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INTRODUCTION 

In the last years many pollutants contribute at the increase of incidence rate of the respiratory 

diseases. The European Commission has launched an action plan (2004-2010) to reduce 

diseases caused by a polluted environment (1). 

In spite of that radon and its short-lived daughters are natural proveniences; they are one of 

the important pollutant sources in indoor air. They inhaled are deposited on the bronchi and in 

the lung and deliver dose by alpha particle emission. Hereby, the risk of radon and its alpha 

decay products is induction of cancer on the respiratory tracts. For young people age less than 

20 years, the risk coefficient for lung cancer from inhaled radon daughters is about a factor of 

2 higher than for adults (2). 

It is well known that indoor radon concentrations depend strongly on the geological 

characteristics of the soil under the buildings. Many other factors influenced the indoor radon 

concentration, such us building materials, type of construction, basements, meteorological 

parameters and life style in the dwelling. First indoor radon concentrations in Cluj city 

building were measured a few years ago. Several detached houses without underground level 

presented high level of radon concentrations. Some of them had annual mean values 800-1200 

Bq.m-3 (3, 4). In the last years we focused our investigation on indoor radon in schools.  

Schools are treated in the same way as workplace buildings.  

In Romania do not apply action level for indoor air, yet. But we take into account the 

recommendation of the 1996 Basic Safety Standards for the protection of the health of 

workers and general public against dangers arising from ionising radiation (4). 

In this study we propose to investigate radon and its alpha decay products into an old building 

renewed and now function as university. Based on the results we estimated the effective dose 

received by students and personals through inhaled air in this building.  

 

SAMPLING AND MEASUREMENTS 

This historical old building from 1600 was reconstructed about in 1800 and last time in 2002. 

The basement and underground floor are stone. The ground floor and storeys were built from 

brick. The building has now central heating.  

For the 222Rn measurements the ionisation chamber technique was used and for radon 

daughter analysis a TN-WL-02 device. 
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The measurements were made on four different levels in different room types. At the 

underground level the measurements were made in two classrooms and one laboratory, on the 

ground level in two classrooms and one office, on the first level in one conference room and 

four offices and on the second level in one office. The rooms at different levels were selected 

such to be situated one above other. 

In these rooms actually working and studying about 150 people.  

Each of the measurements was made for 24 hour period, beginning at 2003 winter and all of 

them were repeated in 2004 summer time. In the same time we monitories the radon 

concentration activity of the external air, the pressure, humidity, and temperature of the 

indoor air.  

The measurements were made at 0,8 m above the floor. 

We also studied the influence of the ventilation on the radon activity concentration. 

From the results of the measurements we estimated the effective equivalent dose received by 

the students who studied in this building.  

 

RESULTS AND DISCUSSION 

The results of the measurements are shown in the following tables: 

Table 1.  Mean values of the 222Rn activity concentration and microclimate conditions in winter period 

Room no. Level Room type Radon act. concentration 
(Bq.m-3) 

Temperature 
(0C) 

Pressure 
(mbar) 

Rel. 
Humidity 

(%) 

   Min. Max. Average Average Average Average 

1 2. floor office 1±2 181±34 35±7 23,4 971 40 

2 1st floor office 2±3 116±24 21±9 23,8 964 42,8 

3 1st floor office 5±3 126±36 37±8 25,2 971 37,5 

4 1st floor office 2±3 128±29 32±9 23,2 971 38,2 

5 1st floor office 17±5 164±34 66±11 21,9 974 43,9 

6 1st floor conf. room 9±4 238±52 66±13 23,4 975 45,4 

7 ground floor classroom 22±10 140±35 68±16 22,9 973 45 

8 ground floor classroom 14±8 94±30 51±12 22,5 974 45,4 

9 ground floor office 5±2 116±36 41±21 24 974 43,4 

10 underground 
level laboratory 202±58 324±57 250±47 20,6 982,9 54,2 

11 underground 
level classroom 56±24 412±67 251±56 26,5 976,5 42,8 

12 underground 
level classroom 516±80 840±158 780±124 20,5 980,5 57,6 

13 external air  1±2 29±9 7±5 21,1 970 29,5 
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Table 2. Mean values of the 222Rn activity concentration and microclimate conditions in 
summer period 

Room no.  Level Room type Radon act. concentration 
(Bq.m-3) 

