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ABSTRACT 
 

Radon is a radioactive noble gas that occurs naturally in soil and could enter into residential. The decay products 

of radon are radioactive metals which, when inhaled, can be retained in the respiratory system, leading to an 

internal dose of radiation. The monitoring of radon levels in residences and workplaces is extremely important, 

since high concentrations of this gas can cause serious public health problems. This study analyzed the 

concentration of radon in the air in 94 work environments at the Laboratory of  Poços de Caldas - LAPOC / 

CNEN, including laboratories, administrative rooms, workshop, warehouse and guardhouse. The method 

employed in the monitoring was the technique of solid state nuclear track detectors, known as SSNTD. For 

calibration and validation of this method, controlled experiments were conducted in laboratory with specific 

instrumentation. The monitoring results indicated that most environments present radon concentrations above 

100 Bq m
-3

, which is the reference level recommended by the World Health Organization. 

 

 

1. INTRODUCTION 

 

 

Radon is a radioactive, colorless and odorless noble gas and its best known isotope is Rn-222 

which emerges from the decay chain of uranium 238. This element is found in soils, rocks and 

building materials. Part of the radon gas generated amid these media and materials escapes to 

indoor environments through cracks and differential pressure. This way, radon is found in all 

places with various concentration levels, from the lowest in Middle Eastern countries to more 

elevated concentrations in European countries [1]. 

  

With a half-life of 3.8 days, Rn-222 decays in radioactive metals, as Polonium, Lead and 

Bismuth, also known as radon daughters. This decay chain is the main concern related to the 

concentration levels of this gas in the air, since radon and its daughters can be inhaled and 

retained in the respiratory system, discharging an internal radiation dose. The annual effective 
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dose due to radon gas and its decay products represents 50% of the effective dose of ionizing 

radiation from natural sources to which the world population is subjected [1].  

 

An atmosphere with radon excess is correlated to diseases of the respiratory system such as 

lung cancer. This relationship emerged from the records of high mortality observed in 

underground mine workers on the first decades of the 20
th

 century. In the 1970’s the existence 

of radon in human environments was confirmed, and since then this element has been 

considered a problem for public health. The indoor concentration in environments is about 

1000 times lower than the one found in the soil gas. Studies on the effects of this 

contamination, especially in residences and work places, seek evidence related to the damages 

on human health [2]. 

 

There is no international consensus over reference levels for radon in residences and work 

places. Several countries employ their own measures such as Holland which possesses one of 

the lowest reference levels - 30 Bq m
-3

 - and Canada which possesses of the highest – 

800 Bq m
-3

. In the United States, the parameter is 148 Bq m
-3

, while in most European 

countries the concentration values range from 200 to 400 Bq m
-3

 [2]. Brazil, in turn, possesses 

no reference level. For the study presented here, the value of 100 Bq m
-3

 - presented by the 

World Health Organization - was used as a parameter.  

 

There are numerous factors that should be considered on the concentration monitoring of 

radon and its daughters in human living environments, such as the habits of the residents and 

climatic phenomena. Keeping a window opened or closed, rooms with little or no air 

exchange with the outside, temperature, pressure, among others, are factors that influence the 

diffusion and concentration of these radionuclides. The variation of concentration throughout 

the seasons is also observed, as the levels tend to be higher during the winter, which is when 

residences remain closed for longer periods of time [2]. 
 

This study presents two goals. The first one is to validate, through a calibration routine, one of 

the most commonly used techniques on radon monitoring, known as SSNTD (Solid State 

Nuclear Track Detector). The second goal consists in applying this technique of radon 

monitoring in work environments of the Laboratory of Poços de Caldas – LAPOC / CNEN 

and evaluating their concentration levels. 

 

 

2. ANALYSIS OF RADON CONCENTRATION IN THE AIR THROUGH THE 

SSNTD (SOLID STATE NUCLEAR TRACK DETECTOR) TECHNIQUE 

 

 

This method, classified as “time integrated technique”, monitors continuously the 

environment for a period of days or months, accumulating the decay information throughout 

the entire period and providing an average result of the concentrations for the corresponding 

time [2]. 

