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Abstract. Indoor radon studies have been carried out in some workplaces of the 
South Calabria (Italy) by track detectors CR-39. This study has been undertaken 
for the purpose of safeguarding the public healthy: since the European population 
spends, in average, the most greater part of their time in confined environments 
(residences and offices) the risks of exposure can be elevated. This radon passive 
measurements are been effectuated according to the recommendations. 
The exposure time in the workplaces was two different cycle: three months, and 
six months. The obtained results indicate a radon concentration not only in an 
average of low level but also in the range of action level (>500 Bq/m3). In this 
last case will be necessary to reduce the radon pollution by adequate land 
operation works, and a continuous monitoring is also necessary. 
 
 
1. INTRODUCTION 
 
Radon (222Rn) and its decay products are one of the matters of greater actuality 
about the physical factors of environmental risk. 
In the last decade, as it is well known, has gone to delineate, in evident way 
more and more, the risk for the public health from the exposure from ionizing 
radiations of natural origin and in particular from gas radon (222Rn) in domestic 
environments and in workplaces (“indoor environments”). Radon (222Rn) a decay 
product of radium in the naturally occurring uranium series is a radioactive inert 
gas responsible for about half of the radiation dose received by the general 
population [1]. 
Natural radioactivity in indoor environments, as house, offices, schools, and 
other public offices, etc., represents the most greater source of exposure by 
ionizing radiations. Radon and its decay products contribute to this exposure for 
over 50%.  
The indoor concentration depends on the relationship between the volume of air 
contained in the indoor space, the rate of production or release of the 
radionuclide, the rate of removal of the radionuclide from the air via decay or 
settling, the rate of air exchange with the outside atmosphere and the outdoor 
concentration [2]. 



Besides the local geology, the interaction between building and site, the use of 
particular building materials, the building typologies, are generally the most 
remarkable elements to the goals of the evaluation of the influence of the radon 
on the quality of the inside air, residences buildings.[3] They are considered 
among the principals indoor polluting, classified as carcinogenic agents of group 
1 (agents of verified cancerogenity for man) from International Agency for 
Research on Cancer (IARC/OMS) [4, 5, 6]. Not only radon itself but also its 
progeny are radioactive.  
 
 
2. MEASUREMENTS  
 
A monitoring of indoor radon concentrations has carried out in two hospital 
buildings of Calabria, (South Italy). In particular these building are placed in 
Castrovillari and Mormanno. This study is carried out by nuclear track detectors 
CR-39 type (SSNTD, Solid State Nuclear Track Detector).  
CR-39 nuclear track detectors based radon monitors have been extensively used 
in these radon surveys [7]. 
The choice of these hospital buildings is founded on the different geologic-
structural context that characterizes them: geology of the territory check the 
distribution and the migration of the radon [8]. 
These detectors, RSFS type, are manufactured by Radosys Ltd. CR-39 plastics, 
made of polyallyl diglycol carbonate, were placed in NRPB chambers and exposed 
in chosen rooms for one year. The containers are a double function as filter and 
as diffusion chamber: there is an overgap of 20-30µ., that permit only the entry 
of radon (222Rn). 
The detectors of size Ø 60mm × 30mm were placed at a height of ~ 1,20m from 
the ground and at 10cm from the wall [9, 10, 11]. During exposition of the 
detectors, the measured rooms were in normal living condition.  
The exposure time in all buildings was two different period:  
- first quarterly cycle:  

• From 16 March 2005 to 21 June 2005 hospital building of Castrovillari; 
• From 24 March 2005 to 21 June 2005 hospital building of Mormanno; 

- second semestral cycle: 
• From 16 March 2005 to 20 September 2005 hospital building of 

Castrovillari; 
• From 24 March 2005 to 20 September 2005 hospital building of Mormanno. 
 

A total of 34 dosimeter are placed. A total of 17 environmental have been chosen 
because of their location was the best in consideration of the characteristics 
requests by law [10]. For this measures several parameters have been 
considered: position of rooms in comparison to plane site, presence of humidity 
traces, ventilations, time of permanence of employees, etc. Besides the local 
geology, the interaction between building and site, the use of particular building 
materials, the building typologies, are generally the most remarkable elements 
to the goals of the evaluation of the influence of the radon on the quality of the 



inside air, residences buildings. After collection of the dosimeters, the CR-39 
(PACD) were detached from the cups, and were chemically etched in 25% NaOH 
solution, at 90°C for 4 h. The tracks were counted under an optical transmitted 
light microscope, using an automatic image analysis system (Fig. 1). 
Using the calibration factor the measured number of tracks per unit area of the 
film were converted into indoor exposure levels in Bq/m3. 
 
