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ABSTRACT 
Amending Building Regulations were introduced in December 1997, which require that 
measures be taken during construction to prevent the entry of radon into buildings from the 
underlying soil.  These Regulations apply to buildings built on or after the 1 July 1998. 
 
During 2001, the Radiological Protection Institute of Ireland (RPII) undertook a pilot study of 
radon levels in houses built since that date with the aim of assessing the impact of these new 
Regulations.  The area selected for this study was the 10 km Irish National Grid square 
including the town of Ennis, Co Clare.  The RPII’s National Radon Survey predicts that 27% 
of all dwellings in this grid square have radon concentrations in excess of the national 
Reference Level of 200 Bq/m3. 
 
Two hundred and seventy nine householders, whose houses were built since the amending 
Regulations came into effect, were invited to participate in a free survey and 97 of these 
agreed to do so.  Participating householders were asked to complete a questionnaire aimed at 
assessing their knowledge of the radon preventive measures included in their house.   
 
Twelve percent of the houses measured in this survey were found to have radon levels in 
excess of the national Reference Level.  This figure indicates a significant reduction as 
compared with the National Radon Survey prediction for the same grid square.  It is difficult, 
however, to draw definitive conclusions from these data regarding the effectiveness of the 
new Regulations due to the very different age distribution for the two sets of houses and 
differences between current and historic building practices.  Further work is underway 
comparing radon levels in houses built both immediately before and after the introduction of 
the 1997 Regulations, which aims to address outstanding questions. 
 
Householders’ level of awareness of the radon preventive measures included in their house 
was low; 45% and 36% respectively of respondents were unaware of whether their house had 
a radon sump or radon barrier installed.  The RPII recommends that information on radon 
prevention or reduction measures installed in new houses should be given to the purchasers 
and tenants of new houses. 
 
The results of this pilot survey clearly point to the fact that the requirement to fit radon 
preventive measures at the time of construction may not guarantee that the radon 
concentrations in individual houses will be below the 200 Bq/m3 Reference Level.  It is 
therefore important that all new houses, once occupied, should be tested for radon to 
determine if sump activation is required.   
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1. INTRODUCTION 

National Radon Survey 

The Radiological Protection Institute of Ireland (RPII) has undertaken a comprehensive 
geographically based survey of radon in Irish domestic dwellings referred to as the National 
Radon Survey [Fennell et al., 2002].  During the course of this survey householders were 
selected at random from the electoral register and invited to have their houses tested for 
radon.  Valid measurements were completed in 11,319 dwellings, a sampling rate of 1 in 93 
of the national housing stock.  This survey estimated that nationally 7% of houses (91,000 
houses) had radon concentrations exceeding the national Reference Level of 200 becquerels 
per cubic metre (Bq/m3). 

 
The geographic unit chosen for the National Radon Survey was the 10 x 10 km grid square 
based on the Irish National Grid and the results of this survey were used to predict the 
percentage of dwellings in each grid square in which the radon concentration exceeds the 
national Reference Level.  Grid squares where this percentage is greater than 10% were 
designated High Radon Areas.  In July 1999 the RPII published a map “Radon in Irish 
Dwellings” [RPII, 1999] showing the predicted percentage of domestic dwellings with radon 
levels above the Reference Level for each grid square.   
 

National Building Regulations 
In December 1997 the Minister for the Environment and Local Government made amending 
Building Regulations [Stationery Office, 1997].  Requirement C3 of these Regulations states 
that “reasonable precautions shall be taken to avoid danger to health and safety caused by 
substances (including contaminants) found on or in the ground to be covered by a building”.  
In the context of these Regulations, radon is deemed to be a contaminant and therefore comes 
within the scope of this requirement.   
 
Documents known as “Technical Guidance Documents” (TGD’s) are published for the 
purpose of providing guidance on particular provisions of the Building Regulations.  Radon 
protection for new dwellings or other long stay residential buildings is covered in the 1997 
edition of TGD-C [DOE, 1997].  In accordance with TGD-C more stringent preventive 
measures are required in High Radon Areas as identified by the National Radon Survey.  A 
High Radon Area is an area where it is predicted that more than 10% of existing houses have 
radon concentrations in excess of the National Reference Level (200 Bq/m3). 
 
