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Total = 2.4 mSv /year 
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Total = 3 mSv/year 
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ESTIMATES OF LUNG CANCER DEATHS ATTRIBUTABLE TO RADON 
 
 

WHO Handbook on Indoor Radon (WHO 2009) : 3 % to 14 % globally. 

 

 

Gaskin et al . Environmental  Health Perspectives (May 2018) :  

 

                           Ranged from  13.6% to 16.5 % for  66 countries 

 

                         The  2012 estimate was > 200000 deaths or 3 % of all cancer deaths   
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THE DOSIMETRIC APPROACH  
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 LUNG DOSIMETRY SUB MODELS*   

(1) Morphometric lung model  

 

(2) Respiratory physiology model  

 

(3) Particle deposition model  

 

(4) Bronchial clearance model  

 

(5) Dosimetry model  

*ICRU Report 88  



(ICRP 65 (1994))  
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PRINCIPAL CATEGORIES OF LUNG DOSIMETRY MODELS  

SEMI-EMPIRICAL COMPARTMENT MODELS  

 

DETERMINISTIC AIRWAY GENERATION MODELS 

 

STOCHASTIC AIRWAY GENERATION MODELS  
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                             SIMPLIFIED  DIAGRAM OF  
UNATTACHED AND ATTACHED RADON  PROGENY FORMATION* 

+ 
+ 

*Based on : Porstendörfer, J.Aero.Sci. 1994  

Aerosol particle 

         Unattached  
 Diameter ~ 0.5 to 4 nm  

       Attached  
Diameter ~ 0.1 to 0.4 μm 
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α 
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SIZE DISTRIBUTION OF RADON PROGENY IN INDOOR AIR * 

*Reineking and Porstendörfer. J.Aero.Sci  (1986)  
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. Relative size distribution of the PAEC of radon progeny in indoor air in closed rooms.  

Porstendörfer 1996, ICRU 88 (2010/2015)  

Unattached Mode  

Attached 
Mode  

Nucleation Mode  
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Recoil Attachment 

Schematic Diagram of Radon and Progeny behaviour in an Enclosed Space 
                                             (ICRU Report 88)  
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                               WELL MIXED ROOM MODEL EQUATIONS  
             FOR UNATTACHED AND ATTACHED RADON PROGENY (see ICRU Report 88)                   

                                                                                             
 

 

                                                                   dCj
u/dt  =   λj  Cj-1

u +  λj
  j-1 Cj-1

a  - ( λj + X + qu + v) Cj
u    

 

                                             Cj
u = (λj Cj-1

u + λj
  j-1 Cj-1

a ) / ( λj + βZ + qu + v)        (Steady State )  

 

       

  

                              

                                 dCj
a/dt  =  v Cj

a,o + (1 - Rj-1) λ j Cj-1
a + X Cj-1

u  - ( λj + qa + v) Cj
a       

  

                                                                  Cj
a = (v Cj

a,o + (1- Rj-1) λj Cj-1
a +  βZ Cj-1

u ) / ( λj + qa + v)     (Steady State)  

  

                                      Note :  C0
a = 0 and C0

u = Co (radon gas activity concentration).  

 

                 Attachment Rate X =  βZ where  β is the attachment coefficient and Z is the aerosol conc. 

                             and Rj-1 is the recoil factor of the (j-1)th attached radon progeny.  
 

 
 

  

  

  

  

UNATTACHED ACTIVITY   Cu 

ATTACHED ACTIVITY   Ca  



LUNG DEPOSITION MECHANSIMS 

  

MAJOR MECHANISMS 

Diffusion :  < 1 μm    

Sedimentation : 0.5 to 5 μm   

Inertial Impaction : > 5 μm 

  

MINOR MECHANISMS 

Interception  

Electrostatic  
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MAJOR PARAMETERS IN RADON PROGENY LUNG DOSE MODELLING  
 

Breathing rate 
 
Inhaled activity particle size distribution 
 
Particle deposition in airways 
 
Particle clearance from airways 
 
Target cells and depth distribution within the bronchial epithelium 
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DEPOSITION OF INHALED PARTICLES  
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Idealised model  of secretory and basal cells  
                in the bronchial epithelium. 

Ref: BEIR IV Report . U.S. National Research Council 1988. 

Alpha particle ranges in tissue 

Po-218 (Eα=6.00 MeV) 48 μm 

Po-214 (Eα=7.68 MeV) 71  μm 
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Idealised model  of secretory cell nuclei  
                in bronchiolar epithelium. 
 

