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PROTECTION FROM HEALTH RISKS DUE TO RADON EXPOSURE AND 
RECENT/FORTHCOMING REGULATIONS: PRESENT KNOWLEDGE AND CHALLENGES 

Francesco Bochicchio 

Italian National Institute of Health, Rome, Italy 

Abstract. 

The knowledge on health risks due to radon exposure in dwellings and workplaces has greatly 
increased in the last ten years, leading to a significant revision of international and national 
regulations and recommendations, such as the WHO Radon Handbook on Indoor Air and the 
International and European Basic Safety Standards on radioprotection. Several countries gained 
a large experience in protection from health risks due to radon exposure, although results are not 
always fully satisfactory. However, the recent and forthcoming international regulations will 
require that many more countries have to apply extensive programs to address and reduce such 
risks. Moreover, further challenges will derive from the reduction of reference levels in such 
regulations. In this presentation some knowledge useful for establishing effective radon programs 
will be summarized, e.g. issues on monitoring, on preventive measures in new buildings and 
remedial actions in existing buildings, on interaction with other risk factors (such as cigarette 
smoking) and other programs (such as energy saving programs), etc. Moreover, the main 
requirements on radon protection contained in the new Euratom Directive will be reported, 
highlighting the connected challenges to obtain an optimized protection. 
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FROM THE EUROPEAN INDOOR RADON MAP 
TOWARDS A MAP OF NATURAL RADIATION 

T. Tollefsen1, V. Gruber2, P. Bossew3, M. De Cort1 

1 European Commission – DG Joint Research Centre, Institute for Transuranium Elements, Ispra, 
Italy 

2 Austrian Agency for Health and Food Safety, Linz, Austria 
3 German Federal Office for Radiation Protection, Berlin, Germany 

Abstract. 

After the European Commission published the “Atlas of Caesium deposition on Europe after 
the Chernobyl accident” in 1998, the Joint Research Centre (JRC) decided to embark on a 
European Atlas of Natural Radiation, intended to provide the public with a more balanced view of 
the annual dose that it may receive from environmental radioactivity. 

Since indoor radon is the most important contributor to population dose and thus a number 
of European countries have already carried out surveys, the JRC started by creating a European 
Indoor Radon Map. During the radon workshop in Prague in 2006, most participating countries 
agreed to send statistics (mean, median, min, max and number of measurements), based on 
annual means of indoor radon concentration on ground floor of dwellings, to the JRC. These 
estimates would be calculated on a 10 km x 10 km common grid across Europe. By now 25 
European countries have contributed such statistics; the map currently contains nearly 19,000 
non-empty grid cells, based on more than 800,000 individual measurements. Still, there are 
several countries for which data are stored in a format which does not allow easy integration into 
the European grid, and yet others in which national radon surveys are ongoing. At the radon 
workshop in Ispra in 2011, invited experts from mainly Eastern European countries agreed to 
participate, or continue to participate, to this mapping effort. 

Moreover, since indoor radon concentration is always influenced by natural (geological) and 
anthropogenic factors such as construction types, building materials and living habits and is 
temporally variable and characteristic for each house, the JRC has undertaken to map a variable 
which measures “what earth delivers”, independent from anthropogenic factors and temporally 
constant over a geological timescale. This variable is called the geogenic radon potential; together 
with European experts, the JRC is cataloguing existing knowledge in the field and developing a 
methodology for creating a European Geogenic Radon Map. The first approach is a multivariate 
classification of a set of input quantities based on relevant geological units, and a first trial map 
has been created. 

Here, we will present the current state of the European Indoor Radon Map, describe some 
outstanding issues and plans for further improvement. We will also discuss challenges met in 
creating the geogenic radon map, and outline some other map components of the European Atlas 
of Natural Radiation. 
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RADON STUDIES IN ROMANIA: STATE OF THE ART 

Constantin Cosma 

Babes-Bolyay University of Cluj-Napoca, Romania 

Abstract. 

In Romania, the first radon measurements were performed by Hurmuzescu D. and results 
published in Comp Rend Phys (1908). Between the two Wars the measurements were continued 
by Athanasiu G. for radon from different Romanian groundwater. The highest values were found 
at Herculane area (900 Bq L-1).  Szabo A. extended the measurements to radium and uranium 
and included the main sources of mineral and geothermal waters from Romania. These results 
were published in the monograph “Radioactivity of mineral waters from Romania” (Ed. Dacia, 
Cluj-Napoca, 1978). 

Meantime, radon measurements also started within four Romanian Institutes for Hygiene and 
Public Health, namely in Bucharest, Cluj, Iasi and Timisoara. Still, their results were not available 
to the scientific community and public. After 1990, some of the results of radon and thoron 
measurements from dwellings in Iasi region were published by Iacob O. et al. in [J Prev Med, 
2001]. These measurements performed on filters underestimated the radon exposure in 
Romania. However, the results were synthetized in the European publications of the period. 

Studies regarding the radon exposure in mining (especially uranium mines) were performed 
by Sandor Gh., Peic O. and Dinca G. within the laboratory of the National Institute of Rare and 
Radioactive Metals. Dinca G. et al. evaluated the cancer risk of miners due to radon exposure, 
study presented in 1996 at IRPA 9 meeting in Vienna. The PhD thesis of Ramboiu S. (2003) 
presented experiments on rats exposed to radon from mines (40-80 kBq/m-3). These 
measurements were based on Lucas cells, later on followed by track detectors (Mocsy I., Cluj-
Napoca). Toro L. performed  studies regarding the sources and migration of radon in Timisoara 
region. Indoor radon measurements using track detectors were performed by Milu C. in 
Bucharest and published in J of Biophys (1993). 

Outdoor radon was subject of research within the groups of Cuculeanu V. (Rad Prot Dosim 45, 
1992; FERAS-2012), Sima O. (Stud Cerc Meteorol, 1978) and Baciu A. (J Env Radioact, 2005). 
Nowdays, IFIN Bucharest is involved in measurements of indoor radon using track detectors 
(A.Vasilescu, Rom Rep Phys, 2011), and also in radon standards production (M. Sahagia, Nucl 
Instr Meth, 2011). 

The research group from Babes-Bolyai University performed the first radon measurements in 
1986 and since then the studies were extended to include: development of measuring techniques, 
residential radon, radon exposure and pulmonary cancer, radon mapping, radon in water and soil 
with applications in geology, radon exhalation from soil and building materials and lately the 
application of mitigation techniques against radon. These directions will be presented in detail 
within the SEERAS Symposium. 
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EU-BSS NATIONAL RADON ACTION PLAN: 
AN APPROACH TO GET HOLD OF THE GEOGENIC RISK 

Stephanie Hurst 

Saxon State Ministry for Environment and Agriculture, Dresden, Germany 

Abstract. 

December 2013 the European Council adopted a directive laying down basic safety standards 
for protection against the dangers arising from exposure of ionizing radiation. The directive 
contains for the first time the protection from radon in buildings. 

In particular for radon in workplaces (article 54) and in dwellings (article 74) a maximum 
reference level for the annual average activity concentration in air of 300 Bq/m³ is valid. 
According to article 103 “Member States shall establish a national action plan addressing long-
term risks from radon exposures in dwellings, buildings with public access and workplaces for 
any source of radon ingress, whether from soil, building materials or water. The action plan shall 
take into account the issues set out in Annex XVIII and be updated on a regular basis.” 

According to Annex XVIII part of the national action plan should be “Approach, data and 
criteria used for the delineation of areas or for the definition of other parameters that can be used 
as specific indicators of situations with potentially high exposure to radon.” 

The member states will have four years to transpose this directive into national legislation. 

Regarding the delineation of areas or definition of parameters the member states have to 
develop their specific(optimized) approach. 

Experience shows, that a combination of both – a delineation of areas and an individual 
examination on the basis of defined parameters – is needed.  

For a delineation of areas as a first step existing geological and geochemical data may be 
evaluated. Often already existing geological maps can show where rocks with enhanced uranium 
concentrations exist. Generally granitic rocks show enhanced uranium concentrations, but also 
some kinds of sediments – e.g. those with enhanced organogenic fraction – may have 
accumulated uranium. Independent from the uranium concentrations in the rocks caves or mine 
cavities often are sources of enhanced radon concentrations.  

As a next step some countries in the past have conducted soil gas measurements. Due to the 
high variety of soils and soil structures and also due to the variability of radon concentration with 
time a very large number of measurements is needed to get representative data.Anyway, maps 
constructed on the basis of such measurements never can give information about the specific 
radon risk on single properties. Here parameters like soil porosity and groundwater table can give 
more relevant information where new buildings are planned. 

As for existing buildings the construction type and age in many cases are more relevant than 
the natural radon potential. And finally the pressure situation is a leading parameter for old as 
well as for new buildings. 

An exemplary step for step procedure will be presented that can give building owners 
information about their individual radon risk and help them in the decision making process 
regarding radon measurements. 
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A REVIEW OF UNESCO IGCP PROJECT 571 
‘RADON, HEALTH AND NATURAL HAZARDS’ 

G. Gillmore1, R. Crockett2, F. Perrier3, L. Fijalkowska-Lichwa4 

1 Centre for Earth and Environmental Science Research, Kingston University, UK 
2 School of Science and Technology, Northampton University, UK 
3 IPGP University of Paris, France 
4 Wroclaw University of Technology, Wroclaw, Poland 

Abstract. 

IGCP571 concerns a variety of impacts and hazard-associated manifestations of radon gas. As 
well as being the second leading cause of lung cancer after tobacco smoking, radon-222 is also an 
accelerating factor in smoking-related lung cancer risk. In addition, there is evidence that under 
some circumstances, the shorter half-life isotope radon-220 (thoron) can also present a health 
hazard. 

As a health hazard, radon is chiefly associated with the built environment but there are 
archaeological aspects which include links between (ancient) mines and the health of mine-
workers, caves and their dwellers (historical and modern) and visitors, and also archaeologists in 
a variety of caves - and excavators more generally. 

Radon is also an indicator of other hazards. There are other natural radioactive hazards such 
as radium (radon is a daughter) and uranium (at the top of the decay series) which gives rise to 
both radium and radon, often associated with old (metalliferous) mine-working areas and 
environments. Indeed, radon gas might serve as an indicator of otherwise difficult to identify 
abandoned mine wastes and workings. There is also a variety of radon responses associated with 
natural hazards such as earthquakes and volcanic activity, and also with other geophysical 
processes, which have been reported in the literature. 

The project has led to over 40 conference presentations at the European Geoscience Union 
meetings and other specialised events. Two journal special issues of over 20 papers in total have 
been published. This network has built links between project members all over the world – from 
Europe, to Asia and the Americas. 
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THE IAEA PROGRAMME FOR CONTROLLING PUBLIC EXPOSURE TO RADON 

T. Boal, G. Rovenska, T. Colgan 

International Atomic Energy Agency, Vienna, Austria 

Abstract. 

The IAEA Safety Requirements publication “Radiation protection and Safety of Radiation 
Sources: International Basic Safety Standards” sets out requirements on governments for control 
of public exposure to radon. These requirements include: collecting data on the activity 
concentrations of radon in dwellings and other buildings with high occupancy by the public; 
providing information on exposure due to radon and the associated health risks; and if necessary, 
to develop an action plan for controlling public exposure to radon. The IAEA has developed a 
Safety Guide to provide guidance on carrying out radon surveys, providing information on radon, 
and developing and implementing a national radon action plan, including the setting of a national 
radon reference level. This paper will summarize the guidance on the development of a national 
radon action plan, and provide information on the assistance that the IAEA is currently providing 
to IAEA Member States to develop radon action plans. These activities include the development 
of training material; the development of technical reports; the implementation of regional 
projects, training courses and workshops; and the provision of expert missions to Member States 
to provide advice on the development of national radon action plans. 
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THE CONTRIBUTION OF GEOLOGICAL INFORMATION 
TO ESTABLISH RADON ACTION PLANS 

Boris Dehandschutter 

Federal Agency for Nuclear Control, Brussels, Belgium 

Abstract. 

The new EC directive 2013/59/Euratom ‘Basic Safety Standards’ or ‘BSS’ imposes the 
member states to establish a national radon action plan with 14 items addressing long-term risks 
of radon exposure. Many of these actions will depend on the level of radon risk in delimited zones 
of the territory. The radon risk is often expressed as the percentage of dwellings exceeding a 
reference level of radon in a certain area. In general, radon risk occurs mainly due to the influx of 
radon from the ground. There are many factors determining the influx of radon into a building, 
the most important of which are air-tightness of the house envelope, ventilation rate and radon 
potential. The radon potential, combining radon soil gas concentration and gas permeability of 
the soil, controls the potential flux of radon into the building or radon hazard, being independent 
from the building characteristics or use. The radon soil gas concentration is determined by 
geology, whereas the permeability is often controlled by soil moisture and soil texture.  

The radon hazard contributes to the radon risk to an important degree, and can be used as a 
parameter to map the territory with respect to radon. The relevance of geology in radon hazard 
mapping is largely scale dependent. In (often relatively limited) areas of homogenous geology, the 
variations in indoor radon risk will not be determined by the geology, other factors being the 
cause of these variations. Looking at larger areas with the presence of different geological units, it 
is sometimes possible to predict the probability to exceed (or not) a specific reference level based 
on geological information and a limited amount of indoor radon measurements.  

This can be an argument for a justified ‘clearance’ of an area relative to radon prevention, 
information and measurement campaigns, and other aspects of the radon action plan. It can 
however not be an argument for other aspects of the radon action plan (e.g. building materials, 
low-energy buildings, alternative energy sources,…).  

On the other hand, certain geological information can allow to classify with high probability 
certain areas as radon-prone. This information is very useful for planning justified radon 
prevention in new buildings and for planning measurement campaigns and surveys in the sense 
imposed by the new BSS.  

It is clear that such radon hazards maps are indicative of potential risk and give no 
information on the individual indoor radon concentration or on the exposure to radon of the local 
or general population. This kind of information can be only derived from individual 
measurements and statistics of relevant and homogenous indoor measurement datasets.  
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PROBLEMS OF ESTABLISHING NATIONAL REFERENCE LEVEL 

Michael Zhukovsky, Ilia Yarmoshenko, Alexandra Onishchenko 

Institute of Industrial Ecology UB RAS, Ekaterinburg, Russia 

Abstract. 

Taking to account conclusive evidences on harmful health effects of indoor radon exposure at 
concentrations 100-200 Bq/m3, ICRP has recommended to establish national reference level ≤ 
300 Bq/m3. Efficient introducing of the national reference level requires thorough consideration 
of a number of significant topics. Well-grounded approach to choose the specific reference indoor 
radon concentration must be elaborated. Both too high and too low reference levels will not 
support measures on optimization of radiation protection against radon. Our analysis 
demonstrated that 90-th percentile of indoor radon concentration in the country is good starting 
point for establishing reference level. For example, if indoor radon concentration is below 200 
Bq/m3 in 90 % of dwellings of the country, that value may be considered. Establishing reference 
level based on 90-th percentile approach may be performed using representative radon survey 
only. For big countries, that include different climatic, geographical and cultural zones, such as 
Russia, it is necessary to consider regional reference levels. For Middle Ural region of Russia, we 
suggested indoor radon concentration of 70 Bq/m3 as appropriate value. Experience of 
population protection against radon should also be considered in establishing new reference level. 
In Russia, the equilibrium equivalent concentration (EEC) of radon and thoron was used for the 
purposes of the protection. Advantages and disadvantages of both EEC and radon concentration 
in radiation protection system should be systematically analyzed. In many countries two different 
types of limits for new and existing houses are applied. In particular in Russia, ECC of radon and 
thoron limits 100 Bq/m3 for new buildings and 200 Bq/m3 for existing houses have acting since 
1989. Generally, the experience of setting up specific limit of radon concentration in new 
buildings is positive. New house have been treated using the limit 100 Bq/m3 for about 25 years, 
in particular, it means that considerable part of housing stock meets the strict criteria. 
Considering the perspectives of establishing indoor radon exposure reference level in Russia, we 
suggest to accept indoor radon concentration 200 Bq/m3 as appropriate national value. Regional 
reference level cannot be above the national value. 
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RADON FIELD IN AZERBAIJAN: NATURE, CONCENTRATION LEVELS 
AND EXPERIENCE FOR ITS REDUCTION 

Ch. S. Aliev, A. A. Feyzullaev, R. J. Bagirli, F. F. Mahmudova 

Geology Institute of the Azerbaijan National Academy of Sciences, Baku, Azerbaijan 

Abstract. 

Radon is the one of the most toxic and radioactive gases. According to the International 
Committee on Radiation Protection, 40-75% from common doze of people’s exposure by natural 
radioactive sources comes from radon and its decay products. In 1987, radon and its decay 
products were identified by experts of the International Agency on Cancer Research to the group 
of carcinogenic elements for humans. Investigations conducted in Europe and USA showed that 
radon is the second cause after smoking providing lung cancer diseases. Radon is the main risk 
factor among the non-smokers. 

In 2010-2011 for the first time the studies of radon concentrations in Azerbaijan territory have 
been carried out. These studies were carried out with the financial support of the 
Swiss National Science Foundation (SNSF) under the grant “Creation of Cadastre and Map of 
Distribution of Radon in Azerbaijan Using the Swiss Methodology and Experience”. The studies 
were carried jointly by Radon Competence Centre (RCC), University of Applied Sciences of 
Southern Switzerland (SUPSI) and Geology Institute of Azerbaijan National Academy of Sciences 
(ANAS). 

The main goal of the project was the creation of radon cadastre and map of volumetric activity 
of radon in Azerbaijan and its analyzing. 2500 radon detectors of mark “Gammadata” have been 
sent to the Geology Institute of ANAS with the support of SNSF and SUPSI. 

Measured radon concentrations vary in a wide range: minimum value is 0.32 Bq/m3, 
maximum value is 1109.02 Bq/m3. The first map of volumetric radon concentrations in 
Azerbaijan was made on the basis of obtained results. This map identifies areas where radon 
concentrations exceed maximum permissible doses that can be dangerous for the population 
health. 

The main objective of the second phase of researches on radon testing in Azerbaijan was the 
approbation one of the technologies for reduction of anomalous radon concentrations in houses 
which is successfully used in Europe, particularly in Switzerland.  This joint initiative of 
Azerbaijan and Swiss scientists was again supported by the SNSF and in 2013 (January-May) 
investigations on the radon problem have been continued. For realization of these works houses 
with high levels of radon concentrations in the village Jabani of Shamakhi region were selected.  

Technology for reducing of the radon concentrations in living spaces consisted in continuous 
ventilation of indoors. For such ventilation the special fans in the basement of the houses have 
been installed. As a result, indoor radon concentrations in investigated houses decreased almost 
in 5-6 times. 
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HISTORY OF SOIL-GAS RADON CONCENTRATION MEASUREMENTS 
IN THE CZECH REPUBLIC 

Martin Neznal, Matěj Neznal 

RADON v.o.s., Prague, Czech Republic 

Abstract. 

The history of soil-gas radon concentration measurements in the Czech republic is relatively 
long and rich - significant development began in the eighties and nineties of the last century. 