For non-complex buildings of normal design and construction the following guidance applies.   
 
 High Radon Areas: TGD-C requires that a fully sealed membrane (radon barrier) of low 

permeability be provided over the footprint of the building.  A properly installed radon 
barrier of this type should prevent radon gas from entering a building from the underlying 
soil.  However, in addition to the barrier a potential means of radon extraction from the 
substructure must also be provided. This is normally achieved by means of a sump or 
sumps with connecting pipework capped at suitable points outside the external wall or in 
the attic space.  Should the radon barrier not be effective and elevated radon levels 
subsequently found, the extraction system can be activated by extending the pipework and 
installing a fan. This latter measure provides a relatively inexpensive means of radon 
mitigation.  
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 All Other Areas:  it is necessary only to provide a potential means of radon extraction 

from the substructure as described above. A radon barrier is not required. 
 

Pilot Study of Radon Levels in Dwelling Built Since July 1998 

A review of the literature revealed that relatively few studies on the effectiveness of radon 
preventive measures have been reported.  Woolliscroft et al. [1994] reporting on field trials on 
the effectiveness of radon protection measures in new dwellings in Devon and Cornwall 
stated that the probability of a house having a radon concentration above the UK action level 
was substantially reduced by the provision of a radon-proof membrane.  However, in a review 
of radon-resistant construction techniques in the United States, the National Research Council 
concluded that the effectiveness of such techniques is uncertain and that it is not possible to 
quantify radon-risk reduction factors due to their use [NRC, 1999]. 

 
During 2001, the RPII carried out a pilot study of indoor radon levels in domestic dwellings 
built in High Radon Areas since the introduction of the 1997 Building Regulations, with the 
aim of assessing the impact of these Regulations.  This study also aimed, through the use of 
questionnaires and telephone interviews, to assess householders’ awareness of the radon 
preventive measures incorporated in their houses. 
 
The Ennis 10 km grid square (Grid Reference 1317), which was predicted on the basis of the 
National Radon Survey to have 27% of dwellings above the Reference Level, was selected for 
the pilot.  The choice of this grid square was influenced by factors including the housing 
density, the high sampling rate in the National Radon Survey (67 valid measurements) and the 
ready availability of house construction data in computer readable format. 
 
 
2. SURVEY METHODOLOGY 
In January 2001, the RPII wrote to 279 householders in the Ennis 10 km grid square inviting 
them to participate in a free radon survey.  Since this is a High Radon Area these houses 
should have both a radon sump and a barrier fitted.  All houses for which the Commencement 
Notice was dated on or after 1 July 1998 were invited to take part in the survey.  Clare County 
Council provided names and addresses of the householders concerned.   

 
Each participating householder was issued with three alpha track etch radon detectors with 
full instructions on their use.  One detector was to be placed in the main living area, another in 
the main bedroom and the remaining detector in another ground floor living area.  Following 
a 3-month measurement period, all participating householders were issued with a reminder to 
return the detectors.  Failure to elicit a response within 14 days of the reminder letter being 
sent resulted in the householder being contacted by telephone.  No further contact was made 
with non-respondents. 
 
Householders were also asked to complete a short questionnaire, which listed questions about 
the house characteristics and the radon preventive measures installed in the house at the time 
of construction.  A copy of this questionnaire is included in Appendix 1.  Householders who 
answered “yes” to having a radon sump were contacted by telephone to determine if they 
knew where the sump outlet was located.   
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Returned detectors were processed according to the procedures described by Fennell et al. 
[2002].  The annual average radon concentration for each dwelling was calculated as follows: 
 
(i) results for the main living area and other ground floor living area were averaged to 

determine the ground floor average;  
(ii) the ground floor average and the result for the main bedroom were then averaged to 

determine an average for the dwelling; 
(iii) the seasonally adjusted annual average radon concentration was then calculated by 

the application of the set of correction factors for each month as described by Madden 
et al. [1994]. 

