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Radon concentration measurements were performed at Technical College of Applied Sciences in
Zrenjanin during summer, as part of the “Radon level measurements” studies financed by the
Provincial Secretariat for Higher Education and Scientific Research (the project is currently
going on). The two lowest level rooms of the College building were examined, the basement
and the ground floor. Measurements were performed with the active type radon detector based
on alpha spectrometry (brand Airthings) which is capable of both long-term (up to 1 year) and
short-term (a few days) continuous monitoring. The detector measured radon for 48 h in each of
the rooms. The doors and the windows were closed during this period and the rooms were not
ventilated for at least 12 h prior to the procedure. For short term measurements in 12 rooms
radon level ranged from 10 Bg/m’ to 36 Bg/m® with a mean value of 20 Bq/m®. The results are
compared with the previous results obtained in the same rooms during spring time
measurements campaign. Spring time data were slightly higher and the ratio of the spring over
summer medium radon concentration is 1.31 The maximum measured radon gas concentration at
TCAS is below National Reference Level Limits of 400 Bg/m®.
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1. Introduction

Ionizing radiation has ever been present in nature from the beginnings. Apart from the
natural sources, today other man-made sources of radiation are present as well. Radon (Rn) is
the dominat natural source of radiation [1]. It is an inert gas which has no color, smell or taste.
The most important radon isotopes **Rn and **’Rn [1] are radioactive and are produced by the
decay of radium which comes from uranium and thorium series. Uranium in traces is present
everywhere in rocks and soil. Radon can percolate through the soil and move to the surface. In
the open air radon is diluted and its concentration is very small. When radon is trapped in a
house or a buildings, its concentration can also reach higher levels. Radon daughters are not
gasses and can easily be attached to dust and other particles which can be transported via air and
then can be breathed in [2]. Radon can cause lung cancer [3], [4] and it is a much bigger threat
for the smoking population [4], [5].

It is important to monitor indoor radon levels. Indoor radon levels are measured as part of
the projects (“Radon level measurements™) studies at Technical College of Applied Studies in
Zrenjanin (TCAS) in summer 2022, which is financed by the Provincial Secretariat for Higher
Education and Scientific Research. The analysis refers to *’Rn, as the concentration of *’Rn is
usually much lower.

2. Detectors

We used two types of active radon detectors at TCAS, produced by Airthings. Those are
Correntium Home Radon Detector [6] presented on Figure 1 and View Plus Radon Detector [7].
The Radon sensors inside the detectors are based on alpha spectrometry [8]. There is a passive
diffusion chamber in which air flows in. A photo diode in the chamber measures the number of
radon daughters. Fresh air flows into the chamber every 30 minutes. Chrome is used as a cage to
retain unwanted particles. Special algorithm is developed that can discriminate radon and noise
events. Measurements done every hour contribute to the average result as the detector provides
average radon concentration after one, two or more days. The detector can continuously
measure radon concentration up to one year. View Plus Detector has also WiFi and BlueTooth
connections. It can be connected to applications on the mobile phone so the user can see the
graphs of radon concentration over time. The data measured by View Plus can also be seen on
PC via Airthings dashboard, a free online platform, from where it is possible to download and
analyse raw data. The dashboard offers viewing of the archive of previous measurements. In
addition, View Plus detector also measures air quality parameters like pressure, temperature,
relative humidity, CO,, VOC (chemicals from furniture and cleaning products) and the

concentration of particulate matter PM2.5 and PM1 which can cause serious health problems.
For both detectors the precision rate at 200 Bq/m’ is 10% for 7 days measurements and 5% for
two months measurements. Correntium Home Detector measures up to 9999 Bg/m®, while
View Plus can measure up to 20000 Bg/m’.
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Figure 1: Photo of Correntium Home Radon Detector by Airthings.

