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Abstract: Mineral springs are used in spa resorts throughout the world. Radon is a natural radioactive 14 

source, which can dissolve, accumulate, and be transported by water. This study investigates the radon 15 

concentration in air and water in 12 Bulgarian rehabilitation hospitals and presents the assessment of the 16 

exposure to radon in them. The measurements were performed at 401 premises within 21 buildings, 17 

using two types of passive detectors for a dry and wet environment that were exposed from February, 18 

2019 to June, 2019. The radon concentration varied from 19 to 2550 Bq/m3 with an arithmetic mean and 19 

a standard deviation of 102 Bq/m3 and 191 Bq/m3, respectively. The hypothesis that in hospitals the 20 

source of radon, besides soil under the buildings, is also the mineral water that is used for treatment, was 21 

tested. Thermal water samples were procured sequentially from a spring and baths to analyse the 22 

reduction of radon concentration in them till reaching the premises. The results show that the 23 

concentration of radon decreased by approximately 50%. Further, the correlation analysis applied to the 24 

data proved the relation of the levels of indoor radon in the treatment rooms with those in the water. 25 

Mineral water used in rehabilitation hospitals have radon transfer coefficients ranging from 4.5·10-4 to 26 

8.4·10-3. In addition, an analysis of the exposure of patients and workers to radon in rehabilitation 27 

hospitals based on the indoor radon levels and period of exposure was performed. 28 
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1. IntroductionRadon (222Rn) is a natural radioactive gas formed from the radioactive decay of 226Ra to 34 

short-lived radioactive products. Radon and its decay products are recognized as the most significant 35 

natural source of human exposure (UNSCEAR, 2006), and its inhalation can cause lung cancer (WHO, 36 

2009). To identify the radon sources, and explain the factors that affect radon dynamics in an indoor 37 

environment, numerous measurements of radon have been performed in various homes and workplaces 38 

around the world.It is well known that in most of the cases, the main source of indoor radon is the radon 39 

that is generated in the underlying rock and soil of the buildings, which is transported indoors because 40 

of concentrations and pressure difference flows. In addition, the radon gas can dissolve and accumulate 41 

in water from underground sources, such as wells or mineral springs, where the water, which comes 42 

from deep springs, can contain high radon concentration because of leaching of rocks, making it an 43 

additional source of indoor radon. Further, rehabilitation centres use mineral water for therapy, which 44 

can have higher levels of radon. Furthermore, concentrations of radon (222Rn) in thermal waters can vary 45 

from 10 Bq/l to above 1000 Bq/l (Szerbin, 1996; Vogiannis et al., 2004; Manic et al., 2006; Nikolopoulos 46 

et al., 2010). The balneotherapy process using thermal water contributes to radon release into the indoor 47 

air and because of large volume of water used, the concentrations could reach a high value. Considering 48 

the health effects of radon, the professional staff could be exposed to a significant amount of radon. In 49 

literature, the annual effective doses reported for such workers have varied from several units to tens 50 

mSv per year (Radolić et al., 2005; Zunic et al., 2006). 51 
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