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ABSTRACT 

 
The isotope Rn-222 is a noble gas that is responsible for approximately half of the effective annual dose 

received by the world population, and has very high probability to induce the lung cancer. The goal of present 

research is to evaluate the activity concentration of Rn-222 in the air of workplaces at Curitiba – Paraná State. 

Simultaneously there were performed the measurements of Rn-222 emanation from soil and building materials 

occurred at evaluated workplaces. Indoor measurements of Rn-222 activity were performed using CR-39 

detectors. The instant radon detector AlphaGUARD (Saphymo GmbH) was used in the measurements of the 

average concentrations of Rn-222 in soil gas and building materials. The average concentration of indoor Rn-

222 obtained in the measurements of workplaces vary between 36+/-49 Bq/m³ and 164+/-51 Bq/m³. These 

values are considered within the reference limit of 200 Bq/m³ established by international agencies such as the 

United Nations Scientific Committee on the Effects of Atomic Radiation and the International Commission on 

Radiological Protection, but slightly above the limit of 148 Bq/m³ established by the United States 

Environmental Protection Agency. The measurements involving building materials presented the concentration 

values of Rn-222 in a range from 427+/-310 Bq/m³ to 2053+/-700 Bq/m³. The Rn-222 concentrations in soil 

ranged from 31+/-2 kBq/m³ to 35+/-4 kBq/m³ and the average values of Rn-220 are found in a range of 41+/-6 

kBq/m³ and 25+/-11 kBq/m³, thus the concentrations of radon gas soil are below the swedish criterion of 50 

kBq/m³ that represent the minimum value for high-risk situation. 

 

Keywords: Radon, Workplaces, Natural Radioactivity, Soil, Building Materials. 
 

1. INTRODUCTION 

 

In every day life people are exposed to various types of radiation arising from different 

artificial and natural sources and among all of them the main role belongs to the isotope of 

noble gas Rn-222 that makes part of the U-238 radioactive chain. The isotope Rn-222 can be 

found naturally in groundwater, soil and rocks, and also exhaled by building materials [1]. 

The natural radioactive series of U-238, Th-232 and U-235 correspond to the primordial 

elements of greatest interest to study the dosimetry associated with human exposure to 

natural radioactivity. 
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According the studies the Rn-222 is responsible for approximately half of the effective annual 

dose received by the world population from natural sources of radiation [2]. Being inhaled, 

the radon isotopes have to undergo 8 radioactive decay events (one half by emitting alpha 

particles and another half by emitting betas) to get the stable isotopes of lead. This radiation 

interact with the cells of biological tissue which could have very high probability to induce 

the lung cancer. The inhalation of Rn-222 is considered as the main cause of lung cancer after 

tobacco smoking [3]. 

 

The Rn-222 gas is about seven to eight times heavier than air and it tends to accumulate at an 

altitude close to the ground level corresponding to the air breathed by humans. Factors such 

as temperature, atmospheric pressure, humidity and ventilation flow rate can modify the 

exhalation of Rn-222 from the ground. 

 

Naturally radionuclides are present in all environments (external irradiation) and inside the 

human body due to intake (fruits and vegetables, for example), and inhalation of the same 

(internal irradiation). The K-40 and the radionuclides from the radioactive series of U-235, U-

238 and Th-232 are the ones that contribute most to environmental radioactivity [4]. 

 

The natural radioactivity is presented not only in soil but also in building materials that are 

formed by elements of earth and rocks. Therefore, many materials such as cement, concrete, 

sand, brick, granite, marble, limestone and gypsum can represent a source of exposure for 

containing in its composition radionuclides K-40, U-238, Th-232 and its decay products [5-

6]. 

 

In general, building materials do not constitute significant sources of elevated levels of radon. 

However, in some cases materials contaminated by radioactive waste [1], may increase the 

indoor radon concentrations in 10 Bq/m
3
 to 20 Bq/m

3
, and in some cases the values can be 

greater than 1000 Bq/m
3
. Buildings materials are also considered as the main or the most 

important source of Th-232, although often the thoron concentrations (Rn-220) found to be 

relatively low [7]. 

 

Radionuclides such as U-238 and Th-232 could be released for the atmosphere, water and soil 

through physical destruction and chemical breakdown of rocks due to the action of 

atmospheric and biological agents. Once introduced into water or air the radionuclides are 

diluted, dispersed and distributed in the environment [8]. 