3. Measurements and Results

In houses and buildings, radon is measured in lower spaces like basements and ground
floor where usually it accumulates the most. Significant amount of radon rarely occurs above
the second floor where radon is mainly emitted from the building materials. The indoor radon
concentration level can vary both daily and seasonally as the temperature, humidity, pressure
changes and the atmospheric instability affects it all [9], [10.] In order to test radon levels,
authors have performed short-term measurements of a few days at first. If high radon levels
were discovered in some of the spaces, then long term (few months) measurements would be
performed there.

At TCAS measurements were made in 12 rooms in the basement and ground floor
levels with the surface of about 4000 m?. Offices, labs, classrooms, a printing press office were
all included there. Measurements were performed in rooms with closed doors and windows for
two days. Before the start of the measurement, rooms were not ventilated for at least 12 h.
Detectors were put at 1 m above the floor, far from doors and windows. The heating system was
not in function. The obtained results are shown in Table 1. The authors estimated detector
precision for these measurements to be 30%. The maximum value of radon concentration is 36
Bg/m® and the mean value is 20 Bg/m’. Slightly higher values are obtained during spring
measurements [11] in the same rooms at TCAS, when the maximum value was 42 Bg/m® and
the mean value was 26 Bg/m’. The ratio of the spring and the summer medium radon
concentration is 1.31. Similar values were obtained in the case studies [12] at VINCA Institute
of Nuclear Sciences where ratios of spring and summer radon concentrations were 1.31 and
1.35. Previous measurements of radon concentration level performed during Vojvodina radon
mapping [17] showed that medium radon concentration in the city of Zrenjanin (where TCAS is
placed) were in the range between 100 Bg/m® and 120 Bg/m®.
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In the open air radon concentration oscilates during the day as a consequence of changes
of atmospheric stability [2]. Maximum values are reached in the early morning and during the
night when temperature inversion happens and radon remains caged close to the ground.
Minimum values are reached during the day when the sun heats the ground and the lower part of
the atmosphere, so the vertical flow of air is present. Similar trend of radon variations were
noticed in most of the studies in closed spaces where the ratio of daily maximum and minimum
radon concentration was going up to 10. Sometimes due to natural or artificial ventilation it can
happen that maximum is reached in an atypical part of the day [9], [13], [14], [15], [16]. In
Figure 3 the plot of radon concentration level during 48 h in printing press office is shown as an
example of daily variations of radon level measured during summer at TCAS. The maximum
value is reached in the late afternoon and in the early morning. This room has a few badly
insulated doors and holes, so the large morning values are the consequence of ventilation. The
number near the plot is the medium value of radon concentration for this measurement.

Room Radon concentration (Bq/m’)
Basement, printing press office 36
Basement, lab for agricultural machinery 29
Basement, storage for technical equipment 21
Basement, lab for welding 12
Basement, lab for hybrid engines and vehicles 11
Ground floor, classroom 111 29
Ground floor, library 30
Ground floor, classroom 144 10
Ground floor, creativity studio 19
Ground floor, CIRT 13
Ground floor, classroom 137 12
Ground floor, students’ club (138) 15

Table 1: Radon concentration levels measured during summer at TCAS.

Bg/m

)

Figure 3: Plot of radon concentration level in printing press office measured during 48 h.

4. Conclusions

Serbia has adopted The Reference Level of Radon Concentration of 200 Bg/m’ for new
buildings and 400 Bg/m’® for old buildings [18], [19]. The World Health Organization (WHO)
assumes that radon concentrations greater than 100 Bg/m’ are not recommendable. For high
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indoor radon concentrations there are procedures of mitigation of radon, but daily ventilations

are welcome for all spaces.

Radon concentrations measured at TCAS during summer 2022 are lower than WHO

recommendations and National Reference Limits. It can be concluded that staying and working
at TCAS is safe for everyone and there is no need for any space remedies. One of the future

plans is to repeat the measurements during colder months.

