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Abstract 

This report presents and Interprets the results of all surveys of domestic radon concentrations carried out by the 

Radiological Protection Institute of Ireland between March 1989 and December 1992, Data from low-density 

monitoring surveys in counties Mayo, Galway (Including the Aran Island of litis M6r) and Clare and In north 

Kerry, in addition to more detailed surveys In Moycullen and Saltlillt In Co, Galway and south Cork city are 

presented, 

The highest seasonally-corrected radon level found in any of the 1755 dwellings surveyed was 2399 Bq/m. This is 

twelve times the national Reference Level of 200 Bq/m, and corresponds to an annual radiation dose to occupants 

of the house of 60 mSv, three times the maximum dose which radiation workers are allowed to receive under 

Internationally-accepted standards. 

Statistical evaluation of the data has allowed classification of JO km grid square areas on the basis of the 

predicted proportion of houses In each grid square with radon levels In excess of the national Reference Level, 200 

Bq/m, The most affected areas occur In counties Mayo and Galway, and to a lesser extent in south-east Cork city, 

In County Galway six grid squares are predicted to have more than 20% of houses with radon concentrations In 

excess of 200 Bq/m. In the most affected grid square 30% of houses are predicted to have radon concentrations In 

excess of this level. It is Important that householders In these areas be strongly encouraged to have the radon 

levels In their houses measured In order to Identify the Individual houses In which remedial measures are required. 

The risk associated with longterm exposure to radon has been calculated using the latest risk factor recommended 

by the International Commission on Radiological Protection (ICRP). For average residents exposed to indoor 

radon concentrations of 200 Bq/m the estimated lifetime risk of premature death from lung cancer, due to radon, 

is about 2%. This risk is a signiftcant addition to the prevailing lifetime risk in Ireland of contracting fatal lung 

cancer (3%), and can reasonably be considered an unacceptable level of additional risk In situations where 

effective control of indoor radon is possible. 
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1. Introduction 

When addressing the question of human exposure to ionising radiation it is important to realise that wc live in a 

naturally radioactive world, and that approximately 90% of the total annual radiation dose received by the general 

public is derived from natural sources, The single largest component of this dose is that due to irradiation of lung 

tissue following inhalation of the radioactive gas, radon, and its short-lived decay products in the indoor 

environment. On the basis of current Irish data, radon contributes over 50% of the total radiation dose received by 

the Irish population. Radiation dose in the context of this report means effective dose (sec Glossary of Terms for 

explanation). 

The highest annual average radon concentrations found in domestic dwellings in Ireland to date also indicate that, 

in the context of radiological protection, indoor radon is the source of greatest individual personal dose, excluding 

certain medical applications, Using the most recently revised exposure-dose conversion factor flCRP, 1994] (see 

Section 6 and also Appendix 2), exposure to radon in the home at the average Irish value of 60 becquerels per 

cubic metre (Bq/m ) [McLaughlin, 1990; McLaughlin and Wusiolek, 1988] gives rise to an estimated annual 

radiation dose of 1.5 millisievert (mSv), For comparison purposes it is worth noting that the annual average 

radiation dose to the typical Irish consumer offish and shellfish, as a consequence of caesium-137 discharges from 

Scllafield into the Irish Sea, is estimated to be of the order of 0,001 mSv [McGarry et al„ 1994], 

While there is as yet no universal agreement among the radiological protection community as to what constitutes 

an unacceptable radon concentration, a consensus appears to be emerging that an annual average radon 

concentration in the range 150 to 600 Bq/m may be regarded as a level above which some action to reduce 

exposure should be considered, In 1990, the Government, on the advice of the then Nuclear Energy Board, 

adopted an annual average radon concentration of 200 Bq/m as the national Reference Level above which 

remedial action to reduce indoor radon in domestic dwellings should be considered, 

The findings of a population weighted national survey of indoor radon concentrations conducted by the Physics 

Department of University College Dublin (UCD) in the years 1985-1989 indicated that 4% of the national housing 

stock would have annual average radon concentrations in excess of 200 Bq/m [McLaughlin and Wasiolek, 1988]. 

This suggests that there may be approximately 36 000 houses in the country with indoor radon concentrations in 

excess of the national Reference Level. In particular the UCD survey indicated that the probability of finding a 

house with elevated indoor radon levels was greatest in the western counties of Ireland, with 11% of the housing 

stock in Mayo-Galway-Clare being predicted to have elevated indoor radon concentrations. 

Following the UCD survey the Radiological Protection Institute of Ireland undertook follow-up surveys in some of 

the identified potential high radon areas. This report presents and interprets the results of these surveys carried out 

between March 1989 and December 1992. In chronological order these comprise low-density monitoring surveys 

in counties Mayo, Galway (including the Aran Island of Inis Môr), Clare and part of north Kerry, and more 

intensive surveys in Moycullen and Salthill in County Galway, and south Cork city. 
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2. Indoor Radon Monitoring In (he Context of Radiological Protection 

In assessing the radiution dose and hence risk to on individual from domestic rudon exposure the quantity of 

radiological significance is the cumulative lifetime exposure to radon decay products In air inhaled by the 

individual during time spent indoors, The type of personal monitoring necessary to achieve this is only really 

feasible in certain work environments under strict supervision. In practical radiological protection terms personal 

monitoring of (he general public in their homes is not a realistic option, Therefore radiological protection agencies 

have to compromise between the ideal aspiration and a scientifically acceptable, but also economically and 

socially viable, alternative. Area monitoring of houses, using passive radon detectors to determine the annual 

average rudon concentration in the living space of the house, is the preferred standard procedure adopted by most 