An original sampling method - which is now extended almost worldwide - has been developed 
and tested. Subsequently, an original method for the direct in-situ measurement of soil-
permeability appeared. Both methods represent the basis of a uniform procedure for the radon 
risk classification of building areas (radon index determination).  

The range of applications of soil-gas radon concentration measurements is large: there are 
applications related to the radon risk management (radon potential maps, defining radon-prone 
areas, characterisation of radon potential of building sites, characterisation of soil contaminated 
with radium-226, choice and verification of mitigation techniques to be applied in a building), as 
well as applications related to phenomenological observation (understanding radon transport 
mechanisms in the soil and from the soil into the building, identification and analysis of radon 
entry parameters, earthquake prediction). 

The history of international intercomparison measurements of soil-gas radon concentration 
will be also mentioned and shortly presented. 
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FIRST RESULTS ON REMEDIAL TECHNIQUES AGAINST RADON 
IN THE AREA OF BAITA-STEI (ROMANIA) 

Constantin Cosma1, Botond Papp1, Alexandra Cucoş (Dinu)1, 
Liviu Suciu2, Oana Alexandra Dumitru1, 

Gheorghe Banciu2, Carlos Sainz3 

1 Environmental Radioactivity and Dating Center, Babeş-Bolyai University, Cluj-Napoca, Romania 
2 ICPE – Bistriţa SA, Bistriţa, Romania 
3 Medical Physics Department, Cantambria University, Santander, Spain 

Abstract. 

The area of Baita-Stei is located in the Bihor Mountains (NW part of Romania) in the 
neighborhood of “Avram Iancu” and “Baita” uranium mines. Baita mine was the largest surface 
uranium deposit in the world (open pit mine). This includes the town Stei and few villages (Baita-
Plai, Băiţa-Sat, Nucet, Fânaţe, Cimpani, Lunca, etc.), with a total of approximately 15.000 
inhabitants. 

Two ways of uranium dissemination were used over the time, and during the exploitation 
period (1954-1970). The first was the natural way represented by Crisul-Baita River that crosses 
the Baita surface deposit. Sediment transport by water course during geological time increased 
the uranium and radium content in the river meadow. The building material from Crisul-Baita 
River bed (stone, gravel, sand) was used as construction material for houses in this area. The 
second way was related to people living in this valley and in the surroundings, who used uranium 
waste from this mine as building material. A focused radon survey of the area (two complete 
integrated measurement campaigns in two seasons), from a batch of 303 homes (58% of all 
houses from Câmpani, Băiţa, Fânaţe and Nuce) facilitated the selection of 20 houses with the 
highest indoor radon concentration and these houses were proposed for remediation. Firstly the 
main remedial techniques applied for these houses (membrane, pressurisation, depressurisation, 
colector and sub-slab ventillation, cave ventillation, etc.) were tested on the pilot house. The 
average result of remedial efficiency equal to 83,4 % for all houses is in the range of the results 
obtained in the International RADPAR project where values of 60-95 % were reported. The new 
method using “eolian ventilation” to reduce the costs have only a limited acceptance, respectively 
the radon is in average reduced only by two times (Eff. ~ 50 %). As average for all 20 houses, the 
radon concentration was reduced from 992 Bqm-3 to an average of 160 Bqm-3. 
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THE PLANNED BRAZILIAN RADON SURVEY 
– CONCEPTS AND PARTICULAR CHALLENGES – 

P. Bossew1, N. C. Da Silva2 

1 German Federal Office for Radiation Protection, Berlin, Germany 
2 Laboratório de Poços de Caldas (LAPOC), Brazilian National Commission for Nuclear Energy 

(CNEN), Poços de Caldas, Brazil 

Abstract. 

Traditionally Brazil has been considered as a country with no major indoor Radon (Rn) 
problem, because of the overall benign climate which allows high ventilation rates and common 
building styles and living habits. However, regional small screening surveys have revealed that 
this is not necessary the case. These results, together with an increasing interest in Rn studies, in 
line with the international trend, led to the idea that a country-wide Rn survey might be 
embarked.  

So far only first concepts and ideas exist. Such survey would understandably be a challenge 
given the size of the country (about equal to whole Europe) and its diversity in many respects. 
Some of the resulting problems will be addressed in this contribution.  

Brazilian has a very diverse geology, including areas with elevated to high U concentrations. 
Some Rn prone areas are known, others suspected. Experiences from Europe can be transferred 
only partially because some of the South American geo-units do not exist comparably in Europe. 
Building styles are partly different from European ones for climatic and sociological reasons. 
Climatic zones range from temperate ones in the South which can have harsh winters, thus 
affording heating and house insulation, to tropical in the North, from humid along coasts and in 
part of the tropical zones to arid in the North-East. Air conditioning is increasingly common in 
hot summers of the South and in tropical regions, and for security reasons people tend to sleep 
with closed windows although the climate would allow otherwise. Building styles also depend on 
socio-economic factors more than in Europe, ranging from typical middle-class high-rise 
apartments in cities, over rural farm and village houses to poor neighbourhoods where direct 
contact of living rooms with the ground can be expected. 

An indoor Rn survey requires an appropriate design which includes the possibility to select 
dwellings about representatively, given the demographic reality. Although good databases exit in 
Brazil, actual selection is difficult, as is the subsequent step, contacting the inhabitants. Also the 
size of the country and the resulting large number of samples poses particular logistic problems, 
from detector deployment and collection to lab capacities for evaluation.  

In addition to discussing some of the mentioned factors and their impact on a Rn survey, we 
shall summarize the state of the project and the current knowledge about Rn in Brazil. 
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INDOOR RADON ACTIVITY CONCENTRATION MEASUREMENT AND ASSESSMENT OF 
ANNUAL EFFECTIVE DOSE IN HOUSES OF TUZLA CITY, BOSNIA AND HERZEGOVINA 

Amira Kasumović, Feriz Adrović, Amela Kasić, Ema Hankić 

University of Tuzla, Faculty of Natural Sciences and Mathematics, Tuzla, Bosnia and Herzegovina 

Abstract. 

The results of radon activity concentration measurements in homes in the city of Tuzla, 
Bosnia and Herzegovina, were presented. The measurements were performed by solid state 
nuclear track detector method (SSNTD type CR-39). Detectors were placed in the houses that are 
situated near the industrial zone of the city as well as in the urban area at the western part of the 
city. The measured value of indoor radon concentration was in the range from 4.2 Bq/m3 to 191.8 
Bq/m3, with an average value of 27.9 Bq/m3. Based on the measured indoor radon data the 
annual effective doses received by inhabitants were estimated. The inhalation doses vary from 
0.11 mSv to 4.84 mSv with an average value of 0.70 mSv. 
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FIRST STEP MAPPING OF INDOOR THORON CONCENTRATION 
IN THE RESIDENTIAL HOUSES OF KOSOVO AND METOHIJA 

Ljiljana Gulan1, Gordana Milić1, Zora S. Žunić2, Biljana Vučković1, 
Peter Bossew3, Dragoslav Nikezić4, Dragana Krstić4 

1 Faculty of Natural Sciences, University of Pristina, Kosovska Mitrovica, Serbia 
2 Institute of Nuclear Sciences “Vinča”, University of Belgrade, Belgrade, Serbia 
3 Bundesamt für Strahlenschutz (German Federal Office for Radiation Protection), Berlin, Germany 
4 University of Kragujevac, Faculty of Science, Kragujevac, Serbia 

Abstract. 

A part of survey of natural radioactivity in the Kosovo and Metohija involves 179 indoor 220Rn 
measurements. They were performed either in living room or in bedroom of 121 individual, rural 
type houses, using a passive method with application of CR-39 solid-state nuclear track detectors. 
Detectors were deployed at a distance more than 10 cm from the walls. Calculated values of 
arithmetic mean (AM) and geometric mean (GM) for 121 houses were: 200 Bqm-3 and 133 Bqm-3, 
respectively. The data for indoor thoron mapping arranged within 10 km x 10 km grid cells give 
an arithmetic mean (AM) of 159 Bqm-3 and geometric mean (GM) of 134 Bqm-3 over AMs grid 
cells. The distribution over individual data is well described by a log-normal function, but not 
through the grid cells. About 19% area of Kosovo and Metohija was covered by mapping. 
Statistical analysis of a survey was followed by discussion which including geogenic and seasonal 
factors affecting the thoron concentration, as well as comparison with simultaneous radon 
measurements. 
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RADON AND THORON IN HOMES WITHIN A REGULAR GRID IN SLOVENIA 
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Abstract. 

For this study, Slovenia was divided into 400 squares of 7 km × 7 km size. In each square one 
home was selected for measurements. Solid state nuclear track detectors of the following 
manufactures were used: Landauer Nordic (Sweden) for radon in 400 homes, Radosys (Hungary) 
for thoron in 200 homes, and Radosys (provided by NIRS, Chiba, Japan) and Dr Mayy’s (RPAD, 
Mumbai, India) for radon and thoron progeny in 100 homes. Detectors were mailed to the home 
owners and were exposed in living rooms in the ground floor, in the cold (from November 2011 to 
April 2012) and warm period (from May 2012 to October 2012). After exposure, detectors were 
returned to the manufacturers for reading and data evaluation. Based on the data obtained, radon 
and thoron effective doses will be calculated. The dependence will be analysed of the measured 
data and doses on the lithology of the country, as well as the building characteristics (age, 
building material, type of thermal insulation, etc.) and living habits (number of habitants, 
heating, ventilation, etc.), taken from the questionnaire filled in by owners. The obtained 
relationships will be presented and commented on. 
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SAXON RADON STRATEGY – IN ANTICIPATION OF THE EU BSS 

Stephanie Hurst 

Saxon State Ministry for Environment and Agriculture, Dresden, Germany 

Abstract. 

The new EU Basic Safety Standards (BSS) for the first time contain regulations on indoor 
radon. Radon protection at workplaces as well as indoor radon protection in general is subject of 
three articles of this regulation.  

Due to former uranium mining activities the German federal state of Saxonyhas been 
sensitized to this issue very early. In the resp. regions since the beginning of the 1990ies 
information of the public on radon protection and several measurement campaigns took place. 
Also in the nineties the Saxon radon information center took up work. Since 2006 an annual 
radon workshop is organized by KORA, a radon protection association, at Dresden University. 

In anticipation of the EU BSS Saxony developed a radon protection strategy with the aim to 
prepare the public and the building trades for the implementation of the BSS in German 
regulations in 2018. Main goals of the strategy are  

- to enhance the knowledge on background, measurement procedures and cost efficient 
mitigation practices 

- to develop a basis for the practical implementation of measures for radon protection by 
intensified communication background knowledge and by training measures 

- to intensify measurement programs and continue the work of the radon information 
center 

- to augment and continue installing of a strong radon network (authorities, communities, 
companies, training and education institutions) 

- and to strengthen the information of the public to enhance the acceptability of the 
concerned parties. 

In our opinion it is very important to convince institutions of the necessity to look into the 
subject before legal imperative is forcing action. Thereby national and international cooperation 
is an important boundary condition to get the attention of the public as well as of the building 
construction trade. The example of the “neighbor” is more convincing than only theoretical facts. 
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IDENTIFICATION AND MAPPING RADON-PRONE AREAS 
IN CROATIA – PRELIMINARY RESULTS FOR LIKA-SENJ 

AND SOUTHERN PART OF KARLOVAC COUNTY 

Vanja Radolić1, Igor Miklavčić1, Denis Stanić1, Marina Poje1, 
Ivana Krpan1, Matko Mužević1, Branko Petrinec2, Branko Vuković1 
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Abstract. 

Long-term indoor radon measurements performed by LR-115 track etched detectors in 
Croatian homes during 2003/2004 showed the arithmetic means of radon concentrations in 
Lika-Senj and southern part of Karlovac counties were three times higher (198 Bq/m3) than in 
houses at national levels (68 Bq/m3). Recently, the radon measurements in randomly selected 
houses as well as radon in schools and kindergartens were investigated. Values obtained in 
houses in these new measurements have confirmed the values obtained ten years ago (average 
radon value in 225 investigated houses in this area is 223 Bq m-3). At the same time, the average 
radon concentrations in schools and kindergartens in Lika-Senj County are both 337 Bq m-3 while 
in southern part of Karlovac County are 536 and 506 Bq m-3, respectively. 

Radon concentrations in soil gas in these areas were measured in September and October of 
2012 and 2013 with the AlphaGUARD measuring system. The obtained average value classifies 
the soil of Lika-Senj County, according to the used soil classification, into soil of medium geogenic 
radon potential. It is important to emphasize that radon concentration exceeds the value of 100 
kBq m-3 in one third of the measured locations which classifies those areas into areas with high 
geogenic radon potential. Other radionuclides in soil (40K, 137Cs, 226Ra, 238U, 232Th) were also 
measured and their values were commented and correlated with the values of radon and thoron. 

According to the obtained results the areas with elevated radon levels and radon-prone areas 
were identified (some micro locations in Korenica, Ličko Lešće, Generalski Stol, Slunj, Ogulin) 
and visually presented in the form of maps using different geostatistical approaches. 

Radon concentrations in the municipal water supply systems were also measured with 
AlphaGUARD system using procedure for quick determination of radon values. The highest 
measured value was 11.2 Bq/l (Gospić) and is ten times lower than the usual reference level of 100 
Bq/l. The estimated maximum annual radon dose, for children, received by drinking water (75 
liters per year) from the municipal water supply Gospić is 2.9 μSv and is much lower than dose 
received by inhalation of radon and its short lived progeny. 
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PILOT SURVEY OF INDOOR RADON IN REPUBLIC OF MACEDONIA 
USING RETROSPECTIVE METHOD 

Dobromir Pressyanov1, Zdenka Stojanovska2, 
Dimitar Dimitrov3, Strahil Georgiev1 

1 Faculty of Physics, St. Kliment Ohridski University of Sofia, Sofia, Bulgaria 
2 Faculty of Medical Sciences, Goce Delcev University, Štip, Republic of Macedonia 
3 St. Ivan Rilski University of Mining and Geology, Sofia, Bulgaria 

Abstract. 

A dedicated research since 2001 has revealed that any home stored CD/DVD can serve as a 
retrospective radon detector. As a part of an international collaboration, indoor radon was 
measured in 18 towns of Republic of Macedonia using the retrospective method of home stored 
CDs/DVDs. In the period September - November 2012 totally 67 CDs from ground floors of 54 
randomly selected dwellings were collected. In order to investigate the reproducibility of the 
results, in 13 dwellings a couple of disks were analyzed. The average disk occupancy (exposure 
time) was 12 years (range: 9-22 y). After collection of CDs, they were processed and analyzed in 
the Laboratory of Dosimetry and Radiation Protection at University of Sofia. The obtained mean 
222Rn concentration ranged within 6 - 541 Bq m-3 with average 75 Bq m-3 and median 52 Bq m-3 
(95% CI for the median: 38 - 63 Bq m-3). The distribution of the results was close to log-normal. 
The 222Rn concentrations measured in this survey were compared with the results, obtained in 
these towns within the National survey, performed in 2008-2009 using CR-39 track detectors. 
Both approaches for large scale surveys were compared in terms of organization, duration and 
potential for large scale application. 
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PRELIMINARY RESULTS OF RADON CONCENTRATION MEASUREMENTS 
IN ARTA AND CAMPANET TOURISTIC CAVES (MALLORCA ISLAND, SPAIN) 

Oana A. Dumitru1, Bogdan P. Onac2, 
Joan J. Fornós3, Constantin Cosma1 

1 Environmental Radioactivity and Nuclear Dating Center, Babes-Bolyai University, Cluj-Napoca, 
Romania 

2 School of Geosciences, University of South Florida, Tampa, USA 
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(Mallorca), Spain 

Abstract. 

Radon concentration has been measured in two of the most visited touristic caves of Mallorca 
Island (Spain), namely Arta and Campanet. Both caves develop in Mesozoic limestones and are 
well decorated with a variety of speleothems. Our aim was to gain information on radon 
concentration levels in order to assess the effective dose to which tour guides are exposed while 
leading tourists in the respective caves. The measurements were carried out using CR-39 
detectors deployed at different locations within these caves along some of the most visited 
galleries. Radon concentrations differ markedly from one cave to another, as well as within the 
same cave. Preliminary results obtained for a set of detectors deployed between March and July 
2013 show radon activity concentration significantly higher in the Campanet Cave. The values 
vary between 797.6 and 1855.2 Bq/m3, whereas in Arta Cave the concentrations are much lower 
(i.e., 22.0 to 175.8 Bq/m3). The lowermost values in both caves were measured at locations in 
which cave air circulation is present, whereas the highest digits correspond to more confined sites 
in the two caves. This is an ongoing study and the complete evaluation will be concluded by 
spring 2014, when apart from computing the effective dose, the seasonal pattern of radon 
concentration governed by air movement will also be investigated. 
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MEASUREMENTS OF OUTDOOR RADON CONCENTRATION 
IN DIFFERENT SETTLEMENTS IN BULGARIA 

Bistra Kunovska1, Kremena Ivanova1, 
Zdenka Stoianovska2, Viktor Badulin1 

1 National Center of Radiobiology and Radiation Protection, Sofia, Bulgaria 
2 Faculty of Medical Sciences, Goce Delcev University of Stip, FYR of Macedonia 

Abstract. 

This work presents the results of continuous radon measurements in open atmosphere, 
including measurements of air humidity, temperature, pressure and dose rate in 11 different 
settlements of Bulgaria. The series of 10 min due 24 hours measuring period in mountain, spas, 
plain, sea level and uranium mining environment were made, using the AlphaGuard equipment 
in summer period of 2013, The analysis of results showed different daily variation among the 
outdoor radon measurements in different measuring sites. The out door radon concentrations 
were ranged: from 22 Bq.m−3 (city in lowland) to 180 Bq.m−3 (uranium mining site Eleshnica). 
Out door radon levels were found to be increasing during the night by the factor 1.5 (in 9 
locations), factor 2 (location at the see level) and factor 1 (location at the plain). The relation 
between outdoor radon concentrations and meteorological factors as well with gamma dose rate 
was observed. 

Key words: out door radon, AlphaGuard, temperature, humidity 
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THE ITALIAN NATIONAL RADON ACTION PLAN: 
SOME RESULTS AND PERSPECTIVES 

Francesco Bochicchio, Sara Antignani, 
Carmela Carpentieri, Gennaro Venoso 

Istituto Superiore di Sanità (Italian National Institute of Health), Roma, Italy 

Abstract. 