References

(1]

(2]

[9]

[10]

[11]

[12]

[13]

Sources and effects of ionizing radiation, Annex B, UNSCEAR 2008 report to the General Assembly
with Scientific annexes, United Nations, New York, USA, 2010.
http://www.unscear.org/docs/reports/2008/09-

86753 Report 2008 Annex B.pdf

D. Nikezi¢, Radon-glavni radioaktivni kontaminat covekove okoline, Jonizujuca zracenja iz prirode,
413, Beograd, 1995.

Health Effects of Exposure to Radon: BEIR VI, National Academy Press, Washington, D.C.,;1999.
WHO Handbook on Indoor Radon: A Public Health Perspective, World Health Organization, 2009.

S. Darby et al., Radon in Homes and Risk of Lung Cancer: Collaborative Analysis of Individual
Data from 13 European Case-Control Studies, The BMJ 2005, pp. 330:223, 2005.

Correntium Home Radon Detector User Manual, Airthings, Oslo, Norway, 2022.
https://cdn2.hubspot.net/hubfs/4406702/Website/Manuals/Home/1-043-
Corentium-Home-manual-60x77.pdf

View Plus Radon Detector User Manual, Airthings, Oslo, Norway, 2022.
https://www.airthings.com/view-series-manual

How we make the Correntium Home Radon Detectors, Airthings, Oslo, Norway, 2022.
https://www.airthings.com/resources/radon-detector

Sources and effects of ionizing radiation, vol. 1, UNSCEAR Report (A/55/46), United Nations, New
York, USA, 2000.
http://www.unscear.org/docs/publications/2000/UNSCEAR 2000 Report V
ol.I.pdf

N. Todorovié, S. Forkapi¢, J. Papuga, 1. Bikit, J. Slivka, Analiza uticaja faktora na koncentraciju
aktivnosti radona u zatvorenim prostorijama, Departman za fiziku, Novi Sad, Srbija, 2009.

I. Borjanovi¢, L. Manojlovi¢, M. Kovacevi¢, Seasonal measurements of radon concetration level in
the period of spring at Technical College of Applied Sciences in Zrenjanin, in abstract proceedings
of 10" Jubilee International Conference on Radiations in Various Field of Research RAD2022-
summer edition, pp. 124, RAD Centre Ni§, 2022.
https://doi.org/10.21175/rad.sum.abstr.book.2022.31.1

M. Zivanovi¢, Optimizacija merenja koncentracije radona u zatvorenom prostoru metodom ugljenih
filtera, Doctoral Dissertation, UDK 544.58, Fakultet za fizicku hemiju, Beograd, 2017.

A.C. George, Passive Integrated Measurement of Indoor Radon Using Activated Carbon, Health
Physics, 46(4), pp. 867-872, 1984.



Measurements of Indoor Radon Concentration Level Iris Borjanovié

[14] W. Arafa, H. Badran, El Samman, Effect of Movin Air and Variable Radon Concentration on the
Response of Charcoal Canister, Radiation Measurements, 40, pp. 662-665

[15] A.R. Denaman et al., The value of Seasonal Correction Factors in Assessing the Health Risk from
Domestic Radon — A Case Study from Northamptonshire, UK, Environment International, 33, pp.
34-44,2007.

[16] P.M. Kolarz, D.M Filipovi¢, B.M. Marinkovi¢, Daily Variations of Indoor Air-lon and Radon
Concentration, Applied Radiation and Isotopes, 67, pp. 2062-2067, 2009.

[17] S. Forkapi¢ et al., Methods of Radon Measurement, Facta Universitatis, Series: Physics, Chemistry
and Technology, Vol. 4, N° 1, pp. 1-10, 2006.

[18] Vlada Republike Srbije, Zakon o zastiti od jonizujuéih zracenja i o nuklearnoj sigurnosti, Sluzbeni
glasnik RS br 36/2009 i 93/2012, 2009/2012.

[19] Vlada Republike Srbije, Pravilnik o granicama izlaganja jonizujuéim zracenjima i merenjima radi
procene nivoa izlaganja jonizujuéim zracenjima, Sluzbeni glasnik RS br 86/2011, 2011.



