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Introduction   
Radon gas (222Rn) is known to be the major contributor of the total exposure of the 
population to ionizing radiation.  
Retrospective assessment techniques have been developed to estimate long term 
exposures to 222Rn and its progeny in epidemiological studies. Measurements of 
implanted 210Po on glass panes surfaces characterize room radon concentration or 
habitant characterization. 
Various methods for retrospective radon measurement are described in the literature. 
The surface trap method (Falk et al., 1996) is based on the 210Po implanted on glass 
or other vitreous objects, measured using solid-state nuclear track detectors 
(SSNTD). The volume trap method is based on measurements of  210Po in spongy, 
porous materials (210Po “volume traps”).  Other approach is in-vivo measurements of  
210Pb in the human skeleton. 
The present study uses the surface trap retrospective technique for the first time in 
Israel, coupled with an approach to estimate the 210Po concentration in glasses 
exposed to 222Rn using alpha spectrometry. 
 
Description of the work 
The implanted activity of 210Po is measured using small area SSNTD detectors made 
of CR-39 (polyallydiglycol carbonate) placed on both sides of a chosen flat glass 
surface. The CR-39 material is sensitive to alpha particles with an energy range 
between less than 1 MeV to 8 MeV. The SSNTD detectors recorded the complete 
alpha emission energy spectrum of the glass, including glass background 
radioactivity. The principle of the method, as well as ways of calibration of retro-
detectors were described elsewhere [1,2,3]. The retro-detectors were calibrated in 
the Radon chamber at the Soreq Nuclear Research Center. 
Glass may contain different concentrations of natural radionuclides as 238U and 232Th 
and their decay products, contributing to the alpha-tracks concentration on the glass. 
The spectrum of the escaping particle is lower in energy compared to the spectrum 
from the implant material due to attenuation in the glass. Measurements were 
performed on exposed and non-exposed sides of the glass.  Unambiguous 
identification and quantification of 210Po alpha particles was conducted using alpha 
spectrometry by surface barrier silicon detectors measurements.  
Flat glass surfaces were split into several parts and CR-39 detectors were mounted 
on them. At bended glass surfaces, like bottles, CR-39 detectors were cut to small 
pieces to achieve better contact between the glass surface and the detector. 
Experiments on different 210Po surface traps were conducted:  
1) Glass picture cover from a home in Ma’ale Adumim with radon concentration of 
475 Bq/m3 in 1994 and 300 Bq/m3 in 2000.  
2) Two 2 liters volume jars, containing about 1 liter of homogeneous powdered 
phosphate ore which were built for radon emanation experiments (Fig. 1A). These 
jars were kept for about 2 years. The radon concentration within the containers free 
atmosphere was between 15000 and 18500 Bq/m3. CR-39 films were attached to the 
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glass in three positions: (1) inside the jars (on the bottom) in areas occupied by the 
phosphate, (2) inside the jars, in areas above the phosphate (in the upper part of the 
jar) and (3) on the outer surface of the glass jars (Fig. 1B). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

        A                      B 
Fig. 1: Glass jars: A – partially filled with phosphate; B – empty. 

 
3) Windowpane of a rock warehouse containing U-bearing samples since 1982, in 
which contemporary long-term measurements indicate a concentration of 840 Bq/m3. 
The unexposed outer side of the window glass was measured for background 
determination. 
 
Results 
The results of the different experiments are summarized in Table 1.  
 
Experiment Artifact 

exposure 
(days) 

CR-39 
position 

Time of 
exposure 

(days) 

Pits/cm2 

/day 
range 

Pits/cm2 

/day 
Average 

Pits/cm2/day
Total  

Average 
Exposed 125 6.0-8.0 6.9 

90 6.0-7.0 6.5  
26 3.8-13.0 7.7 

6.9
Glass picture 

cover 
 
 

1520 

Unexposed 26 3.0-5.7 3.9 3.9
Inside jar 19 (Jar 1) 116-187 149 
 19 (Jar 2) 177-224 196 

 
172 

Jars with 
phosphate 

 
 

730 Outside jar 19 < 3 < 3 
Exposed  156 9.4-17.5 12.4  Rock 

warehouse 
 

7300 Outside 156 7.2-13.6 10.2  
New window 
glass 

Not 
exposed 

One side 176 9.4-11.3 10.2 

Table 1: Experimental data 
 
Measurements of the glass picture cover from Ma’ale Adumim showed similar 
average values for a variety of CR-39 exposure time.  
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The detectors placed inside the jars above the volume filled with phosphate showed 
high alpha pits concentration. Very low values were recorded (<10 pits/cm2/day) by 
the detectors on the bottom of the jars, in areas covered by the phosphate ore as 
seen in a microscope image in figure 2. 
  

