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Abstract
Radon is the largest source of natural radiation all people exposed to. It can form in houses due to building materials or 
enters through cracks in walls, basement floors and with water used in bathroom showers and faucets. The buildings keep 
radon inside, where it accumulates and may become a health hazard if the building is not properly ventilated. Radon can be 
inhaled into the lung, and especially short-lived products of its disintegration can cause long-term internal exposure. In this 
study, indoor radon survey was carried out at several campuses of Üsküdar and Okan Universities by using AlphaGUARD 
active radon detector.
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Introduction

Radon is known as the largest source of radiation exposure 
with a ratio of almost 50% (UNSCEAR 2006), and it was 
reported as the second important cause of lung cancer by 
World Health Organisation (2014). Radon is a member of 
the uranium decay chain, which diffuses through all kinds 
of materials. Due to its inert gas structure, it does not react 
chemically and its relatively long half-life allows it to travel 
along fractures and pass through living spaces of human 
being. Radon concentrations in soil gas and groundwater 
may vary region to region according to the abundance of 
uranium and structure of the soil. Depending on air tem-
perature and humidity, radon exhibits seasonal and daily 
periodic variability. Besides that, many parameters such as 
building materials with high concentrations of radium, air 

conditioning, ground clearance and tap water with high con-
centrations of dissolved radon can affect the level of indoor 
radon concentrations (Stanley 1977; King 1986; Speelman 
2004; Barbosa et al. 2010; Uyanik et al. 2013; Woith 2015; 
Al-Baidhani et al. 2019).

It is very important to know indoor radon concentrations 
to estimate annual doses and calculate risk factors with this 
purpose radon monitored throughout the world (Toxicologi-
cal Profile for Radon 1990; Antoci et al. 2007; Yalim et al. 
2007; Kemski et al. 2009; Binesh et al. 2012; Ertuğral et al. 
2015; Kuluöztürk et al. 2018; Günay et al. 2019).

The study was conducted at campuses of Okan and 
Üsküdar Universities in April 2018 in order to determine 
the indoor radon gas level in the areas used for educational 
purposes, and the estimation of the annual effective dose 
caused by radon inhalation was aimed.

Materials and methods

Indoor radon measurements

The AlphaGUARD radon monitor is a continuous active 
radon-sampling sensor. It has an ionization chamber and 
uses alpha spectroscopy to detect radon. The two com-
mon isotopes of radon (i.e., 222Rn and 220Rn) are identified 
through their respective energies from the alpha decays. 
AlphaGUARD has several probes for measuring radon 
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concentrations in soil gas, in water and in air (Fig. 1). It 
was set to diffusion mode and left for one hour in each room 
to measure the radon concentration of the environment 
(SAPHYMO 2012). 

Study area

İstanbul has a rapidly growing population and hosts thou-
sands of students from all over Turkey. Many campuses 
of the preferred universities are placed at Kadıköy and 
Üsküdar districts, two of the oldest settlements in Istanbul. 
The measurements were taken at two buildings that belong 
to Okan University Vocational School of Health Services 

(40°59′42′′N–29°02′39′′E) and three buildings of Üsküdar 
University (41°01′28′′N–29°01′9′′E, 41°01′30′′N–29°02′20′′E 
and 41°01′20′′N–29°02′25′′E). The detector was placed in the 
chosen classes, laboratories and other spaces used for different 
purposes (Fig. 2).

Annual effective dose

The annual effective dose due to ingestion of radon is calcu-
lated using the following equation (UNSCEAR 2000):

(1)AED = CRn × F × T × Df

Fig. 1  AlphaGUARD portable radon monitor and its ionization chamber (schematic) (SAPHYMO 2012)

Fig. 2  Locations of indoor 
radon measurements (Google 
Earth 2019)
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where  CRn is the indoor radon concentration  (Bqm−3), F is 
the equilibrium factor between radon and its progenies (0.4), 
T is the average indoor occupancy time, and  Df is a dose 
conversion factor (9 nSv/hBqm−3). The National Human 
Activity Pattern Survey (Klepeis et  al. 2001) reported 
the indoor occupancy time for school to be 11% of a day. 
According to Vocational School weekly schedule, students 
spend their time at the campus for 18–20 h per week and it 
is approximately 11% of a week. The occupancy time has 
been assumed 964 h, which is 11% of a year.