Temperature 
(0C) 

Pressure 
(mbar) 

Rel. 
Humidity 

(%) 

   Min. Max. Average Average Average Average 

1 2. floor office 1±2 130±34 25±6 25 975 38 

2 1st floor office 5±4 117±29 27±8 23,4 976 46 

3 1st floor office 7±3 120±20 35±7 23,5 975 45,4 

4 1st floor office 11±2 110±35 44±6 23,6 975 44,2 

5 1st floor office 0±3 85±30 22±9 23,2 976 53,4 

6 1st floor conf. room 2±3 100±24 29±5 23 976 55 

7 ground floor classroom 17±8 149±38 54±18 23 978 59,3 

8 ground floor classroom 11±3 89±30 47±7 22,3 978,6 51,1 

9 ground floor office 13±3 169±41 48±10 24,7 977,2 49,9 

10 underground 
level laboratory 47±23 422±73 246±58 20,2 975 78,8 

11 underground 
level classroom 48±20 432±84 168±45 21,5 976 66,5 

12 underground 
level classroom 18±10 326±62 113±34 20 975 67,7 

13 external air  3±4 26±6 7±3 22 978 55,4 

 
 

Fig. 1:  Radon activity comparation of winter and summer 
period
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It can be seen that the radon concentration decreasing from the underground level (250, 

respectively 780 Bq.m-3 in winter period and 113, respectively 246 Bq.m-3 in summer) to the 

second floor (35 Bq.m-3 in winter period and 25Bq.m-3 in summer). 

The temperature, pressure and air relative humidity has no significant differences between 

measurements in same period. So the difference between the radon activity concentrations 

mostly depends on human activity, such us ventilation. 

A greater difference at winter time measurements is observed on the underground level, 

where the classroom no. 12 shows a much higher radon level comparatively to the other two 

rooms. In summer we didn’t observed this difference, because in room no. 12 the window was 

permanently opened.  

In this room at winter period the average radon activity concentration (780 Bq.m-3) was 

higher than the action level proposed by the ICRP (500 – 1500 Bq.m-3). So at this level we 

done further measurements to determine what cause that higher radon activity concentration.  

We measured the radon activity concentration in soil at 60 cm depth in classrooms no. 12 and 

11 for comparing them. For the measurement we used an ionization chamber equipped with 

soil gas unit. The results are showed in table 3.  

Table 3.  
222Rn activity concentration in the soil gas 

Radon act. concentration (Bq/m3) Temperature 
(0C) 

Pressure 
(mbar) 

Rel. 
humidity 

(%) 
Room 

no. Level Room 
type 

Min. Max. Average Average Average Average 

11 underground 
level classroom 30678±167 50232±278 41345±231 21,1 977 64,4 

12 underground 
level classroom 41984±238 74240±387 63927±320 21,4 977 67,5 

 

From this table it can be observed that in classroom no. 12 the 222Rn activity concentration in 

the soil is higher that we obtained in classroom no. 11.  So the difference observed in the 

indoor 222Rn activity concentration is caused by the difference in ventilation and the different 

radon concentration in the soil. It must be mentioned that the classroom no. 11 is permanently 

open has no door.  

Every room from the underground level has a ventilation system. We also studied the effect of 

ventilation on the 222Rn activity concentration level in classroom no. 12. Figure 2 shows the 

variation of the 222Rn activity concentration with ventilation.  
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Fig. 2. Variation of the 222Rn activity concentration with ventilation. 

 

In every morning about at six a clock the ventilation system was started and we can see from 

fig. 2 a decrease from this point for the radon activity concentration in the room. 

We can see that when the ventilation system is working the radon activity concentration 

decreases to much lower values, so with permanently use of this system we can assure a lower 

radon activity concentration level in classroom no. 12  than the action level proposed by the 

ICRP.  

We also measured the radon activity concentration in a neighbouring dwelling at the 

underground level, and it found to be 285Bq/m3. The room was ventilated. This value is about 

the same that we obtained in the university at the underground level in the summer period.  

 

In order to determine the effective dose received by the students and employers in this 

building we first determine the radon daughters’ potential alpha energy concentration (PAEC) 

in WL.  The PAEC we determined with the following formula: 

( ) CF5,0
counts Alpha
×−

=
T

C p  

where: CF – is the calibration factor. In our case was CF = 5 CPH.mWL-1. 