 

Another important characteristic of the technique refers to the type of data collection. In this 

case the collection is passive, since the detectors are exposed to the medium in which the 

concentrations are to be measured, registering the emissions that occur in their direction. The 

technique  presents as advantages its easy application and low cost. 
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For this work, the SSNTD method provides a four-month average concentration of radon in 

several work environments at LAPOC, as the values are representative of the concentrations 

to which the workers are subjected. 

 

The method is based on a track detector – a device sensitive to the alpha particle produced in 

the radon decay. Upon striking the detector, the alpha particles create an ionization trace that 

unsettles the molecular structure of the material. This trace is known as latent track and it 

presents diameter between 3 and 5 nm. The tracks are increased by the order of micrometers 

through a chemical attack, thus allowing the observation by optical microscopy [2]. 

 

The track detector analysis consists of determining the track density in its surface and 

associating it to the radon concentration through a appropriate equation, that takes exposure 

time and calibration factors into consideration. 

 

For the use of dosimeters  with accurate results, proper calibration is necessary. It consists of 

exposing the dosimeter in a radon chamber, with known radon concentration and constant 

monitoring through exposure time with a direct measurement instrument. 

 

2.1. Equipments for Validation of SSNTD Method 

2.1.1. Standard radon reference source  

 

Radon source provided by the National Institute of Standards and Technology (NIST), Fig. 1, 

model SRM 4973, constituted by a small polyethylene shell containing a Ra-226 solution with 

approximate activity of 500 Bq and certified Rn-222 emanation rate of 90%. 

 
                                                                        

 

 
 

Figure 1. NIST Radon source SRM 4973 

 

 

 

2.1.2. Radon accumulation container  

 

For radon accumulation it was used a certified sealed stainless steel container, Fig.2, with two 

in/out valves for gas exchange and internal fan for radon homogenization. This container was 

built by Genitron Company.  
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Figure 2. Radon accumulation container 

 

 

 

2.1.3. Sealed air pump 

 

Peristaltic air pump, Fig. 3, which minimizes Rn-222 leaks. This pump is required for the 

transfer of accumulated gas from the bulb of the NIST into the Container. This pump was 

built by Genitron Company. 

 

 

 

 
 

Figure 3.  Genitron AlphaPump  

                                                  

 

 

2.1.4. ALPHAGuard radon monitor 

 

For radon monitoring it was used a ALPHAGuard monitor, Fig. 4. This equipment was 

designed by Genitron Company and consist of a pulsed ionized chamber.  
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Figure 4. ALPHAGuard radon monitor 

 

 

 

2.1.5. SSNTD dosimeter 

 

The Dosimeter, Fig. 5, was composed by CR-39 polymer with dimensions of 20.0 x 20.0 

mm², plastic material sensitive to alpha radiation and diffusion chamber (TASL Radosure) 

made of conductive plastic, where only radon gas can be diffused in its interior.  

 

 

 

 
 

Figure 5. SSNTD Dosimeter 

 

 

 

2.1.6. Optical microscope 

 

For image capture is was used an optical microscope, Fig. 6, with internal digital camera. The 

microscope is able to amplify the images up to 100 times. 
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Figure 6. Optical microscope 

 

 

2.2 Calibration Methodology of SSNTD Method 

 

The validation of the SSNTD technique was carried out by comparing the results provide by 

SSNTD dosimeters and the AlphaGUARD monitor, which were exposed to a known radon 

concentration in the accumulation container.   

 

The dosimeters and the AlphaGUARD monitor were placed inside the accumulation 

container, which is then sealed and connected to the air pump and radon source, forming a 

closed circuit, showed in Fig.7. The alphapump provokes an air flow that transports radon 

gas- accumulated in the source shell provided by the NIST - into the container. This cycle is 

maintained for one hour, when the air pump and the radon source are disconnected. The 

container remains sealed for a few days. After this period it is opened and the radon monitor 

and dosimeters are removed [3]. 

 

                                          

 

 
 

Figure 7. Closed circuit with air pump, radon source and Container 
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Then, the dosimeters are immediately opened and the CR-39 detectors are etched in a 30% 

aqueous solution of potassium hydroxide (KOH) under constant temperature of 80°C for 

5.5 hours [4].
 