 
All participating householders were issued with their results in June 2001.  In the case of 
houses where the seasonally adjusted average radon concentration was above the Reference 
Level, the householders were advised that remedial action to reduce the radon concentration 
should be considered.  Additionally they were advised that, in accordance with the 1997 
Building Regulations, their house should already be fitted with a radon sump.  They were also 
offered free post remediation measurements by the Institute. 
 
 
3. RESULTS 
Participation rates for the pilot survey are shown in Table 1.  Approximately 36% of those 
initially invited agreed to participate.  This participation rate compares very well with the 
National Radon Survey for which the county participation rates varied between 17 and 36% 
[Fennell et al., 2002]. 

 
The distribution of house types in this survey is presented in Appendix 2.  The most common 
house types included in this survey were either “detached” (56% of total) or “semi-detached” 
(26% of total).  

Table 1 
Ennis Survey – Participation Rates 

Category Number % of total 
Householders invited to participate 279 100 

Householders who initially agreed to participate 99 36 

Householders who returned detectors after the measurement period 90 32 

Householders who returned detectors & completed questionnaire 83 30 

 

Summary data for the Ennis 10 km grid square for both this survey and the National Radon 
Survey are presented in Table 2.  The average radon concentration of 79 Bq/m3 for this survey 
was significantly lower than the National Radon Survey figure of 192 Bq/m3.  Similarly, the 
highest radon concentration measured of 434 Bq/m3 was considerably lower than the 
corresponding National Radon Survey value of 1366 Bq/m3.  Of the 90 houses measured in 
this survey, 11 (12%) were found to have a seasonally adjusted annual average radon 
concentration in excess of the Reference Level.  Sixty-seven houses were monitored during 
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the National Radon Survey of which 18 (27%) had seasonally adjusted annual average radon 
concentrations greater than the Reference Level.  
 
It is important to note that there are significant differences in methodology between this 
survey and the National Radon Survey, and these must be considered when comparing data 
from the two surveys.  This survey was conducted in houses built over a two-year period from 
mid-1998 to mid-2000, while the National Radon Survey houses spanned a much wider time 
period and therefore a broad range of construction practices, building materials, ageing 
characteristics, etc.  Given the narrow age range of the houses measured in this survey it is 
also likely that the houses will be geographically clustered according to the pattern of 
development at the time.  The selection procedure for houses to be included was also 
different; in the National Radon Survey householders were selected at random from the 
electoral register while in this survey all householders living in houses built after 1 July 1998 
were invited to participate.  There are also differences in both the period of measurement and 
the measurement protocol between the two surveys and these too may act as confounding 
factors.  
 

Table 2 
Summary of radon measurements in the Ennis 10 km grid square 

(Grid Ref: 1317)  

Radon Concentration (Bq/m3) Survey Houses 
Measured 

Geometric 
Mean 

Arithmetic 
mean 

Maximum 

No of 
Houses 
above 200 
Bq/m3 

Ennis Pilot 
(2001) 

90 49 79 434 11 (12%) 

National 
Radon Survey 

67 104 192 1366 18 (27%) 

 
The questionnaire aimed to gauge householders’ awareness of the two principal radon 
preventive measures, passive radon sumps and radon barriers.  Householders were asked if 
these preventive measures had been incorporated into their houses during construction.  The 
responses to these questions are summarised in Table 3. 
 
A greater number of householders believed that their houses had been fitted with radon 
barriers than was the case for sumps (36% and 25% respectively).  Only 14 of the 83 (17%) 
respondents answered “yes” to having both a sump and a barrier fitted, while 37 (45%) were 
aware of at least one of the measures being present.  Those who answered “yes” to having a 
sump fitted were subsequently asked if they knew where the sump outlet was located outside 
the house.  Twelve of these 21 householders responded with 11 indicating they would be able 
to locate the sump outlet if required. 
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Table 3 
Householders awareness of radon prevention measures in their house 

Householder response Radon Sump Radon Barrier 

Yes 21 (25%) 30 (36%) 

No 25 (30%) 23 (28%) 

Householder either did not 
know or failed to answer 

37 (45%) 30 (36%) 

 
The radon concentrations measured in houses where the householder answered that a radon 
barrier was present were compared with those in houses where the householder answered that 
no barrier had been fitted.  No statistically significant difference in radon concentrations was 
observed between the two data sets. 
 
