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Abstract

:

Radon is a naturally occurring radioactive gas which tends to build up within structures. It is therefore necessary to include techniques to mitigate radon concentration when undertaking refurbishment. The goal of this study is to assess the effectiveness of a mitigation technique based on pressurizing the interior of a building, by testing a prototype of the mitigating device, developed by Siglo 21 Consultores and the LaRUC of the University of Cantabria, under real conditions, to determine its effectiveness during refurbishment. The methodology involved installing the proposed solution in a traditional country dwelling in an area characterized by high radon concentration, on the coast of Galicia, Spain. In order to measure the effectiveness of the solution, continuous measurement sensors, set in an ionization chamber, and properly calibrated by the LaRUC laboratory, were installed. The results obtained show that pressurizing the living quarters brings about an effective reduction in the radon concentration, with a relatively simple building solution. This solution, which is compatible with the principle of minimum intervention, is seen to be especially appropriate when work is undertaken in structures recognized as heritage.
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1. Introduction


Build-up of radon gas inside structures is one of the main causes of death from lung cancer among nonsmokers. Concentration values of 200 Bq/m3 may be a risk factor for the development of the disease [1,2,3,4]. It is estimated that from 15% and 25% of cases of the disease stem from this pathology of buildings. This value is below the limit of 300 Bq/m3 set by Directive 2013/59/EURATOM, and is twice the 100 Bq/m3 set as the reference level to minimize health risks from indoor exposure to radon [5]



Recommendations published by national and international public bodies on radon mitigation offer a catalogue of solutions based on different strategies [6,7]: ventilating premises, positively pressurizing the premises and the ground, depressurizing the ground under the building, and setting up barriers the gas cannot breach.



Carrying out these mitigation techniques in existing buildings is met with many difficulties, typical of work undertaken on an already built structure. These building difficulties come from the interaction with other existing elements, such as old facilities and services installed in the structure, and also from problems of protected features, due to heritage status, which must be addressed jointly with the questions of esthetics, hygiene and comfort of the living area. The strategy based on positively pressurizing the premises thus has significant advantages when undertaking work on existing buildings, especially those of architectural and cultural value. It is true, however, that it does have disadvantages, such as those arising from the degree of airtightness of the surrounding structure, as with highly permeable surroundings it can be difficult to achieve the required pressure difference at all times. Another matter to be considered is the effect of the actions of users who, upon entering or leaving the building, or opening or closing the windows, cause variations in the internal pressure [8].



The aim of this study is to assess the effectiveness of the positive pressure strategy in a traditional single-family dwelling in an area given to high concentrations of radon, to quantify to what extent the problems mentioned in the scientific literature compromise the effectiveness of the solution, and to use a real case study to check the effectiveness of this technique in situations in which the concentration is above 500 Bq/m3, since, according to the criteria of Public Health England [7] the strategy would not be recommended in this situation.



The possibility of testing a prototype of the mitigating device based on this pressurization strategy in a real case allows the effectiveness of the technique to be evaluated, bearing in mind the large number of variables to be taken into account in any refurbishment work on a protected heritage structure (cost of the work, esthetic concerns, energy efficiency, heat and noise levels, and heritage concerns, and always with a special interest in efficiency, economy and minimum intervention).



Due to its characteristics, this solution is ideal for seeking a balance between effectiveness and cost, minimizing the impact of the activity.




2. Materials and Methods


2.1. Location of the Building


The building used in the study is a traditional single-family dwelling in the province of A Coruña, within the authority of the Town Council of Ferrol, Parish of Doniños, in a Lake area, (43°30′38.5″ N, 8°18′11.1″ W), at a height of 57 m above sea level (see Figure 1), corresponding to climate area C1 (Royal Decree 732/2019, which amends the Technical Building Code (TBC), set out in Royal Decree 314/2006), with an accumulated monthly rainfall of 150 mm in the winter months, 125 days of rainfall annually, [9], relative humidity of 75%, and ranked with a Köppen index of Cfb.



With respect to its topographic conditions, the site is located on a westerly facing slope and is exposed to prevailing winds from the south-west. The ground is mostly composed of the typical granite of the Galician Massif, characterized by its age, with a high level of weathering and poor consistency. Native presence of trees in the area comprises mainly Pinus pinaster, which has a very strong root system with a penetrating main root and well-developed secondary roots, which increase weathering of the rocky substrate, leading to cracking which allows radon to enter buildings.



