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1. Introduction 
 
Rn-222 is a radioactive gas produced by the 

radioactive decay of U-238. Generally, groundwater 
contains higher concentrations of Rn-222 than 
surface water. IAEA identified types of workplace 
which may need priority in any investigation of 
radon levels [1]. Workplace supplying large amounts 
of groundwater, such as groundwater treatment 
facility may give rise to enhanced indoor radon 
concentration. Therefore, the workers in groundwater 
treatment facilities are subjected to radon exposure. 
However, the radon exposure to workers at domestic 
groundwater treatment facilities has not been 
adequately addressed. Before evaluating effective 
dose due to inhalation of radon, it is necessary to 
calculate effective dose coefficient to workers.  

The objective of this study was to calculate 
effective dose coefficient to workers due to 
inhalation of radon at groundwater treatment facility. 
Calculation of effective dose coefficient was based 
on ICRP 66 Human Respiratory Tract Model 
(HRTM) using major exposure parameters of ICRP 
Publication 137.  
 

2. Materials and Methods 
 

Calculation of effective dose coefficient was 
conducted using IMBA (Integrated Modules for 
Bioassay Analysis) based on the ICRP 66 HRTM. 
The breathing rate, aerosol parameters, activity ratios 
of radon progeny were considered as major exposure 
parameter to calculate dose coefficient.   

Inhalation dose due to radon is mainly caused by 
alpha particles emitted from radon progeny. However, 
Po-214 has a very short half-life (160 µs), and the 
radionuclides of Pb-210 and below have extremely 

low radioactivity. Therefore, these radionuclides 
were excluded from target of calculation. In this 
study, Po-218, Pb-214 and Bi-214 were considered to 
calculate dose coefficient.    

The activity size distribution of the radon progeny 
can be represented by summing of lognormal 
distributions. Porstendöfer and Reineking (1999) 
measured the activity size distribution at a water 
supply facility [2]. Table 1 shows aerosol parameter 
values for groundwater treatment facility. The 
aerosol parameters were difficult to select 
appropriate data due to lack of data on the domestic 
environment. In this study, we adopted aerosol 
parameters based on ICRP 137. The average 
breathing rate of 1.2 m3/h was adopted as a reference 
value for light workers. 
 
Table 1. Aerosol parameter values for groundwater treatment 
facility 

Description of Parameter 
Mode a 

u 
Attached 
n a 

Total PAEC fraction (%) 5 15 80 
Aerosol size (nm) 0.8 50 300 

Dispersion ( g) 1.2 1.5 1.8 
Particle Density (g/cm-3) 1 1.4 1.4 

Particle Shape Factor 1 1.1 1.1 
a: 

accumulation modes, respectively. 

 
The activity concentrations of radon progeny are 

vary with the particular environmental conditions of 
exposure. Based on measurements of the activity 
concentration of Po-218, Pb-214 and Bi-214 carried 
out indoors, the following activity ratios of radon 
progeny were assumed for dosimetry in this study [2].   

Unattached:  Po-218 : Pb-214 : Bi-214 = 1 : 0.1 : 0 

Attached:  Po-218 : Pb-214 : Bi-214 = 1 : 0.75 : 0.6 
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3. Results and Discussion 
 

Table 2 shows regional committed equivalent 
doses and effective dose per working level month 
(WLM) assuming groundwater treatment facilities 
conditions.  

 
Table 2. Regional committed equivalent doses and 
effective dose per WLM assuming groundwater treatment 
facilities conditions 

Region 

Committed equivalent dose (mSv/WLM) 

Unattached 
(5%) 

Attached 
Nucleation 

(15%) 
Accumulation 

(80%) 
ET 20.0 8.4 60.5 
BB 66.2 36.6 82.7 
bb 25.3 74.0 104.1 
AI 0.01 3.4 5.6 

Equivalent 
dose 

coefficient 

88.9 mSv/WLM (Extra Thoracic) 
132.7 mSv/WLM (Thoracic) 

Effective 
dose 

coefficient 
16.7 mSv/WLM 

 
Effective dose coefficients was calculated as 16.7 

mSv/WLM (around 27 nSv/Bq·h·m-3). Effective dose 
to extra thoracic and thoracic region contributed 
more than 99% of the effective dose coefficient. The 
dose coefficient corresponds to range of 10-20 
mSv/WLM for the workplace provided by ICRP 
Publication 137. 

The equivalent dose to the extra thoracic regions is 
similar to the thoracic region. However, its 
contribution to the effective dose is generally quite 
small as it is one of 13 remainder organs [3]. 
Therefore, effective dose due to inhalation of radon 
progeny is dominated by the equivalent dose to the 
thoracic region.  

Despite the unattached fraction representing only 
5% of the potential alpha energy concentration 
(PAEC) of radon progeny, the unattached fraction 
accounts for 23% of effective dose coefficient. 
Because the dose contribution to BB and bb regions 
are greater for aerosols with unattached radon 
progeny. Fig. 1 shows effective dose per WLM as a 
function of particle size of aerosol [2].  

 
Fig. 1. Effective dose per WLM as a function of particle 

size of aerosol. 
 

4. Conclusion 
 

We calculated effective dose to workers due to 
inhalation of radon at groundwater treatment facility. 
Effective dose coefficients was calculated as 16.7 
mSv/WLM (around 27 nSv/Bq·h·m-3). We adopted 
major exposure parameter based on ICRP Publication 
137 due to lack of data on the domestic environment. 
Therefore, establishment of site-specific data in 
NORM industry may be necessary. The results of 
this study can be used for assessment of radiation 
exposure at Korean NORM industries.   
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