Ref: BEIR IV Report . U.S. National Research Council 1988. 

 

Alpha particle ranges in tissue 

Po-218 (Eα=6.00 MeV) 48 μm 

Po-214 (Eα=7.68 MeV) 71  μm 
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Dose depth distribution in bronchial tissue 
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N Harley 2018 
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         Region        Mode                                Absorbed dose per WLM (mSv WLM-1)   
          
                                                      RADEP/IMBA      RADOS      IDEAL-DOSE 
____________________________________________________________________

_ 
  
           BB           Unattached                  76.5                 81.1                 76.7   
                           Attached                        7.9                   6.1                   7.0     
  
           bb            Unattached                  25.0                 10.4                   4.9 
                           Attached                       5.6                    3.3                   3.3 
  
           AI            Unattached                  0.01                0.001              0.003  
                           Attached                        0.4                    0.3                  0.3 
____________________________________________________________________ 
  

COMPARISON OF DOSES USING DIFFERENT MODELS (Winkler-Heil et al, 2007)  

RADEP/IMBA : deterministic regional compartment model (Marsh and Birchall (2000) 
RADOS : deterministic airway generation model (Winkler-Heil and Hofmann 2002) 
IDEAL-DOSE : stochastic airway generation model (Hofmann et al 2010)  
  



James Mc Laughlin Univ.Coll.Dublin  AIRP Bergamo 2018 23 

ICRP   Dose Coefficients  



 

   

 

 

 

 

 

     

  ICRP 60 (1991) 

 

 

       

      ICRP 65 (1993)  

 

 

       

      ICRP 103 (2007) 

 

 

    

     ICRP 115 (2010)  

  

 

 

      Total     

   Detriment  

 

 

5.6 x10-2  Sv (Workers)  

7.3 x 10-2 Sv-1 (Public)   

   

 

4.2x10-2 Sv-1 (Workers) 

  

5.7 x 10-2 Sv-1( Public)   

  

  

 

    Lifetime   

   Lung Cancer        

       Risk 

  

    

   

        2.83 x10-4/WLM 

            (Miners)   

    

 

      5 x 10-4 /WLM 

         (Miners)  

             

  

 

       Dose      

    Coefficient  

   

 

5 mSv /WLM (Workers) 

 

4 mSv/WLM (Public)  

   

 

12 mSv/WLM   (Workers) 

  

 9  mSv/WLM   (Public)  

ICRP Radon Dose Coefficients (DCFs)  1993-2010 *   
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                THE ICRP APPROACH  TO RADON DOSE ESTIMATION  
 
EXISTING/PREVIOUS POSITION (ICRP 65 (1993) and ICRP 115 (2010)) 
 
The DCFs  given in these reports essentially are obtained by comparing the Total Detriment* per Sv 
evaluated for Japanese atomic bomb survivors (general population) following acute low LET 
radiation external exposures with the detriment for cancer to one organ ( lung  cancer mortality) in 
male adult miners due to chronic internal exposures to high LET radiation (alpha particles).  From a 
scientific perspective this is a questionable comparison.  
 
* Total Detriment for an exposed  group and its descendants  includes fatal and non-fatal cancers in 
any organ, loss of life expectancy and severe hereditable  effects.  
 
 
NEW POSITION ICRP 115 (2010) and ICRP 137 (2017)  
 
ICRP 115 indicated  that  in future radon and progeny should be treated in the same way as other 
radionuclides within the ICRP system of protection thereby replacing its existing dose conversion 
convention. It is recommended that  the doses should in future be calculated using ICRP biokinetic 
and dosimetric models. Dose coefficients per unit exposure to radon and radon progeny for 
different reference conditions of occupational and indoor exposure, with specified equilibrium 
factors and aerosol characteristics etc are now provided in ICRP 137 (2017)  
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ICRP  RADON DOSE COEFFICIENTS (DCFs) AND THEIR IMPLICATIONS FOR RADIATION PROTECTION  
 

 
• The more than doubling of the DCFs in the period 1993-2010 is reflected in the revision downwards of   
     radon reference levels.  In dwellings a reference level of 300 Bq/m3 is now recommended by ICRP instead of the  
     former value   of 600 Bq/m3.  

 
 

• As dose pie charts or tables are  commonly used  risk communication tools changes in the DCFs have implications 
      for risk communication not only for radon exposure but also for artificial exposures and in particular  
       for medical exposures. 
 
