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Abstract 
In the past decade a number of studies have looked into the environmental conditions of buildings and the quality of air indoors, in light of scientific 
reports that link them to serious illnesses. Outstanding among these studies are the ones focusing on the concentration of Radon gas, qualified as a 
grade one carcinogen. Our article analyzes the concentrations of this gas detected in a single-family home and how the levels may be affected by the 
ventilation system used. Air samples were taken under different conditions —the first sample without ventilation of the space and the second with 
ventilation— in three units of the house: garage, living room and bedroom. The maximum concentrations obtained when the ventilation system was 
not in operation show values between 94.45 and 391.12 Bq/m3, obtaining an average of 278.86 Bq/m3, being above the recommended ideal threshold 
established by the World Health Organization. In contrast, the maximum concentrations were between 71.56 and 29.98 Bq/m3 when the ventilation 
system was used. Our results confirm that ventilation is decisive for reducing the concentration of gas in interiors, giving an average efficiency of 62%. 
 
Keywords: Concentration, building, mitigation, Radon, ventilation. 

 
 

Introduction 
 
Radon gas was discovered in 1900 by the German physicist Fiedrich Ernst Dorn. This noble gas is emanated naturally 
from the earth's crust, and can have different origins: Uranium-235, Thorium-232 or Uranium-238 (NSCS, 2010a). The 
first of them decays into the Rn-219 isotope called Actinon. It is the least abundant in the earth's crust, and because it 
has a very short radioactive half-life (3.96 seconds), it is considered to be of almost zero risk. The second disintegrates 
into the Rn-220 isotope called Toron, and although it is the most abundant one in the subsoil, it presents a medium risk 
because it also has a relatively short radioactive life (55.8 seconds). The last of the three, Uranium-238, has as its 
decendant Radon-222. It entails the highest risk, having a long radioactive half-life of 3.2823 days (AENOR, 2016; Frutos 
et al., 2014). 
 
Uranium-238 is a very active chemical element that is present in various proportions in almost all the rocks on the 
planet, in water from the subsoil, and even in some construction materials (Liu et al., 2017). Its descendant, Rn-222, is 
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a radioactive gas that is harmful to health; it can circulate to the surface atmosphere due to many factors —but mainly 
due to the porosity of materials where it is diluted— and may penetrate buildings. In open spaces it does not pose a 
great risk, and when mixed with other gases, its concentration decreases to levels between 5 and 15 Bq/m3 (WHO, 
2015). Yet in closed spaces, due to the lack of ventilation, its concentration may increase to very dangerous values for 
living beings, as it is able to alter the DNA of lung tissue, giving rise to mutations and cancer (IARC, 1988; SAAC, n.d.; 
WHO, 2014). 
 
In 1986, the World Health Organization (WHO) classified Radon as a grade one carcinogen, and the second cause of lung 
cancer after tobacco smoke (WHO, 2009). The Spanish Association Against Cancer (SAAC) estimates that some 2500 
people die yearly in Spain as a result of this gas (SAAC, n.d.). The United States Environmental Protection Agency (EPA) 
attributes the death of 21,000 Americans every year to Radon (IED, n.d.). According to recent studies involving smokers 
(García-Talavera et al., 2017), the percentages of mortality due to this gas at exposures of 0, 100 and 400 Bq/m3 are 
10%, 12% and 16%, respectively, while for non-smokers the values are 0.4%, 0.5% and 0.7%, meaning that exposure to 
Radon strongly increases the possibility of developing lung cancer (Barros et al., 2002; Catelinois et al., 2006). 
 
As can be seen in figure 1, Radon can enter buildings through walls, floors, installations, expansion joints and cracks that 
are in contact with the ground (NSCS, 2010b). Once inside, its presence goes undetected, owing to its inert, colorless, 
tasteless and odorless character (Lamonaca et al., 2014). 

 
Figure 1. Possible pathway for Radon to enter the building. 1- Through the walls; 2- Through the hearth; 3- Through the enclosures; 4- Through the facilities; 5- Through 

the floors. Source: Nuclear Safety Council. Technical Report Collection 24, 2010). 