 T – the time of the measurements. 

The results are shown in table 4. 
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 Table 4.   

Annual effective dose received by students and employers in different rooms 

Room no.  Level Room type PAEC (mWL) Exposure 
(WLM) 

Annual effective 
dose (mSv.year-1) 

1 2. floor office 3,44 0,0026 0,158 
2 1st floor office 3,56 0,0027 0,164 
3 1st floor office 4,01 0,003 0,182 
4 1st floor office 4,77 0,0036 0,21 
5 1st floor office 3,33 0,0025 0,152 
6 1st floor conf. room 3,61 0,0027 0,164 
7 ground floor classroom 9,92 0,0064 0,324 
8 ground floor classroom 9,01 0,0058 0,29 
9 ground floor office 9,1 0,0069 0,41 

10 underground 
level laboratory 33,92 0,021 1,06 

11 underground 
level classroom 35,038 0,022 1,11 

12 underground 
level classroom 198 

winter 
21,3 

summer 
0,128
winter 

0,013 
summer 3,57 

 
In room no. 12 were it was an important difference between the summer and winter radon 

concentration we calculate separately the PAEC, and using this results we evaluate the annual 

effective dose received by the students in this room. In the other rooms the seasonal variation 

didn’t was significant.  

To calculate the exposure in WLM from WL, we evaluate the spent time to 110 h/month in 

classrooms and 130 h/month in offices. We also determine the effective equivalent dose from 

the exposure in WLM and we used the 5,07 mSv/WLM conversion factor, proposed by the 

ICRP for workplaces.   

As we can see from table 4. the annual effective dose only for room no. 12 exceed the action 

level (3 – 10 mSv/year) proposed by the ICRP for workplaces.  We can reduce the dose 

received by the students using permanently ventilation system or opened windows in this 

room.  

The equilibrium factor F for the rooms is situated in the interval of 0,401 – 0,77. 

 

CONCLUSIONS 

 
Results shows that the radon concentration into university building decreasing from 

underground level to second floor.  

In the underground level concentration of radon exceed 750 Bq.m-3 into classroom, when 

windows and doors are closed.  
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In spite of that in the underground level radon concentration presents high values, using 

artificial and/or natural ventilation it can reduced less than 250 Bq.m-3. 

At the neighbouring dwelling at the underground level the radon concentration activity is 

approximately the same as in the university at the same level.  Based on this and the results 

from table 4. we can say that the main radon source in this dwelling is the soil. 

The effective annual dose received by the students and employers in this building is in good 

corresponding with the literature values, (6, 7) excepting room no. 12, were we proposed the 

permanently use of the ventilation system, to decrease the radon activity concentration.  

Because the young people are most sensitive to air pollutants will be extend our investigation 

in schools and kindergartens in Cluj city.  

 

ACKNOWLEDGEMENTS 

 
The authors are grateful at the University Sapientia for help in measurements. The teachers 

and personnel’s in the university during sampling is highly appreciated. 

 

REFERENCES 

1. Environmental News, Brussels, Belgium, June 11, 2004 

2. ICRP, Lung cancer risk from indoor exposure to radon daughters. Publication 50, 

1989 

3. I.MÓCSY, K.SIMON, J.FERENCZY – The risk on Population exposure to Rn-222 in 

urban and rural dwellings, INDOOR AIR99, Edinburg, UK, Vol.2,p.948-952, 1999 

4. I.MOCSY, I.URAY, I.HUNYADI, R.BURHARDT, CS.FORGO - Radon and Radon 

Daughters in Dwellings and Their Risk in some Cities from Romania – International 

Congress HEALTHY BUILDING'94, Hungary 20-23 August  vol.2, p.55-62, 1994 

5. Basic Safety Standards Directive 96/29/Euratom, 1996 

6. A. MALANCA, L. GAIDOLFI, R. FAVA: Natural Radioactivity in kindergartens and 

play schools of Parma, Italy, Environment International, Vol. 23 No. 4 pp. 541 – 546, 

1997 

7. J. VAUPOTIC, I. HUNYADI, E. BARADÁCS: Thorough investigation of radon in a 

school with elevated levels, Radiation Measurements 34 (2001) 477-482 

 

 7