 
4. DISCUSSION 
The data presented in Table 2 clearly show that, while the radon levels measured in the 2001 
survey are lower than those measured in the National Radon Survey, a significant number of 
houses (12% of the houses measured) still have seasonally adjusted annual average radon 
concentrations in excess of the national Reference Level.  It should be stressed that the 12% 
figure refers to the houses actually measured and should not be interpreted as a valid 
prediction for all houses built in the Ennis area after July 1998.  Because of the limited age 
range of houses measured and the lack of randomness in the selection procedure it is not 
possible to make such a prediction. 

 
Over time differential settling may result in cracks and imperfections forming in the 
substructure of a house, which allow increased ingress of radon from the ground [Scivyer, 
1993].  It is possible, therefore, that radon levels measured during this survey may 
underestimate the long-term average radon levels in these houses given the age of the houses 
at the time of measurement. 
 
Since the Ennis 10 km grid square is a High Radon Area, all houses must have both a sump 
and a radon barrier fitted at the time of construction in order to comply with the 1997 
Building Regulations.  In relation to the 11 houses, which exceeded the Reference Level, it is 
not possible to establish whether: a) a radon barrier was fitted; b) the radon barrier was 
installed incorrectly or c) the radon barrier was ineffective for some other reason.  These data, 
however, clearly point to the importance of having a sump in addition to the barrier. 
 
Householders’ awareness of the radon preventive measures incorporated into their dwellings 
was found to be low.  Thirty percent and 28% respectively of respondents answered “no” 
when asked if their dwelling had a radon sump or radon barrier installed in their dwellings, 
while a further 45% and 35% respectively answered, “don’t know” to these questions.  In the 
cases of householders who said that the measures were not present, it is not possible to 
establish whether this is genuinely the case or if it simply reflects a lack of awareness on the 
part of householders.  The low level of awareness of sumps is of particular concern since the 
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purpose of the sump is to facilitate future remedial work if subsequently high radon levels are 
found in the house.  Clearly, the sump is only useful if it can be identified. 
 
 
5. CONCLUSIONS 

• The radon levels measured in the survey are significantly lower than for the National 
Radon Survey.  While this reduction may be due, in part, to the impact of the 1997 
Building Regulations, definitive conclusions cannot be drawn due to the very different 
age distribution for the two sets of houses and differences between current and historic 
building practices. 

 
• All new houses, once occupied, should be tested for radon to determine if sump activation 

is required.  A significant number of the houses measured in this survey were found to 
have radon concentrations in excess of the national Reference Level of 200 Bq/m3.  This 
suggests that it is unwise to depend wholly on a radon barrier as a means of radon 
proofing new houses. 

 
• This survey was conducted in a single grid square over a very limited time span and took 

place very soon after the introduction of the 1997 Building Regulations.  Further surveys 
are underway to compare radon levels in houses built in High Radon Areas immediately 
before and after the introduction of the 1997 Building Regulations, with a view to 
establishing with greater certainty, if radon levels are generally lower in houses built 
since 1998. 

 
• The reduction in radon levels in new houses through the installation of radon preventive 

measures at the time of construction is a key component of Government policy to reduce 
the risks posed by radon.  It is important, therefore, to have programmes in place to 
monitor the effectiveness of these measures. 

 
• This study found a low level of awareness among householders of the radon preventive 

measures incorporated into their houses.  Given the low level of awareness of sumps in 
particular it is probable that many householders, even where a sump is present, may not 
be able to locate the connecting pipe work.  A sump serves no useful purpose unless the 
householder or remediation contractor can locate the connecting pipe work.  
Consideration should be given to the introduction of further guidance to ensure that sump 
connecting pipe work be clearly identified.  Furthermore, information on radon preventive 
measures installed in a house should be given to all householders when purchasing new 
houses. 