 
 
Given that nowadays people remain inside buildings some 75%-90% of the time (Piedecausa, 2013), and that Radon gas 
is found throughout the crust of the earth, international interest in this topic is growing. The foremost objectives are to 
obtain measurements and create systems that may be implemented to control the adverse effects of Radon on people's 
health.  
 

State of Art 
 
The initial observations of excess mortality from lung cancer as a result of Radon can be traced to 1879, in the context 
of underground miners. During World War II, epidemiological studies were carried out in order to assess the risks of 
exposure to Radon in trenches and other settings. Much of our knowledge of its carcinogenic effects comes from these 
investigations (García-Talavera et al., 2017). Further studies of its effects on humans have been carried out in Sweden 
(Axelson et al., 1979), France (Catelinois et al., 2006) and England (Miles et al., 2007). 
 
In Spain, the study of Radon gas concentrations began in underground scenarios: Uranium mines (Quindós et al., 2004), 
the touristic caves of Altamira (Lario et al., 2005) and Nerja (Dueñas et al., 2011), or volcanic caves in Tenerife (Pinza et 
al., 1999). In 2009-2010 a group of researchers from the University of Extremadura carried out a study of 130 places 
including museums, wineries and caves, spas, tunnels and galleries, hotels and supply facilities. The results of this 
investigation showed that 69% of the places studied had Radon concentrations below 200 Bq/m3, 18% concentrations 
between 200 and 400 Bq/m3, and 13% concentrations that exceeded 400 Bq/m3 (Martín et al., 2012). 
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One of the first studies of Radon concentrations in homes involved 228 random measurements from western Spain, and 
indicated that 39% of the dwellings presented values above 150 Bq/m3 on average (Quindós et al., 1995). Studies carried 
out in Madrid (Sainz et al., 2009), Galicia (Barros et al., 2007) and Alicante (Piedecausa & Frutos, 2018; Piedecausa, 
2013) all obtained values above the guideline values established by the European Union (CEU, 2014). In the case of 
Galicia, measurements taken in 983 homes showed that 21.3% had values above 148 Bq/m3 and 12% exceeded 200 
Bq/m3 (Barros et al., 2007). 
 
Workplaces have also been the object of study. Research undertaken between 2016 and 2017 involving 248 jobs in 
Spain determined that the mean concentration of Radon was 251 Bq/m3. Altogether, 27% of the analyzed jobs entailed 
exposure at concentrations higher than 300 Bq/m3 (Ruano et al., 2018). 

 
Reference rules 
 
In Spain, the Health Protection Regulation against Ionizing Radiation (RPSRI), published in 2001, recommended 
conducting studies in workplaces where high concentrations might exist (MP, 2001). Subsequently, the Royal Decree 
1439/2010 (MP, 2010) modified the standards, making it obligatory to carry out such analyses. In 2012, the Nuclear 
Safety Council of Spain published Instruction I-33 (NSCS, 2011) aimed at establishing radiological criteria for 
radioactivity. It marks a maximum average annual Radon concentration in workplaces below 600 Bq/m3. This threshold 
is reduced to 300 Bq/m3 in the case of prolonged stays. 
 
Directive 90/143/EURATOM was replaced by 2013/59 EURATOM, which sets forth in articles 54 and 74 an average 
annual concentration limit of 300 Bq/m3 as the reference for both indoor work environments and homes (CEU, 2014). 
 
In December 2019, the Spanish Royal Decree 732/2019 was approved, modifying the Technical Building Code (TBC) and 
bringing into force the Basic Health Document DB-HS-6, which specifically addressed protection against Radon exposure. 
Its article 13.6 states: "Buildings will have adequate means to limit the foreseeable risk of inappropriate exposure to 
Radon from the ground in closed areas" (MD, 2018: 4). In turn, its article 2 establishes a reference value of 300 Bq/m3 
as the annual average limit for inhabitable indoor places. A minimum area of affected homes required to take action is 
not established. The opposite is true of the United Kingdom, where action is required when the affected area amounts 
to at least 1% of dwellings above the maximum concentration level allowed (Rees et al., 2010). So as not to exceed this 
value, it evokes three systems: protection barrier, ventilated space, and ground pressurization. Studies intended to 
establish approximate gas concentrations and the reduction effectiveness of such measures arrived at respective values 
around 65%, 50%-90% and 99%, respectively (Frutos el al., 2018; Frutos et al., 2014; Frutos et al., 2011; NSCS, 2010b) 
Ground pressurization techniques present a percentage of efficiency much higher than the other two, in some cases 
doubling the effectiveness of traditional ventilation systems. However, previous studies involving the latter systems 
(Frutos et al., 2018; Frutos et al., 2011; Muñoz et al., 2017; Otero et al., 2017) below 400 Bq/m3, since mixing polluted 
air with the outside air reduces accumulation through dilution, giving these systems an efficiency level for reducing 
Radon concentration of 50%, as opposed to approximately 90% for forced ventilation. 
 