 

Starting from 1979 the World Health Organization (WHO) has been concerned with the 

effects of exposure to radon. In 1993, the WHO itself held a meeting with international 

experts and scientists from countries of Europe, Asia and North America in order to discuss 

measures to control radon exposure [9]. Agencies such as the Environmental Protection 

Agency of the United States [10] produce guides with measures of protection and radon 

prevention. The International Commission on Radiological Protection (ICRP) in its 

publication number 65 (1993) [11], which was recently reviewed in [12], also provides 

recommendations to reduce the presence of radon in residential areas. 

 

The Rn-222 concentration levels vary from different regions and countries, mainly depending 

on the richness of the geological composition of the soil, ranging from 10 Bq/m
3
, as in the 

Middle East [2] for example, and 33 kBq/m
3
 in Europe [13]. Other studies show that the 

presence of radon concentration of 1000 Bq / L in water may increases by 100 Bq/m
3
 the 
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average concentration of radon in the air [14]. This could be compared with 1 m
2
 of soil that 

contain the radium concentration of 0.03 Bq g
-1

 , which could increase the activity of radon in 

the atmosphere between 1000 and 2000 Bq / day [15]. 

 

Researches concluded in different regions of Brazil [16-23] present the results that confirm 

rather high concentrations of Rn-222 in air of dwellings, which in some cases reaches the 

values from 200 to 600 Bq/m
3
. 

 

During the last years it is observed increased amount of experimental data concerning Rn-222 

concentration in air of Brazilian homes and dwellings. Unfortunately, it is not sufficient yet 

for the evaluation of overall population exposure to this sort of radiation. Thus, this research 

aims to study the values of Rn-222 concentrations in air of workplaces at the region of 

Curitiba, Paraná State. 

 

 

2. MATERIALS AND METHODS 

 

In this study, measurements of Rn-222 concentration were made in three different indoor 

environments, witch belong to production companies located in the city of Curitiba, where 58 

workplaces were evaluated. The Rn-222 concentration in construction materials and soil from 

these workplaces where measured. The workplaces are characterized by their physical spaces 

in which workers remain an average of 8 hours daily. The survey was performed by the 

Laboratory of Ionizing Radiation of the Federal University of Technology - Paraná (UTFPR) 

in cooperation with the Laboratory of Natural Radioactivity of the Center for Development of 

Nuclear Technology (CDTN/CNEN). 

 

Studied indoor environments, as well as their respective workplaces, have variety of physical 

dimensions, but are similar in terms the basic elements such as windows, doors, walls and 

floors. Thus, the dimensions of these places were not taken into consideration in this study 

because they are too different. Therefore, the main interest was to know the average 

concentrations of Rn-222 present in the environments (workplaces). 

 

For the study of indoor Rn-222 activity there were installed 128 solid state passive detectors 

(Etched Track Detector) CR-39 in diffusion chambers protected with glass microfiber filters, 

for the exposition in the air of approximately three-months. For background evaluation there 

were used two detectors of the same type per each studied workplace. The Fig. 1 shows the 

general views of the diffusion chamber used in the measurements. 

 

All detectors were installed at the ground floor inside the workplaces at the distance bigger 

than 50 cm from the walls and at the height approximately equal to sitting adult. 
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Figure 1:  General view of the diffusion chamber with CR-39 detector protected with 

glass microfiber filters used in the measurements. 

 

 

The distribution of the detectors within evaluated workplaces as well as other relevant 

information concerning the installation of CR-39 detectors can be seen in Table 1. Three 

studied in present survey enterprises are called as A, B and C. 

 

 

Table 1:  Distribution of detectors in workplaces 

 

Environments 

(enterprises) 

Number of 

workplaces 

evaluated 

Detector 

exposure time 

(days) 

Number of CR-39 

detectors 

installed 

Number of 

detectors 

recovered 

A 04 98 33 33 

B 41 99 e 105 63 61 

C 13 100 32 32 

 

After to be exposed in the air during approximately three months, the CR-39 detectors were 

submitted to chemical etching using 6.25M sodium hydroxide (NaOH) solution and ethanol 

(2% in volume) during 14 hours at the temperature of 70°C [24] stabilized by a water bath. 

After that the number of alpha particle tracks was counted using the microscope with optical 

magnification of 100X. The background detectors were evaluated in the same way. 

 

Counted number of alpha particle tracks in each detector was converted in Rn-222 activity in 

air using the results of previous calibration of CR-39 performed in collaboration with the 

Center for Development of Nuclear Technology (CDTN/CNEN), the Federal University of 

Rio Grande do Norte (UFRN) and the Federal University of Bahia (UFBA). As a result of 

that calibration it was developed a calibration curve, which is represented by Equation 1. In 

this Equation, C is the concentration of radon in the environment measured in Bq/m
3
, n is the 

number of tracks / hour of exposure at 1 cm
2 

area of CR-39 detector. 

