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ABSTRACT 
 
Natural radiation is the principal source of human exposure to ionizing radiation. Radon is noble radioactive gas 
that emanates from the soil and rocks entering the atmosphere of dwellings where it could be accumulated. The 
inhalation of 222Rn represents a significant health risk. Solid-State Nuclear Track Detectors (SSNTD) represents 
an efficient method for alpha particle detection and measurements of the activity concentration of 222Rn. The 
aim of present work was to study the etching time impact on CR-39 efficiency in radon activity measurements. 
The investigation was performed using 80 CR-39 detectors, which were exposed to a source of radon. After the 
exposition, alpha particle tracks development was achieved by chemical etching using 6.25M NaOH solution 
and ethanol (2%) at 70°C. Etching alpha particle tracks were identified and counted manually using the optical 
microscope with magnification of 100x and glass overlay mask. The etching time ranged from 7 to 14 hours. 
The results show that there is an increase in the number of visible tracks with increased etching time. The 
number of traces obtained for 7 hours and 8 hours of revelation was 1430 +/- 90 and 2090 +/- 160, respectively. 
However, for etching time of 13 and 14 hours was not observed statistical increase in the number of visible 
tracks. The number of tracks in this situation was 3630 +/- 180 and 3870 +/- 160 to 13 and 14 hours etching. 
Thus, for assumed etching parameters, the etching optimal time was observed 14 hours. 
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1. INTRODUCTION 
 
Most of the radiation dose received by the population derived from natural sources as cosmic 
radiation, radionuclides present in the soil, in food, water and air. The exposure of individuals 
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varies according to the region where they live and their way of life. The radon is an inert, 
odorless and tasteless gas, seven times heavier than air. 222Rn is part of the natural radioactive 
series of uranium 238U and it is a 226Ra alpha decay product. The UNSCEAR [1] estimated 
that radon and its decay products contribute about 3/4 of the effective annual dose received 
by man resulting from terrestrial sources and 50% of the dose received resulting from all 
natural sources. 
 
Mineral and thermal waters contain radon and this element is present in soils and building 
materials. This gas easily diffuses through the soil and groundwater to the environment. 
Radon also appears in oil, concentrating especially in propane production lines. In the 
external environment, radon and its decay products have low levels of concentration due to 
its continuous dispersion into the atmosphere [2], [3], [4], [5]. The highest exposure rate is 
due to the indoor inhalation of radon and subsequent radioactive decay within the body [4], 
[1]. 
 
Radon diffuses and accumulates in low-airflow environment, such as caves and mines, but 
since 1970, it was detected high concentrations in homes, depending on the composition of 
the soil on which it was built and the use of construction and decoration materials that have 
high radon exhalation rates. 
 
Assessments of the effects on health caused by radon exposure were based on 
epidemiological studies of human populations. Radon has been classified as a carcinogen by 
the International Agency for Research on Cancer (IARC) [1], [3], [6]. The reasons that 
establish the radon to be a strong contributor to radiation exposure is related with its four 
short-lived daughters, 218Po, 214Pb, 214Bi and 214Po. These 222Rn decay products contributes to 
the dose and may be associated with aerosol particles, a phenomenon known as plate-out. 
 
The health and environmental organizations as WHO, UNSCEAR, EPA, ICRP admit a 
maximum concentration of radon in the air equivalent to around 200 Bq/m3. The Institute of 
Energy and Nuclear Research (IPEN) estimates that the concentration of radon in the 
atmosphere in Brazil varies between 0.6 and 28 Bq/m3. In Brazil, the National Nuclear 
Energy Commission (CNEN), by its REGULATION, is developing research and collection 
measures of this gas in Brazil. 
 
The quantification of radon activity concentration in the air in human society environments is 
important, since their excessive inhalation may cause future damage, such as lung cancer. 
The polymer CR-39 detector can be used for detection of alpha particles from the 222Rn. 
When the alpha radiation reaches the polymer, a latent track is produced and after a chemical 
etching, it is possible to observe the tracks by an optical microscope. The radon 
measurements are performed based on the correlation between the radon activity 
concentration and the amount of tracks per unit area of the detector by means of prior 
calibration of the detector system [7]. 
 
The Nuclear Applied Physics Laboratory of the Federal Technological University of Paraná 
performs researches involving 222Rn measurements using several detectors as AlphaGUARD, 
RAD7 and the CR-39. 
 
In the CR-39 chemical etching the current standard time is 14 hours [8], which was set from 
the track optimal size after etching. The overall objective of this research is to verify the 
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optimal development time of CR-39 detectors, with the aim to maximize the number of 
visible tracks in 100x optical magnification. 
 
 

2. MATERIALS AND METHODS 
 
2.1.  Detector CR-39 (Columbia Resin 39) 
 
The CR-39 detector (Figure 1) is part of a class of solid state nuclear track detectors 
(SSNTD), among which the CR-39 is included in the group of plastic detectors. The SSNTD 
began to be used in studies and research in the late 1950s [9]. 
 
The CR-39 detector is made with a high quality optical plastic material with the ability to 
record the passage of charged ionizing particles. It was originally produced as a lens material, 
but due to its high optical sensitivity and response reliability, has become the alpha track 
detector most currently used. 
 