 

Figura 2. Radon protection effectiveness of the BRE. Source: Environmental Protection Agency, p. 5. 
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The efficacy values indicated are very similar to those that appear in Figure 2, indicating the effectiveness of protection 
measures documented in other countries by the UK´S Building Research Establishment Institute (NSCS, 2010b). 
 
Data on the efficacy of ventilation systems are supported by Spain´s Basic Document DB-HS-6, which explicitly states 
that "ventilation by itself would not be sufficient to reduce high concentrations of Radon, meaning it is necessary for 
more effective solutions to be implemented" (MD, 2018: 140). The WHO, in descriptive note number 291 of September 
2009, recommends a reference limit of 100 Bq/m3, which in no case should exceed 300 Bq/m3. In the United States, the 
maximum value established by the Environmental Protection Agency (EPA) is 148 Bq/m3. 
 
Objective of work 
 
Following the indications of Spain´s Royal Decrees 1439/2010 and 732/2019, the presence of this gas was studied in an 
isolated single-family house for residential use in the town of Dúdar, southern Spain, with the understanding that 
prolonged high concentrations of Radon would pose a danger to the health of its occupants. 
 
Average concentrations of Radon were measured in various interior spaces of the building, with ventilation and without 
ventilation, to determine the possible level of danger and the relationship between different areas and the efficiency of 
the ventilation system used. 

 
Characteristics of the dwelling under study 
 
The dwelling under study (built in 1995) consists of a basement, below ground level, and two stories, low and high. The 
total dwelling area was 330 m2. The superficial foundation is secured by footings, with a reinforced concrete wall in the 
basement; the rest of the vertical structure is supported by reinforced concrete pillars, with unidirectional slabs of 25 
cm + 5 cm thick semi-resistant joists and ceramic vaults. The envelope is a double hollow brick double sheet enclosure 
with an air chamber and expanded polyurethane thermal insulation, topped by a sloping, ventilated roof of Arabic tiles 
and metalwork. The house does not have a forced ventilation system, only natural ventilation through its windows, 
which are described below and depicted in Fig. 5. 
 
According to data from the Geological and Mining Institute of Spain (IGME), the building is located above dolomite and 
limestone terrain. From the hydrogeological point of view, these materials have an intermediate degree of permeability, 
reducing the accumulation of water in the fracture zones (IGME, 2019). The topographic conditions are hillside to 
medium slope. According to the categorical map of potential exposure to Radon in Spain prepared by the Nuclear Safety 
Council, the area pertains to category 0-low (NSCS, 2013). According to DB-HS-6 appendix B, "Classification of 
municipalities based on Radon potential", the house is located within zone 1. 

 
 

Methodology 
 
The methodology used to develop this research is outlined in Figure 3. 
 

 
Described below are the equipment used, the variables taken into account, the places selected, and the procedure 
followed to take measurements. 
 
Equipment used 
 
To obtain the scientific data, the SARAD Radon-Scout tool was used, a device developed and manufactured in Dresden, 
Germany (see Fig. 4) that performs a continuous measurement of configurable intervals (minutes) during an exposure 
period (days) at the user's discretion. For data extraction, the Radón Vision program is used, software developed by 
SARAD that allows communication between the PC and the device, loading the data graphically and subtracting them 
in a file with a txt extension (SARAD, 2009). 
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Figure 3. Methodology. 

