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INTRODUCTION 

In the past, several surveys were made in the Region in order to evaluate radon concentrations 
and draw the distribution map of radon concentration in the living site. The results of the studies 
show that the average radon indoor concentration in the region was about 96 Bq/m3. On these 
basis, the Regional Environmental Protection Agency (ARPA) of Friuli Venezia Giulia region 
(NE Italy) carried out a survey to determine the radon concentration in the schools of the area. 

The study started at the beginning of 2000. In the following years the project was extended to all 
the schools.  

The main aim of this work was to estimate the exposure of  school population due to radon 
concentration occurring during school period in Friuli Venezia Giulia. For this purpose a large-
scale survey has been carried out: over than 5000 measurements with passive track detectors 
LR115 or CR39 were made in every school of the region.  

The paper shows the survey design and the corresponding results: i. estimation of the average 
concentration of radon in Friuli Venezia Giulia region schools and spatial distribution of radon 
concentrations; ii. estimation of the percentage of buildings exceeding Italian reference levels; 
iii. Radon concentration analysis on the basis of kind of school and of investigated floor; iv. 
comparison between radon concentrations measured in schools and in dwellings of the same 
geographical area; vi. estimation of doses to students and workers due to radon concentrations at 
school. 
 

METHODS AND MATERIALS 

January to June of the years 2000-2003 more than 5000 alpha track detectors with Kodak-LR 
115 film or CR39 film have been exposed in 1313 buildings. It was evaluated that radon 
concentrations measured in the considered period well represent year mean values in case of 
schools. Investigated buildings are all the public and private day nurseries, kindergartens, 
elementary, middle and high schools of the region. In the follows the Authors will call “schools” 
all the mentioned structures. Structural and constructional features of the buildings and data 
relative to the occupancy time of the schools were collected in specific forms. The number of 
dosimeters – between 2 and 6 - located in each school depends on the constructional features of 
the building and on its dimensions: this guarantees that the data collected are useful for the dose 
assessment, as well as for the distribution of the concentration of the gas inside the building. The 
radon concentration measurement tecnique is, for LR115, the one used in the national survey 
(Bochicchio et al. 1996). The detector calibration has been realized at NRPB in London. All 
procedures involving CR39 film are made by Radosys system. In this case, detector calibration 
was performed at ENEA Casaccia (Rome - Italy) National Laboratory of Ionizing Radiation 
Metrology. An intercomparison between the two types of alpha track detectors and of 
measurement equipment were carried out with the contemporary exposure of the dosimeters in 



about 40 schools during 2001 survey. On the basis of the very good comparison results, in 2002 
and 2003 only CR39 were used for this study. In every case, error affecting measurements equals 
20%. 

 

RESULTS 

a. Radon concentration in the schools of Friuli Venezia Giulia 

Average concentration as mean values of the concentrations revealed from all the detectors in all 
the normally occupied rooms of the building was calculated for each school. In multistore 
buildings, more detectors were usually located in the ground floor and, owing to the main source 
of radon being soil in Friuli Venezia Giulia region, the average value of each school results to be 
an overestimation of the mean radon concentration of the whole building. 

Table I shows a summary of the data collected during the study, grouped on administrative 
province basis. School number involved in the study, concentration mean value, school 
percentage with average concentration  respectively over 200, 400 and 500 Bq/m3 and 
percentage and school number with at least one room with radon concentration over 200, 400 
and 500 Bq/m3, are reported. A significant number of school buildings (20 schools equal about 
2% of the region school buildings) shows mean concentration over than 500 Bq/m3 (Italian 
reference level). 48 (equal 4% of the total amount) are the schools with at least 1 classroom with 
average concentration over 500 Bq/m3. 

 
Table I: Regional radon concentration in school survey results: school number involved in the study, mean 
value concentration, school percentage with average concentration  respectively over 200, 400 and 500 Bq/m3 
and percentage and school number with at least one room with radon concentration over 200, 400 and 500 
Bq/m3

Number of school 
with mean radon 

concentration 

Percentage of school 
with mean radon 

concentration 

Number of schools 
with at least one 
room with radon 

concentration 

Percentage of schools 
with at least one 
room with radon 

concentration 
Provinces 

Number 
of 

schools 

Average
[Bq/m3]

>200 
Bq/m3

>400 
Bq/m3

>500 
Bq/m3

>200 
Bq/m3

>400 
Bq/m3

>500 
Bq/m3

>200 
Bq/m3

>400 
Bq/m3

>500 
Bq/m3

>200 
Bq/m3

>400 
Bq/m3

>500 
Bq/m3

Pordenone 287 123 45 15 8 16 5 3 71 25 15 24 9 5 
Trieste 270 83 27 7 4 10 3 1 38 12 7 14 4 3 
Udine 599 98 70 13 6 12 2 1 106 40 22 18 7 4 
Gorizia 157 91 9 5 2 6 3 1 22 6 4 14 4 3 
Totale 1313 99 151 40 20 11 3 2 237 83 48 18 6 4 