Results and discussion

Radon concentration levels of 15 locations of Okan and 
Üsküdar Universities vary between 7 and 177 Bqm−3. The 
chambers with active ventilation system have the lowest indoor 
radon values that are below the world average of 39 Bqm−3 
(World Health Organisation 2007). Besides that, the rooms, 
which do not have a ventilation system or have not been ven-
tilated for a few days, have closer values to the other studies 
on the subject. The high ventilation rates decrease the indoor 
radon concentration toward the external atmospheric levels 
because the radon emanation of the building materials and 
the underlying soil and rock do not supply radon fast enough 
to restore the amount removed (Harley 1973). The study con-
ducted by Ramola et al. (1992) reported that poorly ventilated 
rooms have radon levels in excess of 370 Bq/m−3 in Guru 
Nanak Dev University Campus. The value of the arithmetic 
mean was found to be 209 Bqm−3 in schools located in the 
Province Lecce, Italy (Trevisi et al. 2012). In another study 
conducted with passive radon detectors in a university in Paki-
stan, indoor radon concentrations were found to vary between 
31 and 213 Bqm−3 in the old buildings and 27 and 143 Bqm−3 
in new buildings of the university (Khan et al. 2005). Alt-
insöz et al. (2016) carried out a radon survey in a campus 
in Eskişehir, and results were in the range of 59–252 Bqm−3. 
Zeginerler et al. (2016) reported that the radon concentration 
studied in buildings of Sakarya University ranges from 0.2 to 
94 Bq/m3. All of these indoor radon concentrations are well 
below the action levels of 200–600 Bqm−3 recommended in 
the ICRP (2010) and 400 Bqm−3 recommended by the Turkish 
Atomic Energy Authority (TAEK 2000).

Mean values of measured radon concentration are used 
for the estimation of annual effective dose received by a 
member of students in the proposed campus (Table 1).

Conclusion

Results from the study showed that the annual effective 
dose received by the students in two campuses was found 
between 0.024 and 0.61 mSv year−1 which is about less 
than that of annual effective dose limit of 1 mSv year−1 

for the members of the public as recommended by ICRP 
(2010). Analyzing radon data based on year of construc-
tion, Üsküdar Downtown Campus is the oldest building 
among the studied areas, but both minimum and the maxi-
mum values are determined at the same building. The wor-
ship area, which is located at the basement, has the lowest 
radon concentrations due to continuous air conditioning. 
Offices at the second floor used by academicians only ven-
tilate arbitrarily, and the maximum levels belong to the 
laboratory that was not ventilated for a day. The typical 
accumulation behavior of radon is confirmed.

Accumulation of radon gas in dwellings, workplaces 
or public service buildings is highly effective on human 
health. Both the building site and building materials must be 
scanned by the radiation detectors, and radon levels should 
be determined. Basements, usually used for laboratories, 
warehouses, places of worship, dining halls and confer-
ence halls, have higher indoor radon levels. They have to be 
equipped with efficient air-conditioning systems.
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Table 1  Summary of indoor radon levels [Bq/m3] in different loca-
tions of Üsküdar and Okan Universities and annual effective doses

*Vocational School of Health Services
**Vocational School

Site Radon activity 
concentration (Bq. 
 m−3)

Rn error 
(Bq.  m−3)

Annual effective 
dose (mSv year−1)

Okan VSHS*
 Basement 11 5 0.038

13 6 0.045
 Ground floor 12 6 0.042

11 5 0.038
Okan VS**
 Basement 12 6 0.042

11 5 0.038
 Ground floor 9 4 0.031

10 4 0.034
Üsküdar main campus
 Basement 7 3 0.024
 Second floor 12 6 0.042

Üsküdar South Campus
 Basement 12 6 0.042
 First floor 10 4 0.034

Üsküdar Downtown Campus
 Basement 177 21 0.61

7 3 0.024
 Second floor 55 8 0.19



 International Journal of Environmental Science and Technology

1 3

Conflict of interest The authors declare that they have no conflict of 
interest.

Funding This research did not receive any specific grant from any 
funding agency in the public, commercial or not-for profit sector.