 
 

 
Figure 4. Instrument used to collect Radon data. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The instrument, in addition to the concentration of Radon (Rn-222) activity in ambient air, offers readings of 
temperature, relative humidity and barometric pressure. All data is stored in an internal memory with a capacity of up 
to 2047 records, the measurement periods set from 1 to 255 minutes. This equipment belongs to the Department of 
Radiology and Physical Medicine of the University of Granada. 
 
Variables taken into account 
 
Variables outside the building were taken into account (type of soil, weather conditions and permeability), along with 
interior variables (construction materials, ventilation system and occupation of the building). In the first place, the most 
suitable places for situating the measuring equipment were chosen in view of the following considerations: 
 

1º) Radon gas concentration varies from one building levels to the next, being higher in the basement and lower as one 
rises from the ground floor to the upper floors (Barros et al., 2007; Frutos et al., 2011). 
2º) Even when in the same exposition area, the concentration can vary depending on the construction type, use, or 
building components (Barros et al., 2007; Ruano et al., 2018). 
3º) Ventilation is the fundamental factor for dissipation (Frutos et al., 2011). 
 
Regarding the ventilation of the house, we should underline that no forced ventilation system was involved. The 
bathrooms have exterior windows, so they do not have extractors. All the ventilation of the house takes place through 
the windows, which have sliding leaves, allowing an opening of 50% of the window space. Because the house is isolated 
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and located in a rural area, and measurements were carried out in spring, with mild temperatures, the thermal and 
acoustic conditions of the house were not substantially affected. Ventilated measurements entailed opening a window 
throughout the interval, except for the measurement in the bedroom, where the window was closed at night. 

 
The housing units selected for the location of the measuring instrument can be viewed in Figure 5. In the basement, a 
60 m2 room was designated as the garage of the house. It has a window to the outside measuring 1.20 x 1.20 meters, 
and an access door of 2.50 x 2.10 meters. On the ground floor, the living-dining room has an area of 56 m2 and features 
four windows of 1.20 x 1.20 meters, a balcony door of 1.20 x 2.10 meters, and an access door of 1.20 x 2.10 meters. On 
the upper floor, a 12.50 m2 bedroom was chosen, having a 1.20 x 1.20 meter window and a 0.82 x 2.10 meter access 
door. In these habitable places, the measurement team took readings on eight days from April to June 2018. Four 
samples were without ventilation and another four after natural ventilation. The interval established for the 
measurements was 180 minutes (3 hours), because measurements with an interval of less than 60 minutes presented 
a high % error. Therefore, a total of 32 measurements without ventilation plus 32 with ventilation were gathered over 
the eight days. Data on external meteorological conditions (temperature, atmospheric pressure, relative humidity and 
rainfall) were also recorded. 

 
Figure 5. Location of the measuring device in the basement, ground floor and upper floor 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
The main weather conditions obtained during the Radon measurement period (4 days per room) are reflected in Table 
1. They are within the average values established for the town of Dúdar by the State Meteorological Agency (AEMET) 
for the measurement dates, hence considered stable. 

 
 

Table 1. Climatological characteristics during sampling period. Source: the authors. 

 
 

 
 
 
 
 
 
 
 
 
 

 

Results 
After collecting the above data, the team proceeded to download and analyze the results. 
 
In the basement, and during the interval under study without ventilation, a mean Radon gas concentration of 278.86 
Bq/m3 was obtained, whereas the total exposure during the measurement interval was 26733.45 Bqh/m3. The standard 
deviation of the data obtained was 56.32 Bq/m3 and the coefficient of variation was 0.21 Bq/m3. 

Floor Room Start End Outside 
temp.  

RH  (%) Precipitation 
(mm) 

Pressure 
(Pa) 

Base-
ment 

Unventilated garage 15/05/18 18/05/18 20 ºC 60 10 101600 

 Ventilated garage 24/04/18 01/05/18 17 ºC 50 12 101400 

Ground Living room without 
ventilation 

19/05/18 27/05/18 19 ºC 60 4 98000 

 Living room with 
ventilation 

28/05/18 31/05/18 19 ºC 63 8 93000 

Upper Unventilated bedroom 13/06/18 16/06/18 20.5 ºC 60 4 93000 

 Ventilated bedroom 19/06/18 22/06/18 22 ºC 58 3 91000 
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Figure 6. Data obtained from the basement garage without ventilation. 