The protection of population and workers from the health risk due to exposure to radon and 
its decay products requires many different actions and involves many different institutions, both 
national and local ones. Therefore, in order to optimize the protection, it is necessary to set up a 
national program to coordinate all the required actions, especially in countries with a federal 
organization, as it is the case of Italy as regards the health organization. The first Italian National 
Radon Action Plan (INRAP) was prepared by an ad-hoc working group of a commission set up by 
the Ministry of Health in 2002. A first project to start-up the INRAP was funded by the Ministry 
of Health in 2005 and was implemented in the period 2006–2010 by the Italian National 
Institute of Health, in collaboration with other national and regional institutes and agencies 
involved in the matter. A second two-year project has started on 2012, partly funded by the 
Ministry of Health and again coordinated by the Italian National Institute of Health. A relevant 
role for harmonization is played by the National Coordination Group on Radon (NCGR), 
composed by two experts for each of the 21 Italian Regions and other experts from relevant 
national authorities. In this paper, the organization and some results of the INRAP are presented. 
Moreover, the perspectives related to the forthcoming European Directive on Basic Safety 
Standards will also be discussed. 
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THE SPANISH INDOOR RADON MAPPING STRATEGY 

C. Sainz-Fernandez1, A. Fernandez-Villar1, I. Fuente-Merino1, 
J. L. Gutierrez-Villanueva1, J. L. Matarranz2, 
M. Garcia-Talavera2, L. S. Quindós-Poncela1 

1 Radon Group. University of Cantabria, Santander, Spain 
2 Nuclear Safety Council, Madrid, Spain 

Abstract. 

Indoor radon mapping still represents a highly valuable tool for drawing the picture of general 
population’s exposure to radon and radon progeny inhalation in the residential context. The 
information provided by a the map is useful not only as awareness and strategic element for 
authorities and policy makers, but also as scientific start up point in the design of epidemiological 
or other specific studies about exposure to natural radiation. The requirements for good mapping 
are related with harmonization criteria coming from European recommendations, as well as with 
national/local characteristics and necessities.  

Around 12000 indoor radon measurements have been made since the Spanish national radon 
programme began at the end of the 80's. A big proportion of them resulted from the last 
campaign performed from 2009 to 2012.  This campaign completed the first version of a map 
based on a grid 10x10 km2. In order to increase the statistical significance of the values included 
in the grid, the Spanish Nuclear Safety Council and the Radon Group from the University of 
Cantabria have agreed to sign a new contract recently.  

In this paper, we present the criteria adopted to improve the number of measurements and 
the statistical significance of them. In addition, we show the updated results on the Spanish radon 
map as well as the future perspectives. 
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INDOOR RADON IN GREEK WORKPLACES 

A. Clouvas1, S. Xanthos1,2, J.Guilhot1 
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Abstract. 

Greece is divided into 13 administrative regions. From 1999-2012, 1360 passive radon 
detectors were installed in 680 workplaces in 8 of the 13 regions of Greece. The duration of the 
radon measurements was from 3 months up to one year. The majority (75.4%) of the workplaces 
are schools and the rest (24.6%), are workplaces mainly in public buildings (town halls, police, 
fire brigade, hospitals) and few in private enterprises (shops, hotels etc). The majority of the 
rooms where indoor radon measurements were performed are located at the ground floor. In each 
workplace two electret ionization chambers were installed in the same room. The radon 
concentration distribution can be well described by a lognormal distribution. The arithmetic and 
geometric mean of the radon concentrations are 136 Bq m-3 and 114 Bq m-3 respectively. The 
minimum and maximum measured value of radon gas concentrations are 29 Bq m-3 and 958 Bq 
m-3 respectively. In the workplace (school) with the higher annual radon concentration (958 Bq 
m-3) was performed for 2 weeks radon measurements every 10 minutes. The value of the 
arithmetic mean radon concentration when the school was in operation (8h-16h) was 104 Bq m-3. 
The mean radon concentration for these specific two weeks was seven times higher (700 Bq m-3). 
For all regions studied, the mean radon concentration in schools was higher than in other 
workplaces. A rather good linear correlation, with a proportional factor of about 1.45 was 
observed between the mean radon concentrations in schools and other workplaces. This factor 
could be useful in the interpretation of future radon surveys. Indoor gamma dose rate 
measurements, with a portable NaI(Tl) detector, were also performed in the same workplaces. As 
expected, no correlation between radon gas concentration and indoor gamma dose rate was 
observed in the 680 workplaces. However, if only mean values of each region are considered, a 
linear correlation between radon gas concentration and gamma dose rate is apparent. 
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Abstract. 

The results presented here are part of a survey on concentrations of radon, thoron and their 
progeny in different indoor environment of the Balkan region involving international 
collaboration. This paper presents the preliminary measurement results obtained in 43 schools of 
5 municipalities in the Republic of Macedonia.  The time-integrated radon and thoron gas 
concentrations were measured by CR-39 (placed in two chambers with different diffusion 
barrier), whereas the radon progeny and thoron progeny concentration (EECR and EECT) were 
measured by LR-115 nuclear track detectors based Direct Progeny Sensors (DTPS and DRPS). 

The detectors were deployed at least 0.5 m distance away from the walls as well as away from 
windows and doors, in order to minimize the thoron concentration variations, and exposed over 
three-month period (March–May 2012).  

The geometric mean values (and geometric standard deviations) of radon and thoron 
concentrations, EERC and EETC were: 76 Bq/m3 (1.7), 12 Bq/m3 (2.3), 27 Bq/m3 (1.4), 0.75 
Bq/m3 (2.5), respectively. Equilibrium factors between radon and its progeny (FRn) and thoron 
and its progeny (FTn) were evaluated: FRn ranges from 0.10 to 0.84 and FTn ranges from 0.003 to 
0.998 with geometric means (and geometric standard deviations) equal to 0.36 (1.71) and 0.07 
(3.42), respectively. The linear regression analysis showed not significant correlation between the 
measured quantities. While the means appear plausible and well in line with values reported in 
literature, this is not so for some individual values. We discuss the technique and possible sources 
of errors and uncertainties. 

Key words: Cr 39 detector, LR115 detector radon, thoron, radon progeny, thoron progeny, 
equilibrium factor 
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MEASUREMENTS OF INDOOR RADON CONCENTRATION 
IN KINDERGARTENS IN SOFIA, BULGARIA 
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Zdenka Stoianovska2, Viktor Badulin1 
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Abstract. 

As a part of the systematic survey of indoor radon in Bulgaria, indoor radon concentration 
was measured in 292 kindergartens buildings of Sofia city during 3 month (January – April), 
2013 using the CR-39 nuclear tracts detectors. In any building at least two frequently occupied 
rooms (mainly playrooms) were observed. Altogether 922 measurements were performed. The 
frequency distribution was well described by the lognormal function. The measured radon 
concentrations range between 9 and 1415 Bq m-3 with a geometric mean of 101 Bq m-3 (2.08) and 
arithmetic mean 132 Bq m-3 with a standard deviation of 118 Bq.m-3. The radon concentrations 
obtained in this survey were compared with radon concentration in Sofia dwellings obtained from 
previous study. A detailed statistical analysis of the building factors was present. 

Key words: Kindergarten, indoor radon, CD-39 tracts detector 
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Abstract. 

Comprehensive radon surveys were carried out in six municipalities in Austria. The main 
objectives of the surveys were to identify dwellings with high radon levels, to correlate indoor 
radon levels, building characteristics and geological parameter, and to generally increase the 
radon risk awareness within the population and politicians. 

In total, the mean long-term radon concentration was determined in about 1,700 dwellings. 
The distribution and collection of the radon detectors was done by volunteers of the fire brigades. 
At 160 sites soil gas radon concentration, soil permeability, dose rate, and natural radionuclides 
were measured. In addition, long-term soil gas radon concentration measurements were carried 
out at several sites to study the long-term behaviour of radon in soil and the influence of 
meteorological parameters and seasonal variations. Public information events and articles in local 
press media served to inform the public on the surveys and their results. 

The participation rate for indoor radon measurements in the individual municipalities were in 
the range of 50 % to 90 % of all dwellings. The percentage of dwellings above the Austrian action 
level of 400 Bq/m³ ranged from 10 % to 25 %; in total, about 330 dwellings were above the action 
level. Financial support and expertise was offered for mitigation, but the willingness to remediate 
was still low. 

Approach, methodology and results will be given in more detail in the presentation. Also, 
factors influencing the willingness to participate in such surveys and to remediate the home in 
case of high indoor radon levels will be discussed. 
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Abstract. 

Having been recognized as a significant health hazard, indoor radon (Rn) has been given 
increasing attention for years. Surveys of different kind have been performed in many countries 
to assess the geographical extent of possible Rn problems. Commonly surveys cover dwellings and 
schools as the general population and pupils spend most of the time there. Surveys in schools are 
often easier to conduct than ones in dwellings, and therefore it would be useful if Rn levels in 
dwellings could be estimated from Rn levels in schools. It has however been observed that 
relating them is difficult and it was unclear whether or with which accuracy residential Rn at a 
location, or in mean over a region, can be predicted by Rn at a school at that location or region, or 
vice versa.  

In Southern Serbia, a systematic Rn survey in a predominantly rural region was carried out in 
primary schools. The question arose whether or to which degree the results can be considered as 
indicative or even representative for residential Rn concentrations; Can school Rn be used as 
predictor to draw a map of Rn levels or Rn risk (exceedance probability) in dwellings? To answer 
the question a particular study was initiated, designed in a manner to be able to detect a 
relationship if it exists. It was nick-named “onion” for its spatial layout, as dwellings were selected 
in approximately circular zones around schools, in order to detect an effect of distance on a 
relation, if it exists. It was performed in the mostly rural district of Sokobanja where annual mean 
Rn concentrations in ground floor rooms of schools had been found between about 40 and 200 
Bq/m³ in the school survey, i.e. spanning a range of moderate concentrations. 

The main result of the study is that probabilistic estimate of residential Rn predicted by Rn in 
schools is possible, i.e. the probability that residential Rn exceeds a threshold. Also means can be 
estimated but given high uncertainties values have to be taken with care. Here, we present the 
methodology and the statistical models which relate the quantities, and show maps of residential 
Rn predicted by school Rn.  

We think that the methodology can be applied to structurally similar problems. 
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Abstract. 

It is well known that there are high background radiation areas (HBRAs) in the world. Some 
epidemiological studies have been carried out in such areas. For understanding of radiation risk, 
radiation dose assessment is indispensable. Although external doses were well studied, internal 
doses are not well known. In those areas, thorium can be regarded as one of the most significant 
sources from the viewpoint of both external and internal doses. After thorium decays, thoron is 
formed. Since thoron in the living environment is not yet studied, further investigation is needed. 
Therefore, we focused on thoron in HBRAs. Some results and findings obtained so far will be 
shown in the presentation. 
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USING CDS/DVDS FOR RADON AND THORON MONITORING 
IN UNDERGROUND MINES 
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Abstract. 

A method that combines the high radon absorption ability of bisphenol-A based 
polycarbonates with their track-etch properties was used in the recent years for measurements of 
radon and thoron in dwellings. Mostly, these were retrospective measurements by CDs/DVDs, 
which are made of such polycarbonate material. For the first time in 2013 we attempted to use 
CDs/DVDs as radon/thoron detectors in underground mines. Within a pilot study we have placed 
CDs/DVDs at different points in several underground metal mines in Bulgaria. The disks were left 
for exposure time of up to 6 months. For this exposure time the detection level for 222Rn is < 100 
Bq m-3 and the results can be usable for diagnostic and decision making regarding radiation 
safety of underground miners. In this report we present and discuss the obtained results for 222Rn 
and 220Rn. Conclusions about the feasibility to use the polycarbonate method for personal and 
working places monitoring of 222Rn and 220Rn in underground mines are drawn. 
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THORON DECAY PRODUCTS SIZE DISTRIBUTION IN MONAZITE STORAGE FACILITY 
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Abstract. 

The aerosol size distribution of thoron decay products in the atmosphere of monazite storage 
facility was studied in the range 0.1nm – 10 m. The specially designed diffusion battery and 
cascade impactor were used. A screen type diffusion battery with 20 elements for measuring of 
radioactive aerosols size distribution in the range from 1 to 40 nanometers was developed. By 
replacing the capture elements it was possible to change the working range of the battery to 0.1 – 
10 nanometers.  The work of the device can be described by response matrix consisting of 
deposition probability on a certain element of diffusion battery for particles with certain size. 
Thus from the resulting set of data by special mathematical methods original particle size 
distribution can be reconstructed. The method of least squares and the method of expectation 
maximization by Maher and Laird were chosen for analyzing of experimental data ant obtaining 
of aerosol size distribution.  

The fine aerosol modes of 212Pb with AMTD ~0.3, 1.5 and 8 nm were found. Also the mode 
with AMAD 300 nm was detected by the use of cascade impactor. These modes can be identified 
as: AMTD 0.3 nm – elementary atoms; AMTD 1 nm – clusters of thoron decay products atoms 
and non-radioactive atoms in the atmosphere; AMTD 8 nm and AMAD 300 nm – particles 
formed by nucleation of condensation nuclei containing atoms of thoron progeny or coagulation 
of previous mode clusters with existing aerosol particles. It was demonstrated that the total part 
of 212Pb aerosol activity in the range below 10 nm is ~20 – 25%.  

It was shown that the diffusion deposition of ultrafine aerosols on the first cascades of 
impactor result in the erroneous observing of coarse aerosol mode with AMAD ~ 7 m. The 
improved technique with the joint use of wire screens and cascade impactor was suggested for 
aerosol size distribution measurements in the situations when ultra fine aerosol modes are 
influencing on the results of medium size aerosols measurements.   

The knowledge of exact aerosol size distribution in the range below AMTD 10 nm is very 
essential for correct assessment of radioactive aerosols deposition in respiratory tract. According 
to ICRP data the observed nanosize modes of radon progeny are in the range of sharp change of 
aerosol deposition coefficients in different parts of respiratory tract. This causes a need of 
correction of dose conversion factors for assessing inhalation exposure to radioactive aerosols of 
thoron decay products. The dose coefficients for inhalation of thoron progeny were calculated for 
observed aerosol size distribution and lung types of 212Pb aerosols, obtained in our previous 
studies.  
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Abstract. 

The inhalation of short-lived radon and thoron decay products yields the greatest contribution to 
the natural radiation exposure of humans. In indoor environments the concentration of radon and 
thoron may vary strongly but the behavior of their progeny can be different. A study to characterize the 
pathway of radon and thoron progeny as a function of microclimatic parameters, particulate nature and 
dimensions - on the basis of its source -, and room volume was conducted.  

The aim was to improve the knowledge of phenomena related to the unattached fraction of decay 
products, their interaction with particulates and the plate-out in function of time. 

For this study the radon practicable chamber of 150 m3, located at INMRI ENEA (Casaccia, Italy), 
was used: here, due to the natural emanation from the ground, radon concentrations ranged between 
100 and 4000 Bqm-3, by increasing the under-pressure in the radon chamber. The thoron level was low 
and quite constant because this gas seems not to be influenced by the stack effect. 

The experimental protocol included continuous radon monitoring, microclimatic parameters 
(temperature, humidity, pressure) recording, radon and thoron progeny measurements (distinguishing 
the attached and unattached fractions), determination of the indoor-generated particulate 
concentration and size distribution. In standard conditions, in radon reference chamber the aerosol 
concentration is very low (about 2000 particles/cm3) and the radon equilibrium factor (FRn) was 0.2-
0.4 with an unattached fraction of 20 - 30 %, a 218Po/214Po ratio in the unattached fraction of about 60% 
and of about 12% in the attached fraction. The value of PAEC related to thoron was about 2-3 MeV/cm3.  

Several scenarios were investigated: standard conditions in which no particulate sources are 
present, presence of particulate sources such as burning oil, candle smoke, mosquito repellents and 
incense sticks burning in the reference chamber, and tobacco or electronic cigarettes smoking in a 
small rooms. The introduction of different particulate sources produce different aerosol size 
distributions, a reduction of the unattached fraction and an increase in PAEC values (about twice). 
These two last effects seem to show a nonlinear trend: this phenomenon is evident from particulates 
concentrations about 25,000 particles/cm3. 

The experimental test confirmed that the plate-out rate of the radon unattached fraction is very low 
compared to the one related to the attached fraction; therefore a high particulates concentration 
increases the probability that an ion stick to aerosol and remains long in the air, leading an increase of 
F and at the same time a decrease of fp, as reported in the literature [Postendorfer, 1994]. 

For thoron progeny, due to the long half-life of 212Pb (10 h), in the same environmental conditions 
the fp is much lower than the one from radon progeny, so unattached fraction of thoron progeny is 
negligible. The same experimental protocol applied in a small radon chamber showed a strong 
reduction of the equilibrium factor (the average value of approximately 10%), because in a small 
environments the plate-out phenomenon prevails on the attachment to particulate. 

Reference: 
[1] J. Porstendörfer, 1994. Properties and behaviour of radon and thoron and their decay products in the air. J. Aerosol 

Sci., 25(2), 219-263. 
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OF UNATTACHED RADON DECAY PRODUCTS ON THE AEROSOL CHARACTERISTICS 
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Abstract. 

Simultaneous measurements of activity concentrations of radon short-lived decay products 
(RnDP) (using an EQF3020-2 Equilibrium Factor Monitor, Sarad, Germany) and of 
concentration and size distribution (size range 5–1100 nm) of aerosol particles (using an SMPS+C 
Scanning Mobility Particle Sizer with a Condensation Particle Counter, Grimm, Germany) were 
performed in the Postojna Cave and in a basement flat.  

In winter, temperature in the cave is higher than outside, resulting in a good ventilation of the 
cave: radon rich cave air is released through vertical openings to the outside atmosphere and is 
replaced by outside air of low radon activity. As a consequence, levels of RnDP were low (410–
900 Bq m–3) and aerosol concentration was high (980–4270 cm–3), dominated (92–95 %) by 
particles bigger than 20 nm to which RnDP attach. In summer, air flow through the cave is 
minimal or even reversed, resulting in high RnDP levels (1150–2090 Bq m–3) and low aerosol 
concentration (20–260 cm–3), dominated (up to 40 %) by particles smaller than 20 nm (related to 
unattached progeny). The unattached fraction of RnDP was significantly higher in summer 
(0.46–0.70) than in winter (0.05–0.15) due to higher content of smaller particles, although 
higher aerosol concentration in winter would predict the opposite. While comparison of two 
yearly seasons in the cave, with different aerosol characteristics, have shown the effect of the 
concentration and size distribution of aerosol particles on the fraction of unattached RnDP, this 
relationship has not been clearly observed during short, though enormous, changes in the flat. 
Time needed for creation of 218Po, 214Pb, 214Bi and 213Po by radioactive transformations, their 
neutralisation and attachment necessarily leads a time delay between changes in aerosol 
conditions and fraction of unattached RnDP, and therefore the relationship is masked. 

In the flat, parameters were monitored during a long and a short human activity. Our 
experiments were carried out at RnDP activity concentration in the range of 50–1000 Bq m–3. 
Boiling water (lasting 20 min) emitted particles in the 6–12 nm size range. Aerosol concentration 
abruptly increased from 4130 cm–3 to 303,910 cm–3 and fraction of <5 nm particles, from 0.001 to 
0.72. In contrast to the cave, these substantial changes were not reflected in the fraction of 
unattached RnDP, which only slightly decreased (from 0.16 to 0.12). During 4-hour candle 
burning, 6–10 nm particles were released, resulting in aerosol concentration of 1,521,000 cm–3 

with 65 % of <5 nm particles. Decrease in fraction of unattached RnDP was relatively bigger 
(0.08–0.05) than in boiling water.  
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Abstract. 