 

b. Correlation between radon concentration and different floor location detectors 

Table II shows radon concentration mean values grouped on the basis of kind of school and of 
investigated floors. Taking into consideration the floor it is clear that radon concentration is 
higher when the floor is lower as can be easily shown in figure 1, which is expected because of 
the previous survey on Friuli Venezia Giulia radon concentration in dwellings (Malisan et al., 
1990) that pointed out the same trend: it means that soil is the main radon source in Friuli 
Venezia Giulia buildings. Because of the usual vertical development of the different kinds of 
schools, interpretation of figure 2 is very simple: kindergartens show the highest radon 
concentrations, because their structures are rarely developed over ground floor, whilst high 
schools, usually inside multistore buildings, show the lowest radon concentrations. Radon 
concentration in the other kind of schools shows medium values depending on the different 
average vertical developments. 

 
 



Table II: Radon concentration mean values and standard deviations grouped on the bases of kind of schools 
and of investigated floors 

Kind of  
school  

n° 
 school 

All the floors 
(Bq/m3) 

Underground
(Bq/m3) 

Basement 
(Bq/m3) 

Ground Floor
(Bq/m3) 

1st Floor 
(Bq/m3) 

2ndFloor 
(Bq/m3) 

≥ 3rd Floor
(Bq/m3) 

Day nursery 62 98 ± 107 72 ± 57 163 ± 208 105 ± 112 61 ± 39 57 ± 0 27 ± 26 
Kindergarten 477 118 ± 144 87 ± 81 233 ± 305 118 ± 144 84 ± 67 45 ± 22 42 ± 12 
Elementary 

school 396 100 ± 119 113 ± 91 120 ± 180 106 ± 128 80 ± 92 66 ± 89 32 ± 12 

Middle school 170 82 ± 91 78 ± 52 161 ± 306 99 ± 122 62 ± 47 68 ± 87 40 ± 38 
High  school 174 68 ± 65 152 ± 230 101 ± 81 77 ± 90 55 ± 56 49 ± 39 40 ± 23 

Other 34 80 ± 91 48 ± 16 54 ± 23 91 ± 107 62 ± 67 54 ± 29 87 ± 53 
Total 1313 99 ± 120 101± 113 132 ± 203 106 ± 129 72 ± 75 58 ± 68 40 ± 29 

 

 
Figure 1. Radon concentration mean values grouped on the bases of investigated floor 

 

 
Figure 2. Radon concentration mean values grouped on the bases of kind of schools and number of  schools 
of each group 



c. Comparison between radon concentration in schools and in dwellings in Friuli Venezia 
Giulia   

The regional part of the National radon concentration survey began in 1989 and lasted till 1990. 
In 229 dwellings of 10 municipalities, year radon concentrations were measured with alpha track 
detector LR115. The mean value for Friuli Venezia Giulia dwellings was about 96 Bq/m3 and 
about 4% of the buildings exceeded the European recommended level of 400 Bq/m3 (Malisan et 
al. 1991, 1992). In the following years (1991-1994) an analogous regional survey - involving 
645 dwellings in 18 municipalities - was carried out and the resulting year average radon 
concentration was about 127 Bq/m3. Both the studies were carried out by the Regional Reference 
Center for Environmental Radioactivity of Friuli Venezia Giulia region. In 1992 the same Center 
performed a first regional radon concentration survey in 166 kindergartens in 101 municipalities: 
this study involved respectively 1/3 and 1/2 of the total number of kindergartens and 
municipalities. The design of the study and the measurement technique were the same as the 
survey the authors are speaking of and the mean value of radon concentration resulted 156 Bq/m3 
(Malisan & Padovani, 1994).  Today the mentioned Center is located inside the Section of 
Environmental Physics of ARPA FVG and it is mainly represented by the Authors. As reported 
in table I the radon concentration mean value calculated on the basis of the actual survey is 99 
Bq/m3. Considering errors affecting measurements, the different reported mean values for 
dwellings and schools are perfectly coherent. In a previous more detailed study, in which the 
comparison was done between a study involving only kindergartens and the regional part of 
national survey, it was demonstrated that concentrations in kindergartens are usually higher than  
in dwellings but this is a consequence of the fact that in our region kindergartens are developed 
in one floor: the ground one (Malisan & Padovani, 1994).  

 

d. Radon concentration distribution  in schools of Friuli Venezia Giulia  

With the aim of drawing a distribution map of radon concentration and to have only 
homogeneous data, only mean values of radon concentration measured at ground floor were 
used. 