 
 

The highest concentration registered in the measurement interval was 391.12 Bq/m3, obtained on May 18 at 1834 hours 
(see fig. 6). The lowest concentration value was 176.10 Bq/m3, obtained on May 17 at 0634 hours. The indoor 
temperature values presented differences between maximum and minimum of ± 2 °C; those of relative humidity, 
differences of ± 2%, and atmospheric pressure variations of ± 300 Pa. 
 
During the intervals with ventilation, the mean Radon gas concentration was of 13.08 Bq/m3, and the total exposure 
during the measurement interval was 1208.34 Bqh/m3. The standard deviation of the data obtained was 6.35 Bq/m3 
and the coefficient of variation was 0.29 Bq/m3. The highest concentration in the measurement interval was 29.98 
Bq/m3, obtained on April 26 at 1846 hours. The lowest concentration value was 0 Bq/m3, obtained on April 29 at 0646 
and 0946 hours (see fig. 7). With respect to the indoor temperature values, they showed differences between maximum 
and minimum of ± 4 °C; those of relative humidity, differences of ± 16% and atmospheric pressure variations of ± 700 
Pa. 

 
Figure 7. Data obtained in the basement garage with ventilation.  

 
  



450 
 

On the ground floor, and during the interval under study without ventilation, a mean Radon gas concentration of 69.95 
Bq/m3 was obtained and the exposure during the measurement interval was 6391.40 Bqh/m3. The standard deviation 
of the data obtained was 19.59 Bq/m3 and the coefficient of variation was 0.50 Bq/m3. The highest concentration value 
in the measurement interval was 103.26 Bq/m3, obtained on May 22 at 0454 hours (see fig. 8). The lowest concentration 
value was 26.92 Bq/m3 obtained on May 22 at 2254 hours. The indoor temperatures showed differences between 
maximum and minimum of ± 1.4 °C; those of relative humidity, differences of ± 6%, and atmospheric pressure variations 
of ± 600 Pa. 

 
Figure 8. Data obtained in the living room on the ground floor without ventilation. 

 
 
 

During the interval under study with ventilation, a mean Radon gas concentration of 27.81 Bq/m3 was obtained, the 
total exposure amounting to 2625.67 Bqh/m3. The standard deviation of the data obtained was 8.62 Bq/m3 and the 
coefficient of variation was 0.49 Bq/m3. The highest concentration in the measurement interval was 47.82 Bq/m3, 
obtained on May 31 at 1531 hours. The lowest value, 12.62 Bq/m3, was registered on May 30 at 2131 hours (see fig. 9). 
The indoor temperature values varied ± 2 °C; those of relative humidity, ± 8%, and atmospheric pressure varied ± 800 
Pa. 
 

Figure 9. Data obtained in the living room on the ground floor with ventilation.  
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On the upper floor, and during the interval under study without ventilation, a mean Radon gas concentration of 41.28 
Bq/m3 was obtained and the total exposure was 3761.83 Bqh/m3.  

 
Figure 10. Data obtained in the bedroom on the upper floor without ventilation. 

 
The standard deviation of the data obtained was 20.09 Bq/m3 and the coefficient of variation was 0.31 Bq/m3. The 
highest concentration was 94.45 Bq/m3, recorded on June 13 at 0728 hours. The lowest value, 9.20 Bq/m3, was obtained 
on June 14 at 2228 hours (see fig. 10). Indoor temperatures showed differences between maximum and minimum of ± 
1.4 °C; those of relative humidity, differences of ± 7%; and atmospheric pressure, variations of ± 800 Pa. 

