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Introduction 

 The concentrations of radon (222Rn) and its decay products in the indoor air of 

dwellings depend mainly on their in- and outflow to and from the rooms. For the parent 

substance of radon the only significant removal process is ventilation while for its short-lived 

decay products (218Po, 214Pb, 214Bi and 214Po) in their various species the removal rates are 

determined – in addition to the radioactive decay – by ventilation, attachment to aerosol 

particles and deposition and resuspension on the walls and other surfaces [1]. These removal 

processes reduce the concentrations of radon daughters and thus diminish the inhalation dose. 

In spite of the complex processes in most of the cases the inhalation dose could be reduced 

significantly by increasing ventilation. On the other hand intensive ventilation causes 

monetary losses during the heating season. To assess an economically optimal ventilation rate 

we have introduced a cost-benefit analysis taking into account the cost of heating and benefit 

of averted dose due to ventilation. 

Methods 

The cost of ventilation was calculated from the heating cost of the inflow air in the 

dwellings. Therefore the cost is the product of the rate of ventilation and the heating cost of 

unit volume of air to the proper temperature. Probably it’s an underestimation of the real cost 

because additional heat loss might be provided due to heat conductivity of the walls and other 

structure elements of the building. Analyses have been provided by use of temperatures in- 

and outside, specific costs of the energy and other parameters represented for the Hungarian 

conditions. 
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 The benefit of ventilation was assessed by the averted inhalation dose due to the 

mitigated radon concentration multiplied by the α-value used as monetary value of unit-

averted dose [2]. According to our former results [3] α=10 €.(person mSv)-1 and the range of 

±1 standard deviation (65 % confidence interval) takes (2.1 – 52) €.(person mSv)-1. Taken into 

consideration the individual dose dependency by a power function the aversion coefficient is 

a=2.51±0.56. Both parameters were drawn among the public by the method of Willingness To 

Pay. To assess the collective dose the average number of persons in the dwellings was 3. 

 The model for simulation of the kinetics of 222Rn and its progenies (Fig. 1) contains 

the in- and outflows, binding process to aerosol particles, their deposition and resuspension to 

and from the surfaces (mainly walls). The mathematical representations are given by ordinary 

differential equations and the solution of them, including uncertainty analysis, were provided 

by the software ModelMaker [4]. For test calculations the binding rate coefficients were high 

(300 h-1for all progenies), the deposition of aerosols kdep=0.8 h-1 and the resuspension, kres=0.5 

h-1 [1], the volume of the test room 150 m3, the radon inflow (due to exhalation from ground 

and walls) 10 and 20 kBq.h-1. The outdoor concentrations of radon and all the daughters were 

negligible. The Equilibrium Equivalent Concentration (EEC) of radon was calculated by: 
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The average inhalation rate was 1 m3.h-1 and the dose coefficient 7 nSv.Bq-1 [ICRP 65]. These 

parameters produce usually an annual inhalation dose of 3-10 mSv (relatively high). 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Species and processes taken into account in modelling of the kinetics of short-lived 
radon daughters in dwellings (:           radioactive decay, →: binding process, deposition and 

resuspension, ⇒: ventilation, in- and outflow) 
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Results and discussion 

Cost of heating and benefit of radon reduction due to increased ventilation were 

provided stepwise with respect to the rate of ventilation. Fig. 2. shows costs of a step of 

ventilation rate, ∆Sv=7.5 m3.h-1 (5 % of the total volume per hour) with respect to the total 

ventilation rate (full line). The cost of extra heating to compensate the increased ventilation 

by 7.5 m3.h-1 takes nearly 5 € and is constant with respect to the total ventilation rate (it 

depends only on the in- and outside temperature and other local conditions). But the benefit of 

constant averted dose - due to the step ∆λv=7.5 m3.h-1- decreases nonlinearly with increased 

ventilation rate because the individual dose dependency of the α-value is a power function. 

These relations are demonstrated in Fig. 2. for two different inflow rates of radon, by dashed 

lines. According to the results the optimal ventilation rates for the test-room are 15 and 35 

m3.h-1, respectively. 

0.001

0.01

0.1

1

10

100

0 10 20 30 40 50 60 70 80 90 100 110

ventilation rate (m3/h)

co
st

 (e
ur

o)

Benefit of the averted dose (exh.=20000Bq/h)

Extra heating cost (dλv = 7. 5 m3/h)

Benefit of the averted dose (exh.=10000Bq/h)

 
Fig. 2. Cost and benefit (€) of ventilation of a step modification by rate ∆ λv =7.5 m3.h-1, with 

respect to the total rate. 
 

The former costs with respect to the radon activity concentrations in the test-room are 

shown in Fig. 3. By increasing radon concentration – due to decreasing ventilation - the 

individual dose and therefore the benefit of a constant averted dose is elevated sharply, 

meanwhile the cost of heating the air exchanged (∆λv=7.5 m3.h-1) remained constant. 

According to the results the economically optimal radon concentration in room is 250 Bq.m-3 

for 10 kBq.h-1 and 550 Bq.m-3 for 20 kBq.h-1 radon inflows. According to the uncertainty 

assessments the ranges of optimal radon concentrations might be varied by factors of 3-5, 

depending on the local parameter values. For better-defined condition the uncertainties are 

reduced. 

In addition to the constant ventilation rate the periodically varied one was examined as 

well. 
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Fig. 3. Cost and benefit (€) of ventilation of a step modification by rate ∆λv =7.5 m3.h-1, with 

respect to the radon concentration in the test room. 
 

The example scenario for a period of 3 hours during daytime (including 10 minutes 

ventilation by exchange the total air volume) and no ventilation during night (8 hours) 

produces the same heating cost as the constant ventilation during the whole day, but the daily 

inhalation dose assessed is 0.00256 mSv for the periodic case meanwhile for the constant one 

0.00420 mSv, in case of 20 kBq.h-1 inflow of radon. It means the periodic ventilation has 

provided better dose relations than the constant one. Qualitatively it can be interpreted by the 

delayed built up of daughter concentrations in the air during periodic ventilation. 

Conclusions 

The cost of heating due to the elevated ventilation for mitigation of radon content in 

dwellings can be compensated by the monetary benefit of the averted dose, in case of higher 

(annually 3-10 mSv) exposure. During the heating season the economically optimal 

ventilation takes 0.1-0.5 h-1, meanwhile the radon concentration in the indoor air decreases to 

200-800 Bq.m-3, depending on the exhalation of radon, number of persons living in the 

dwellings and other local parameters. Our results from the optimal planning correspond to the 

radon concentrations recommended by the international organizations as action levels. In 

general, the periodic ventilation in daytime provides a higher averted dose than the constant 

one in case of the same heating cost. 
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