Within the Slovenia-Serbia scientific cooperation, in several dwellings in the Sokobanja 
municipality in southern Serbia, radon and thoron survey has been performed, comprising 
activity concentrations of radon (222Rn) and thoron (220Rn), equilibrium-equivalent activity 
concentration of radon short-lived products, activity concentrations of 218Po, 214Pb and 214Bi (in 
both attached and unattached form), number concentration of nano aerosol (particles size range 
10–1100 nm) and size distribution, and concentrations of small (<1 nm) positive and negative 
ions, accompanied by also recording air temperature and relative humidity, barometric pressure 
and concentration of carbon dioxide. Human activities appeared to change characteristics of nano 
aerosol substantially, with the extent of change in number concentration and particle size 
distribution strongly dependent on the nature of activity. Consequently, also concentration of 
both positive and negative ions was changed. While short activities did not affect the fraction of 
unattached radon progeny significantly, activities lasting hours did, thus influencing the dose 
conversion factor. 
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COMPREHENSIVE ANALYSIS OF THE LONG-TERM VARIATIONS OF LOW RADON 
CONCENTRATION IN AN UNDERGROUND LABORATORY 
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Abstract. 

We present the results of several analyses of long-term variations of low radon concentrations 
in out underground laboratory. Mainly, the analyses are ordered by the extent of information 
used in analysis and complexity of a method. We start with correlation studies of radon 
concentration variations and maximal set of climate variables. We continue with periodogram 
analysis of our long-term measurements, and finally use multivariate classification and regression 
methods, as developed for data analysis in high-energy physics and implemented in the TMVA 
software package, to study connection of climate variables and variations of radon 
concentrations. We believe that the results are indicating the possibility of wider usage of 
multivariate methods for radon studies in our laboratory, and also for other underground 
laboratories and controlled underground spaces with ventilation. 
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UTILIZATION POSSIBILITIES AND CHARACTERIZATION OF RED MUD 
AS ADDITIVE MATERIAL IN BUILDING MATERIAL INDUSTRY 

Z. Sas, J. Szántó, J. Somlai, T. Kovács 

University of Pannonia, Institute of Radiochemistry and Radioecology, Veszprem, Hungary 

Abstract. 

The natural radionuclide content of the manufactured building materials contribute natural 
background radiation. The materials with elevated natural radionuclide (K-40; U-238; Th-232 
and their daughter elements) content are called NORM (naturally occurring radioactive 
materials). Due to the congenial internal structure properties of the clays these raw materials can 
be mixed with other materials, provides great possibility to reuse industrial by-products as 
additive material.  

The aluminum manufacturing in Ajka (Hungary) started in 1943. As a result of the bauxite 
refining activities up to now approximately 30 Mt of red mud has been produced in Hungary, 
stored in reservoirs. The radionuclide content of the bauxite usually exceeds the world average in 
soils. 

In the EU the Radiation Protection 112 (RP 112) guideline serves for classification of building 
material, wherein the gamma exposure is limited by I-index. The radonemanation and exhalation 
properties of inbuilt materials have great effect on the indoor radon levels. The internal structure 
studies can provide great possibilities to investigate the changes and the correlation between the 
state of the matrix and the radon exhalation capacity to keep the WHO recommended 100 Bq/m3 
radon level in case of newly built buildings. In recent study a comprehensive radiological survey is 
published deals, with radiological features of decorative bricks produced from mixture of red mud 
and clay.The natural radionuclide (K-40; U-238; Th-232) content was determined with gamma 
spectrometry to classify the material on the basis of I-index. It was found in the case of red mud 
and the used clay, that the K-40 content were284 ± 29 Bq/kg and 491 ± 28 Bq/kg, the Ra-226 
were182 ± 17 Bq/kg and 44.4 ± 5.2, the Th-232 were247 ± 26 Bq/kg and 58 ± 7.5 Bq/kg. The 
calculated I-indexesof the starting materials were1.94 and 0.58, which clearly proves that the 
decorative bricks prepared from red mud mixed clay are suitable for superficially inbuilt building 
material production according to their I-index. 

The radon emanation and exhalation features were determined in case of the starting 
materials, and the mixed end products as well. It was found that in the function of the heat 
treatment the radon emanation and exhalation power reduced under 5 % of the initial. 
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Abstract. 

Indoor radon, thoron and their decay products concentration measurements were performed 
in 25 primary schools in Banja Luka city region, the capital of Republic of Srpska. Studies have 
been carried out in the period from April 2011 to May 2012 using 4 different passive radon (CR 
39, LR115) and thoron (CR39, LR115) detectors. Detailed statistical analysis of radon and thoron 
and their progeny concentration distribution considering geological position, type of detector, 
measuring uncertainty, indoor position of the detectors and building material is given. Elevated 
levels of radon concentration (>400 Bq m-3) were found only in a few schools. 
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Abstract. 

This paper presents the results of radon and thoron equilibrium factors obtained from long 
term measurements of concentrations of radon, thoron and their progeny in different indoor 
environment of Banja Luka city (Republic Srpska). The measurements were made in 35 dwellings 
and 24 schools using CR-39 and LR-115 nuclear track detectors, exposed from April 2011 to May 
2012. In schools the detectors were positioned about 8 – 10 cm away from walls and surfaces 
which are potential sources of thoron exhalation, whereas this distance was about 3 – 10 cm in 
schools. The obtained results for equilibrium factors can be described as log-normally distributed. 
The geometric mean values (and geometric standard deviations) of radon and thoron equilibrium 
factors were 0.17 (1.9) and 0.010 (2.2), respectively. The statistical analysis shows that the 
difference between radon equilibrium factor obtained for dwellings and schools was not 
significant. The geometric mean (geometric standard deviation) of thoron equilibrium factors in 
dwellings, i.e. 0.013 (2.0), is higher than the one in schools, 0.008 (2.2), and this could be related 
to the small differences in the detector positions with respect to the wall in schools and in 
dwellings. The influences of the distance of the detector from the wall, as well as the ones of the 
floor level, building materials and room type on equilibrium factor were analyzed. 

Key words: CR-39 detectors, LR-115 detectors, DRPS/DTPS, radon, thoron, radon 
equilibrium factor, thoron equilibrium factor; schools, dwellings, Banja Luka City area, Republic 
of Srpska 
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Abstract. 

The effective protection of the public against radon requires that the buildings should be safe 
from the point of view of the radon gas. Radon maps serve as valuable tools in designing effective 
strategies in the program of protection against indoor radon both for existing and future houses. 

The goal of our paper is to propose a method for radon mapping which is easy and commonly 
applicable. 

The method use mathematical model for calculation of Rn concentration in buildings. The 
model takes into consideration the physical parameters of the soil and the basement and 
structures of the buildings. The calculated results were compared to the experimental results 
measured in the buildings with CR-39. 

The model was verified through results of the measurements of the radon concentration of the 
soil gas, the exhalation from the soil and accumulation in the building. The experimental results 
show that radon content of soil gas, radon exhalation of soil surfaces may vary significantly even 
in a small area. Therefore sufficiently large number of sampling points should be investigated to 
obtain representative result for a given geological area. 

The radon measurements in this study were accompanied with integral gamma dose 
measurements in environment with four different thermoluminescence (TL) detectors and one 
radiophotoluminescence (RPL) dosimeter (SC-1). There was no difference between the doses 
measured within and outside the buildings i.e. the building materials did not influenced the 
background doses. The measured dose values (0.14-0.16 mGy) corresponded to the natural 
integral background in the environment for the monitoring period (41 days) on all locations. 
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Abstract. 

Many residents who lived in Namie Town due to TEPCO Fukushima Daiichi Nuclear Power 
Station accident were evacuated to other town such as Fukushima City and Nihonmatsu City. 
Many evacuees are living in temporary houses still now. Whole body counting examination for 
estimation of internal exposure by radiocesium is carrying out by Fukushima Prefecture and 
Namie town. Moreover, contaminations by radiocesium to foods are measured using high purity 
germanium detector by many institutions. The aim of these examinations was estimation of effect 
of artificial radionuclides released from reactor building. Thus, effective dose by natural 
radionuclides was not considered in these examinations. Recently the WHO proposed a reference 
level of indoor radon gas ranging from 100 to 300 Bq/m3, and its inhalation is supposed to 
increase the risk of lung cancer after tobacco smoking. In this study, radon concentration was 
measured at temporary houses in Fukushima Prefecture for estimation of an annual internal 
exposure dose. 
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ASSESSMENT OF THE EFFECTIVE RADON DOSE, MEASURED 
IN SCHOOLS AND KINDERGARTENS IN BELGRADE DURING 2012 AND 2013 

V. Arsić, S. Bogojević, I.Tanasković, 
M. Eremić-Savković, Lj. Javorina, J. Ilić 

Serbian Institute of Occupational Health “Dr Dragomir Karajović”, Belgrade, Serbia 

Abstract. 

Radon is a gas that is produced from radioactive decay of uranium and is the main cause, after 
smoking, of lung cancer. Of all the natural sources of ionizing radiation, radon increases the total 
effective dose the most. Serbian Institute of Occupational Health “Dr Dragomir Karajović”, 
performs indoor radon concentration measurements in Belgrade, for years. For this purpose 
Standard Operating Procedures for Radon-222 Measurement is used (EPA 520/5-87-005 1987 
method) whith active charcoal canisters. Radon concentration is determined by gamma ray 
emissions of both lead-214 (295 keV and 352 keV) and bismuth-214 (609 keV). 
Gammaspectrometric measurements were performed by NaI and HPGe detectors. This report 
shows results carried out from measurements in schools and kindergartens in Belgrade in 2012 
and 2013 and the effective dose originating from radon assessment, as well. Such as previously 
known, contribution of radon to the total effective dose, is dominant. These results also show that 
the highest percentage of controlled objects were with concentration below 200 Bq/m3, and 
according to that fact, radon does not represent a health hazard for children and their teachers. 

Key words: Indoor radon concentration, gamma spectrometry, the effective dose 
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Abstract. 

Radon (Rn-222) is a natural radioactive noble gas distributed on Earth in different ways. It 
and its progeny are the major source of exposure to natural ionizing radiation for human beings. 
Today, it is of great interest the study of air quality in the workplace. It is known that the stay in 
workplaces where levels of radon concentrations are very high increases the probability of 
induction of lung cancer. The previous studies have confirmed that the exposure at high 
concentration of Radon is the second cause of lung cancer after smoking. Italian regulation by 
transposing the Euratom Directive 96/29 imposes the control and monitoring of radon 
concentration in all underground workplaces. It sets the radon concentration level of 500 Bq m-3 
as an annual average limit, which leads to an annual effective dose of 3 mSv if it is assumed an 
equilibrium factor of 0.4 and an exposure of 2000 h y-1. The indoor Radon concentration were 
measured in 7 Museums of the University of Naples Federico II, (South Italy). The museums in 
which the monitoring was conducted are: Museum of Mineralogy, Museum of Physics, Museum 
of Zoology, Museum of Anthropology, Museum of Paleontology, Museum of Veterinary and 
Museum of Agriculture. The measurements were performed using passive alpha detectors 
(SSNTDs) LR-115. The detectors were placed at different locations within each museum. The 
number of radon detectors placed differed for the three catacombs, depending on their 
planimetry. These LR-115 were exposed for 4 quarters (February – May 2013; May – August 
2013; August – November 2013; November – February 2014), this allows to evaluate the seasonal 
fluctuations. Additionally, the statistical relationship between radon measurements and some 
building characteristics such as age of the dwelling, main building materials and floor level will be 
tested. The results will show that the seasonal average concentrations and annual average 
concentrations related to different sites of measurement considered in this work. This work will 
allows us to estimate the dose to Museums workers due the radon concentration. 
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Abstract. 

In this work high correlation was found between indoor radon concentration and type of 
underlying bedrock in three geologically very different regions of South-Eastern Europe. A 
method to estimate the annual mean concentration when one seasonal measurement is missing is 
proposed. Large difference of radon concentrations in different rooms of the same house and 
significant difference in radon concentrations in one season comparing it to the others is noted in 
certain cases. Geological factors which can lead to such behavior are discussed.  
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Abstract. 

We present the results of analysis using correlative and multivariate methods, as developed 
for data analysis in high-energy physics and implemented in the TMVA software package, of the 
dependence of the variation of increased radon concentration in underground laboratory on 
climate variables. The method enables the investigation of the connections of the wide spectrum 
of climate variables with increased radon concentrations. We find that multivariate analysis gives 
us a minimal set of climate variables which can be used successfully in software for 
approximation of variation of increased radon concentration in indoor spaces based on various 
multivariate methods. 
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Abstract. 

In two rural dwellings of high radon levels in the Karstic Region of Slovenia, a thorough radon 
and thoron monitoring was performed, comprising radon (222Rn), thoron (220Rn), radon short-
lived products 218Po, 214Pb and 214Bi (in both attached and unattached form), nano aerosol 
(number concentration and size distribution in size range 5–1100 nm), and small (<1 nm) 
positive and negative ions. Also air temperature and relative humidity, barometric pressure and 
concentration of carbon dioxide were recorded.  

Preparation of coffee and lunch in the kitchen enhanced aerosol concentration from its 
background value of about 4000 cm–3 to as high as about 90,000 cm–3. Both times, large 
amounts of the <10 nm particles were emitted, thus shifting the particle size distribution towards 
smaller diameters. As particles started to grow by coagulation, the previous distribution was soon 
restored, maximised at about 70 nm. Contributions of the <10 nm particles lasted too short (10 
and 35 min, respectively) to be able to disturb the fraction of unattached radon products 
significantly. Baking bread in an Alpine-type oven increased aerosol concentration to 19,000 cm–3 

and did not change the size distribution significantly (maximum shifted only from 100 nm to 110 
nm). In both dwellings, concentration of ions of both signs was highest during night and rapidly 
decreased in the morning when the room of experiment was entered. The highest concentration 
of positive ions was 30,000 cm–3 (with +/– ration of 3.7) in one dwelling and 14,000 cm–3 (with 
+/– ration of 1.1) in the other. 

 

 



 

 51

 

DEPENDENCE OF RADON AND ITS ATTACHED 
AND UNATTACHED PROGENY CONCENTRATION ON INDOOR AIR PARAMETERS 

D. Grządziel1, K. Kozak1, J. Mazur1, M. R.Dudzińska2, 
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1 Institute of Nuclear Physics PAN, Kraków, Poland 
2 Lublin University of Technology, Lublin, Poland 

Abstract. 

Radon and its decay products are harmful pollutants present in indoor air and are responsible 
for the majority of the effective dose due to ionizing radiation that people are exposed to. Within 
the cooperation with the Environmental Engineering Faculty (Lublin University of Technology, 
Poland) the investigation has been carried out aiming at study of dependence of radon and its 
progeny on indoor air parameters. The results of the measurements carried out in the faculty 
auditorium are presented.  

The study encompassed the measurements of radon and its progeny (in unattached and 
attached fractions) as well as indoor air parameters: temperature, relative humidity, air pressure, 
number and mass concentrations of fine aerosol particles (PN and PM1).  

The measurements were carried out during periods of time when air-conditioning was 
switched off (unoccupied auditorium) and when it was switched on (auditorium in normal use). 
The influence of air-conditioning and of students presence on the dynamics of radon and its 
progeny was investigated. The relationships between indoor air parameters (temperature, 
humidity, particle mass and number concentration) and radon/progeny concentration were 
examined. The final aim of this research is the study of the variability of radon equilibrium factor 
F which is essential to determine the effective dose coming from inhalation of radon and its 
progeny. The measurements campaign started in spring 2012 and is now being continued. The 
poster presents the results from the following periods of time: spring 2012, winter 2013/2014. 
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STUDY OF RADON LEVELS IN RESIDENTAL BUILDINGS 
OF VARNA REGION, BULGARIA 
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Abstract. 

Exposure to radon is most relevant to the internal exposure of the population of the Earth. 
According to the 2008 report of the United Nations Scientific Committee on the Effects of Atomic 
Radiation (UNSCEAR) 41% of the population exposure are due to inhalation of radon an its short-
lived daughter products in ambient air. 

Aim: to determine the radon levels in residential buildings in Varna region and to compare 
the levels in different types of buildings and their seasonal dynamics. 

Methods: It is used data from a national survey of radon levels held in Bulgaria in 2011q 
2012.Concenration measured with passive detectors tracts – CAMMADATA. Cluster and 
descriptive analysis on package SPSS are used for statistics. 

Results: Pilot data indicate that the average effective dose for the population in Varna region 
is 2.7 mSv per year. Health problems are possible in relation with high radon levels in residential 
buildings. 
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THE CHALLENGES OF REDUCING THE PUBLIC HEALTH BURDEN IN EUROPE 
DUE TO RADON EXPOSURE 

James Mc Laughlin 

School of Physics, University College Dublin, Ireland 

Abstract. 

It is scientifically well established, on the basis of both occupational and residential 
epidemiological studies, that exposure to radon increases the risk of lung cancer. These studies 
have also shown that the already high baseline lung cancer risk for smokers may be substantially 
increased by co-exposure to elevated radon levels. In order to address this radon problem 
national and international agencies, such as WHO, CEC, ICRP and IAEA, have over many years 
recommended a variety of radon reference levels typically in the range 100 to 400 Bq/m3. In 
addition building codes as well as radon preventative and remediation technologies have been 
developed to assist in the reduction of indoor radon levels in future and existing dwellings 
respectively. These measures if implemented can reduce indoor radon to acceptable 
levels.Nevertheless in spite of the existence of these reference levels, building codes and 
technologies the rate of progress in reducing the overall European public health burden due to 
radon exposure has been very slow. One of the biggest obstacles to be overcome is public apathy. 
Radon risk communication strategies to encourage households to take action against radon have 
not been very effective to date. Here an account is given of some possible ways in which this 
situation might be improved and on how radon exposure reduction campaigns could and should, 
with potential public health benefit, be integrated with campaigns to improve indoor air quality 
and to reduce the prevalence of smoking. 
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RADON LEVELS AND RESULTING EFFECTIVE DOSES OF RESIDENTS 
IN GORNJA STUBLA AT KOSOVO APPLYING DOSIMETRIC LUNG MODEL 

BASED ON ICRP 65 AND ICRP 66 METHODOLOGY 
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Abstract. 

The place Gornja Stubla situated in the South-West part of Kosovo, is a community with high 
indoor radon level due to its geochemical background. There, radon activity concentration in 
indoor air has been measured by exposing the 960 SSI/NRPB detectors all the year round, in 172 
rooms of 65 dwellings. Annual averages of concentration ranged from 35 Bq m−3 to 6010 Bq m−3. 
In the first attempt, the effective doses of residents have been calculated applying the ICRP-65 
methodology, based on either the average radon concentration for the dwelling or concentrations 
for the rooms of a dwelling in which they spend fractions of the entire time spent indoors. Both 
seasonal and annual doses have been calculated. The annual values were in the range of 0.6−26.9 
mSv a−1 with an average value of 7.8 mSv a−1. 

