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     After inhalation exposure to radionuclides, according to ICRP 
recommendations, the equivalent dose delivered to the different targe t regions 
of the respiratory tract corresponds to a mean value. Some actinide oxides 
have a very high specific activity, so that, the Annual Limit of Intake (ALI) 
can be reached when only a few particles have been deposited. In this case, 
because of the short range of α radiation, only a small fraction of the tissues 
is irradiated, due to the presence of hot spots. Recently, animal studies have 
shown that, in the rat, for the same α dose delivered to the lungs, the risk for 
lung tumour induction varies over more than 1 order of magnitude, depending 
on the number of deposited particles. The aim of this work is to identify a 
parameter which could take into account heterogeneity of dose distribution 
for a realistic risk assessment from the result of a standard dose calculation. 
     In vitro experiments have shown that, the risk for preneoplastic 
transformation per unit of dose graduall y decreases when more than 1 α hit is 
received per target cell. This could be explained by a gradual increase of the 
ratio of cell death versus cell transformation. Thus, the distribution of the 
number of α hits per cell could be a useful parameter to improve dose 
calculation for a risk assessment purpose. 
     The α hit distribution has been characterized in basa l cells of the 
extrathoracic and bronchial epithelia irradiated from the sequestered regions 
(ETseq and BBseq) after exposure inhalation to 1 ALI of 238U or 238-239Pu oxide 
aerosols. Default parameters were used for calculation (aerosol size 5µm, 
type S compounds, standard workers). In a first step, the number of particles 
deposited in the source regions and their activit y was obtained after 
simulations which corresponded to a stochastic application of the ICRP66 
deposition model (the behaviour of each particl e was taken into account, and 
for each particle size, the fraction deposited in each region calculated with the 
model was considered as a deposition probability). The total  number of the 
aerosol particles increases when the specific activit y of the oxide decreases 
(3 103, 1 106 and 2 1011). The number of particles deposited was 6 106, 37 and 
0.1 in ETseq and, 1 107, 50 and 0.1 in BB seq, for 238U and 239-238Pu, 
respectively. Uncertainties in these values were negligible for 238U, standard 
error of 15-18 % for 239Pu and, for 238Pu, no deposition occurred for most of 
the 1000 simulations performed. Second, the residence time of each particle 
was calculated assuming that the rate constant of the clearance model for 
particle transport corresponded to a probabilit y to leave the sequestered 
region. Third, the dosimetric mod el of ICRP was applied to characterize α hit 
distribution assuming that, each day during the presence of 1 parti cle, it was 
randomly located within the sequestered layer, and it irradiat ed cells which 
were not previously exposed. Finally, dose calculation was performed for 
each simulated exposure. After U exposure, most of the basal cells received 
only 1 α hit, whereas, for Pu, when a significant irradiation occurred, most of 
the dose was delivered to cells exposed to several α hits. Thus, it appears that 
the modification of the effective dose calculation recommended by ICRP 
when the maximal equivalent dose is delivered to ET cannot be applied to 
actinide oxides for a realistic risk assessment. Further studies are in progress 
to characterize α hit distribution within the target cells of the other respiratory 
tract regions.   
  