 
During the interval under study with ventilation, a mean Radon gas concentration of 29.23 Bq/m3 was obtained, total 
exposure amounting to 933.18 Bqh/m3. The standard deviation of the data obtained was 13.13 Bq/m3 and the 
coefficient of variation was 0.46 Bq/m3. The highest concentration was 71.56 Bq/m3, on June 19 at 0717 hours. The 
lowest concentration value was 12.50 Bq/m3, on June 22 at 1320 hours (see fig. 11). The indoor temperatures presented 
differences between maximum and minimum of ± 2°C, those of relative humidity, differences of ± 10%, and atmospheric 
pressure varied ± 400 Pa. It should be noted that in this unit it was not possible to ventilate naturally during the complete 
interval of data collection —being a bedroom, and inhabited, the window had to be closed at night (2300 to 0700 hours) 
in order to achieve optimal habitability conditions. This circumstance is clearly reflected in figure 11: during the daytime, 
the Radon concentration decreases, whereas it increases at night. 
 
 

Figure 11. Data obtained in the bedroom on the upper floor with ventilation. 
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Figure 12 shows the statistics obtained in the different units for measurements without ventilation and with ventilation. 
It is seen that for the measurements carried out with ventilation, the mean values are above the median. 

 
 

Figure 12. Data obtained in measurements without ventilation and with ventilation. 

 
Tables 2 and 3 summarize the data on mean concentration, median, maximum and minimum values detected in the 
rooms of each floor when not ventilated versus yes ventilated. 
 
 

Table 2. Average, median, maximum and minimum Radon concentrations without ventilation. 

 
 
 

 
 
 
 
 
 
 
 
The average concentration ratio when ventilation is not carried out between the basement room and the ground floor 
room is 3.98, while the ratio between the ground floor and the upper floor room is 1.69.  
 

Table 3. Average, median, maximum and minimum concentrations of Radon with ventilation. 

 
 

 
 
 
 
 
 
 
 
 
The average concentration ratio when ventilation is carried out between the basement room and the ground floor room 
is 0.67, while the relation between the ground floor room and the upper floor room is 1.41. 
 

Floor Room Mean 
Radon 

(Bq/m3) 

Maximum 
Radon 

(Bq/m3) 

Minimum 
Radon 

(Bq/m3) 

Median 
Radon 

(Bq/m3) 

95% 
Confidence 

Interval. 
Higher 

95% 
Confidence 

Interval. 
Lower 

Basement Garage  278.86 391.12 176.40 278.11 298.27 258.67 

Ground Living 
room 

69.95 103.26 26.92 75.27 76.36 62.57 

Upper Bedroom 41.28 94.45 9.20 38.41 47.93 33.82 

Floor Room Mean  
Radon 

(Bq/m3) 

Maximum 
Radon 

(Bq/m3) 

Minimum 
Radon 

(Bq/m3) 

Median 
Radon 

(Bq/m3) 

95% 
Confidence 

Interval. 
Higher 

95% 
Confidence 

Interval. 
Lower 

Basement Garage  27.81 47.82 12.62 26.79 15.32 10.85 

Ground Living 
room 

41.28 94.45 9.20 38.41 30.84 24.77 

Upper Bedroom 29.23 71.56 12.50 25.88 33.85 24.61 
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Given the reduction in the mean Radon concentration values when ventilation occurs and in view of the initial values 
without ventilation, these data give an efficiency value of 95.32% for the ventilation system used in the basement, 
60.87% on the ground floor, and 29.27% on the upper floor. 
 
Spain´s Technical Building Code stipulates (in Basic Document HS-3), for indoor air quality, the calculation to be used 
when determining the flow of outdoor air needed to guarantee optimal environmental conditions within closed areas. 
It must be sufficient to eliminate CO2 as well as pollutants not related to human presence (MD, 2017). Table 4 indicates 
the minimum ventilation flows based on what is established in tables 2.1 and 2.2 of the TBC-DB-HS-3 for the different 
units of our sample home.  
 

Tabla 4. Minimum ventilation flows for homes according to TBC-DB-HS-3. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Taking into account that the constructed area of the house is 330 m2 and the volume to be ventilated is 924 m3, it is 
possible to calculate the rate of air renewal per hour necessary to comply with the provisions of the TBC-DB-HS-3, using 
the formula: 

𝑄𝑅𝑒𝑛 =
𝑄 𝑥 3,6

𝑉
, 

 

(1) 

where, Q= Total air flow in home (l/s), V= House volume (m3) and Qrenv= Total flow (renewals/hour). 
This house is found to require 0.14 air changes per hour to maintain optimal conditions inside the premises. 
 