By further research we considered the approach that effective dose being influenced by a 
number of different parameters and divided into subject and aerosols related parameters, are 
connected with two crucial parameters such as follows: Dose Conversion Factor (DCF) for 
particular subject (including real gender, age and physical activity level) and indoor radon 
concentration and its short lived progeny at field area. These facts emphasize necessity for 
accurate measurements of radon/thoron and their progeny. Therefore, authentic software was 
developed for determination of effective dose per unit inhaled activity of radon progeny, DCF 
expressed in unit [mSv/WLM]. According to the results of indoor radon measurements in the 
area of Gornja Stubla, the effective dose for this population was estimated by using the dosimetric 
lung model, based on ICRP Publication 66. The results, obtained according to ICRP 66, were 
compared with results calculated according to ICRP Publication 65 and UNSCEAR. 

Key words: Dosimetry, lung model, indoor radon, dwellings, effective dose, real population, 
Gornja Stubla, Kosovo 
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DISTRIBUTION OF URANIUM AND THORIUM IN HUMAN HAIR AND NAIL AMONG 
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Abstract. 

The content of elements in human hair and nail can be considered as the good alternative 
indicators of the public exposure to natural radionuclides and other toxic metals over a long 
period of months or even years. The levels of elements in hair and nail usually reflect their levels 
in other tissues of body. Niška Banja, a spa town located in Southern Serbia, being identified as 
high natural background radiation area was selected for the study. To assess public exposure to 
metals, hair and nail samples were collected to analyze the concentration of uranium, thorium 
and some trace and toxic elements such as Mn, Ni, Cu, Sr, Cd, and Cs using inductively coupled 
plasma mass spectrometry. U and Th concentrations in hair varied from 0.0002 to 0.0771 g/g 
and from 0.0002 to 0.0276 g/g, respectively. The concentration in nail varied from 0.0025 to 
0.0447 g/g and from 0.0023 to 0.0564 g/g, for U and Th, respectively. Large variation in 
concentration of heavy metals in hair may be attributed to different geological origin and 
anthropogenic activities. 

Key words: Hair; nail; uranium; thorium: High natural background radiation area; Trace 
elements, ICPMS 
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ESTIMATION OF RADON RISK IN SHKODRA REGION 

Hamza Reci, Safet Dogjani, Idriz Jata 

Institute of Geosciences, Energy, Water and Environment, Tirana, Albania 

Abstract. 

In this study, we present the Radon concentration levels in the soil and indoor in Shkoder 
area. From a geological point of view, the soil of Shkoder - Koplik region is composed of 
Quaternary Holocene deposits (Qh) which present a variety of formations of different physical 
characteristics. Radon is a colorless, tasteless, odorless, radioactive gas. When people are exposed 
to it for a long period of time in inner environments, radon may cause cancer in several organs 
but mainly in the lungs. The main sources of radon gas indoors are entirely related to the 
geological environment. The measurements of Radon can be realized in several ways such as: 
radon and permeability in soil; measurements of natural radionuclides (40K, 238U, 232Th) in on the 
ground and soil; radon concentration level in water; measurements radon indoor in dwellings; 
radon level and soil permeability. Measurements (soil and permeability) have been made using 
the Luka-s method. Tests have been carried out indoor at short and long measurement, using 
active defector with time interval 24h-72h and passive radon detectors in 3 months time interval, 
respectively. The data shows all three risk levels, low, medium and high. This study concludes to 
the maps of radon concentration, soil permeability and radon risk map for region Shkoder. 

Key words: Indoor, radon risk, radon concentration, in soil, radionuclides, geological 
environment 
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RADON RISK ASSESSMENT IN THE URBAN AREA OF TIRANA CITY 

Safet Dogjani1, Hamza Reci1, Llambi Langore2, 
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Abstract. 

In this study are analyzed the data taken from the radon concentration levels in soil and 
indoor in the city of Tirana. The results are given in accordance with several measuring 
techniques such as the determination of in soil radon concentration, indoor radon concentration 
with active and passive techniques, the permeability of the soil and the natural radionuclides 
content (238U, 232Th, 40K). This study gives conclusions about the in soil site measurements, where 
the radon values reach several thousand Bq/m3, measurements of the permeability, indoor 
measurements realized in short time intervals 24-72hours, 60 measurements with passive 
detector with time measurements 3 months, where the level of radon concentration ranges from 
40 up to 690Bq/m3 and the level of natural radionuclides realized directly in situ with the 
measurement gamma spectrometer, with crystal size 3x3 Inc. The natural radionuclides data are 
interpreted in relation with different lithological representatives, over which the study is realized.  
The results are given not only in the areas classified with high risk, which cover about 30% of the 
total studied area, but gives a general description of all the measurements carried out, in a area 
with 40km2, where is identified the existence of three categories of in soil radon risk. 

Key words: Radon concentration, in soil, indoor, radon risk, passive and active detectors, 
permeability of soils 
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ASSESSMENT OF INDOOR RADON DOSES RECEIVED BY THE STUDENTS 
AND STAFF IN SCHOOLS IN SOME TOWNS IN THE SUDAN 

Abd Elmoniem A. Elzain 
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Abstract. 

An indoor radon survey has been carried out in 82 schools situated in four towns in the 
Sudan, namely: Omdurman, Madeni, Sinnar, and AlHosh, by using CR-39 solid state nuclear 
track detectors SSNTDs. A total of 349 detectors were installed in the selected schools. The 
detectors were placed in the indoor environment of the selected schools for a period of 120 days. 
The main objective of this study was to assess the health hazard due to the indoor radon inside 
these schools. The radon concentration levels varied from 25.67 ±6.98 to 124.43 ± 13.75 Bq·m-3 
with an average value of 59.32 ± 9.01 Bq·m-3. Present indoor radon concentration values are far 
below than the radon action level (200- 600) Bq/m3 as recommended by ICRP, higher than the 
world-wide, population weighted, average radon of 40 Bq/m3 as reported by UNSCEAR. The 
mean annual radon effective dose equivalent was estimated to be 0.56 ± 0.09 mSv/y, which is 
lower than the action level recommended by the ICRP of 3–10mSv/y, than the “normal” 
background level of 1.1 mSv/y; as quoted by UNSCEAR, and less than the maximum permissible 
dose defined by the International Atomic Energy Agency (IAEA) which is about 5 mSv/y. 

Key words: CR-39; effective dose; schools ; radon concentration; health hazard 

 



 

 61 

 

RADIOLOGICAL SURVEY OF BOTTOM ASH 
INBUILT SCHOOLS AND KINDERGARTENS 

J. Somlai, Z. Sas, G. Szeiler, F. Fábián, T. Kovács 

University of Pannonia, Institute of Radiochemistry and Radioecology, Veszprem, Hungary 

Abstract. 

The bottom ash was widely used in Hungary as heat insulator in case of dwellings and public 
buildings. Usually the bottom ash was filled under the floor or with 15-20 cm thickness between 
the rafter and the concrete trays. In case of flat-roofed buildings 30-40 cm thick layer was 
applied, which ensures the proper heat-insulation. The bottom ash was unused by-product with 
openly access. This is the reason why it was so cheap and popular. The U-238 and Ra-226 
concentration in mined coal originated from the vicinity of Ajka and Tatabánya (Hungary) are 
greatly exceed the world average. In the course of the burning the Ra-226 content is enriched.  

These bottom ashes were used in so many buildings, such as dwellings, schools and 
kindergartens as well. As a result of the inbuilt the gamma dose rates were high. On the other 
hand the radon concentration has increased depending on the burning conditions of the coals. On 
the basis of the obtained results we found, that the Ra-226 content of the investigated ashes 
ranged between 500-2500 Bq/kg. The measured gamma dose rates varied in large interval 
depending on the Ra-226 content and the type of inbuilt. However the maximum gamma dose 
rate was found 800 nSv/h, owing to the relatively short staying period (1500 h/a) the calculated 
dose surplus does not reach the 1 mSv/a annual effective dose. 

In order to survey the indoor radon, which greatly depends on the applied burning technology 
conditions (burning of coal on lattice or coal powder method) integral radon measurements were 
used with 3 month and in some cases 1 year long period. As a result of the investigation in some 
cases the average annual radon concentration exceeded the 300 Bq/m3 activity concentration. In 
case of certain halls the radon levels were continuously monitored. Despite of the measured 
average radon levels exceeded the internationally recommended 300 Bq/m3 limit, we have found, 
that the average radon concentration was under 100 Bq/m3 during the staying due to the frequent 
aeration. However the obtained results were acceptable, in most cases the removal of the ash was 
recommended in the case of subsequent renovation. 
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Abstract. 

Lignite is combusted by the thermal power plants operated by Electric Power Industry of 
Serbia. As a result, some 6 million tons of fly ash are created as a by-product. Fly ash radioactivity 
may represent one of the major reasons against its wider application in the construction industry. 
Thermopower plant “Nikola Tesla B” (TENT B) is one out of six thermopower plants currently 
being in operation in Serbia. It is situated 37 km far from Beograd in north-west direction and 
nearby Obrenovac town. This paper shows the results of twenty-year fly ash radioactivity 
measurements at the Nikola Tesla B TPP (TENT B) in Obrenovac. It also compares the natural 
radionuclides content data for coal combusted by the TENT B boilers originating from the 
Kolubara Mining Basin and ash created during the coal combustion process. 

The paper also deals with the advanced and thus more detailed research on natural 
environmental radioactivity including indoor radon and thoron measurements in immediate 
surrounding residences of two settlements Usce and Grabovac, radon and thoron in soil gas and 
their parent nuclide concentrations in soil, as well as gamma dose rate measurement in the air at 
the ground level in its vicinity of (TENT B). The indoor radon and thoron gas showed 
concentrations less than 200 Bq/m3 and 100 Bq/m3 respectively. In TENT B area, radon 
concentration was found to range from 0.8 to 24.9 kBq m-3. The median value of radon 
concentration equaled in soil 3.9 kBq m-3 in TentB. The average radon concentration in soil was 
6.6 kBq m-3. The geometric mean was 3.9 kBq m-3. The concentration of thoron gas for TENT B 
ranged from 0.6 – 1.9 kBq m-3, with a geometric mean of 1.4 kBq m-3. The gamma dose rate 
ranges from 90 to 130 nGy h-1. 

Following the obtained natural radionuclides content results it may be concluded that the 
Nikola Tesla B TPP ash may be disposed into the environment. Ash may be used in the 
construction industry (civil engineering). In building construction applications, ash share as 
additive to other building materials depends from its physical and chemical characteristics, as 
well as from the specific activity of 266Ra, 232Th and 40KThere is a potential fly ash market, 
however, currently only utilised by cement plants. 
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Abstract. 

This study deals with the radiological impact over population on the areas of Coal Burning 
Power Plants (CBPP) used for power generation in Albania. All kinds of coal contain natural 
radioactive elements, of 40K, 238U and 232Th. The coal burning in those thermo centrals releases 
the gaseous radionuclides and the concentration of no-gaseous radionuclides in ash and 
surrounding areas. These coal-fired power stations have been used almost for steam production, 
and less for electricity production. The remaining ash from the coal burning is deposited in 
natural landfills, and another part is used for the production of building materials. 

The study gives the results for the first time on the sites of CBPP, taken from the 
measurements of gamma dose rate levels, radon in soil gas, indoor and outdoor radon, natural 
radionuclides in soil, in waste material and ash, radon concentration in water. Also several 
components of dose rate to the inhabited areas near those power plants have been determined. In 
general, the radionuclide concentration level of natural radionuclides varies in a very large range: 
40K from 125 to 1127Bq/kg; 238U from 32-342Bq/kg and 232Th from14-68Bq/kg. The values of 
radon concentration in soil varies from 10-134kBq/m3, indoor radon values reach values up to 
488Bq/m3 and radon outdoor up to 82Bq/m3. We concluded that there an increase of radon risk 
in the indoor, in cases where the burning coal remains are used for building materials. 

Key words: Burning coal, radon, in soil and indoor, natural radionuclides, radiological 
impact, dose rate 

 



 

 64

 

INFLUENCE OF ENVIRONMENTAL CONDITIONS 
TO RADON AND THORON EXHALATION RATE 
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Abstract. 

The contribution of radon from building materials to total radon entry rates in dwellings 
ranges from a few to several percent. 

In order to assess the radiological hazard to human health in a living environment, it is 
require to measure, among other things, radon and thoron exhalation rates. We have used bricks 
and granites samples to study the changes of exhalation rate as a function of the relative and 
absolute humidity. Results of experiment showed that thoron exhalation rate increased with 
increase of humidity. 

The radiation hazard indices of the total natural radioactivity in the studied samples were 
estimated. 
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Abstract. 

Low doses-non cancer effects involve also exposure to alpha particle due to RADON. One of 
the most important entrance routes of Radon into our body is through the skin during the 
thermal bath, due to high Radon concentrations from thermal water. Alpha radiation is 
considered to have a profound impact on the immune-suppressive cytokine and to a certain 
degree, temporary regeneration of impaired health function in autoimmune patients, due to 
analgesic and anti-inflammatory properties. Considering the benefits of thermal water with 30 
Bq/l, we analysed the variation of skin biophysical parameters like hydratation (H), 
transepidermal water loss (TELW), sebum quantity (S), and intradermal temperature (T). The 
measurements were done for a lot of healthy volunteers, at different water temperatures, looking 
comparative the left hand submerged in radioactive water against the right hand, submerged in 
normal water. 
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Abstract. 

This paper focus on the research of radiation from radon and its progeny contained in mineral 
water of 12 spas in Serbia, with a special emphasis on water used in swimming pools and hot tubs 
and baths for inhalation. Radon is aquafobic – it would be rather in the air than in water, thereby 
increasing concentration in air. Radon is the most important source of short-term irradiation of 
the organism during indoors staying, because its high concentrations can cause lung cancer. The 
activity concentration of radon in water and air is measured by AlfaGuard measurement system. 
The maximum activity concentration of radon in water is measured in Niška Banja - (149±12)x103 
Bq/m3, as well as in the air at the pool (1446±102) Bq/m3. Minimum radon concentration is 
observed in the mineral water in the region of Novipazarska Banja - (7±1)x103 Bq/m3, and in air 
(16±8) Bq/m3. Indirect monitoring of indoor radon concentration in spa centers was performed 
by measuring the gamma radiation of its short-lived progeny, Bi-214 and Pb-214, using 
autonomous ADL - Gamma Tracer. The highest dose of gamma radiation, 382 nSv/h was 
measured in the air of the hotel pool “Radon” in Niska Banja. The lowest value of 56 nSv/h was 
recorded in Prolom Banja. This paper presents the measured values and the correlation of the 
activity concentration of radon in water, air and intensity of gamma dose. 
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Abstract. 

Exposure to natural sources of radiation, especially 222Rn and its short-lived daughter 
products has become an important issue throughout the world because sustained exposure of 
humans to indoor radon may cause lung cancer. The indoor radon concentration level and radon 
effective dose rate were carried out in the dwellings of Medani, AlHosh, Elmanagil , Haj AbdAlla 
and Wad Almahi cities, Gezira State –Central Sudan, in a number of 393 measurements, using 
passive integrated solid-state nuclear track devices containing allyl diglycol carbonate plastic 
detectors. The radon concentration in the corresponding dwellings was found to vary from 
(56.59) Medani, to (41.52 Wad Almahi cities, with an average of (49.41 ± 9.58) Bqm−3. Assuming 
an indoor occupancy factor of 0.8 and 0.4 for the equilibrium factor of radon indoors, we found 
that the 222Rn the annual effective dose rate in the studied dwellings ranges from 1.05 to 1.43 mSv 
y−1, the relative lung cancer risk for radon exposure was calculated to be 1.044 %. The distribution 
of the radon concentration is discussed as a function of building age. From our study, it is clear 
that the annual effective dose rate is larger than the “normal” background level as quoted by 
UNSCEAR, lower than the recommended action level of ICRP, and less than the maximum 
permissible dose defined by the International Atomic Energy Agency (IAEA). 

Keywords: Indoor radon; effective dose, CR-39; relative risk of lung cancer. 
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Abstract. 

The results of continuous automated radon monitoring, which started in 2011 with using 
radiometer of radon isotopes and their decay products (SARAD GmbH), are reported here. 

The analysis of seasonal variations of radon activity concentration in the ground atmosphere 
revealed maximum in spring-summer period and minimum in winter. In diurnal variations 
minimum appears afternoon and maximum – before noon. These results are in a good agreement 
with results of other radon investigations. 

The analysis of changes of equilibrium coefficients between radon and its decay products 
showed that the annual average value was 0.2 (0.25 in March-April, 0.12 in May, and 0.27 at the 
end of September). 

Significant correlations were revealed between activity concentrations of radon, thoron and 
some of their short lived decay products at synoptic scale. A synchronism in diurnal variations of 
atmospheric radon field characteristics was found only in certain time periods. 

Other interesting results of analysis of correlations between field characteristics of radon and 
produced ionizing radiation in dependence on weather conditions are also reported. 
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Abstract. 

Radon levels in tourist attraction mines and caves are influenced by various geological, 
geomorphological and climatic factors that have scarcely been investigated in Austria, so far. The 
interaction between these factors is mostly site-related (geology, climate) and determined by the 
structures of the galleries and caves. This study attempts to identify the interrelationships 
between these factors. 

Radon concentrations were measured over a period of 6 to 12 months in three visitors’ mines 
and six show caves for this purpose. The measurements were carried out simultaneously, at 
different locations, in each visitor’s mine and show cave using in total 32 continuous radon 
detectors. The additional parameters temperature and air pressure were recorded in parallel, at 
the same measurement locations, as well as in the open-air. At some positions radon progeny as 
well as thoron and progeny were measured, too. 

The results show that the location of the mines and caves, and thus their local geological 
environments, are the dominating factors for the average radon level. Caves and mines that are 
near to the surface therefore show lower radon levels than those located deeper underground. The 
temporal variations of the radon concentrations are mainly influenced by the extent of airflows in 
cave and gallery systems. These airflows, in turn, are affected by the differences in temperature 
inside and outside the caves and mines, but also by differential air pressures occurring at the 
openings to the surface of such systems. Radon levels are significantly higher in periods of upcast 
airflows (air streaming out of caves and mines) compared to periods of downcast airflows (fresh 
air streaming inside). The highest radon concentrations are however observed during periods of 
minor and slow airflows, thus when temperatures inside caves and mines similar to those in the 
open-air. Since airflows usually take the passage of lowest flow resistance, the ventilation rates 
may vary in different parts inside a mine or cave, or even entirely separated airsflows may occur, 
depending on the complexity and structure of the mine or cave system. 

Dose assessments of the employees yielded a dose between 1 and 6 mSv/a for the highest 
exposed employee in one show cave and in 5 tourist mines and a dose between 6 and 20 mSv/a in 
one tourist mine. 

