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Introduction 

Many retrospective studies regarding the time exposure to radon (222Rn) are based on 

the accumulation of 210Pb (T1/2=22.3y) on the surface of glass objects or other materials and 

measuring the specific alpha activity of 210Po (T1/2=138 days, Eα=5.3 MeV) resulted by 

implanting of radon daughters, due to the alpha recoil [1-3]. For thoron (220Rn) this method is 

not applicable because there is not a long lifetime isotope to allow a significant accumulation 

of any descendant. The longest lifetime of the thoron descendants is 212Pb with T1/2= 10.6 

hours. But a study involving thoron daughters implanted at the surface of glasses or other 

materials can be useful for the simulation of radon progeny implantation. This simulation is 

possible due to the equilibrium of implantation, which is obtained in a short time (~two days) 

compared to about 100 years in the case of 222Rn. An alpha spectrometry method was recently 

applied to measure the thoron contribution in the case of integrating track-etch detectors used 

for thoron monitoring or in the studies regarding radon and thoron progeny deposition. The 

purpose of this work is to obtain the alpha spectra for thoron daughters implanted at the 

surface of different materials and to show the possibility of this method to simulate the radon 

progeny implantation and thus to find some parameters used in the Jacobi model [4].  

 

Experimental method   

The obtaining of the alpha spectra and the alpha counting were made using a PIPS 

alpha-detector of Canberra type (900 mm2) with 25 keV energy resolution operated under 



  

vacuum conditions and connected to a pulse height analyzer type. For alpha energy calibration 

we used the internal standard pulses generated by the alpha spectrometer. The detection 

efficiency was calculated taking into consideration the average solid angle from which the 

detecting surface (900 mm2) is seen from sample surface (100 mm2) [5]. The sample is placed 

on the detector axis. The efficiency calculated in this way was 35.5%.  

Two hundred grams of Th(NO3)25H2O powder were put into a metallic box of 8.5 cm 

diameter and 5.0 cm height, Fig.1. This substance was purchased over 25 years ago, therefore 

the equilibrium between 232Th and 234Ra is almost reached (>95%). A thin plastic sieve was 

placed below the thorium nitrate. The thickness of Th(NO3)25H2O layer was 2.9 cm and that 

of the layer of air above was 2.1 cm. Taking into account the very short live time of thoron  (1 

minute), its equilibrium concentration is quickly reached in V2 (164cm3) after closing the box. 

We considered the time of maximum 30 minutes, which also allows the diffusion of the 

thoron generated from V2 into V1(134 cm3). The amount of thoron in volume V1 was 

determined by isolating the thorium nitrate in a 0.5 L plastic bottle hermetically closed, the 

thickness of thorium nitrate being the same as in the box from Fig. 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig 1. The container for the irradiation of samples with thoron 

Results and discussion 

Fig.2 shows the alpha spectrum obtained for the glass sample. Only the peaks at the 

energy of 6.05 MeV and 8.78 MeV are the real peaks. The first peak is obtained from alpha 

disintegration of 212Bi (36%) and the second from 212Po disintegration generated by the beta 

disintegration of 212Bi (64%). The 6.5 MeV, 7.5 MeV and 8.5 MeV peaks from this spectrum 

are peaks generated by the alpha spectrometer standard impulse generator, in order to be used 

Thoron 
(V1) 

Th(NO3)2·5H2O 

(V2) 

2,9 cm 

h 

Sample 

Metalic can 

2,1 cm 
Plastic sieve 



  

at energy calibration. If the energy level is used for the energies E1≥5 MeV and E2≥7 MeV, 

the areas (N1 and N2) of these two peaks were obtained, and the weighting factor can be 

found. 

 

Fig 2. The alpha spectrum obtained for the glass sample 
 

As this spectrum shows, the peaks are relatively narrow, especially the 8.78 MeV 

peak. The width of the peaks strongly depends of the material also of the surface roughness.  

Table 1 presents the implantation data obtained from 7 types of materials. As it can see from 

this table, the weighting factor (64%) for beta decay of 212Bi was found. The average value for 

our results is 63.25±0.95 % as can observe from the third column from this table. The width 

∆E of the lines depend on the material used and the surface processing. The narrowest lines 

were recorded when we are working with glass and plexiglas having a very glossy surface.  

 

Table 1. Some characteristics of thoron progeny implanted in different materials. 

Nr Sample 
material 

g(8.78MeV) 
         % 

∆E 
(keV) 

       N1  
 (imp/100s) 

        fi  
(Bq/m2:Bq/m3) 

                          
      Obs. 

1 Glass 63.7 55 1080 0.062  
2 Polyethylene 61.8 64 672 0.039  
3 Paper 62.6 89 1010 0.058 glossy 
4 Plexiglas 65.1 46 355 0.020  
5 Cu 63.3 137 620 0.036 polished 
6 Cu+ HNO3 63.2 221 862 0.049  
7 Al 63.5 146 175 0.010 foil 



  

 

Taking for glass and Plexiglas an average width of 50 keV at the 8.78 MeV line and 

considering that the alpha protective cover of the detector introduces a supplementary width of 

the line of 10 keV (from 25 keV to 35 keV), we can calculate that the excess width of 15 keV 

is the result of a depth implantation of about 100 nm for 212Pb. Compared with other obtained 

data this value is almost 50% greater [6]. The excess width for the Cu sample treated with 

HNO3  (221keV) suggests that the implantation of thoron and radon progeny could be used in 

the study of surface roughness.  

The last column in Table 1 shows the equilibrium implantation factor. This factor is 

defined as the implanted activity on surface unit (Bq/m2) divided by thoron concentration in 

the chamber (Bq/m3). Big values of the implantation factor are remarked in the case of the 

glass and the paper which is over six times higher compared with the Al sample. The value 

found for glass in the case of equilibrium for Thoron (212Pb), (65 Bq/m2)/(kBq/m3)) is inough 

different of those  found experimentally for Radon (210Pb), (about 25 Bq/m2)/(kBq/m3)) [7]. 

This difference can be explained by the important losses due to the corrosion process and 

diffusion during time of 210Pb to the glass surface as was remarked by Cauwels and Poffijn 

[2].  
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