 
 
 

 
 
3. EXPERIMENTAL 
 
This kind of measurement was employed in this survey to measure the time-
integrated radon activity concentration (RAC). 
Therefore are not influent effects due to its typical variations in brief intervals 
of time (variation day/night, seasonal variations, changes of atmospheric 
parameters etc.) 
So in the evaluation of radon concentration in a determined site, the value of the 
integral one of RAC becomes fundamental, since it furnishes precise information 
on the exposure to which they are submitted people that live or they work in the 
place under examination. 
 
In fact in a determined site, in the evaluation of the concentration the value of 
the integral one of RAC becomes fundamental, since it furnishes precise 
information on the exposure to which people that live or work in the place 
analyzed are submitted: 
 

RAC= ((�v/m3)×fc)/∆t 
 
where: 

Figure 1 – Optical micrograph of
the CR-39: traces alpha released



• �v = density tracks; 
• fc = calibration factory; 
• ∆t = time express as number of days. 
 
The measurements have been effected in all the places physically separate, 
exception for the adjoining environments and relatively to typology and 
characteristics of ventilation of building materials etc..[9] 
The exposure to radon depends mainly on both the radon concentration and the 
period of time a person is exposed to that radon concentration. 
The track densities found on the analyzed NTDS were converted into radon 
concentrations (Bq/m3) using the converted into radon concentrations (Bq/m3) 
using a calibration factor for the utilized radon dosimeter.  
 
4. RESULT AND DISCUSSION 
 
A total of 34 measurements of radon concentration were performed in two 
hospital buildings. The results (average values and standard deviations) obtained 
in each of the investigated hospital buildings related to the first and second 
monitoring period are summarized in Table 1 and illustrated in Table 1.  
 



 
In the hospital building of Castrovillari (see Table 1) radon concentration varied 
in the first cycle from 70.52 (local 9) to 760.28 Bq/m3 (local 5) with an overall 
average of 215.85Bq/m3; in the second cycle radon concentration varied from 
44.66 (local 5) to 165.07 Bq/m3 (local 11) with an overall average of 84.18Bq/m3. 
In the hospital building of Mormanno (Table 1) radon concentration varied in the 
first cycle from 143.10 (local 14) to 1231.22 Bq/m3 (local 16) with an overall 

average of 459.58Bq/m3 (see Table 2); in the second cycle radon concentration 
varied from 90.78 (local 17) to 988.37 Bq/m3 (local 16) with an overall average of 
354.31Bq/m3 (see Table 2). 
During the second cycle (six months) in the same room a substantial decrement of 
the values of radon activity (RAC) is observed.  
It is probably due to the exchanged conditions during the months of exposition. 
Increase of the temperature due to the summer time reduce the radon 
concentration inside the locals. 

Table 1- Concentration of radon activity in the hospital buildings of Castrovillari
and Mormanno: in the first  quarterly cycles and in the second semestral 
monitoring cycles. 

Monitoring 
environment

al  

detecto
r 
id 

RAC 
[Bq/m3

] 

removal 
from the 
middle 
value 

[Bq/m3] 

RAC 
[KBqh/m3

] 

detecto
r 
id 

RAC 
[Bq/m3

] 

removal 
from the 
middle 
value 

[Bq/m3] 

RAC 
[KBqh/m3]/

Castrovillari 3 months 6 months 

Local 1 F56773 96.67 -119.18 2.32 F56727 112.66 28.48 2.70 
Local 2 F56671 150.91 -64.93 3.62 F56716 61.88 -22.30 1.49 
Local 3 F56702 81.27 -134.58 1.95 F56709 88.79 4.62 2.13 
Local 4 F56755 128.47 -87.37 3.08 F56688 46.05 -38.13 1.11 
Local 5 F56718 760.28 544.44 18.25 F56769 44.66 -39.52 1.07 
Local 6 F56766 73.92 -141.93 1.77 F56701 59.09 -25.09 1.42 
Local 7 F56768 215.15 -0.70 5.16 F56715 70.16 -14.02 1.68 
Local 8 F56724 303.21 87.36 7.28 F56881 63.30 -20.88 1.52 
Local 9 F56760 70.52 -145.33 1.69 F56778 98.85 14.67 2.37 
Local 10 F56751 445.76 229.92 10.69 F56746 116.36 32.18 2.79 
Local11 F56698 124.83 -91.02 2.99 F56733 165.07 80.89 3.96 
Local 12 F56752 139.16 -76.69 3.14 F56927 83.28 -0.89 1.99 

