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ABSTRACT

The radon is noble radioactive gas, which when inhaled and undergoing spontaneous decay emits alpha particles 
that interacting with the cells of biological tissue stimulates the development of lung cancer. The isotope 222Rn is 
responsible for approximately half of the effective dose received by the population from natural radiation 
sources. Current work is focused at the evaluation of the radon concentration levels in air of different 
workplaces at Curitiba-PR. For this purpose 126 track-etched detectors CR-39 were mounted inside the 
diffusion chambers that were distributed at workplaces of three enterprises enviromnents for a period of three 
months approximately. The diffusion chambers were protected by a borosilicate glass fiber filters. After the 
exposition in air the detectors were submitted to chemical etching using a solution of 6.25M NaOH at 70°C 
during 14 hours. Such chemical treatment enables to count alpha particle track using an optical microscope with 
lOOx objective magnification. The density of alpha particle tracks in CR-39 was converted to the radon activity 
concentration in air using the results of previous calibration performed at the National Institute of Radiological 
Sciences (NIRS) in Japan. Obtained results show that the concentration of 222Rn in air at studied workplaces 
varied from 16±2 Bq/m3 to 78±9 Bq/m3. These values are considered within the limits established by 
international regulatory agencies such as EPA and ICRP, which consider as normal the radon activity up to 200 
Bq/m3 and 148 Bq/m3, respectively.

1. INTRODUCTION

Radon ( Rn) is a noble gas naturally radioactive and it can be often found in environment. 
222 • • • 226 • • •The Rn is obtained by the radium ( Ra) decaying and these radionuclides belong to

23 8radioactive uranium ( U) series, therefore the concentration of radon present in the air in
indoor environments can vary according to the amount of radium and uranium in the water,

222soil and building materials that surround the environment. The Rn concentration levels 
differ between different regions and countries, depending on the geological composition of 
soils, ranging from 10 Bq/m3, as the Middle East, for example, 100 Bq/m3 in European 
countries [1],

222Currently, Rn is considered a public health problem because it accounts for approximately 
half of the effective dose received by the population, due human exposure to natural sources 
of radiation. 222Rn exposure can be responsible to an average dose of 1.26 millisieverts (mSv 
/ year) [2],
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The Rn emits alfa particles naturally during the process of radioactive decay. Although the 
alpha particles have a low penetration power, they have a great power of ionization. 
Therefore, when the 222Rn is inhaled by human beings, alpha particles emitted from this 
radioactive element can interact with biological tissues of the respiratory tract causing
damage at the cellular level. The appearing of a lung tumor may be an example of the result

222of this interaction. Furthermore, the short lived daughters of the process of decay of Rn, 
such as lead (206Pb), are toxic to the human body.

222Although the half-life of Rn could be relatively small (approximately 3.8 days) compared
with the half-life of other radioactive elements, it is enough for inhaling the gas and this gas

222can easily have a radioactive decay within the human body [3], The Rn inhalation is 
facilitated by the fact that the gas is about seven to eight times heavier than air and therefore 
tends to accumulate in the surface regions. Factors such as temperature, atmospheric pressure 
and flow rate of ventilation interfere with the exhalation of 222Rn.

According to [4], since 1979 the World Health Organization (WHO) has been concerned with
the effects of exposure to radon. In 1993, this institution held a meeting with international
experts and scientists from countries in Europe, Asia and North America in order to discuss

222 222 how to control exposure Rn. The increasing concern with the Rn can be seen by the
amount of scientific work in the area done in last years.

222In Brazil, the average levels of Rn concentration shown by studies conducted until present 
date [5, 6, 7, 8, 9, 10, 11] that mostly are below 200 Bq/m3 according to the recommendation
of the United Nations Committee on the Effects of Atomic Nuclear (UNSCEAR) [121.

222However, in some regions of the country concentrations indoor Rn above the 
recommended limits set by international organizations are founded. The number of indoor 
measurements is still insufficient to can establish an overview of the health risk of exposure 
222Rn in several Brazilian states.

The aim of this study was investigating the radon concentrations indoors occupation, defined 
as workplaces in this research. Places where people stay an average of 8 hours a day were
considered workplaces for this research. They were represented by commerce and productive

222sector in the urban area of Curitiba-Paraná, where Rn indoor concentrations were 
measured.

222

2. MATERIALS AND METHODS

In this research three workplaces were monitored in Curitiba by installing the 126 solid state 
detector (SSNTD) CR-39 as shown in Fig. 1. The detector exposure lasted approximately 
three months which is the time necessary to obtain a number of traces in the detector that was 
enough to measure the average concentration of 222Rn in the indoor environment, and the 
number of traces obtained was not large enough to take place overlapping and making 
impossible the interpretation of data it impossible. To obtain the concentration values of 
background, we used two detectors of the same type which were submitted chemical etching 
when the others diffusion chambers were prepared to installation in the workplaces.