The plot is in a geographical area classified as having a high radon potential, in the 90th percentile (P90) of radon distribution levels among buildings in the area [10] greater than 400 Bq/m3.




2.2. Type and Morphology


The building used for the tests is a traditional rural dwelling of the type characteristic of the countryside of A Coruña [11], with 60 cm thick stone walls of local granite, which produce very high thermal inertia, wooden beams of local oak and pine boards, and a gabled tile roof on openwork brick supports, which are highly permeable to the air.



The building is compact, rectangular in shape, with openings for light and ventilation of a size appropriate to the style. These openings in the external walls are closed with modern lacquered aluminum windows which give a high level of airtightness. The floor plan, as is usual in this type of structure, was originally of a single story, probably with a slate floor. Currently, after the refurbishment, the floors were finished with stone tiles laid on a thin layer of mortar.




2.3. Identification of Sources


As a result of the measurements taken in advance, it was found that the high concentrations of radon come mainly from the soil below the building, which, because of the way it was built (one floor, directly on the soil), favors the entry of gas.



Following the consensus among a number of authors [5,12] the building materials of the dwelling, mainly local wood and granite, are not considered a possible primary source, although granite cannot be ruled out as a secondary source, with a contribution no greater than 20–30% [13].




2.4. Measurement Strategies


The owners of the premises had already taken measurements, before the actions here described, giving values between 600 and 900 Bq/m3.



In order to understand the initial situation, a continuous measurement was taken with a SCOUT model SARAD device, calibrated by the University of Cantabria Radon Laboratory (LaRUC), over a period of two months, which gave an average concentration of 686 Bq/m3 over the period of measurement. In total, 70% of these measurements were taken outside the heating season, and so an average annual value of 960 Bq/m3 can be obtained, applying the correction factor set out in DB HS6 of the Technical Building Code [14].



In order to gain a detailed understanding of the fluctuations in radon concentrations, and the effectiveness of the mitigation measures taken, a continuously measuring radon sensor was installed in the dwelling. This was a RICO Wireless model of the Interface® brand (A Coruña, Spain), using ionization chamber technology, with a calibration certificate from LaRUC (see Figure 2). This device allows the data gathered to be viewed in real time over the Internet.




2.5. Mitigation Strategy


Bearing in mind that the concentration originates from the identified sources, and given the characteristics of the climate and geology of the site, the concentration values reached inside the dwelling are assumed to result from an accumulation of gas via convection and advection.



Given that “…it has been confirmed that an increase in the pressure leads to a decrease in the concentrations of radon, and that an increase in humidity increases these concentrations” [15], the mitigation strategy based on pressurizing the inside of the dwelling does both of these things, increasing the pressure and reducing the humidity due to the excess ventilation.



While it is true that, for the concentration values in question, the standards set by relevant bodies (TBC, Consellería de Ordenación del Territorio and Public Health England) agree that the interior pressurization method is not to be recommended for levels above 500 Bq/m3 [7], in this case a mitigating device is being tested based on this technique, to determine whether the newest generation of devices can be, in agreement with the manufacturers specifications, effective against high concentrations (in the range 100 to 4000 Bq/m3), since, bearing in mind the advantages this offers, it would seem to be the ideal solution in the situation considered here.



The prototype tested is an active mitigator of the brand Interface® (A Coruña, Spain), developed by Siglo 21 Consultores together with the LaRUC, and part of a preseries of two units, about which no further information can be given at the time of writing this paper as it is subject to a patent recognition process. It can be stated, however, that the working of the mitigator is based on pumping into the interior of the building, clean, dry air from the outside, with sufficient flow to maintain a positive pressure differential between inside and outside, in order to make it more difficult for radon from the ground beneath the building to penetrate inside.



The device reduces the concentration of radon gas through the use of a fan driven by electrical energy that injects a certain air flow from outside.



It also incorporates an activated carbon filter that prevents the passage of coarse particles (diameter less than or equal to 10 microns-µm) in order to guarantee that this air is clean of contaminants.