References

Al-Baidhani H, Günoğlu K, Akkurt I (2019) Natural radiation meas-
urement in some soil samples from Basra oil field, IRAQ State. 
IJCESEN 5-1.48-51 http://dergi park.gov.tr/ijces en/issue /40599 
/49869 5. Accessed 17 Mar 2019

Altınsöz M, Alğın E, Aşıcı C, Soğukpınar H (2016) Radon concentra-
tion measurements at a university campus in Turkey. Turk J Phys. 
https ://doi.org/10.3906/fiz-1510-1

Antoci C, Immè G, La Delfa S, Nigro SL, Morelli D, Patanè G, Ales-
sandro G (2007) Indoor and soil radon measurements in the 
Hyblean Foreland (South-East Sicily). Ann Geophys. https ://doi.
org/10.4401/ag-3065

Barbosa SM, Zafrir H, Malik U, Piatibratova O (2010) Silva multi-
year to daily radon variability from continuous monitoring at the 
Amram tunnel, southern Israel. Geophys J Int 182:829–842. https 
://doi.org/10.1111/j.1365-246X.2010.04660 .x

Binesh A, Mowlavi AA, Mohammadi S (2012) Estimation of the effec-
tive dose from radon ingestion and inhalation in drinking water 
sources of Mashhad, Iran. Iran J Radiat Res 10:37–41

Ertuğral F, Yakut H, Tabar E, Akkaya R, Demirci N, Zenginerler Z 
(2015) Measurements of radon content in the thermal waters in 
Sakarya. Acta Phys Pol A 128(2B):B-251–B-254. https ://doi.
org/10.12693 /APhys PolA.128.B-251

Google Earth (2019) US Department of State Geographer 2019 Google 
Image Landsat

Günay O, Aközcan S, Kulalı F (2019) Measurement of indoor radon 
concentration and annual effective dose estimation for a university 
campus in Istanbul. Arab J Geosci 12:171. https ://doi.org/10.1007/
s1251 7-019-4344-x

Harley JH (1973) Environmental radon. In: Staneley RE, Moshissi AA 
(eds) Proceedings of symposium on noble gas. Environmental 
Research Centre, Las Vegas, NV, pp l09–l14

ICRP (2010) Lung cancer risk from radon and progeny and statement 
on radon. Annals of the international commission on radiological 
protection, vol 40. Oxford, UK

Kemski J, Klingel R, Siehl A, Valdivia-Manchego M (2009) From 
radon hazard to risk prediction-based on geological maps, soil gas 
and indoor measurements in Germany. Environ Geol 56:1269–
1279. https ://doi.org/10.1007/s0025 4-008-1226-z

Khan S, Ali S, Tufail M, Qureshi A (2005) Radon concentration lev-
els in Fatima Jinnah women university Pakistan. Radioprotection 
40(1):11–27. https ://doi.org/10.1051/radio pro:20051 30

King C (1986) Gas geochemistry applied to earthquake prediction: an 
overview. J Geophys Res Solid Earth 91(B12):12269–12281. https 
://doi.org/10.1029/JB091 iB12p 12269 

Klepeis NE, Nelson WC, Ott WR, Robinson JP, Tsang AM, Switzer P, 
Behar JV, Hern SC, Engelmann WH (2001) The National Human 
Activity Pattern Survey (NHAPS): a resource for assessing expo-
sure to environmental pollutants. J Expo Anal Environ Epidemiol 
11:231–252. https ://doi.org/10.1038/sj.jea.75001 65

Kuluöztürk MF, Büyüksaraç A, Özbey F, Yalçın S, Doğru M (2018) 
Determination of indoor radon gas levels in some buildings con-
structed with Ahlat stone in Ahlat/Bitlis. Int J Environ Sci Technol 
1:1. https ://doi.org/10.1007/s1376 2-018-1692-0

Ramola R, Singh M, Singh S, Virk H (1992) Environmental radon stud-
ies using solid-state nuclear track detectors. J Environ Radioact 
15(2):95–102. https ://doi.org/10.1016/0265-931X(91)90045 -H

SAPHYMO (2012) AlphaGUARD portable radon monitor user man-
ual, Frankfurt/Main—Germany