In the presentation more detailed information will be given on the factors controlling indoor 
radon levels in show caves and tourist mines as well as on how the radon exposure of employees 
can be determined effectively. 
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RADON EXHALATION IN AREAS AFFECTED BY MINING: 
INVESTIGATIONS IN ABANDONED AND RECLAIMED SETTLING POND 

Malgorzata Wysocka, Chałupnik Stanisław, 
Chmielewska Izabela, Bonczyk Michal 

Central Mining Institute, Katowice, Poland 

Abstract. 

One of the problems, which may appear in post-mining areas during ground reclamation of 
surface settling ponds of underground mines, is enhanced radon exhalation from bottom 
sediments. This problem could be more important, when concentration of radium isotopes in 
sediments is enhanced due to discharge of radium-bearing waters into pond. 

Investigations and monitoring of the exhalation of the radioactive gas radon 222Rn from 
bottom sediments of settling pond one of Polish coal mines, abandoned and emptied, started at 
the beginning of year 2002. The measurements were performed at the different stages of 
reclamation, starting from an initial step when bottom sediments were left to dry, then during the 
process of covering deposits with isolation layers and soil, and finally when agro-technical 
measures were applied. While the water was pumped out from the pond the thick layer of 
sediments were exposed. Maximum concentration of radium isotopes in these sediments was as 
high as 2.0 kBq/kg for 226Ra and respectively up to 4.0 kBq/kg in case of 228Ra. Values of the 
exhalation rate up to 200 mBqm-2s-1 was found. The preliminary measurements were done in the 
period, when water was only partly removed from the pond. We suspected that further dry-up of 
sediments may lead to the increase of radon exhalation. Data from 2003 confirmed this 
assumption. During this period water content in the bottom sediments was significantly lower 
than previously and results of measurements of radon exhalation were sometimes above 300 
mBqm-2s-1. During the third year of observations (2004) we noticed the highest value for the 
radon exhalation rate which exceeded 400 mBqm-2s-1. The increase of radon emission was 
probably due to the drying of bottom sediments. Radon gas was able to migrate from the deeper 
layer of sediments with elevated radium content. Such an intense radon exhalation as that 
measured over the abandoned settling pond area was not found at any other test site in Upper 
Silesia. The values of radon exhalation rate measured in the vicinity of the settling pond did not 
exceed 3 mBqm-2s-1. 

Radon exhalation rate measurements were continued during the period when the dried 
bottom sediments were covered with different isolation layers. Penultimate measuring campaign 
was performed in 2012 when the reclamation was completed. Measurements were repeated in 
2013. The measured radon exhalation rates in the area of reclaimed settling pond were about 2 - 5 
mBqm-2s-1 and did not exceed values observed in undisturbed areas. 

The obtained results have shown that, radon risk caused by exhalation from bottom sediments 
has been reduced significantly due to reclamation. Levels have decreased to those typical for 
undisturbed and unpolluted areas. However, within the frame of two last measuring campaigns 
we additionally performed long term (3 month) measurements of radon gas concentration in 
drainage wells. The highest values reached 4000 Bqm-3. It means that any damage of the isolation 
layers may lead to the significant increase of radon emission from confined sediments. In our 
opinion, the assessment of radon emission level from the bottom sediments is the essential 
information pointing to the way the post-settling pond areas can be reclaimed. In the case of 
increased radon exhalation the sediments sealing should be planned so as to avoid migration and 
penetration of that gas into the future buildings that might be built in the areas of settling ponds. 
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OF NATURAL EXPOSURE OF TOURIST CAVES IN IRAN: A CASE REPORT 

OF KATALEKHOR TOURIST CAVE IN ZANJAN CITY 

M. Taheri1, S. M. Hosseini Pooya1,2, M. Jafarizadeh1,2, M. R. Kardan1,2 

1 Iran Nuclear Regulatory Authority, Tehran, Iran 
2 Radiation Application Research School, Nuclear Science & Technology Research Institute, Tehran, 
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Abstract. 

The abnormal radon exhalation from the interior of the earth is known as a precursory 
phenomenon related to earthquakes and as an indicator of underlying geological faults. 

On May 27, 2008, a strong earthquake of magnitude 5.3 Richter hit suburbs of the city of 
Zanjan in northwest of Iran (48.66 degrees in longitude and 36.65 degrees in latitude). The radon 
concentration has been measured and registered at the time of earthquake occurrence at 10:48 
local time (0618 GMT) by an active radon monitors inside Katalekhor cave which is located in 
south of Zanjan city. Real time observations show an increase of 4 times in concentration of radon 
comparing to normal condition. 
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Poland 

Abstract. 

A study of the radon gas concentrations in groundwater from Qena, Egypt, and Kraków, 
Poland has been carried out. Twenty water samples were collected in Krakow and eighteen were 
collected in Qena. The samples were analyzed for radon concentration using ionization chamber 
(AlphaGUARD PQ2000 PRO) and liquid scintillation counting method (LSC). Radon activity 
concentration values ranged from 0.28 to 16.67 Bq dm-3. The highest concentration was observed 
in groundwater sample from Kraków. Some of physical and chemical characteristics for Krakow 
samples were analyzed. The annual effective dose for population due to consumption was also 
estimated, the results ranged from 0.00050 to 0.031 mSv y-1. 
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MEASUREMENTS OF RADON ACTIVITY CONCENTRATIONS IN GROUND WATERS 
AND SOIL GAS NEAR THE ILGIN ACTIVE FAULT ZONE IN KONYA, TURKEY 

Kaan Manisa1, Mehmet Erdogan2, Ekrem Şükrü Topsakal2 

1 Dumlupinar University, Faculty of Art and Science, Physics Department, Kütahya, Turkey 
2 Selcuk University, Faculty of Science, Physics Department, Konya, Turkey 

Abstract. 

Radon (Rn-222) is the first and most important natural source of the radiation which people 
are exposed. Radon is tasteless, odourless, colourless and an alpha-emiting nobel gas. It is 
generated from radioactive transformation of radium (Ra-226) in the uranium (U-238) decay 
chain in the crust of Eart. It can also be found in various concentrations in soil, air and in 
different kind of water. In this study, we have shown the results of radon activity concentration 
measurements in ground waters and soil gas near the Ilgın active fault zone in Konya located in 
the central anatolia region of Turkey. The radon (Rn-222) measurements in ground waters and 
soil gas (also thoron, Rn-220)  were performed using ionization chamber AlphaGUARD PQ2000 
PRO radon gas analizer. It was also discussed the correlation of radon activity concentrations in 
between ground water and soil gas near the Ilgın fault zone and its surroundings.  

Key words: Radon and thoron in soil gas, radon in ground water, geological structure, 
natural radioactivity, fault zone, AlphaGUARD 
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VARIATIONS OF SOIL RADON CONCENTRATIONS ALONG CHITE FAULT 
IN AIZAWL DISTRICT, MIZORAM, INDIA 

Sanjay Singh1, Hari Prasad Jaishi1, 
Raghavendra Prasad Tiwari2, Ramesh Chandra Tiwari1 

1 Department of Physics, Mizoram University, Aizawl, India 
2 Department of Geology, Mizoram University, Aizawl, India 

Abstract. 

The present study concerns measurements of radon emissions from soil carried out during 
March to July 2013 at Chite fault in Aizawl district, Mizoram, India. In this study, continuous 
radon monitoring in soil was done by using LR-115 type-II nuclear track detector (Kodak-Pathe, 
France make) and the exposed film was replaced weekly. The correlation between soil gas data 
and meteorological parameters viz., temperature, rainfall, relative humidity and barometric 
pressure were calculated in order to know the effects of meteorological parameters on radon 
emission. Radon concentration in soil shows positive correlations with temperature, rainfall and 
humidity and their correlation coefficient were found to be 0.35, 0.03 and 0.29 respectively. A 
negative correlation coefficient of -0.47 between radon concentration and barometric pressure 
was found during the investigation period. The average radon concentration was observed to be 
262.5 tracks/cm3 with a standard deviation of 93.06 tracks/cm3. The maximum and minimum 
values of radon concentration during this period were found to be 543 tracks/cm3 and 133 
tracks/cm3. An anomalous increase in radon concentration was observed on 112 day (i.e on 
14/6/2013) during the investigation period just one day prior to the event of M 3.5 which occur 
within 120 km distance from the monitoring site. It was observed that the temperature and 
humidity were stable during this period but rainfall and barometric pressure decreases abruptly. 

Keywords: Radon, LR-115 detector, correlation coefficient, anomalous, meteorological 
parameters. 
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Fig.1 Plot showing the variation of 
radon concentration (Rn) and the 
meteorological parameters viz. air 
temperature (T), relative humidity (H), 
rainfall (RF) and pressure (P) during the 
observation period. The grey vertical line 
represents the earthquake (M 3.5), the 
solid horizontal line represents the 
average value of radon concentration (x) 
and the dotted line represents the 
deviation (σ) from the average value 
(“x+1σ” average plus one standard 
deviation and “x+2σ” average plus two 
standard deviation). 
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THE MEASUREMENT OF RADON ACTIVITY CONCENTRATIONS 
IN TAP WATER IN SOME DWELLINGS OF KONYA PROVINCE - TURKEY 

Mehmet Erdogan1, Kaan Manisa2, Fidan Tel1 

1 Selcuk University, Science Faculty, Physics Department, Konya, Turkey 
2 Dumlupinar University, Faculty of Arts and Sciences, Physics Department, Kütahya, Turkey 

Abstract. 

Radon (Rn-222) concentration was defined in selected 27 tap water samples collected during 
autumn and winter seasons in 2012 around city of Konya, Turkey. While 11 tap water samples 
were taken from dwellings with water reservoir, other tap water samples were taken from 
dwellings without water reservoir. Radon measurements were performed by an AlphaGUARD 
radon gas analyzer. All determined the mean radon concentrations for the autumn and winter 
seasons were found to be 3.15 Bq l-1 for the samples collected from dwellings with water reservoir 
and 10.20 Bq l-1 for the samples collected from dwellings without water reservoir. The doses 
resulting from the consumption and inhalation of these waters were calculated. The calculated 
effective doses for consumption were 0.17 for minimum and 3.67 µSv a-1 for maximum and for 
inhalation 2.18 µSv a-1 for minimum and 45.84 µSv a-1 for maximum due to the radon in the 
waters. 
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SOIL GAS RADON ANOMALIES AND SEISMIC ACTIVITIES 
ARAOUND URLA-KARABURUN FAULT ZONE 

Mutlu İçhedef1, Coşkun Harmanşah2, 
Müslim Murat Saç1, Caner Taşköprü1 

1 Ege University, Institute of Nuclear Sciences, Izmir, Turkey 
2 Ege University, Ege Vocational School, Izmir, Turkey 

Abstract. 

Urla and vicinity are the seismically active places during historical periods. Seismic activity 
that will occur is difficult to predict. It has been done a lot of studies to predict the possible 
earthquakes. The soil gas radon is commonly used parameter in the earthquake prediction 
studies. In this study, one of the important fault zones of the region is chosen as a good location 
for continuous radon measurement. Soil gas radon measurements were performed with 
Alphameter 611 for two years (2011-2013) in the area. The study is aimed to perform a 
continuously soil radon monitoring and to analyze the correlation coefficients between soil radon 
and seismic activity in the İzmir-Urla and its surrounding. 
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RADON AND RADIUM MONITORING IN SEVERAL GROUNDWATERS 
FROM ROŞIA MONTANĂ AREA, ROMÂNIA 

Alexandra Cozma1, Mircea Moldovan2, Calin Baciu1, Bety Burghele1 
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Abstract. 

Radon accounts for approximately half of the total dose of radiation naturally received by the 
general population. The continuous measurements of the radon and radium concentration in 
different geographical areas are of great importance, particularly for the inhabiting population. 

Very often, mining areas show increased levels of radiation due to the geological background 
and the large surfaces of exposed rocks. The current paper investigates for the first time the radon 
and radium concentrations in groundwater sources (wells, springs, and mine waters) in Rosia 
Montana area (Alba County, Romania). Rosia Montana is one of the most important gold 
deposits, hosted by Neogene dacitic bodies that have penetrated the crystalline and Cretaceous 
bedrock. 

The water samples were collected from 10 points of interest: five from springs and wells and 
five from mining works. The measurements were performed using a LUK-VR system, based on 
radon gas measurements with Lucas cell. Measurements were repeated monthly, for seven 
months. 

The average value of radon and radium concentrations in the studied area is found to be 7.46 
Bq/l and 0.085 Bq/l, respectively. The annual effective dose from radon and radium in water due 
to its ingestion per individual has also been estimated. The results show no significant 
radiological risk for the inhabitants of the studied regions 

Key words: Radon, radium, dacitic bodies, estimated dose, Rosia Montana 

 



 

 80 

 

THE RADON AND HEAVY METAL CONTENTS OF THERMAL WATERS 
IN DENIZLI REGION, WESTERN TURKEY 

Muslim Murat Sac 

Ege University, Institute of Nuclear Sciences, Izmir, Turkey 

Abstract. 

Geothermal waters take place on geological areas where fault zones exist and these waters rise 
up to earth surface using cracks from deep levels of earth shell. As a result of the long transport 
process, they collect all elements and minerals that cause different chemical contents and physical 
properties. Therefore, these waters include more radioactive material comparatively drinking 
water. 

The aim of this study is to determine Rn-222 concentrations and heavy metal contents of 
geothermal waters around the Denizli Region. In the region, five geothermal locations (Babacık, 
Inaltı, Umut, Pamukkale and Karahayıt) were chosen as study fields. The radon levels of the 
waters were determined using Collector Chamber Method and heavy metal content (Cu, Fe, Ni, 
Pb, Ca, K, Mg, Na) was measured using ICP-OES. During the study period, it has been found that 
radon levels changed significantly related the seismic activities. 
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RADON AND RADIUM CONCENTRATION IN WATER 
FROM NORTH-WEST OF ROMANIA AND THE ESTIMATED DOSES 

Mircea Moldovan1, Vasile Benea2, Dan Nita3, Botond Papp3, 
Bety Burghele3, Nicoleta Bican-Brisan1, Constantin Cosma1 

1 Faculty of Environmental Science and Engineering, Babes-Bolyai University, Cluj-Napoca, Romania 
2 ANRANR, Chisinau, Moldova 
3 Environmental Radioactivity and Nuclear Dating Center, Babes-Bolyai, University, Cluj-Napoca, 

Romania 

Abstract. 

Radon (together with its parent: radium) constitutes the main source of natural radiation 
exposure for human beings and has been recognized as a carcinogenic gas. All people are exposed 
to natural occurring radioactivity in soil, water, air and building materials. It is estimated that the 
contribution to the effective annual radiation dose due to the exposure to radon and its progeny is 
about 50% of the total effective annual radiation dose from natural sources. 

In the present study the measurements of radon were carried out using the LUK-VR system 
based on radon gas measurements with Lucas cell. The radium concentration in water was 
determined, with the same device, after was established the radon equilibrium with radium. 

The results presented here are from a survey carried out in the N-W region of Transylvania, 
Romania in which were investigated the radon concentrations in natural (spring, well, surface) 
and drinking (tap) waters. 

The results showed radon concentrations within the range of 0.4 -187.3 Bq/l with an average 
value of 15.9 Bq/l for all types of water covered within this survey while radium concentration 
varied between 0.05 mBq/l and 825 mBq/l with an average value of 0.97 mBq/l 

The corresponding annual effective ingestion dose due to radon and radium from water was 
determined from drinking water used by the population inhabiting the area. 
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RADON LEVELS IN SELECTED WATERS IN GEORGIA 

N. Kapanadze1, G. Melikadze1, M. Bezek2, J. Vaupotič2 

1 M. Nodia Institute of Geophysics, Ivane Javakhishvili Tbilisis State University, Tbilisi, Georgia 
2 Jožef Stefan Institute, Ljubljana, Slovenia 

Abstract. 

In the administrative units 4–7 in the central, and 9 and 12 in the north-eastern part of 
Georgia, radon (222Rn) activity concentration was measured in 35 water samples, of which 19 
taken from boreholes, 8 from springs, 4 from taps of public supply and 3 from swimming pools in 
health resorts. Ranges of values were (kBq m–3) 0.5–47.8 for boreholes, 0.7–20.6 for springs, 
1.2–93.8 for taps and 4.3–37.3 for swimming pools. Highest values were obtained in aquifers 
located in the hydrogeological region of artesian system of Adjara-Trialety folded zone, and 
lowest, in the hydrogeological region of artesian system of South slope of Great Caucasus folded 
zone units. In the gas released from 5 boreholes, radon activity concentration ranged from 0.8 to 
5.6 kBq m–3. Effective doses due to radon, received by drinking tap waters will be calculated and 
commented on. 
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LEVELS OF RADON, THORON, IONS AND GAMMA RADIATION 
IN AIR OF THE SATAPLIA AND PROMETHEUS CAVES IN GEORGIA 

G. Melikadze1, N. Kapanadze1, J. Vaupotič2, M. Bezek2, S. Šebela3 

1 M. Nodia Institute of Geophysics, Ivane Javakhishvili Tbilisis State University, Tbilisi, Georgia 
2 Jožef Stefan Institute, Ljubljana, Slovenia 
3 Karst Research Institute, Postojna, Slovenia 

Abstract. 

In the Sataplia and Prometheus caves in Georgia, radon and thoron activity concentrations 
have been measured and the following ranges were obtained: 1771–3094 Bq m–3 and 69–347 Bq 
m–3, respectively, in the first, and 193–1472 Bq m–3 and 27–144 Bq m–3, respectively, in the 
second cave. Thoron/radon activity ratios were similar in both caves, ranging from 0.03 to 0.17. 
Gamma dose rate ranged from 72 nSv h–1 to 130 nSv h–1 in the first, and from 45 nSv h–1 to 606 
nSv h–1 in the second cave. In Stapalia, concentration of positive ions was in the range 20,000–
27,000 cm–3 and that of negative ions, in the range 21,000–333,000 cm–3, while in Prometheus 
the ranges were 5,000–24,000 cm–3 and 3,900–18,500 cm–3, respectively. 

Effective doses received by a visitor during a visit to the cave and a tourist guide in a year are 
calculated and will be commented on. 
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COMPARISON MEASUREMENTS OF RADON AND THORON DECAY PRODUCTS 

Stanisław Chałupnik1, Qiuju Guo2, Liang Juncheng3 

1 Central Mining Institute, Katowice, Poland 
2 Peking University, Beijing, China 
3 National Institute of Metrology, Beijing, China 

Abstract. 

Interlaboratory comparison measurements of radon and thoron decay products have been 
performed in the radon/thoron chamber of the National Institute of Metrology (NIM), P.R.’s of 
China in Beijing. Different methods were applied for radon and thoron decay products 
measurements, especially for PAEC measurements. 

Following methods were used during comparison runs: 

 Liquid scintillation spectrometry method (the LS spectrometers of NIM) certified as the 
calibration method in the Central Mining Institute (GIG). 

 Thermoluminescent device ALFA-2000 sampling probe certified as a method for PAEC 
measurements in GIG. 

Chinese partner method: Alpha energy spectrum method - radon decay products are collected 
on membrane filters and PAEC and radioactivity of nuclides per volume is calculated based on 
Kerr methods, it is a reference method. Spectrometer is Ortec Alpha Duo system. 