 
 
6. ACKNOWLEDGEMENTS 
The authors wish to thank Angela Naughton of the Building Control Section of Clare County 
Council for her help.  A special thanks goes to all the householders who participated in the 
survey. 



 

 7 

7. REFERENCES 
DOE, 1997.  Building Regulations 1997, Technical Guidance Document C.  Site 
Preparation and Resistance to Moisture.  Ireland: Department of the Environment. 

 
Fennell, S.G, Mackin, G.M., Madden, J.S., McGarry, A.T., Duffy, J.T., O’Colmain, M., 
Colgan, P.A. and Pollard, D.,  2002.  Radon in Dwellings. The Irish National Radon 
Survey.  RPII-02/1, Dublin: Radiological Protection Institute of Ireland. 
 
NRC, 1999.  Risk Assessment of Radon in Drinking Water. National Research Council, 
Washington D.C.: National Academy Press. 
 
Madden, J.S., Duffy, J.T., Mackin, G.M., Colgan, P.A. and McGarry, A.T.,  1994.  Radon in 
Selected Areas of Ireland.  RPII-94/3, Dublin: Radiological Protection Institute of Ireland. 
 
RPII,  1999.  Radon in Irish Dwellings Map. Dublin: Radiological Protection Institute of 
Ireland. 
 
Scivyer, C.R.,  1993.  Surveying Dwellings with High Indoor Radon Levels: a BRE Guide 
to Radon Remedial Measures in Existing Dwellings.  BR250, Watford England: Building 
Research Establishment. 
 
Stationery Office, 1997.  Building Control Regulations 1997, Statutory Instrument No. 496 
of 1997.  Ireland: Stationery Office. 
 
Woolliscroft, M., Scivyer, C. and Parkins, L., 1994.  Field Trials on the Effectiveness of 
Radon Protection Measures in New Dwellings.  Radiation Protection Dosimetry, Vol. 56, 
Nos 1-4, pp. 33-40. 
 
 



 

 8 

 
APPENDIX 1 

 
QUESTIONNAIRE SENT TO SURVEY PARTICIPANTS 

 
Building Characteristics Questionnaire 

 
Name: _____________________________________________ 

Address: _____________________________________________ 

 _____________________________________________ 

Tel.: ________________ Ref. No. :  ____________ 

 
 
 
 
Type of dwelling i) Detached 

 
ii) Semi-detached 
 

iii) Bungalow 
 

 iv) Other (please specify) 
 

  

 
 
 
Commencement 

date of 

construction 

i) Jul-Dec 1998 
 

ii) Jan-Jul 1999 
 

iii) Jul-Dec 1999 
 

 iv) Other (please specify) 
 

v) Don’t know 
 

 

 
 
 
Dwelling built by i) Building Contractor 

 
ii) Direct labour 
 

 

    
 
 
Main building 

materials 

i) Stone 
 

ii) Brick 
 

iii) Precast concrete 
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On what floor is your  

Ground floor  
First floor  
Other (please specify) 

i) Living area 
 
 
 

ii) Bedroom 

 
 
 
What type of floor has 
your 

i) Living area iii) Ground Floor 

Solid (concrete/stone)   
Suspended Timber   
Other (please specify)  

ii) Bedroom 
 
 

 
 
 
Does your dwelling 
have any of the 
following radon 
preventive 
measures installed? 

 
 
 
 
i) Radon sump 
 

 
 
 
 
ii) Radon Barrier 

 
 
 
 
iii) Other (please specify) 

Yes     
No    

Don’t Know    
 
 
If “yes” to radon 
sump, is there a fan 
attached? 

 

Yes  
No  

Don’t Know  
 
 
Comments 
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APPENDIX 2 
 

QUESTIONNAIRE DATA 
 

Distribution of House Types in the Survey 
 

House Type Number of 

Houses 

Percentage of 

Total 

Detached 

Semi-Detached 

Dormer Bungalow 

Bungalow 

Terraced 

Town House 

Total 

47 

22 

6 

5 

2 

1 

83 

56% 

26% 

8% 

6% 

2% 

1% 
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