Once the particles reach the polymer detectors, latent tracks are produced along their 
trajectories. A chemical etching reveals these latent tracks that can be and observed under an 
optical microscope as corrosion pits. The extension of these corrosion tracks results from the 
difference in reaction that it is higher on the latent track left by alpha particle. The number of 
tracks per unit area will depend on many parameters, such as the conditions of the chemical 
etching, the exposure time, storage conditions and the radiation energy [9], [10], [11].  
 
The main advantages of the use of the CR-39 detector are the simple experimental setup and 
its low cost compared to other more sophisticated techniques. CR-39 detector has high 
efficiency, reliability, small outbuilding with humidity conditions and room temperature. 
They are not sensitive to gamma radiation, ultraviolet or beta and do not present loss of 
efficiency over time [9], [10]. 
 
 

 
 

Figure 1:  Detector CR-39 
 
 
2.2.  Experimental Setup 
 
In experimental setup, the CR-39 detector is placed in a diffusion chamber, with a 
borosilicate filter coupled at its input. The presence of the filter controls the entry of aerosols. 
The semi-spherical format of the chamber provides a better transport of the radon decay 
product toward the wall and their better absorption there. The chamber is made of a high- 
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conductivity carbon fiber so that there is deposition of the 222Rn daughter’s (plate out effect) 
on the walls of the chamber and not onto the detector [12]. 
 
 

 
 

Figure 2:  Optical microscope used to count the strokes of the CR-39 detectors 
 
 

 
 

Figure 3:  Automatic counter 
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Figure 4:  Glass overlay mask 
 

The track caused by the incidence of alpha particle on the surface of CR-39 detector becomes 
visible under an optical microscope due to chemical etching that basically consists of a shed 
detectors immersed in a heated solution of NaOH. This solution operates in the detector 
corroding its surface, so that the corrosion rate of the polymer is greater along the track. The 
track format is a direct function of particle angle of incidence on the detector and the angle of 
observation. 
 
The quality of chemical etching is important for the measurements efficiency. Its require to 
establish a standard procedure for chemical etching, setting the time, the bath temperature 
and concentration of the solution. Therefore, it is necessary to seek the optimization of this 
process [13]. 
 
After the chemical etching detectors were analyzed in an optical microscope in 100x 
magnification (Figure 2). The tracks quantification was performed with the aid of an 
automatic counter (Figure 3) and glass overlay mask, which permitted to identify the CR-39 
surface area of 1cm2 (Figure 4). 
 
 

 
 

Figure 5:  Water bath 
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2.3.  Variation in Etching Time 
 
The etching parameter that was analyzed in this research was the etching time. Eighty (80) 
detectors were exposed to an alpha particle source for a period of 24 hours. After these 
process the detectors have passed through the chemical etching, being submerged in a 
solution of NaOH 6,25M, 2% of ethyl alcohol in volume on a water bath at 70° C (Figure 5). 
During the period from 7 to 14 hours, 10 detectors were taken off the bath every hour. After 
the chemical etching, these detectors were subjected to reading on a microscope to count the 
number of tracks, and thus evaluate the loss of these lines with decreased development time. 
 
The number of tracks average and associated errors of each etching time is shown in the 
Table 1. 
 

Table 1: Number of tracks average and associated errors of each etching time 
 

Etching Time Number of tracks 
(Average values and associated errors) 

7 hours 1430 +/- 90 
8 hours 2090 +/- 160 
9 hours 2590 +/- 150 
10 hours 2760 +/- 210 
11 hours 3010 +/-170 
12 hours 3030 +/- 150 
13 hours 3630 +/- 180 
14 hours 3870 +/- 160 

 
 

3. RESULTS AND DISCUSSION 
 
The etching time ranged from 7 to 14 hours. The results show that there is an increase in the 
number of visible tracks with increased etching time. The number of tracks obtained for 7 
hours and 8 hours of revelation was 1430 +/- 90 and 2090 +/- 160, respectively. However, for 
etching time of 13 and 14 hours was not observed statistical increase in the number of visible 
tracks. The number of tracks in this situation was 3630 +/- 180 and 3870 +/- 160 to 13 and 14 
hours etching. Thus, for assumed etching parameters, the optimal time of development was 
observed 14 hours. 
 
Based on the presented results in Table 1, etching periods from 7 to 12 hours have 
statistically significant difference in the number of tracks, since the difference between the 
number of tracks is larger than the difference function, for all cases. In the case of etching 
periods from 13 and 14 hours, the difference between the numbers of tracks is smaller than 
the error of the difference function, which indicates that the values are statistically equal. 
 
Besides the analysis of average and associated errors, it is possible to note that for 10 hours 
etching and above, the tracks observed in detectors are more homogeneous in size and form. 
 
The method for radon detection described in this research is through the solid state nuclear 
detector CR-39, which is currently used by the Applied Nuclear Physics Laboratory at the 
Federal Technological University of Paraná. 
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Based on the obtained results, the optimal etching time of CR-39 detectors in 6,25M NaOH 
solution, with 2 % ethyl alcohol in volume, on a water bath at 70° C, is 14 hours. This etching 
time was considered optimal because of the greater efficiency in obtaining visible traces in 
100x optical magnification. The Nuclear Applied Physics Laboratory of the Federal 
Technological University of Paraná already uses 14 hours as a current standard etching time. 
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