This air flow, which passes through the filter, is led by the fan towards an exchanger that heats or cools it depending on the chosen option. Two different exchangers are designed based on the pre-existing air conditioning technology in the building. In this case, the building is air-conditioned by means of a system based on biomass combustion, and the mitigator incorporates an electrical resistance and a solid–air exchanger. The combination of filter plus exchanger guarantees the quality of the interior air and solves the thermal aspect of the comfort. A suppressor is incorporated into this flow sequence that guarantees acoustic comfort by lowering the noise level of the unit.



The device, in accordance with the manufacturer’s instructions, was placed on the outside of the building in an IP-65 rated box, which is linked to the dwelling through a ventilation duct in the outside wall.




2.6. Installation of the Device


The device was placed on the ground floor, as it is in contact with the source. To minimize the impact of the activity, the device was placed next to the north face of the building (see Figure 3 and Figure 4), with access to the kitchen through the wall below the windowsill. At this point the wall was thinner due to the narrowing of the opening, which made installation easier.



An Internet-linked RICO Wireless sensor, whose operation could be monitored in real time, was installed in order to assess the effectiveness of the solution proposed.




2.7. Prior Operations to Prepare the Building


Before placing the device, a highly detailed study was undertaken of the convective air currents inside the building, and the most appropriate site was chosen as a result.



Given the high permeability of the surrounding structure, which is especially apparent in the Arabic tile roof, on wooden boards, resting on supports and beams of the same material, it was decided to position a kind of sluicegate on the stairway leading to the upper floor, to minimize pressure loss from the ground floor.





3. Results and Discussion


Results of the Corrective Measure


Once the installation work was finished, and before putting the device in operation, a prior measurement of the concentration was taken continuously over 48 h, with the purpose of determining the natural value of the concentration, which was found to be (686 ± 47) (k = 2) Bq/m3 on average. The device was switched on at 12:00 on the 28 May, when the concentration inside the dwelling was 831 Bq/m3 (see Figure 5). After 60 min, the concentration had dropped 28.40% to 595 Bq/m3. Over the next few hours, the concentration continued to drop at the same rate, down to 90 Bq/m3 at 16.00 h, and the concentration remained stable below 100 Bq/m3.



Monitoring of the radon levels inside the dwelling continued over the next two months, using two continuous measurement devices placed within it: the first, a RICO model Interface® sensor calibrated by LaRUC [16], which gave an average exposure of (70 ± 7) (k = 2) Bq/m3, and as a contrast a second device, a SCOUT model SARAD calibrated by LaRUC [16], was used, which returned an average exposure of (76 ± 17) (k = 1) Bq/m3 over the same period.





4. Conclusions


The results obtained are below the reference level set by the WHO for protection against exposure to natural radiation, and show empirically the effectiveness of mitigation based on pressurizing the inside of the dwelling in situations where concentration values are above 500 Bq/m3, in contradiction to the guidelines of the UK Government and the TBC.



The device tested responded immediately by reducing the concentration and keeping it stable in the normal conditions of use of the dwelling, and also helped to alleviate the problems caused by the high humidity of the area, and improved the quality of factors relating to health and humidity inside the house.



It is worth noting the ease with which the installation was carried out, as it was completed in two hours by a single workman. The limited impact on the existing structure is also worth noting: only one opening in a wall was necessary, and the device was connected to the grid simply by plugging it into a Type F Schuko socket (Standard CEE 7), a procedure which is highly recommended when working in built heritage.



Another point in favor of this solution is the speed with which it can be undertaken, and its low cost compared to alternative solutions, such as placing radon barriers or creating suction wells.



Negative aspects include the fact that the device produces some noise, as 46 dB were registered at 1 m from the exit point, which could be a problem for the comfort of those in the dwelling. It is therefore recommended that, insofar as possible, the entry points should be sited away from the areas most frequented by the inhabitants.



This study is part of an investigation whose objective is analyzing the effectiveness of the indoor pressurization technique in rehabilitation actions on the built heritage [17].




5. Patents


The prototype tested in this experiment is an invention of the authors, and at the time of writing this paper it is subject to a patent recognition process.
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Figure 1. Location of the building. Source: Google Maps. 
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Figure 2. Measuring devices. Source: photo by author. 
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Figure 3. Mitigating device. Source: photo by author. 
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Figure 4. Plan of the installation. Source: created by author. 
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Figure 5. Graph of radon concentration from 26 May 2021 to 14 July 2021. 
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