Measurements have been performed in the radon chamber and the spatial and temporal 
homogeneity was checked by spot measurement method to be better than 5% in the sampling 
region. Good agreement has been achieved, proving the competence of partners. 
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THORON-SCOUT: THE FIRST DIFFUSION BASED RADON AND THORON 
ACTIVE MONITOR FOR LONG TERM MEASUREMENTS IN BUILDINGS 

T. Streil1, V. Oeser1, G. Horak1, S. Kobelt1, M. Duzynski1, J. Sabol2 

1 SARAD GmbH, Dresden, Germany 
2 Faculty of Biomedical Engineering, Kladno, Czech Republic 

Abstract. 

The chemical element radon has two radiologically important isotopes that occur innature: 
radon-220 (known usually as Thoron) and radon-222 (simply Radon). Radon and its short-lived 
progeny (decay products) are continuously produced by decayof radium-226, a member of the 
naturally occurring uranium-238 series. Airborneconcentrations of radon's short-lived progeny 
are of interest due to their potential for deposition in the lung, leading to subsequent irradiation 
oflung tissue by alpha emissions from polonium-218 and polonium-214. 

Thoron and its short-lived progeny are produced naturally and continuously from decayof 
thorium-232. In contrast with radon, substantially less Thoron reaches the breathingzone 
because of its short half-life (56 seconds compared with 3.8 days for radon). 
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PERFORMANCE OF THE THORON CHAMBER 
AS THE RADIOACTIVE AEROSOL CHAMBER 

Atsuyuki Sorimachi1, Shinji Tokonami2, 
Yasutaka Omori1, Tetsuo Ishikawa1 

1 Fukushima Medical University, Fukushima, Japan 
2 Hirosaki University, Hirosaki, Aomori, Japan 

Abstract. 

In this study we establish and perform a thoron (220Rn) chamber as the radioactive aerosol 
chamber to carry out calibration and performance checks of passive 220Rn progeny detectors. 

Radon (222Rn) and its progeny in the air are the most important contributors to human 
exposure from natural radiation sources. Recently, WHO proposed a reference level in the range 
from 100 to 300 Bq m-3 to minimize health hazards due to indoor 222Rn exposure in view of the 
recent studies on indoor 222Rn and lung cancer in Europe, North America and China. On the 
other hand, indoor surveys in Europe and Asia have revealed that the dose contribution due to 
the inhalation of 220Rn and its progeny can equal to or even exceed that of 222Rn and its progeny. 

The annual effective dose due to indoor 222Rn exposure can be obtained by the indoor 222Rn 
concentration, the equilibrium factor (F) for 222Rn indoors (0.4), the time of exposure in a year, 
and the dose conversion factor for 222Rn. On the other hand, the 220Rn F indoors has been 
suggested to be 0.2 on the basis of the results reported in the literature. However, correlations 
among the indoor concentrations of 222Rn and 220Rn and its progeny have been analyzed in some 
areas, and consequently, there was almost no correlation whenever any two concentrations were 
selected. Eventually, these three concentrations are so independent that it is difficult to estimate 
one concentration from the other. Thus, direct measurement of 220Rn progeny concentration is 
required because it is difficult to estimate the 220Rn dose from the indoor 220Rn concentration. 
Under such circumstances, passive 220Rn progeny monitors have been developed recently. 
Accordingly it is important to establish the 220Rn-aerosol chamber to carry out calibration and 
performance checks of the passive 220Rn progeny detectors. 
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TIME DEPENDENCE OF 222RN AND ITS PROGENY DISTRIBUTIONS 
IN DIFFUSION CHAMBER 

Olga Dukić, Nenad Stevanović, Vladimir Marković 

University of Kragujevac, Faculty of Science, Department of Physics, Kragujevac, Serbia 

Abstract. 

The radon (222Rn) and its progeny cause large percent of total humans exposure and they are 
studying subject of many authors. The 222Rn concentration is measured using solid-state nuclear 
track detectors (NTDs) placed in bottom of a cup called a diffusion chamber. The cup is covered 
with a filter paper or some another permeable materials which enables diffusion of 222Rn atom 
from the room and stopping of its progeny. During diffusion through the chamber, 222Rn decays 
and by emission of alpha particles produces their short lived progenies. Progeny are also alpha (or 
beta) emitters, and produced alpha particles can strike the NTD creating latent tracks in it. The 
pattern distributions of decayed and deposited 222Rn and its progeny into the chamber influence 
on track density, obtained in the NTD, which is measure of its integral exposure to the 222Rn. 

There were many attempts to determine air and deposited fractions of 222Rn and its progeny 
as well as their distributions in the diffusion chamber. It was found experimentally and using 
Monte Carlo method that air fraction is 40%. In these papers uniform distributions of progeny 
atoms was assumed. 

Diffusion of 222Rn and its progeny into the chamber as function of the time was investigated in 
this paper. It was done by calculating diffusion equation given by describing diffusion of 222Rn 
gas, its decaying and forming, diffusion and decaying of 222Rn progeny. With initial and boundary 
conditions for 222Rn and its progeny in chamber, diffusion equation cannot be solved analytically. 
The finite differences method (FDM) was applied for calculation of diffusion equation in this 
paper. 
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METHODICAL INVESTIGATION OF RADON MEASUREMENTS 
USING ALPHA-TRACK DETECTOR 

A. A. Feyzullayev 

Geology Institute of the Azerbaijan National Academy of Sciences, Baku, Azerbaijan 

Abstract. 

In paper results of methodical measurements of subsoil radon using an alpha-track method, 
carried out by the Geology of the National Academy of Sciences jointly with the United Institute 
of Nuclear Researches (Dubna, Russia) are presented.  

Special methodical researches have been carried out with objective of an assessment of 
influence on results of the analysis of conditions of measurements and duration of exposition.  

Measurements were made in the duralumin tube with length about 1m placed in ground. In 
tube the rods with a horizontal cite on the end to which affixed the detector with the sensitive side 
downwards. 

Measurements of radon were carried out in two modes: running and not running.  

In a running mode radon was measured at 4 levels: 10, 30, 50 and 100. At each level detectors 
were established as horizontally (i.e. perpendicularly to stream of radon), and vertically (i.e. 
horizontally to stream of radon). 

Vertical distribution of radon in both horizontal and vertical planes is subject to a exponential 
law. In all cases the quantity of tracks is more in a horizontal plane than in a vertical plane. The 
tendency of reduction of quantity an alpha-tracks moving away from emanation surfaces is 
marked. 

Distribution of radon on a section in experiments with a not running mode inverse pattern is 
observed. It has to be noted, that in a running mode quantity of fixed tracks in 2-3 times more, 
than in a running mode. 

Drawn conclusions have proved to be true also by experiments with other geometry of 
measurements - by the cup placed on a surface of the ground upside-down on which inner surface 
the detector was affixed. Experiments also were curried out with punched (a running mode) and 
not punched (a not running mode) a bottom. It is established exponential dependence of a stream 
of radon on time of an exposition and from volume of the measured chamber. 

The procedure of measurement of radon directly in water is considered also. Measurements 
were fulfilled in well where the water level was on depth of 2 m 70 cm Measurements were carried 
out by two ways. In one case the detector was established on a bottom of a cup in which at its 
lowering in water the air bubble was upside down kept. In the second case the detector was 
isolated in a lavsan film and affixed on outside of a cup.  

Experiments were iteratively repeated and in cases with an air bubble the quantity of tracks 
was more (60 tr./cm2.day, than in a lavsan film (41 tr./cm2.day). Stream of radon from a surface 
of water significantly more, than from ground surface.  

In presentation some results of experimental observations of space-time changes of the 
subsoil radon fluxes are presented also which have allowed to establish dependence of its 
intensity from a complex exogenous (atmospheric, cosmic) and endogenous (seismicity, activity 
of volcanoes) factors. 
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Abstract. 

CR-39 nuclear track detectors are routinely used for the passive measurement of radon and 
neutron exposure. In the last years the measurements with CR-39 detectors with the development 
of different image processing methods have played an increasing role, more and more companies 
have developed new methods for the processing and counting of the tracks.  

This study describes the evaluation method based on high-resolution slide scanner, and its 
quality check. 

A high-resolution (4800x4800 dpi) scanner was used for the development and CR-39 
detectors exposed were processed using several types of software commercially available.  

Evaluations were performed in transmission and reflective modes, and the images obtained 
were evaluated using image analyser software both with and without shape recognition. 

In order to reduce detection limits and to improve the method’s reliability several ways of 
reducing limits were inspected. 

The quality control of the method providing the best results was performed and the method 
was validated, during which the measurement reproducibility, the measurement total uncertainty 
and the measurement exactness related to reference detectors were identified. With the 
traditional (visual) comparative analysis of the 563 detectors it was found that this method was 
appropriate for precision and reliable analysis of tracks, and other pseudo-tracks (scratches, 
contamination) do not perturb measurement accuracy due to track shape analysis. A great 
advantage of this method is that no scanner with a specially modified sample holder is required.  
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Abstract. 

The liquid substances and powder materials which are stored within closed (poorly ventilated) 
rooms and consequently exposed to higher radon concentrations can absorb certain radon 
amounts, depending on characteristics and granulation of powder, as well as radon solubility in 
liquids. This can lead to increase of dose received by general public, if such substances are used as 
human food, components for food or cosmetics during relatively short periods after exposure of 
these materials to radon. Having in mind that determination of Ra-226 concentrations by gamma 
spectrometry is based on intensity measurements of post-radon lines (295 keV, 352 keV, 609 
keV) from Pb-214 and Bi-214, these results can be incorrectly assigned to Ra-226 presence in 
sample, instead of absorbed radon.  

The intensities of these lines have been measured for different substances before they are 
exposed to radon over relatively long periods (up to several days). We used the glass chamber 
with high Rn-222 concentrations (~ 3000 Bq/m3) to explore radon absorption and solubility in 
substances such as water, ethyl alcohol, wine, food additive, flour, talc, hair gel, cosmetic cream. 
The absorbed radon concentrations were calculated together with estimated doses due to the 
usage of mentioned substances by general population. 

 



 

 94
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Abstract. 

Simultaneous observation of the natural gamma background and meteorological parameters 
were performed in the city of Sao Jose dos Campos, SP, Brazil in 2013-2014. The instrumental set 
is capable to perform permanent measurements of the ambient parameters with a time resolution 
up to 1 minute. This accuracy allows a detailed comparison of rainfall and gammas time profiles 
to determine the concentration of radon progeny 214Pb in liquid precipitations. The radiation 
fallout (the amount of the deposited 214Pb) was determined through simulation of gamma 
intensity produced in the decay chain 214Pb ->214Bi -> 214Po -> 210Pb. The input time profile of the 
214Pb fallout varied until the best fit of simulated gammas profile with the experimental one was 
obtained. The 214Pb concentration in the rainfall water is calculated as a ratio of thus 
reconstructed fallout rate to that of the observed rainfall measured. It was found that the 214Pb 
concentration significantly differs from one rainfall to another and also within a same one and 
varies within two orders of magnitude. An apparent anti-correlation between rainfall rate and 
214Pb concentration in the rain water is observed. A maximal concentration observed in lasting 
drizzling rains and at the beginning of more intensive rainfalls. The hypothesis explaining this 
effect by existing of the two different radiation scavenging mechanisms namely the washout 
(below-cloud scavenging) and the rainout (in-cloud one) is discussed. 
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SUB-SLAB DEPRESSURIZATION SYSTEMS USED IN THE CZECH REPUBLIC 
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Abstract. 

Sub-slab depressurization systems are designed to lower the air pressure beneath the building 
and to decrease the radon concentration in the soil gas. They are considered as one of the most 
effective and the cheapest radon remedial measures for existing buildings. Principles of their 
design and realization according to the Czech standard CSN 73 0601 are described and results of 
a large-scale effectiveness study are presented. 

Sub-slab depressurization systems recently used in the Czech Republic for remediation of 
existing houses are based on perforated tubes drilled beneath the existing floors or on flexible 
perforated pipes placed in the sub-floor gravel layer under the new floors. Installation without 
damage to the existing floors is a great advantage of perforated tubes. They can be drilled to the 
sub-floor region from the cellar, from the trench excavated in the ground along one or more sides 
of the house or from the floor pit excavated in one room. Location of perforated tubes or pipes, 
their number, length and diameter are prescribed together with the form of ventilation by the 
Czech standard CSN 73 0601. 

The influence of various factors on the effectiveness of these systems has been verified in more 
than 60 family houses. It was found out that the effectiveness varies between 70 % and 98 %, 
which means that indoor radon concentration decreases to 30 % up to 2 % of the initial values. 
This result is at least two times better than in case of additionally applied radon-proof insulation. 
The study showed that effectiveness is mainly influenced by the ratio between the sub-floor layer 
and deeper soil permeabilities and by the air-tightness of the building substructure. Higher 
effectiveness was found in cases when the sub-floor layer had higher permeability than the 
subsoil. The air-tightness of floors is another important and significant parameter. It was 
confirmed that the effectiveness of sub-slab depressurization increases with increasing air-
tightness of floors. 
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Abstract. 

The international standard for laboratory quality systems (ISO/IEC 17025:2005) requires the 
validation of all non-standard method used by a laboratory. For integrated radon measurements 
NRPB/SSI type dosimeters and CR39 plastics as detectors are used: experimental details are 
described in (Mishra et al. 2005) (Orlando et al. 2002). 

An important step of the validation is the robustness evaluation of the etching process. As is 
well known, a heavy charged particle that impacts the plastic material surface creates a damaged 
zone along its path (latent track). Treatment with a suitable etching solution enables formation of 
tracks, easily readable under an optical systems. The performance of the etching process is strictly 
influenced by the type, the concentration and temperature of the etchant. 

Robustness can be described as the ability to reproduce the analytical method in different 
laboratories or under different circumstances without the occurrence of unexpected differences in 
the obtained result. Robustness can be evaluated introducing small variations in the nominal 
conditions of specific analytical parameters and using the Youden’s test for statistical 
interpretation. This test allows not only evaluating the method robustness but also pointing out 
the influence of each analytical parameter in the final results.  

The aim of the work was to evaluate the robustness of the chemical etching of CR39 plastics, 
used in dosimetry as detector of alpha particles or neutrons, by means the Youden’s test. Etching 
time, temperature and etchant concentration were selected as analytical parameters to investigate 
and small variations of the nominal values were introduced in order to determine which 
analytical parameter is more influencing.  

For the study, four set of 10 detectors each were exposed to a radon atmosphere in a reference 
chamber. The standard conditions of analytical parameters, as well as the introduced variations 
are reported in Table 1. To determine the influence of variation of each parameters the average 
track density of each detector in the set, after etching was estimated.  

Table 1. Analytical parameter and relative variations 

Factor 
Level 

+ - 0 

b1 Solutions’ temperature °C 77 73 75 

b2 Etching time (min) 272 268 270 

b3 KOH concentrations (N) 6.2 5.8 6.0 

b4 Etching bath A B B 

b5 CH3COOH concentrations (N) 1.1 0.9 1.0 

b6 Time in CH3COOH (min) 12 8 10 

b7 Number of autofocus 6 4 5 

References: 
[1] Mishra, R., C. Orlando, L. Tommasino, S. Tonnarini, and R. Trevisi. 2005. Rad. Meas. n. 40 (2-6):325-

328. 
[2] Orlando, C., P. Orlando, L. Patrizii, L. Tommasino, S. Tonnarini, R. Trevisi, and P. Viola. 2002. Radiat. 

Prot. Dosim n. 102 (163). 
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Abstract. 

The development of a new method for measuring of 222Rn in water samples in our Laboratory 
in Novi Sad, Serbia has been presented. Liquid scintillation counter Quantulus 1220 is used for 
measuring of water samples prepared with scintillation cocktail Optiphase HiSafe 3. A simple 
method for sample preparation for determination of 222Rn in water is used. With this method it is 
possible to achieve a detection limit of ~ 3 mBq·l-1. The comparison of the obtained results with 
LSC method and with RAD7 – H2O method is also presented. 
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Abstract. 

This paper presents the results of a discriminative radon/thoron chamber response in 4th 
international intercomparison exercise which has been organized by National Institute of 
Radiological Sciences of Japan (NIRS) in 2011. The Laboratory code number of 24 was designated 
for the chambers of Iran.  

The chamber consists of two volumes which are separated by a fiber glass filter. Two lexan 
polycarbonate nuclear track detectors (film) are placed inside of the volumes to detect the alpha 
particles of radon/thorn and/or their progenies. The sensitivities have been measured by 2.06 
and 0.053 [tracks cm-2 (kBq m-3 day)-1] values for radon and thoron respectively inside of the 
chamber.  

The intercomparison exercise has been performed in three levels of concentrations of both 
radon and thoron (i. e. low, medium and high). The results show that the response of chamber 
has +1%, -5% and -3% difference values in concentration with that of low, medium and high 
reference concentrations respectively. As well the differences were -27% and -13% for medium 
and high thoron concentration respectively.  

It can be concluded that the chamber has an acceptable accuracy in long-term discriminative 
of radon/thoron measurements. 
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Abstract. 

The pilot survey of radon concentration in kindergartens and schools in Kremicovtsi district 
was completed during 2011÷2012. Kremicovtsi district was chosen due to location close to 
uranium mining sites. From the results of measurement in the ground floor it was found that the 
radon concentration in 4 schools and 5 kindergartens were in excess of the national reference 
level of 300 Bq m-3 for existing public buildings. Remedial works in kindergartens and schools 
with radon concentrations above 300 Bq m-3 were undertaken in 2012. All buildings were 
remediated by the installation of active systems (Active Soil Depressurization). Radon 
measurement after completion of the work is the only accurate indication of the success of the 
radon protection measures. The post-remediation measurements were performed with passive 
integrating electret detectors for 1 month. The results show that the radon concentration in all 
premises is decreased under the national reference level. Radon reduction factor is calculated for 
assessing the effectiveness of remediation measures. In 44% of the buildings reduction factor is 6 
to 11 and in the other 56% is 1.4 to 3. The effectiveness of remediation measures depends of initial 
radon level, and it should be taken in mind in the choice of cost-effective strategy – active or 
passive remediation, 

Key words: Radon concentration, remediation work, effectiveness 
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Abstract. 

Radon emanation measurements are frequently performed in volcanology studies where high 
concentrations of CO2 are often found in soil or fumaroles adjacent to volcanoes. In this context, a 
new laboratory experiment, involving five different radon devices was set in order to establish the 
degree of CO2’s influence over the radon measured concentration. The devices selected for this 
experiment were: Pylon AB-5, Sarad EQF, Sarad RTM, RAD 7 and AlphaGuard. The experiment 
performed at the Institute of Radiochemistry and Radioecology, Veszprém (Hungary) in 
collaboration with Lane-Smith from Durridge Company Inc., USA and Sims from University of 
Wyoming, USA was divided into two stages: first was focused on comparing the results obtained 
with different radon devices in a chamber presenting environmental CO2 concentration (0.04%) 
and a second stage, when the above mentioned chamber was filled between 0% and 100% with 
CO2. 

