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Abstract

lonizing radiation of terrestrial origin is a topic of global interest and the main objective is the study of the
medical-biological effects on health. The academic community is in continuous research on the development of
methods for detecting them. One of the most important elements participating in the creation of the natural
background of ionizing radiation, with a major impact on health is radon. It cannot be perceived by the human
senses as it is an odorless, colorless, and tasteless gas. Radon inhaled into the alveoli of the lungs disrupts the
main cellular processes, the translation and transcription of DNA and RNA molecules, thus occurring a series of
mutations in the genetic apparatus. Exposure to high levels of radon is the second leading cause of lung cancer
after tobacco use.

Determining the concentration of radon in the air of residential homes, public buildings and workplaces is a
priority action for the development and implementation of the action plan in the context of the objectives of
EURATOM Directive 59/2013.
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1. INTRODUCTION

Radon is a ubiquitous radioactive gas with a major impact on international public health
systems and epidemiological studies show that its medical and biological effects can no longer be
neglected and require systematic monitoring and policies aimed at controlling and remedying high-risk
situations for the general condition of the population. The study of radon in terms of its involvement in
the etiology of bronchopulmonary cancer is an important step in raising awareness about the risks of
exposure to this gas. The share of bronchopulmonary cancers (out of the total number), caused by
radon is 3-14%, a percentage that is in a relationship of interdependence with the average
concentration of radon in the country. According to UNSCEAR, radon is responsible for about 70% of
the total effective dose of exposure of the population to natural ionizing radiation sources and 50% of
the total exposure to ionizing radiation [1,2]. The effects of radon are largely attributed to the
inhalation of both the gas and its disintegrants. The process of radon accumulation in the respiratory
tract is dependent on its attachment to particles, the particle size determines the ability to migrate from
the upper to lower airways to the lung alveoli, where it accumulates over a period equivalent to the
time of disintegration in short-lived offspring [3].

In radon research, there are three essential elements that need to be elucidated to define the
exposure doses of the population, namely the presence of radon in groundwater, soil, and indoor air

[4].
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Measuring the concentration of residential radon, mapping it, and calculating the doses of radon
exposure of the population of the Republic of Moldova is a relevant factor for approving and
implementing the national action plan to address the problem of increased incidence of
bronchopulmonary cancer as a result of radon. Being present in outdoor air in relatively moderate
amounts, radon can reach critical levels indoors, in homes or workplaces. The accumulation depends
on a number of microclimate factors, construction features, and seasonal factors [5].

The individual risk levels associated with radon differ because analyzing this indicator shows a
number of determining factors. Exposure to high concentrations of radon in association with tobacco
use in both current and ex-smokers or people who have never used tobacco increases the risk of
bronchopulmonary cancer per unit of radon exposure. The distribution of bronchopulmonary tumors
associated with this gas needs to be analyzed in terms of extended models of energy of other essential
elements with implications for general health [4,6,7].

Therefore, the permanent monitoring of the concentration of residential radon is a priority in
the strategy of population protection and risk communication. In order to achieve the objectives
regarding the quantification of the risk associated with radon, an experimental, descriptive, and
analytical study will be carried out to determine the concentration of radon on the territory of the
Republic of Moldova in the context of EURATOM Directive 59/2013. The application of the most
efficient techniques for measuring, monitoring, and processing qualitative data will allow the
identification of high risk areas, defining the link between abiotic environmental factors and seasonal
variations in concentration, and highlighting other factors influencing the detection of values above the
maximum allowable limit. Currently, a number of factors are declared that can influence radon
concentrations in homes, among them are: geotectonic of the land adjacent to the building, season,
construction materials used, type of home, location of the detector (basement, ground floor, floor),
ventilation, sealing technologies and the room heating system [8].

Previous national and international practice has shown that the most appropriate methods of
monitoring radon concentration are long-term passive methods. They allow the recording of radon
concentrations over a period of time, offering the possibility of calculating a dose that actually reflects
the exposure dose. Long-term methods have the main advantage that the recorded dose has not been
influenced by microclimate factors, room ventilation, or other processes that may be related to
residential radon values. Fluctuations in radon concentration in the room can be determined depending
on the days of the week. Thus, a study conducted between October 2019 - May 2020, throughout
Romania, provides interesting results in terms of radon values, respectively the concentration over 300
Bg/m? it is attested on Monday morning, gradually decreasing and reaching the minimum level of 20
Bg/m? on Thursday and Friday, then the curve is again constantly increasing on holidays [9,10]. From
the above, the use of contemporary integrative radon concentration measurement technologies is
indispensable and scientifically argued.

