean effective dose 

caused by radon will be doubled using the new recommendation (ICRP 

Publication 115). The European commission has to take necessary actions, 

including the setting of new boundary concentration values of radon in 

existing and new dwellings. 
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In the last decade several epidemiological studies on risk estimations 

due to exposure to radon in dwellings revealed higher risks to radon 

exposure than estimated previously. Thus, in ICRP Publication 115 (ICRP, 

2011) a revised nominal probability coefficient for radon and its progeny-

induced lung cancer was propounded. Based on the results of the exposure 

from residential studies and underground miners, the risk of lung cancer was 

estimated as 5∙10
-4

 per WLM (lifetime excess absolute risk, LEAR) and 

8∙10
-10

 per Bq∙h/m³, respectively. In the former Publication 65 (ICRP, 

1993), the coefficient has been 2.83∙10
-4

 per WLM and 4∙10
-10

 per Bq∙h/m³, 

respectively. Typical radon activity concentration in dwellings is about 

60 Bq/m³ in many parts of Europe. According to the ICRP Publication 65-

dose coefficients, this concentration leads to a mean annual effective dose of 

1.2 mSv. If the new nominal risk coefficient from ICRP Publication 115 is 

applied, the effective dose due to radon in dwellings increases to 

approximately 2.3 mSv per year. Referring the reference level of 10 mSv/a 

for radon exposure in dwellings in ICRP Publication 103 (ICRP, 2007) and 

based on the new recommendations in ICRP Publication 115, actions have 

to be taken to reduce the upper reference level for radon gas in dwellings 

from 600 Bq/m³ to 300 Bq/m³. 
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