Speelman W (2004) Modelling and measurement of radon diffusion 
through soil for application on mine tailings dam. Dissertation, 
University of the Western Cape

Stanley R (1977) Noble gases. Las Vegas, NV
TAEK (2000) Regulations for the radiation safety. No. 23999, TAEK 

Official Journal
Toxicological Profile for Radon (1990) [Atlanta, Ga.]: U.S. Dept. of 

Health & Human Services, Public Health Service, Agency for 
Toxic Substances and Disease Registry

Trevisi R, Leonardi F, Simeoni C, Tonnarini S, Veschetti M (2012) 
Indoor radon levels in schools of South-East Italy. J Environ Radi-
oact 112:160–164. https ://doi.org/10.1016/j.jenvr ad.2012.05.030

UNSCEAR (2000) United Nations Scientific Committee on the Effects 
of Atomic Radiation UNSCEAR 2000 Report, vol 1. Sources and 
biological effects of ionizing radiation. United Nations, New York

United Nations Scientific Committee on the Effects of Atomic Radia-
tion (UNSCEAR) (2006) Effects of ionizing radiations. UN, New 
York

Uyanık NA, Uyanık O, Akkurt I (2013) Micro-zoning of the natural 
radioactivity levels and seismic velocities of potential residential 
areas in volcanic fields: the case of Isparta (Turkey). J Appl Geo-
phys 98:191–204. https ://doi.org/10.1016/j.jappg eo.2013.08.020

Woith H (2015) Radon earthquake precursor: a short review. Eur Phys 
J Spec Top 224:611–627. https ://doi.org/10.1140/epjst /e2015 
-02395 -9

World Health Organisation (2007) International radon project survey 
on radon guidelines, programmes and activities. WHO, Geneva

World Health Organisation (2014) World cancer report. WHO Press, 
Geneva

Yalim HA, Akkurt I, Ozdemir FB, Unal R, Sandikcioglu A, Akkurt 
A (2007) The measurement of radon and radium concentrations 
in well water in the Afyonkarahisar area of Turkey. Indoor Built 
Environ 16:177–181. https ://doi.org/10.1177/14203 26X06 07473 1

Zeginerler Z, Ertugrul F, Yakut H, Tabar E, Demirci N, Gunermeliko-
glu K (2016) Measurement of seasonal indoor radon concentra-
tion in Sakarya University Turkey. Acta Phys Pol A. https ://doi.
org/10.12693 /APhys PolA.130.450

http://dergipark.gov.tr/ijcesen/issue/40599/498695
http://dergipark.gov.tr/ijcesen/issue/40599/498695
https://doi.org/10.3906/fiz-1510-1
https://doi.org/10.4401/ag-3065
https://doi.org/10.4401/ag-3065
https://doi.org/10.1111/j.1365-246X.2010.04660.x
https://doi.org/10.1111/j.1365-246X.2010.04660.x
https://doi.org/10.12693/APhysPolA.128.B-251
https://doi.org/10.12693/APhysPolA.128.B-251
https://doi.org/10.1007/s12517-019-4344-x
https://doi.org/10.1007/s12517-019-4344-x
https://doi.org/10.1007/s00254-008-1226-z
https://doi.org/10.1051/radiopro:2005130
https://doi.org/10.1029/JB091iB12p12269
https://doi.org/10.1029/JB091iB12p12269
https://doi.org/10.1038/sj.jea.7500165
https://doi.org/10.1007/s13762-018-1692-0
https://doi.org/10.1016/0265-931X(91)90045-H
https://doi.org/10.1016/j.jenvrad.2012.05.030
https://doi.org/10.1016/j.jappgeo.2013.08.020
https://doi.org/10.1140/epjst/e2015-02395-9
https://doi.org/10.1140/epjst/e2015-02395-9
https://doi.org/10.1177/1420326X06074731
https://doi.org/10.12693/APhysPolA.130.450
https://doi.org/10.12693/APhysPolA.130.450

	Determination of indoor radon levels at campuses of Üsküdar and Okan Universities
	Abstract
	Introduction
	Materials and methods
	Indoor radon measurements
	Study area
	Annual effective dose

	Results and discussion
	Conclusion
	Acknowledgements 
	References