This procedure amplifies the latent tracks, which were provoked by alpha 

particles that strike the polymer. The amplification is possible because the region throughout 

the trace presents lower resistance to the chemical attack in relation to the intact surface of the 

CR-39 [5]. 

 

After the etching procedure, the analysis of the detectors were analyzed by using the optical 

microscope and the Image Captioning software (SCI) as presented in Fig. 8.a. The software 

enables capture of 100 images with an approximate area of 1.41mm² each as it can be seeing 

in Fig. 8.b. The obtained images pass through a selection process where photos with any form 

of imperfection are discarded. On average, 60 photos derive from each detector. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                           

  

 

 

Once selected, images were indexed in another software - the Quantquov, which quantifies 

the number of tracks per unit area as presented in Fig. 9. 

 

 

 

 
 

Figure 9. Main screen of Quantquov Software 

           
  

Figure 8. a) Software for image captioning and  b) track image  
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2.3 Results and Discussion Over the Validation of the SSNTD Technique 

 

 

After determination of track density of the exposed detectors in the experiments and having 

their respective "backgrounds" disregarded, the radon concentration was calculated through 

the Equation: 1 
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c                                                            (1) 

 

Where: 

c = radon concentration (Bq m
-3

); 

s = sensitivity or calibration factor (adopted value = 2.6); 

h = exposure time (h). 

d= track density (tracks cm
-2

) 

 

Three experiments were conducted for the SSNTD validation technique. The following 

graphics present the concentration found in each of the three groups of exposed dosimeters. 

 

Experiment nº 1  

Exposure time: 4 days 15 hours and 40 minutes 

Average radon concentration found by the SSNTD technique: 562.2 kBq h m
-3 

(Fig. 10) 

Radon concentration provided by the AlphaGUARD monitor: 644.92 kBq h m
-3

 (Fig. 11) 

 

 

 

 
 

Figure 10.   Experiment 1 - Radon concentration obtained by the SSNTD technique 
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Figure 11.   Experiment 1- AlphaGUARD Radon concentration behavior inside the 

container 
 

 

 

Experiment nº 2   

Exposure time: 11 days and 14 hours 

Average radon concentration found by the SSNTD technique: 890.5 kBq h m
-3 

(Fig. 12) 

Radon concentration provided by the AlphaGUARD monitor: 900.41 kBq h m
-3

 (Fig. 13) 

  

 

 

 
 

Figure 12. Experiment 2 - Radon concentration obtained by the SSNTD technique 
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Figure 13. Experiment 2 - AlphaGUARD Radon concentration behavior inside the 

container 

 

                        

 

Experiment nº 3  

Exposure time: 11 days and 16 hours 

Average radon concentration found by the SSNTD technique: 884,9 kBq h m
-3 

(Fig 14) 

 

Instead of uses Alphaguard monitor, in this campaign the integral concentration (kBq h m
-3

) 

was determined by knowing the initial concentration and modeling the Rn-222 (Equation 2) 

decay over the exposed time.   

 

dteAA
t

t

 



2
1

693,0

0                                                        (2) 

 

Where:  

A = Integral radon concentration (kBq h m
-3

)  

A0 = Radon initial concentration (7721,4 Bq m
-3

)
 

t = exposed time (280 h)   

t1/2 = Radon half-life (91,2 h)  

 

After the calculation it was obtained the value of 893,8 kBq h m
-3

 for the integral radon 

concentration.  
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Figure 14. Experiment 3: Radon concentration obtained by the SSNTD technique 

 

 

 

Table 1 summarizes the results obtained in all experiments. 

 

 

 

Table 1: Syntheses of the experiments for validation of the SSNTD technique 

 

Experiment Radon Concentration 
- SSNTD Method  

(kBq h m-3) 

Radon Concentration 
- AlphaGUARD 

Monitor (kBq h m3) 

1 562 ± 90 645 

2 890 ± 46 900 

3 885 ± 27 894* 

                                  * Value calculated based on initial concentration 

                                 

 

 

The comparison of the results obtained by the SSNTD method to the ones provided by the 

radon monitor indicated that the technique is accurate and it presents low detection limit. It 

can be observed that in the first experiment the difference between results was 12.8%, while 

the second and third experiments the difference were around 1 %.  