The test concluded that when the CO2 concentration in the carrier gas exceeds 70% the radon 
devices were unanimously detecting a lower concentration of radon that the real one. One 
explanation for such behaviour would be that the CO2 density (defined as air density at 20°C and 
1 atm) is 1.842 kg/m3 while the air density (as well, defined as air density at 20°C and 1 atm) is 
only 1.204 kg/m3 which would cause a decrease in the number of alpha particle that are able to 
reach the scintillation material of the Pylon or the solid state silicon detector in case of RAD7, 
ultimately inducing a decrease in the measured radon concentration. 
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Abstract. 

The paper presents results of using the RESRAD-BUILD code to assess the radiation exposure 
in dwellings built of earth-based building materials (bricks, sand, cement, etc.). Depending on the 
established modes of ventilation, the annual dose equivalent and share of inhalation, ingestion 
and deposition in it have been estimated. In addition, comparisons of our results with the data of 
indoor radon measurements conducted in the rural area of the Balkan region have been 
performed and analyzed. 
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Abstract. 

A common method for continuous radon measurement is to use a passive diffusion radon 
monitor such as a pulse-ionization chamber. The distance from air inlet to detection unit of the 
monitor is not enough, so that thoron infiltrates easily and affects radon measurement. Previous 
studies present thoron infiltration rate to be about 10%. However they were carried out in the 
environment where radon and thoron concentration, air temperature, relative humidity and air 
pressure were well controlled. In this study, infiltration of thoron is examined through the 
measurements of radon and thoron concentration in underfloor space of a typical Japanese 
dwelling. The measurements were made by using three monitors: a flow-type ionization chamber 
for radon, a flow-type semiconductor detector with electrostatic collection for thoron and a 
diffusion-type ionization chamber for investigating infiltration of thoron. In underfloor space, 
radon and thoron concentration showed 10-50 Bq m-3 and 20-300 Bq m-3, respectively. From the 
comparison between the diffusion-type and the flow-type ionization chambers, the values 
measured by former one were higher than those by latter one. This means that thoron infiltrates 
into the passive diffusion monitor and it leads to overestimation of radon concentration. Thoron 
infiltration rate fluctuated in a range of N.D. and 20% following the variation of air exchange 
between outside and underfloor space. In average, it is about 10%, which agrees with the results 
obtained in the well-controlled environment. 
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Abstract. 

Radon measurements in indoor environments are usually performed by using solid state 
nuclear track detectors (LR-115 and CR-39 film detectors). These film detectors measure the 
integration of counts in predefined periods (weekly or monthly). They are not suitable for in-situ 
measurements. In some cases, it should be continuously monitored to understand of the effects of 
radon. Therefore, it is used the continuous radon measurement systems rather than film 
detectors. 

In this study, a low-cost microprocessor based continuous radon monitoring system has been 
developed for indoor environments. The system was designed around Arduino board containing 
ATmega328 8-bit microcontroller. In addition, it consists of an ion implanted silicon detector and 
set of sensors (temperature and relative humidity). The software of the monitoring system is used 
to acquire continuously radon, including temperature and relative humidity within fixed time 
interval. It is used to process, display and store the collected radon, temperature and humidity 
data in SD memory card. As the same time, the processed and stored data in the system can be 
transmitted to the PC through the USB port. The microcontroller based indoor monitoring system 
was calibrated using an Am-241 alpha source with a characteristic energy of 5.485 MeV in the 
laboratory. According to obtained results, it has been found that the continuous radon monitoring 
system is suited for a wide range of indoor environment applications. 
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Abstract. 

Radon diffusion constant is a material parameter which is usually used in the radon 
mitigation technique. The objective of this work is to perform two methods to measure radon gas 
diffusion (and determine the diffusion constant) through radon-proof membranes, by continuous 
monitoring of radon concentrations in both source and receiver parts of the measurement 
devices. The used experimental methods was based on measuring diffusion of radon-gas through 
the membrane (first method, by mounting the radon membrane between the source and receiver 
container), and on measuring leakage of radon-gas through the membrane (second method, by 
mounting the radon membrane after the source container, in case that the source and receiver 
container were the same). Three types of samples of radon proof membranes from polyethylene 
foil were tested, which were sent for an International Comparison Measurement on assessing the 
diffusion coefficient of radon, jointly organized by National Radiation Protection Institute from 
Prague, in 2009. Samples were a HDPE with density of 950 kg·m-3, an LDPE with low density 
of 750 kg·m-3 (widely used for protecting the substructures of buildings against water and 
radon) and a VLDPE with very low density of 500 kg·m-3 (widely used for protection against 
damp). Assessment of the measurement results to obtain diffusion constant values for 
membranes of different types and thickness we used a mathematical model by solving analytically 
the one dimensional diffusion equation of Fick’s law, in addition with the decay and leakage of 
222Rn gas. Based on measurement method and mathematical calculations, the results for the three 
samples using the first method were: (2.00.5)10-12 m2s-1 for HDPE; (1.60.1)10-12 m2s-1 for 
LDPE; (1.40.1)10-12 m2s-1 for VLDPE, and using the second method were: (4.21.6)10-12 m2s-1 
for HDPE; (7.40.2)10-12 m2s-1 for LDPE and (6.40.2)10-12 m2s-1 for VLDPE. 

Key words: Comparison exercise, radon proof membrane, diffusion parameter 
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Abstract. 

With the introduction of high-performance windows and other architectural and construction 
energy-efficient concepts air permeability of building envelope become sharply reduced. Besides 
effective reduction of air permeability of building envelope, conditions for low ventilation rates 
and increasing of many indoor-generated air pollutants are created. The main objective of this 
study is development of theoretical and experimental methods to estimate the parameters of 
radon entry on the example of modern urban dwellings. 

The experimental technique of the assessment of air exchange rate in dwellings under real 
conditions was developed. Distinctive feature of the method is application of radon as a tracer 
gas. Proposed method allows simplify and accelerate the process of determining parameters of air 
exchange rate in dwellings, as any room a priori contains this gas in its atmosphere. 

On the example of five apartments located in multi-storey buildings built using modern 
energy efficient technologies, predominance of the diffusion mechanism of radon entry was 
established. Indoor radon concentrations above city average level are found in each of the studied 
apartments. 

Based on estimates of average air exchange rate under real conditions of room use in urban 
dwellings, it was approved, that measures to increase energy efficiency lead to reduction of the air 
exchange rate and accumulation of higher radon concentrations indoors. 
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Abstract. 

Appliance of monolithic concrete and ferro-concrete structures in combination with effective 
insulation, multiple glazing and other architectural solutions in modern energy efficient buildings 
reduce air permeability of building envelope. As a result, air exchange rate is significantly reduced 
and conditions for increased radon accumulation in indoor air are created. Based on  the 
comparative analysis of  measurements in samples of buildings in Ekaterinburg, Russia, relative 
increase in radon concentration level in buildings constructed with appliance of energy-efficient 
technologies (mean in the group 133 Bq/m3), compared to  buildings constructed before 
appliance of such technologies (mean 35 Bq/m3) has been established. The analysis of continuous 
indoor radon concentration time series provides essential data to understand increased indoor 
radon concentration in the buildings where effective measures on heat saving were implemented. 
Measurements of indoor radon concentrations were carried out by radon monitor AlphaGUARD 
installed in a living room during at least 6 month. Entry rates, air exchange rates, contribution of 
diffusive and convective entry rates and effective concentration of 226Ra in building materials 
were estimated during analysis of obtained radon concentration time series. In half of rooms, 
especially on the upper floors, the diffusion mechanism of indoor radon entry contributes more 
that 75% of indoor radon and in some buildings up to 100%. Importance of diffusion entry in 
energy efficient buildings associated with reduced air permeability and lower air exchange rates. 
According to the evaluations, the air exchange rates values radically depend on the mode of room 
using. Under steady conditions of ventilation the air exchange rate are bellow 0.26 with average 
0.20, in the case of active room using the air exchange rate is higher with average 0.55. In course 
of time the higher indoor radon concentration in modern energy-efficient buildings in 
comparison with early constructed high permeable buildings will raise the average exposure of 
city population. Such situation contradicts to principle of optimization of radiation protection. 
The only possible corrective measure is to increase the air exchange rate. This leads to additional 
energy expenditures as the cold season, and in the warm season. The radiation risks for radon 
exposure in energy effective buildings are assessed. The effects of radiation risk reduction and 
energy loss are compared for different scenarios of dwellings exploitation mode. The results of 
cost-effectiveness analysis of correcting measures are considered for different combinations of 
dwelling occupancy and climatic conditions. 
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Abstract. 

Nowadays, among cancer diseases the ratio of cancer of the respiratory organs is the highest 
in both Hungarian and international aspects. Radon isotopes and their progenies are proved to 
have a great role in the formation of this disease. One of the isotopes of radon, that is thoron with 
the atomic mass number 220 has in general been neglected; the main reason for this was the 
short half-decay period of thoron, and on the other hand the occurrence of thoron in Europe is 
local, it is rather specific of Asia. However, the latest surveys have proven that the presence of 
thoron needs to be anticipated in European flats and workplaces as well. 

Thoron measurements performed recently have been completed using several types of active 
and passive detectors available on the market; comparing and calibrating these instruments is 
rather important to obtain reliable data. 

A thoron calibration chamber has been in use for several years at the Institute of 
Radiochemistry and Radioecology at University of Pannonia, where humidity and radon/thoron 
concentration may slightly be regulated. 

However, the latest surveys made the regulation of humidity, temperature, aerosol 
concentration, and thoron concentration necessary.  

Using three radon-free (max. 3 % radon) thoron sources of different activities the thoron 
concentration was securely set to concentration values 3±0.43; 6.5±0.81 and 18±3.13kBq/m3. 
Humidity values can be regulated between 10 and 90 % with 2 % uncertainty. Aerosol 
concentration was managed to be controlled in a wide concentration range using an aerosol 
generator. 

Then concentration profiles formed in the chamber were inspected in respect of the regulated 
parameters. The chamber proved to be homogeneous in respect of several parameters (with a 
fluctuation less than 3 %); the homogenity of thoron concentration was inspected with track 
detectors with a difference of 5 % between the results. 
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A VERY SIMPLE AND COST-EFFICIENT METHOD 
OF RADON EXHALATION MONITORING IN SEISMIC ACTIVE AREAS 

Valentina Yakovleva, Artem Vukolov, Maxim Cherepnev 

Tomsk Polytechnic University, Tomsk, Russia 

Abstract. 

A very simple and cost-efficient method of radon exhalation measurement, which is suitable 
for continuous automatized monitoring with high sampling frequency in seismic active areas for 
prediction of changes of stressed-deformed state of Earth’s crust, is described in the report. 

The problem of all radon flux density (RFD) measurement methods where “closed” or “static” 
accumulative chamber used consist in measuring of “disturbed” value of RFD if exposure time is 
more than one hour. It is well-known fact. To solve this problem the method with “dynamic” or 
partly “opened” accumulative chamber with electret detectors was created. However this method 
does not allow being investigated diurnal variations of RFD, but “dynamic” accumulative 
chamber is good for the aim of continuous automatized monitoring. 

When it is necessary to perform continuous RDF monitoring with high sampling frequency we 
are face with the problem of low sensitivity of measurement method. 

On the other hand, to realize large-scale radon flux density monitoring the requirement of 
low-cost is very important. This requirement is satisfied by substitution of ionizing radiation 
detectors (or counters) for radon radiometers (with using alpha-spectrometry). It remains to be 
solved the task with separation of radon and thoron signals and determination of correction 
factor. Detailed solving of the task is described in the report. 
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INTERNATIONAL INTERCOMPARISON EXERCISE OF ACTIVE RADON DEVICES 
AND PASSIVE DETECTORS AT THE FIRST EAST EUROPEAN 

RADON SYMPOSIUM (FERAS 2012) 

Botond Papp, Constantin Cosma, Alexandra Cucos (Dinu) 

Faculty of Environmental Science and Engineering, Babeş-Bolyai University, Cluj-Napoca, Romania 

Abstract. 

During the First European Radon Symposium (FERAS 2012) was organized an 
Intercomparison Exercise of active and passive radon detectors in two levels of radon gas 
exposure, medium and high. In total 13 institutions participated from Bulgaria, Poland, 
Romania, Serbia, Spain and Sweden, which were universities, research and health institutes. 
Medium Radon Exposure was made in the laboratory room at low to medium radon level 
with a mean concentration of 740 Bq·m-3 and involved active detectors (as RAD7, Alpha Guard, 
Radon Scout and Sun Nuclear) and passive detectors (as CR39 track detectors, E-Perm electrets 
and active charcoal). High Radon Exposure was made in a calibration Rn chamber (of 200 L 
volume) at high radon level with a mean concentration of 6770 Bq·m-3 and involved passive 
detectors (as CR39 track detectors, and DVD disks) and active detectors (as Radon Scout). As 
source for the calibration radon chamber was used continuous soil-gas sampling. As reference 
radon monitors, we used Radim 3A (Jiří Plch SMM, Prague). From the medium radon exposure 
of the active devices, the mean concentrations [in Bq·m-3] were 95 % inside of the reference mean 
concentration in case of 7 devices, and 85 % inside of the reference mean concentration in case of 
3 devices. From the high radon exposure of other active devices, the mean concentrations of all 
the 3 active devices were 95 % inside of the reference mean concentration. From the medium 
radon exposure of the passive detectors, the mean exposures [in kBq·h·m-3] were 90 % inside of 
the reference exposure in case of 4 participants, and 85 % inside of reference exposure in case of 4 
participants. Also, from the high radon exposure of the passive detectors, the mean exposures 
were 90 % inside of the reference exposure in case of 5 participants, and 85 % inside of the 
reference exposure in case of 2 participants. 

Key words: International intercomparison, active radon device, passive radon detector, 
continuous radon monitor, solid state nuclear track detector 
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THORON INTERCOMPARISON MEASUREMENTS: 
PROBLEMS, CORRECTIONS AND RESULTS 

Sofija Forkapić1, Karel Jilek2, Peter Jovanovič3, 
Jovana Nikolov1, Kristina Bikit1 

1 Department of Physics, Faculty of Sciences, University of Novi Sad, Novi Sad, Serbia 
2 Department of Radon Expert Group, SURO v.v.i, Prague, Czech Republic 
3 Zavod za Varstvo pri DELU D.D., Ljubljana, Slovenia 

Abstract. 

In this paper the results of thoron intercomparison of continuous radon/thoron gas monitors 
on pure thoron gas arranged and perfomed in NRPI in Prague during the 7th Conference on 
Protection against Radon at Home and at Work are presented. The participants were three 
institutions: NRPI – Czech Republic, Zavod za Varstvo pri DELU- Slovenia and University of Novi 
Sad, Faculty of Sciences, Department of Physics- Serbia. All institutions measured thoron gas by 
RAD7 detector connected to Pylon thoron source – TH 1025 together with the flow meter in order 
to exactly know the flow rate. Each participant corrected the output in Thoron Mode for thoron 
decays in additional volumes connected to inlet of RAD7 (sample tube, dryer, filter and flow rate 
meter) and also for thoron gas losses inside RAD7. The evaluation of results and also the 
problems with thoron calibration and implementation of sensitivity factors to Capture software 
calculation were discussed. 
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GEM RADON DETECTORS AS - REVOLUTIONIZING RADON MEASUREMENT 
BY ELIMINATING LATENCY 

Gunn-Berit Neergård, Thor Rikard Borgevad 

CCO GEM Radon Detectors AS, Norway 

Abstract. 

History: GEM Radon Detectors was commenced when the founders visited CERN, 
Switzerland, in 2013. The aim was to do an opportunity recognition on some of CERN’s fully 
developed technologies, currently used in scientific research. During examination of possibilities 
associated with the Gas Electron Multiplier (GEM) technology, a window of opportunity appeared 
in a growing, global industry: The sniffer market. Latency and inaccurate measurement devices 
was revealed as industry issues. GEM Radon Detectors was established to meet these problems 
with efficient solutions, and thereby change the industry. 

The Product: Advantages of GEM detectors are high amplification ranges, performance at 
low costs, and reliable operations in harsh environments. The detection will happen in real time. 
No latency. No waste of time. GEM Radon Detectors are addressing real issues in a growing, 
global business. Solving these issues will change field measurements. It will transform the way 
people work while detecting radon, and improve the economics of the monitoring agencies. Less 
latency equals less time spent at each monitoring. This will increase efficiency and reduce 
financial costs. GEM Radon Detectors are reaching out to become the solution to inaccurate 
measurements and inefficient radon detection. Based on the end users’ needs, the company is 
starting by developing the world’s first real time sniffer. GEM Radon Detectors work towards 
product launch in early 2015. 
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VALIDITY CHECK OF USING α-, β- AND γ- RADIATION DETECTORS FOR SOIL 
RADON MONITORING 

Valentina Yakovleva1, Artem Vukolov1, Maxim Cherepnev1, 
Thomas Streil2, Ivan Ippolitov3, Petr Nagorsky3, Sergey Smirnov3 

1 Tomsk Polytechnic University, Tomsk, Russia 
2 SARAD GmbH, Dresden, Germany 
3 Institute of Monitoring of Climatic and Ecological System SB RAS, Tomsk, Russia 

Abstract. 

The results of calibration of a-, β- and γ-radiation scintillation detectors (ATOMTEX, 
Republic of Belarus) mounted into borehole at depths of 0.5 and 1 m, which are destined for soil 
radon monitoring, are represented. The radon isotopes radiometer based on semiconductor alpha 
spectrometry (SARAD GmbH, Germany) was used for the calibration aim. 

On the whole, time variations of α-particles flux density (FD) at depths of 0.5-1 m badly reflect 
soil radon dynamics as to diurnal variations and its amplitude. Good synchronism between α-
particles FD and radon volumetric activity (VA) time series measured at the same depth was 
observed only when positive atmosphere temperature and absence of precipitations. 

It was found a good synchronism in β-particles FD and radon VA changes at depth up to 1 m 
for daily and synoptic scales. But for certain days a little time shift between β- and radon time 
series was observed. 

Maximum in soil radon diurnal variations is usually observed at 16-18 o’clock at 0.5 m depth, 
and at ~ 24 o’clock at 1 m depth. 

Consideration must be given to nonlinear relationship between β-particles FD and radon VA 
values when determination of calibration coefficients. 
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FIELD INTERCOMPARISON MEASUREMENT 
OF SOIL-GAS RADON CONCENTRATION: PRACTICAL INTRODUCTION 

Martin Neznal, Matěj Neznal 

RADON v.o.s., Prague, Czech Republic 

Abstract. 

The presentation is intended primarily for participants of the field intercomparison exercise - 
soil-gas radon concentration measurements, Niška Banja, 2014. 

Following topics will be presented and discussed: 

 choice of a reference area appropriate for the soil-gas radon intercomparison 
measurements; 

 spacial and temporal variability of soil-gas radon concentration as the main 
influencing factors; 

 most common errors and failures connected with soil-gas radon concentration 
measurements and causes of the failures. 
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