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The radon measuring device used in the study 
consists of a plastic cup of 7 cm height, 7.2 cm 
diameter at one end and 5 cm at the other end, 
where LR-115 detector with dimensions 1.2 cm x 1.2 
cm was fixed. The response of the track detectors 
placed into the cup-type measuring device is 
obviously determined by the cup geometry and the 
position and registration sensitivity of the 
detector[29]. The theoretical basis of radon 
measurements for the measuring devices of the 
specific geometry was developed by Fleischer and 
Mogro-Campero[30] and Somogyi et al.[29]. It is 
generally accepted that the LR-115 is sensitive to 
alpha energies between 1.7 and 4.1 MeV and has a 
critical angle equal to 40° for under normal chemical 
etching conditions[31]. Accordingly, the energy limits 
and the critical angle are used to define the sensitive 
volume of the measuring devices. Under our 
geometry configuration, assuming that the radon gas 
is uniformly distributed in the cup air while the short 
lived radon daughters are deposited completely on 
the internal cup walls, one can note that the 
majority of registered alpha tracks is quite closely 
proportional to 222Rn gas in the indoor air. However, 
the radiation induced damage of the human 
respiratory tract is mainly the result of the potential 
alpha energy concentration (PAEC) of the short lived 
radon daughters. On the other hand, the 
measurement of 222Rn gas concentration may serve 
as a surrogate for direct measurement of the decay 
product concentrations in the determination of 
exposure[6]. Thus, the radiation exposure of the 
PAECs is calculated from the measured radon 
concentrations, assuming an appropriate equilibrium 
factor[31]. 

Assuming the track density is proportional to 
222Rn exposure, radon concentrations in indoor air 
Co(Bq m-3) using the LR 115-II nuclear track 
detector was calculated by the following equation[32] 

    Co=Do/k                 (1) 
where Do (tr cm-2 d-1) is the net detector track 
density of the radon alpha particles, and k (Bq-1 m3 tr 
cm-2 d-1) is the detector sensitivity coefficient, that is 
calibrated. 

The net track density is the difference between 
the observed track density (determined by counting 
the number of tracks per unit area) and average 
track density (or ‘background’) found on unexposed 
material. The measured net track density is 
converted into radon concentrations (Bq m-3) using 
the calibration factor (0.0386 Bq-1 m3 tr cm-2 d-1). To 
determine the calibration factor, a set of unexposed 

LR-115 detectors was installed for 15 d inside a 
radon calibration chamber with an equilibrium  
radon concentration of 3.2 kBq m-3[33] at the Health 
Physics Department of the Çekmece Nuclear 
Research and Training Centre, ÇNAEM, which 
participated in the National Radiological Protection 
Board (NRPB) of inter-comparisons (1989, 1991, 
1995, 2000)[34]. 

Assuming the validity of Poisson statistics, the 
detection limit LD is defined by LD=2.71+3.29σB based 
on the Currie criteria[35] in the case of a well-known 
background track density where σB is the 
background standard deviation (the square root of 
the total number of alpha tracks on the counted 
surface area of the detector). The Minimum 
Detectable Concentration (MDC) for radon 
corresponds to LD expressed in activity 
concentrations unit by using the calibration factor. 
The corresponding minimum detectable 
concentration (MDC) for radon by using the 
calibration factor is estimated 24 Bq m-3 for a 
one-month exposure. The precision of the detectors 
is improved by counting a relatively larger detector 
area (about 100 mm2).  

Buca district of Izmir, located on the Neogene 
limestones and the district at issue is in a depression 
as morphologically (tectono-carstic)[36]. The Faculty 
was built in 1998 and it is a four-storey building that 
does not have a basement. The building has 
reinforced concrete construction roofs and brick 
walls with cement plastering. The building is heated 
by a central heating system, generally from 
November to March. Staff offices have air 
conditioning, while classrooms are ventilated 
naturally by opening window and doors. During 
winter, doors and windows are opened during 
breaks.  

In this work, sampling was performed for two 
surveys of about 1 month duration respectively: the 
first one from 14 September 2010 to 22 October 
2010 (1. Term) and the second one from 03 January 
2011 to 07 February 2011 (2. Term). Selected 
locations and number of detectors installed for 
investigation are shown in Table 2. Radon measuring 
devices were installed inside the rooms at a height of 
approximately 1.5 m from the ground for an 
exposure period of about 30 days with their sensitive 
surfaces facing the air. Care was taken for setting 
detectors, away from open windows, doors, 
radiators, fans, etc. where excessive air movement 
could affect the radon concentration. The offices  
and homes of the staff were surveyed simultaneously 
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Table 4. Radon Activity Concentrations in the Homes 
of Staff in the First and Second Terms 

Activity concentrations (Bq m-3) 
Home No. Location 

1. Term 2. Term 

1 Balçova 60±5 98±7 

2 Hatay 82±6 61±5 

3 Bornova 52±4 lost 

4 Bornova 54±4 149±9 

5 Şirinyer 90±5 102±6 

6 Yeşilyurt 86±6 lost 

7 Karşıyaka 241±10 319±13 

8 Buca 116±7 126±8 

9 Buca 159±8 134±8 

10 Bornova 167±8 191±10 

11 Buca 305±12 277±11 

12 Evka 3 142±7 53±5 

13 Bornova 69±5 114±8 

14 Buca 122±7 lost 

15 Buca 97±7 52±4 

16 Mavişehir 97±7 141±8 

17 Bayraklı 192±10 lost 

 
 

habits of the occupants[37-41]. Two of the homes, 
three of classrooms and six of offices were having a 
concentration of radon more than the Action Level 
(200 Bq m-3) as recommended by European 
Commission for future dwellings[42], while the radon 
concentrations were below the activity level of 400 
Bq m-3 given by the Turkish Atomic Energy 
Commission and the International Commission on 
Radiological Protection: 500 Bq m-3 for workplaces[8]. 
Results obtained in the current study compared 
reasonably well with measurements from other 
countries, as shown in Table 1. 

The frequency distributions of indoor radon 
concentrations both in homes and offices were 
studied. The measured histogram was compared 
with the normal and log-normal distribution 
functions using Kolmogorov-Smirnov test values for 
the goodness-of-fit. Application of the 
Kolmogorov-Smirnov test shows that in both cases, a 
normal as well as a log-normal distribution cannot be 
rejected (P>0.05) for homes and offices. However, 
the P-values for a log-normal distribution were 
somewhat higher than those for a normal 
distribution for homes, by contrast with offices. 
Consequently, based on the results of Kolmogorov- 
Smirnov test values, we found that the frequency 
distributions obtained for homes can be better fitted  

 

Figure 1. Frequency distributions of 222Rn activity concentration (Bq m-3). Also shown are fits of the 
222Rn activity concentration to a normal distribution and to a log-normal distribution.
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CONCLUSION 

A difference was found between the ground and 
upper floor levels regarding radon concentration. 
Variations in radon concentration from one office to 
another in the same floor level may be explained by 
human activities. As the annual mean effective dose 
for staff at the Faculty is within the recommended 
levels for work places, the faculty building may be 
considered safe from radon health threats, according 
to the ICRP and WHO recommendations. According 
to the total mean annual effective dose for staff at 
home and Faculty, major contribute seems to come 
from the Faculty environment. 
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