2. EXPERIMENTAL

To determine the exposure doses of the population to residential radon a number of methods are
used, classified according to the types of measurements performed, thus defining instantaneous
methods and integrative methods. The integrated method allows continuous and passive sampling of
representative air samples, by means of a trace detector type CR-39, Radtrack?2 (Fig.1), designed to
measure the long-term radon concentration for 90 days. Radtrack? is a sufficiently accurate detector
that allows the recording of fluctuations in radon levels in the room for a period of up to one year, thus
providing a real average concentration, and due to the high precision, the research results will provide
a complex and essential approach.
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Fig.1. Radtrak?® Alpha Track. Alpha trace detector for long-term radon measurements.

In terms of measurement systems we distinguish between active (mechanically operated) and
passive methods, according to the detection principle: alpha and gamma particles. The methods used
can detect only ?%2Rn or ?2°Rn, and the measurement procedure can be performed in equilibrium or
imbalance descendants [11].

At present, due to technological progress, research on radon concentration can take an advanced
form by using intelligent radon detectors, such as Airthings Wave, which allows the recording of
residential radon concentration from hour to hour while transmitting warning signals exceeding the
reference level of 300 Bg/m?.

Fig. 2. Airthings Wave - Radon Detector Smart

Professional monitoring of radon in scientific research in conditions of gas fluctuations due to
environmental factors can be achieved through a portable radon meter, AlphaGUARD (Fig.3), which
shows high sensitivity, stable calibration and can simultaneously record the ambient temperature,
humidity relative, atmospheric pressure with integrated sensors, which is extremely important in the
analysis of the interdependence link between environmental abiotic factors and radon concentration.

Fig.3. AlphaGUARD portable radon meter
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The most sensitive radon measuring instrument both in the field and in the laboratory is
considered ATMOS, with high sensitivity and fast response time this device allows its use for the
property inspection and subsequent measurements, but it is also a common reference tool for
calibration chambers.

Another high-precision tool for monitoring radon in the soil is MARKUS 10, which records
alpha radiation from radon progeny. Regardless of the type of measurement system, a mandatory
condition in the validation of results is the proper calibration of the instruments by national or
international laboratories. Within the laboratory infrastructure, it is possible to calibrate detectors
using standard calibration. Verification of the reliability and quality of the methods used ensures
consistent operating standards.

3. RESULTS AND DISCUSSION

The use of the best integrative technologies for continuous monitoring, control, and remediation
of residential radon will substantially contribute to the development of a public health strategy and the
adoption of a national action plan. The results of the research conducted during the years 2020-2023
will provide current data on exposure doses through an established methodology for measuring the
concentration of residential radon. The obtained data will be processed within the programs SPSS,
Excel, and Statistics 7. For each region and country, the indicators of the central trend (average,
median, and module) will be calculated, the degree of scattering of values by calculating the standard
deviation, accurate indicator of spreading the series values with the possibility of obtaining a clear
picture of fluctuations in radon concentration from one region to another and establishing the causal
link with environmental factors, soil type, coefficient of variation and dispersion. The analysis of the
results must also include the sampling scheme to obtain representative estimates of the radon
concentration distribution parameters indoors. Therefore in this research for a representative sample,
the dwellings will be chosen at random and will include both private houses on the ground as well as
blocks of flats [12,13]. In particular, the probability of each dwelling being included in the sample is
equal. The results obtained from the measurements will subsequently contribute to the creation of the
radon map on the territory of the country, a measure recommended under the EURATOM/53/2013
Directive. For the realization of the radon map in the dwellings of the Republic of Moldova will be
used the scientific research methodology of the Joint Research Center within the EC. The grid
established in the Lambert-GISCO system will be used, according to which the territory of the
Republic of Moldova is represented by 336 cells with sides of 10 x10 km?.

Based on the multiple quantifications of the radon concentrations in the indoor air of the
dwellings on the territory of the Republic of Moldova, the risk of exposure of the population of the
Republic of Moldova to radon will be calculated: the exposure doses of the population to radon will be
calculated; localities with an increased risk of radon exposure will be elucidated. Updating national
population radiation protection standards is a necessity and a priority according to the EC
(EURATOM/53/2013) and WHO recommendations and the reference levels of radon in housing will
be established.

4. CONCLUSIONS

1. Establishing radon concentrations in the air in dwellings located in rural and urban areas of
geographical areas of the Republic of Moldova by long-lasting and active-passive methods
using contemporary technologies for measuring and processing results will allow the
development of intelligent quality improvement solutions indoor air.

2. Based on the results obtained from the research, it will be possible to update the methodology
for measuring radon concentrations in the air in homes, establishing regulations and indications
for monitoring radon levels.
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In the process of assessing the annual effective doses and quantifying the risk of exposure of
the population to radon, an important step is the use of efficient methods and validated by
international bodies in the field, as well as the most innovative devices accredited by the
competent bodies.
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