Discussion 
 
Through this investigation, the concentration of Radon in the interior spaces of a single-family residence was analyzed 
in order to assess any possible health hazard, and evaluate the efficiency of ventilation in keeping air quality parameters 
within the ranges set by legislation and explored by other research efforts. The mean concentrations for the units 
studied in the absence of ventilation were: basement, 278.86 Bq/m3; ground floor, 69.95 Bq/m3 and upper floor, 41.28 
Bq/m3. The standard deviation of the data obtained were: basement, 56.32 Bq/m3; ground floor, 12.31 Bq/m3 and upper 
floor, 19.59 Bq/m3. These values lie within the ranges obtained by other authors (Frutos et al., 2018; Frutos et al., 2011; 
Martín et al., 2012; Piedecausa & Frutos, 2018; Piedecausa, 2013; Quindós et al.,1995; Ruano et al., 2018) in studies of 
buildings having similar characteristics and age, supporting the measurements we report. The median values were: 
basement, 278.11 Bq/m3, ground floor, 75.27 Bq/m3 and upper floor, 38.41 Bq/m3. The maximum concentrations 
registered in the units were: basement, 391.12 Bq/m3; ground floor, 103.26 Bq/m3; upper floor, 94.45 Bq/m3. 
 
When the basement of the house was not ventilated, the average concentration recorded did not surpass the value of 
300 Bq/m3 established in Directive 2013/59 EURATOM and Instruction I-33, which calls for the adoption of corrective 
measures in workplaces or public rooms containing such concentrations of Radon; yet 37.5% of our individual basement 
measurements without ventilation were over this limit. The basement exceeds the maximum value of 100 Bq/m3 set by 
the WHO throughout the period of study. Yet in general, the average values obtained on the ground floor and the upper 
floor are below this limit, and also within range of values obtained in similar investigations (Frutos et al., 2018; Frutos 
et al., 2011; Martín et al., 2012; Piedecausa & Frutos, 2018; Piedecausa, 2013; Quindós et al.,1995; Ruano et al., 2018). 
 
In contrast, the measurements made during periods when the dwelling units were ventilated do not exceed the 
maximum concentration value of 300 Bq/m3 established in Directive 2013/59 EURATOM and Instruction I-33. The 
average values were: basement, 27.81 Bq/m3; ground floor, 41.28 Bq/m3; and upper floor, 29.23 Bq/m3. They are 
consistently below the limit of 100 Bq/m3 set by the WHO. The fact that these values are in line with those of similar 

Floor Room Min. flow (l/s) Floor flow 
(l/s) 

Basement Garage 120  
Not 

habitable 
 Supply room 2 x 10 

Ground Living room 10  
 
 

36 

 Dining room 10 

 Kitchen 8 

 Bathroom 8 

Upper Bedrooms 8+4+4  
32  Bathrooms 2 x 8 

TOTAL HOUSING FLOW (maximum) 36 
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investigations lends validity to our measurements (Frutos et al., 2018; Frutos et al., 2011; Piedecausa & Frutos, 2018; 
Quindós et al.,1995; Ruano et al., 2018). The median values were: basement, 26.79 Bq/m3, ground floor, 38.41 Bq/m3 
and upper floor, 25.88 Bq/m3. The maximum concentrations registered in the units were: basement, 47.82 Bq/m3; 
ground floor, 94.45 Bq/m3; upper floor, 71.56 Bq/m3. 

 
Among the premises established by the authors consulted (Barros et al., 2007; Font & Baixeiras, 2003; Frutos et al., 
2011; Narocki et al., 2018) that might modify gas concentrations inside buildings, the following stand out: type of soil, 
climatic conditions, age, materials, construction systems and ventilation installations. As our measurements were taken 
at the same house, only weather and ventilation conditions would affect variances in the Radon concentrations inside 
the building. The climatic conditions —interior temperature, relative humidity, rainfall and atmospheric pressure— 
during the data collection period (see table 1) presented minor variations. Authors Frutos et al. (2011) and the Nuclear 
Safety Council (2010) conclude from their research that the two main atmospheric parameters affecting Radon 
concentrations are rainfall and atmospheric pressure variations over 3,000 Pa. In our study, both of these factors 
remained constant throughout the measurements, and the pressure difference detected did not exceed the value 
indicated by the above reports. Therefore, in line with these and similar studies (Barros et al., 2007; Muñoz et al., 2017; 
Narocki et al., 2018; Piedecausa, 2013), it can be said that our research scenario was not affected by unstable outside 
atmospheric conditions. 
 