 

 

3. MONITORING OF RADON CONCENTRATION IN THE AIR IN THE WORK 

ENVIRONMENTS OF LAPOC/CNEN THROUGH THE SSNTD TECHNIQUE  

 

 

In order to evaluate indoor radon concentration in workplace at LAPOC, two monitoring 

campaigns were conducted in two different periods, from February to June 2010 and from 
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November 2010 to May 2011. For such, a dosimeter was installed in each 94 rooms at 

LAPOC. The dosimeters were fixed on the wall at a height of 1.50 m from the ground - the 

choice of the height was based on the average height of air inhalation by an adult. 

 

After the exposure period, the dosimeters were removed and the detectors were immediately 

etched in 30% aqueous KOH. The analysis process employed is identical to that performed in 

the calibration technique.  

 

 

3.1 Results and Discussion Over the Monitoring of Radon Concentration in the Air at 

the Work Environments at LAPOC 

 

 

In the first campaign the dosimeters were exposed from February to June 2010. Altogether, 88 

environments were monitored, including laboratories, administrative rooms, warehouse, 

canteen and guardhouse. The following histogram represents the distribution of radon 

concentrations ranging from 76.0 to 440.5 Bq m
-3 

(Fig. 15). Around 78% of the monitored 

environments presented concentrations above 100 Bq m
-3

. 

  

 

 

 
 

Figure 15. Histogram of radon concentration in workplaces at LAPOC/CNEN during 

the months of February and June 2010 

  

 

 

The second campaign occurred from November 2010 until May 2011. In total, 85 

environments were monitored, practically the same ones envisaged in the first campaign. The 

following histogram represents the radon concentration in this period, when the levels ranged 
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from 52.4 to 366.8 Bq m
-3 

(Fig. 16). In that time 45% of the environments presented 

concentrations above 100 Bq m
-3

. 

 

 

 

 
 

Figure 16: Histogram of radon concentration in workplaces at LAPOC/CNEN during 

the months of November 2010 and May 2011  

 

 

 

The analysis of the data obtained from the two campaigns reveals that between the months of 

February and June 2010 the radon concentrations were on average higher than those found 

between the months of November 2010 and May 2011. It can be considered that the key 

factor for this variation is the behavior of workers during the first campaign period who, due 

to relatively lower temperatures, kept the environments closed for longer periods of time. 

 

 

4. CONCLUSIONS  

 

 

The initial purpose of this study was to validate the SSNTD method - one of the most 

commonly used in the monitoring of radon in the air at dwelling and workplaces. The 

validation of the technique was performed through a relatively simple method with the use of 

specific instruments. The results indicated that the technique is accurate, with a low detection 

limit, which motivated the development of two campaigns of radon level monitoring in the air 

in work environments at LAPOC / CNEN. 

 

The first campaign was conducted between February and June 2010, and the concentration 

levels ranged from 76.0 to 440.5 Bq m
-3

. The second campaign was conducted between the 

months of November 2010 and May 2011, and the concentration levels ranged from 52.4 to 

366.8 Bq m
-3

, being that over 70% of the rooms presented concentrations above 100 Bq m
-3

. 
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The probable cause for the high levels of radon concentration in these environments is the low 

air exchange with the outside, so it can be suggested for a future study the individual analysis 

of rooms that presented more critical concentrations, in an effort to identify the causes of high 

radon concentration and then propose actions to reduce these levels. Measures can be as 

simple as carrying out an awareness campaign among the workers, warning them about the 

risks and encouraging habits such as opening windows more often or keeping the air 

conditioning and/or fans always on. 

 

We also presented the proposal for a third campaign between the months of May and August, 

a period in which temperatures in LAPOC present the lowest values, on average 13.3°C. The 

results of this campaign would indicate the most critical levels to which workers are subjected 

during the year. 
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