 
 
 
 
 
 

Fig 2: Microscope enhancement of a CR-39 detector covering the boundary between 
the areas with and without phosphate. Pits diameter varies between 10 and 30 

microns. 
 
Only small differences between the exposed and unexposed sides of the rock 
warehouse windowpane were found. 
Conversion factors of the alpha track density per day of exposure of the CR-39 to 
indoor radon concentrations is calculated and summarized in table 2.  
Assuming that the average radon concentration remains constant during the entire 
exposure of the glass, the yearly concentration takes into account the relative build-
up of 210Pb and 210Po during the exposure time as per the following equation:  
 

(1)   )1()1( 21 )( dd tt ee λλ −⋅− −⋅−
Where td=exposure time; λ and λ2 are the decay constant of 210Pb and 210Po 
respectively. The 210Po correction is negligible for exposures of 2 years or longer. 
 

Artifact Exposure 
time (years) 

Radon in air 
(Bq/m3) 

Pits/cm2/day
(Net value) 

Bq/m3/year* 

Glass picture 
cover  

4 370 3.0 (370/3)/3.8* = 32 

Rock 
warehouse 

20 800 2.2 (800/2.2)/15* = 24 

Jars with 
phosphate 

2 16500 170 (16500/170)/1.9*=51

* Calculated 222Rn concentration corresponding to one pit/cm2/day of CR-39 exposure using equation (1). 
Table 2: Conversion factors of alpha track density to indoor radon concentrations 
 
The alpha spectra of  the jar glass containing phosphate ore is displayed in figure 3. 
Two pieces of glass, one in contact with 222Rn in air (upper) and one in contact with 
the phosphate ore (lower) were counted during 7 days.  
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Fig. 2: Alpha spectrum of exposed glass to 222Rn in air.  
 
As can be seen in the figure, the piece exposed to the 222Rn in the jar’s air shows a 
single peak at 5.290 MeV, which is the slightly shifted 210Po alpha peak at 5.305 
MeV. The peak area corresponds to a 210Po concentration of 7.5 mBq/cm2 to an 
exposure of 16500 Bq/m3 during 2 years. 
 
Discussion  
All three experiments performed (glass picture cover, warehouse window and glass 
jars) showed the presence of implanted 210Po in the glass surface, although the 
artifacts’ exposure times to radon in air were different: 2 year for the phosphate jars, 
4 years in the case of the painting glass cover and 20 years for the rock warehouse 
windowpane.  
The difference in 210Po concentration in the jar with phosphate between the glass in 
contact with the phosphate ore (lower) and in contact with 222Rn (upper) is attributed 
to the low porosity of the powdered phosphate: the atoms are implanted due to the 
recoil energy of the decay product. Recoil atoms within the phosphate ore are 
prevented from reaching the glass. Above the phosphate level, where a free 
movement of the radon progeny occurred, the implant rate is  high. 
The conversion factors calculated demonstrate that the glass implant processes 
depends on several parameters such as: room aerosol concentration, particles size 
distribution, room surface to volume ratio and ventilation rate. Different mathematical 
models were developed for this purpose [4]. The glass picture cover and rock 
warehouse represents artifacts exposed to the living environment, leading to similar 
conversion factors (24-32 [Bq/m3/year]/[pits/cm2/day]). 
The jar glass yielded a much higher value (51 [Bq/m3/year]/[pits/cm2/day]), due to 
lack of ventilation and practically no aerosols.   
The alpha spectrometry measurements showed an energy peak that definitely 
identifies 210Po as the unique contributor to the total alpha recorded in the CR-39. 
The relatively low tailing and the slight shift of the peak in the spectrum indicate that 
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the 210Po is located up-to 5 µm deep from the surface. The piece in contact with the 
phosphate ore shows no peak, implying that this part did not trap 210Pb from radon 
decay products in agreement with the CR-39 measurement. Background of 238U, 
232Th etc.. inside the glass appeared as a continuum which according to the resulting 
spectra is negligible compared to the rate from the implant. 
Background radioactivity of the glass is strongly dependent on the source of the 
glass. Israeli glass was found to have higher background than imported glasses.   
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