 

   nC )46565()492(  (Bq.cm
2
.h.m

-3
)                                     (1) 

 

To establish the correlation between building materials, soil and Rn-222 activity in air of 

studied workplaces, at the next step of present survey the samples of sand, mortar, blue 

crushed stone, red crushed stone, concrete and red bricks were analyzed using the instant 



INAC 2013, Recife, PE, Brazil. 

 

radon detector AlphaGUARD (Saphymo GmbH). For this purpose the sample of 1 kg of each 

building material was sealed in glass bottle for 40 days when secular equilibrium between 

Ra-226 and Rn-222 was reached. After that time the AlphaGUARD detector was connected 

to the bottle to measure the Rn-222 concentration in a closed circuit, as it is shown in Fig. 2 

and Fig.3. 

 

 
 

Figure 2:  Measurements of samples in glass bottle. 

 

 
 

Figure 3:  Schematic diagram of the closed circuit for measurements of samples of 

building materials. 

 

Every measurement consists of three major steps: AlphaGUARD ventilation using the open 

circuit (Fig. 4), measurements of the background (Fig. 5) and measurements of Rn-222 

liberated by building material sample and accumulated within the internal volume of the 

sealed bottle. All steps were executed using the air pump (AlphaPUMP), supplied together 

with AlphaGUARD, which operated with air flow rate of 0.5 L / min. The AlphaGUARD was 

set to operate in mode of “1 min / flow” suggested by user manual. 
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Figure 4:  Schematic diagram of the open circuit ventilation. 

 

The measurements of radon activity in soil gas were performed using AlphaGUARD instant 

radon detector connected to the gas probe, which was inserted into the soil at the depth of 

approximately 80 cm. In these measurements the AlphaGUARD detector was operated using 

the mode of “1 min / flow” and the air pump (AlphaPUMP) operated at fixed air flow rate of 

1L/min. 

 

In the case of radon activity survey in soil gas each measurement was started making the 

evaluation of background (Fig. 5) when AlphaGUARD and AlphaPUMP were operated in 

closed circuit during 10 minutes. 

 

 
Figure 5:  Measure of the background in closed circuit. 

 

Each soil measurement was accomplished in about 20 minutes, from which the first 10 

minutes of measurement the air pump remains on. In this case it was detected the total 

activity of radon isotopes (Rn-220 and Rn-222) in soil gas. During the second period of 10 

minutes the air pump was turned off and in such conditions the AlphaGUARD was detecting 

alpha particles mainly from Rn-222 decay. During the measurements in the gas flow circuit 

were inserted the precision rotameter and precallibrated balloon of 1 L, which function was to 

indicate at the beginning of every measurement that all internal volume of AlphaGUARD 

ionization chamber was filled by gas from the soil, as show the Fig. 6. 
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Figure 6:  Measurements of radon in soil. 
 

 

3. RESULTS AND CONCLUSIONS  

 

The average concentration of indoor Rn-222 activity in air of workplaces measured in present 

survey vary between 36 +/- 49 Bq/m³ and 164 +/- 51 Bq/m³. These values are considered 

within the reference limit of 200 Bq/m³ established by international agencies such as the 

United Nations Scientific Committee on the Effects of Atomic Radiation [3] and the 

International Commission on Radiological Protection [11], but in some cases it is slightly 

above the limit of 148 Bq/m³ established by the United States Environmental Protection 

Agency (USEPA) [10]. 

 

The measurements involving exhalation of radon from building materials presented the 

activity values in a range from 427 +/- 310 Bq/m³ to 2053 +/- 700 Bq/m³, which are well 

above the range of activity of 10 Bq/m
3
 to 20 Bq/m

3
, which cited by the European 

Commission. Such elevated levels of radon exhalation by studied building materials showed 

the possibility that they can contribute potentially to the elevated indoor Rn-222 activity 

above the limit of 200 Bq/m
3
. 

 

Although the exhalation of Rn-222 from building materials has to be considered as 

significant, the concentrations of indoor Rn-222 in studied workplaces were within normal 

limits, which could be explained by physical characteristics of evaluated environments and 

ventilation conditions. 

 

The Rn-222 concentrations in soil gas ranged from 31 +/- 2 kBq/m³ to 35 +/- 4 kBq/m³, thus 

the concentrations of radon in soil gas were found below the swedish criterion of 50 kBq/m³ 

that represent the minimum value for high-risk situation [25 apud 26]. 

 

In the nearest future it is planned to perform more detailed measurements of natural 

radionuclides content in loess and rock samples of studied region with an objective to find the 

concentration 
238

U, 
226

Ra, 
232

Th and 
40

K and to compare obtained data with radon 

concentration in soil gas and water. 
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