According to the results of this research, and taking into account the average reduction in Radon concentration when 
natural basement ventilation is performed compared to measurements without ventilation, the efficiency is 95.32%, 
that of the ground floor, 60.87%, and that of the upper floor, 29.26%. Looking at ventilation efficiency over the maximum 
Radon value, the data obtained are the following: 92.58% for the basement, 54.36% for the ground floor, and 24.46% 
for the upper floor. These data regarding the efficacy of natural ventilation are seen to be very similar for the Radon in 
mean and maximum concentrations, and lie in the range of values described elsewhere (Frutos et al., 2018; Frutos et 
al., 2011; Otero et al. al., 2017) —a noteworthy exception being the very low value obtained for the upper floor. The 
reason for this is that ventilation was unfeasible during the entire interval of data collection, because the bedroom 
window was closed at night (2300 to 0700 hours). Taking into account that the ventilation process covered two-thirds 
of the data collection schedule, the efficiency obtained if this bedroom window had not been closed would have been 
similar to that obtained on the ground floor, approximately 50% efficiency. 

 
The contributions of this article should be analyzed in light of a limitation that justifies the development of future 
research: as other authors have appealed, (Otero et al., 2017; Piedecausa, 2013), taking measurements of longer 
duration (between 9 and 12 months) is a priority in order to fine-tune maximum and annual mean values, as well as 
possible fluctuations in concentration in the different seasons of the year. More precise results in this sense could help 
improve the implementation of measures intended to reduce the concentration of gas in buildings. 

 

Conclusions 
 
In recent decades, the study of Radon gas concentrations in building interiors has grown in importance, motivated by 
scientific and technological advances that continually shed light on the harmful effects of this gas and others on human 
health, and the need for more precise means of measurement. 
 
In the context of our research, it can be concluded that the mean Radon concentration values in the dwellings studied 
are below the limit of 300 Bq/m3 established by the 2013/59 EURATOM standard and the TBC. However, 37.5% of the 
concentration values obtained in the basement unit far exceeded the limit of 300 Bq/m3 —and as they triple the 
maximum concentration recommended by the WHO, they should be considered detrimental to the health of the people 
living in the house studied here.  
 
The Radon concentration values were found to be higher in the basement unit, which lies in contact with the soil, than 
in the upper floors. The basement can be considered a main entryway for gas into the building, even in this case, 
involving a home located in an area whose soil type is categorized as having low potential exposure to Radon. The risk 
might therefore be greater in soil categories with high exposures. 
 
The efficacy values of the natural ventilation system used to decrease concentrations were: 95.32% in the basement, 
60.87% on the ground floor, and 29.26% on the upper floor. This gives an average ventilation efficiency of 62%. 
Altogether, it is verified that the natural ventilation system in the home constitutes an effective technique for the control 
of Radon concentrations, although it does not eliminate the gas completely. 
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In the field of practice, this research makes a significant contribution to the study of environmental concentrations of 
Radon in closed places. Although the data obtained underline the efficiency of natural ventilation systems, ventilation 
does not suffice to completely eliminate the pollutant from closed environments. Organizations, architects, builders 
and managers assigned to the building sector must take this fact into account, adopting appropriate measures to 
minimize the concentration of this Radon in buildings, and particularly in residential buildings.  The values reported here 
for the ground floor and upper floor do not exceed the regulatory guideline values established, but the risk of developing 
cancerous diseases calls for a reduction of the maximum annual values and average concentrations.  The 
implementation of control plans, the installation of detectors, and the practice of periodic measurements in closed 
areas are recommended, in line with the provisions of Technical Building Code DB-HS-6. 
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