Mormanno 3 months 6 months 

Local 13 F56923 474.73 15.15 11.39 F56776 371.84 17.532 8.924 
Local 14 F56787 143.10 -316.48 3.43 F56791 188.73 -165.577 4.530 
Local 15 F56670 217.02 -242.56 5.21 F56782 131.83 -222.481 3.164 

Local 16 F56719 1231.2
2 771.64 29.55 F56748 988.37 634.0577 23.721 

Local 17 F56753 231.82 -227.76 5.56 F56772 90.78 -263.533 2.179 



 
 
 
 
 
 
 
 
 
 
 
As it has shown in Figure 2, in the first period of observation the most number of 
places, that represents the 33.3% of the total one, reverts in a range of 
50÷100Bq/m3 (the 25% between 100÷150 and the remainder 48.7% fairly 
distribute in the sequent range: 150÷200, 200÷250, 300÷350, 450÷500, 
800÷850Bq/m3) while in the second sampling cycle the 58.33% reverts in a range 
of 50÷100Bq/m3 (the 16.67% has a radon concentration lower than 50Bq/m3, and 
the 16.67 % between100÷150Bq/m3).  
In the locals analyzed in the hospital building of Castrovillari radon 
concentration results to be lower than 400Bq/m3. It is mentioned that the 
obtained results in this sampling are refereed to dosimeter exposed in the 
warmest months (March-September 2005), therefore the measured concentrations 
represent the annual least values, it suggest for the winter season an increase of 
the same Bq/m3 values, for the accumulation phenomenon of radon indoor. 

 

Table 2 – Middle value of radon activity 
concentrations related to two monitoring cycle. 

Middle value of RAC Castrovillar
i Mormanno 

3 months  215.85 459.58 

6 months  84.18 354.31 
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Figure 2- Frequency distribution of radon concentration in
the hospital building of Castrovillari.



Besides, a some possible connection between the course of the concentrations 
and the locals constructive characteristics object of study has not been found. 
Because the locals had the same typologies of inside covering (inside walls and 
type of flooring). 
Connecting the RAC values measured during the two steps of sampling with the 
specific characteristics of the locals investigated, in the second cycle of sampling 
a lowering of radon concentration is observed both due to the greater ventilation 
of the locals themselves in the summer months, than to the greater degree of 
reliability of the six-month measures in comparison to those of three months. 
A data that has particularly attracted our attention is that related to the 
concentration concerning "locals 16" (in Table 1) in which it is esteems to six 
months a concentration of 988.37 Bq/m3. 
This observation is justified by the limited used of the local (the personnel of the 
hospital has declared to spend no more than 3 hours for month in this room). The 
gotten value due to an accumulation phenomenon, is a function of the scarce 
airing (see the technical schedule in Figure 3) and from the absence of a direct 
access toward outside. 
In the first quarterly cycle (Figure 4) the most greater part of the analyzed 
locals, equal to 40% of the total one, introduces a radon concentration in a range 
of 200÷250 Bq/m3 while at six months an homogeneous distribution percentage is 
observed, equal to the 20% of the observed locals, concerning a range of 
concentration of 50÷100 Bq/m3, 100÷150 Bq/m3, 350÷400 Bq/m3 e 950÷1000 

Bq/m3.  
 
Obtained results refering to such period represent indications of radon 
concentration that need to be compared with the results concerning a whole 
annual measures. 
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Figure 34- Frequency distribution of radon concentration in the
hospital building of Mormanno. 



 
CONCLUSION 
 
In the hospital buildings sampled in Calabria the measured activity radon 
concentrations are relatively low in Castrovillari and present attention values in 
Mormanno. 
The values are clearly inferior to the annual normative limit of 400Bq/m3 [10] in 
building hospital of Castrovillari; while for the hospital building of Mormanno the 
middle radon concentration measured to six months is attested around 354 
Bq/m3. It must be underlined that the considered months are related to the 
warmest seasons: therefore the coldest months, where indoor radon 
concentration is greater, are not considered. 
It can be concluded that: 

• doubling exposure time, radon concentration does not doubles. Owing to 
radon concentration activity is function of the meteorological variables 
(temperature, rain, wind, etc..) [3]; 

• despite Castrovillari is a long way from Mormanno few kilometres (20km) 
the local geological-structural setting is different: respectively sand- clay 
and dolomia-schist [12]; 

• radon concentration depends from typologies of single locals in a same 
workplaces. 
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