• For protection of the public against indoor radon (as distinct from individuals defined to be occupationally exposed 
      to radon)  perhaps it would be more appropriate   to avoid the use of “ doses” and simply set national radon reference  
      levels based on  radon exposure risks derived from residential radon epidemiological studies having regard to national       
      policies on acceptable risk from environmental hazards. 
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Location   

  

Unattached 

Fraction 

      

        F 

  

  

mSv /WLM  

  

mSv/mJ h m-3   

  

mSv/Bq h m-3  

Indoor 

Workplace  

  

0.08 

  

  

      0.4 

  

    20  

  

      5.7  

  

1.3 x 10-5 

  

Mine  

  

0.01 

  

      0.2 

  

    12  

  

      3.3  

  

      -  

EFFECTIVE DOSES FROM INHALATION OF RADON 
PLUS PROGENY IN WORKPLACES BY REFERENCE 
WORKER (Extract from ICRP 137(2017)) 
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THE EPIDEMIOLOGIC APPROACH  



Lung Cancer Risk in German Uranium Miners  (Kreuzer et al BJC (2015)) 
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LUNG CANCER RISK IN GERMAN URANIUM MINERS* 

*Kreuzer et al. Brit.J. of Cancer Vol 113 (2015) James Mc Laughlin Univ.Coll.Dublin  AIRP Bergamo 2018 30 

NOTE : 1 year  exposure to a 

radon concentration of 200 

Bq/m3 (F = 0.4) is equivalent to 

approx. 0.9  WLM   



 * Darby et al .Br. Med.J. 330,223-228  (2005)   
                                       and  
    Darby et al Scand.J. of Work,Envir.& Health. Vol 32. Suppl 1. (2006)  

  7148  Cases 

 

14208 Controls  

Pooling of 13 European residential case-control studies * 

Ref.Level 200 Bq/m3 

Residential Radon Epidemiology  

PRINCIPAL FINDING :  Excess Relative Risk (ERR) = 0.16 (95% CI 0.05-0.31 ) per 100 Bq/m3 
with  no evidence of a threshold or that the ERR varied with age,sex or smoking history.  
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Cumulative absolute risk of death from lung cancer to age 75 years 

* Darby et al Br. Med.J. 330,223-228  (2005)  and 

   Darby et al Scand.J. of Work,Envir.& Health. Vol 32. Suppl 1. 2006  

 

Pooling of 13 European residential case-
control studies* 

 7148  Cases 
 
14208Controls  

Ref Level 300 Bq/m3 
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Lung Cancer Mortality Risks   (Kreuzer et al BJC (2015)) 

* ERR :Excess Relative Risk  
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• it falls below some arbitrarily defined probability 
 

• it falls below some level already tolerated  
 

• the cost of reducing it would exceed the costs saved 
 

• the opportunity cost would be better spent on other 
public health problems 
 

• the general public say it is acceptable 
 

• the radiation protection professionals say it is acceptable 

The risk from a hazard might be considered acceptable when : * 

* Based on  Hunter and Fewtrell (WHO 2001)  

WHAT IS AN ACCEPTABLE RISK ?   
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                          AN ARBITRARY PRE-DEFINED PROBABILITY APPROACH 
 
US EPA  :    Target reference lifetime risk range of 10-3 to 10 -6 for   carcinogens  
 
UK HSE :      Categorised levels of annual risk of death as :  
 
• 1 in 1000 as the “just tolerable risk “ for workers over a large part of working life.  
• 1 in 10000 as “maximum tolerable risk “ for the public from a non-nuclear plant.  
• 1 in 100000 as the “maximum tolerable risk “ for the public for any new nuclear power plant. 
• 1 in 1000000 as the level of “acceptable risk” requiring no further safety improvements    

 
QUESTION :   Into which category  would  the lifetime risk from  exposure  
                       at  the ICRP  radon reference level of 300 Bq/m3 fit ?                     
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Cumulative absolute risk of death from lung cancer to age 75 years 

* Darby et al Br. Med.J. 330,223-228  (2005)  and 

   Darby et al Scand.J. of Work,Envir.& Health. Vol 32. Suppl 1. 2006  

 

Pooling of 13 European residential case-
control studies* 

 7148  Cases 
 
14208Controls  

Ref Level 300 Bq/m3 
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         Naesosa Buddhist Temple Korea  

A KOREAN SOLUTION TO INDOOR RADON PROBLEMS ?  



 
 
 Architect :    Fujimori   
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A JAPANESE  SOLUTION TO INDOOR RADON PROBLEMS ?  
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            Go raibh maith agaibh 
  
       Grazie per la vostra attenzione  

 

                 Thank you   