The three workplaces evaluated in this research were designated as A, B and C which were 
divided physically into smaller rooms in a 56 workplaces evaluated. In the mayor workplace
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A 33 CR-39 detectors were installed. In the workplace B were installed a total of 61 sensors, 
and in C, 32 detectors were placed.

Diffusion chamber

Detector
Filter

Figure 1. Detection chamber set and CR-39 
detector.

The set of detection used for the experimental measurements consists of a diffusion chamber 
with a borosilicate glass filter and a plastic detector CR-39. The filter performs the function 
of preventing the entry of aerosol particles that would hamper the evenly distribution of the 
traces along the area of the detector. Alpha particles from the 222Rn, which decays within the 
diffusion chamber and it interacts with the plastic material of the detector CR-39 damaging 
their chemical structure and physical. This damage is called trace.

The detectors were distributed and fixed in furnishings present in workstations evaluated. 
They must be placed in a way that stay away from walls and floor at a distance of 
approximately 1.5 meters to ensure that the concentration of 222Rn were captured only from 
the gas in the air, and not from the gas from building materials. These installation 
requirements are illustrated in Fig. 2, in the text. Moreover, the distance of 1.5 meters is the
height of an adult sitting, thus enabling the detectors being placed near the top level of the

222respiratory tract occurs where inhalation of Rn.

After the exposure period detectors have been developed through a chemical process in 
which disclosure remained in the water bath for 14 hours at 70 ° C in solution of 6.25 M 
NaOH (2% by volume). The revelation process make traces present in the detector to increase 
in size allowing them to be seen and counted with the aid of optical microscopy at 100 of 
magnification.
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Figure 2. Installation requirements of the 
detections chambers in workplaces.

The number of traces recorded at each detector is correlated with the concentration of Rn 
present in environments analyzed by means of Equation 1 obtained through previous 
calibration experiments CR-39, made by National Institute of Radiological Sciences (NIRS) 
in Japan in conjunction with the Centre for Development of Nuclear Technology (CDTN) in 
Brazil.

C = (273 + 30)-n(Bq-cm2- h - m ^  (1)

In the calibration Equation: letter C is the radon concentration (Bq/m3) on site evaluated; n is 
the number of strokes in a hour exposure at 1cm 2 detector; and h is the time of exposure
(hour). The calibration event held at NIRS consisted basically of the exposure of 20 CR-39

222detectors for approximately 100 hours in two controlled environments with Rn
concentration of 1.02 kBq/m3 and 9.9 kBq/m3, respectively. This experiment allowed

222inferring the concentration of Rn present in the indoor environment from the number of 
strokes present in the detector CR-39 and the exposure time.

The stages of preparation and assembly of sets for detection, development and reading the 
CR-39 detectors were performed at the Laboratory of Federal Technological University of 
Paraná (UTFPR).

222

3. RESULTS AND CONCLUSIONS

222The Rn concentrations obtained in the workplaces through mathematical formulation 
calibration were between 16 ± 2 Bq/m3 and 78 ± 9 Bq/m3 and the average concentrations of 
all workplaces was equal to 43 ± 5 Bq/m3. Table 1 shows the concentrations average, 
minimum and maximum 222Rn obtained under A, B and C mayor workplaces.
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222Table 1. Rn concentrations measured and calculated for the indoor workplaces A, B
and C

Mayor
Worknlaces

Number of 
detection Exposition 

time (diivs4

222Rn Concentration (Bq/m3)

chambers
Average Min. Máx.

A 33 98 44±5 24+3 63+7

B 61 102 41±4 23+2 70+8

C 32 100 44+5 16+2 78+9

222Table 1 makes it possible conclude all values of concentration of Rn are below the limits 
set by international regulatory agencies such as Environmental Protection Agency (EPA) and
International Commission on Radiological Protection (ICRP) to recommend that the values

222for Rn concentration indoors must be lower than 200 Bq/m3 and 148 Bq/m3, respectively 
[13, 14], Therefore, the concentrations of 222Rn work environments evaluated show no health 
risk. The workplaces studied in this research did not require any mitigation measure.

The exposure time of the detectors CR-39 has been found suitable for allowing a sampling of 
trace sufficient to determine an average concentration of 222Rn concentrations in workplaces, 
which showed results consistent with those expected due primarily ventilation conditions that 
the physical spaces were submitted.

The methodology used for installation, and reading the disclosure detectors CR-39 was 
adequate since the traces could be easily identified and counted by using an optical 
microscopy at 100 of magnification.

222There were not evaluated the variations in the pattern of Rn concentrations in specific 
periods of the days when the CR-39 detectors were exposed environments because it was not 
this kind of the focus of this research study. However, evaluation of variation of the 22Rn 
concentrations in accordance with atmospheric pressure, temperature and flow of ventilation, 
as well as understand their relationships can be the aim of future studies.

The Group's Research Laboratory for Radiological believes that the data from this research 
may contribute to a Brazilian database enabling the mapping of various regions of the country 
in order to provide enough statistical analyzes relevant to the promotion of national 
legislation that sets limits as reference concentrations 222Rn.
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