Figure 3 shows mean value concentrations for schools of each municipality in Friuli Venezia 
Giulia. 

It is possible to compare the map reported in figure 3 and the one reported in figure 4 where 
municipality are grouped in classes on the basis of the presence or absence of at least one room 
in at least one school with radon concentration over 200, 400 and 500 Bq/m3. In some areas 
differences between the two distribution maps are evident (e.g. South-East part of the region). 
Percentage of schools, in each municipality, with at least one room with concentration over 200, 
400 and 500 Bq/m3 are reported respectively in figure 5, 6 and 7. 

Figure 8 shows a map of radon concentration distribution in ground floors of schools of Friuli 
Venezia Giulia. It was drawn with Surfer per Windows (Golden Software inc.). The software can 
interpolate single data coming from arithmetic mean of all the data inside a rectangular mesh of 
adequate size and can create isoconcentration curves. In this case the selected size is 6.8x6.8 
km2.  Figure 8 highlights, better than the previous ones, some areas where concentrations are 
higher than otherwhere. The Authors reach the same results in advance (Giovani et al. 2001). 

 

 

 

 

 



 

 

 
Figure 3.  Mean values of radon concentrations measured in ground floor for each municipality in Friuli 
Venezia Giulia 

 

 
Figure 4. Municipality of Friuli Venezia Giulia grouped in classes on the basis of the presence or absence of at 
least one room in at least one school with radon concentration over 200, 400 and 500 Bq/m3



 

 
Figure 5. Percentage of schools, in each municipality, with at least one room with concentration over 200 
Bq/m3

 

 
Figure 6. Percentage of schools, in each municipality, with at least one room with concentration over 400 
Bq/m3



 

 
Figure 7. Percentage of schools, in each municipality, with at least one room with concentration over 500 
Bq/m3
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Figure 8. Map of radon concentration distribution in ground floors of schools of Friuli Venezia Giulia 

 



 

e. Estimation of doses to students and workers due to radon concentrations at school. 

Table III reports mean values of effective doses for different kinds of schools and for different 
occupancy time. Usually workers  (teachers and other operators) stay at school from 18 to 40 
hours a week. Students stay at school from 24 to 40 hours a week. It was calculated a working 
period of about 40 weeks per year. The conversion coefficient comes from the Italian legislation 
and it is equal to 3x10-9 Sv per Bqh/m3. 

 
Table III: Mean values of effective doses for different kinds of schools and for different occupancy time 

Kind of  
school 

Dose (mSv/y) 
18 h 

Dose (mSv/y) 
24 h 

Dose (mSv/y) 
36 h 

Dose (mSv/y) 
40 h 

Day nursery 0,21 ± 0,23 0,28 ± 0,31 0,42 ± 0,46 0,47 ± 0,51 
Kindergarten 0,25 ± 0,31 0,34 ± 0,41 0,51 ± 0,62 0,57 ± 0,69 
Elementary 

school 
0,22 ± 0,26 0,29 ± 0,34 0,43 ± 0,51 0,48 ± 0,57 

Middle school 0,18 ± 0,20 0,24 ± 0,26 0,35 ± 0,39 0,39 ± 0,44 
High school 0,15 ± 0,14 0,20 ± 0,19 0,29 ± 0,28 0,33 ± 0,31 

Other 0,17 ± 0,20 0,23 ± 0,26 0,35 ± 0,39 0,38 ± 0,44 
Total 0,21 ± 0,26 0,29 ± 0,35 0,43 ± 0,52 0,48 ± 0,58 

 

In some cases estimated effective dose values up to about 4 mSv/year has been found. 

 

CONCLUSIONS 

In this paper the Authors report the first and main results of a pluri-annual study. Other detailed 
study will carry out in the future on the same set of data, using all the collected information. It is 
possible to resume here the main conclusions: 

 Average concentration in Friuli Venezia Giulia schools results equal to 100 Bq/m3 

 Building characteristics of dwellings and schools are quite similar in Friuli Venezia 
Giulia region: that is because of the same radon concentration mean values measured 
in the two kinds of buildings apart from kindergartens that are usually developed 
only at ground floor. 

 About 4 % of the schools shows at least one room exceeding the Italian reference 
level of 500 Bq/m3. The Authors reached the same results with the dwellings during 
the regional part of National survey: 4 % of dwellings exceeded the European 
recommended levels of 400 Bq/m3.  

 Soil is confirmed to be the main source of indoor radon in the region. 

 It was possible to draw different kinds of radon concentration distribution maps: in 
any case it is possible to identify areas with higher radon indoor values than others. 

 Estimated mean effective doses for students and workers are of about 0.5 mSv/y, 
furthermore it is common to find values up to 4 mSv/year in single schools.  
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