European countries for estimating the long-term doses and risks to the general population from domestic radon 

exposure [CEC, 1987], 

Notwithstanding this general acceptance of area monitoring there are still a number of inherent problems because 

of the nature of what one is attempting to measure. The indoor air in a house will change continuously at a rate 

determined by ventilation practices and occupant related activities, In turn the indoor radon concentrations 

throughout a house will be influenced by the extent and variability of radon ingress through the house substructure, 

the circulation of indoor air or air movement throughout the house and the normal ventilation practices pertaining 

to the house. All of these factors give rise to complex radon concentration patterns in houses which can result in 

significant variations in concentration between rooms and between floors, in addition to significant diurnal and 

seasonal fluctuations in indoor radon levels. 

In practical terms it is not possible to monitor all the rooms in a house for a 12 month period on a national scale. 

Many factors such as the number of rooms per house to be monitored, the number of detectors per house to be 

issued, the extent of the measurement period, the occupancy pattern of residents, and an interpretive framework in 

which to evaluate radon measurements in terms of national guidelines have to be considered in the overall context 

of available resources and manpower. The monitoring strategy adopted in the surveys reported here was based on 

one measurement, of at least three months duration, in either a ground floor living area or a bedroom of each 

house. The results of these measurements were adjusted for seasonal variation by the application of a set of 

correction factors for each month developed by the UK National Radiological Protection Board (Table 1). 

In some of the surveys repeat measurements were carried out in houses where the result of an initial three-month 

measurement was above 100 Bq/m . Considerable variability was found between initial and repeat measurements 

and further study will be needed to establish the causes of this. However, in the interests of comparability of the 

data from all the surveys reported here, only the results of first measurements are considered. 
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Table 1 

Seasonal correction factors whkh adjust short-term passive measurements 
to give estimated annual average radon concentrations 

(Adapted from NRPD [Wrixon ctal., 1988]) 

Measurement Period 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Monthly Average Rfldon Concentration a X 
Annual Average Radon Concentration 

1.35 

1.30 

1,20 

1.05 

0.90 

0.75 

0.60 

0.65 

0.80 

0.95 

1.10 

1.20 
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3. Rndon in Buildings 

2JL Rndon Isotope» nnd Short-Lived Pwny.Prodwcte 
Radon is a gaseous radioactive clement with three naturally occurring isotopes i,c, radon-219, rndon-220 and 

rudon-222. Radon-222, commonly called radon, is of most radiological significance, and thus radon-219 and 

rndon-220 arc not considered further in this report. 

Radon is a naturally occurring gas produced by the radioactive decay of radium-226. It is part of the uranium-238 

decay series and has a half-life of 3.82 days (Figure 1). Since radium is present throughout the earth's crust and is 

soluble in water, radon is thus ubiquitous throughout our environment. 

Radon decays through a series of short-lived decay products (daughters) which are radioactive isotopes of solid 

elements i.e. polonium, bismuth and lead, Two of these short-lived radon daughters i.e. polonium-218 and 

polonium-214 emit alpha radiation and it is these alpha emitting radon daughters, following inhalation and 

deposition in the lung, that deliver the radiation dose to bronchial tissue that is implicated in the induction of lung 

cancer [ICRP, 1977]. 

Figure 1 
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3.2 Rmlnn Trnn«port nnd Ingress Inln Dwellings 

When rudon is generated in porous media such as rock and soil some of it enters the pore spaces, where it becomes 

a minor constituent of the soil air, On reaching the pore spaces transport through the medium is possible cither by 

diffusion or by convcctivc flow of the pore space fluid, Provided these transport mechanisms arc sufficiently rapid 

to be completed before the radon atoms decay, then radon gas produced in the rocks and soils at the earth's surface 

can reach the atmosphere. 

Factors which influence this radon exhalation or flow of radon from the ground are:-

(i) The concentration of radium-226 in the soils and rocks. 

(ii) The emanation power or fraction of radon released from soils and rocks. 

(iii) The porosity, permeability and moisture content of the rocks and soils, and 

(iv) meteorological factors such as temperature, pressure, precipitation and wind speed. 

Under typical transport conditions the half-life of radon is sufficiently long to permit much of the radon, formed in 

the ground to a depth of one metre beneath a dwelling, to reach the indoor environment. In some instances, radon 

gas from much greater depths can also reach the indoor environment if high permeability transport routes such as 

gravelly soils or geological faults, fissures or lineaments are present [Nero et al., 1990]. 

Radon concentrations in soil gas at a depth of several metres are typically 30 000 - 100 000 Bq/m in contrast to 

outdoor air concentrations at ground level typically 4 - 1 5 Dq/m [NCRP, 1988]. Thus radon entering the 

atmosphere through exhalation from the ground is rapidly diluted and dispersed. If, however, this radon flux from 

the ground enters the air space of a dwelling, or any enclosed environment, then elevated indoor radon 

concentrations may occur due to restricted dispersion as a consequence of the limited ventilation in the enclosed 

environment. 

Radon gas can enter a dwelling by various mechanisms, but the most significant ones are diffusion and pressure-

driven flow from the ground beneath and immediately adjacent to the dwelling, provided suitable ingress routes 

are available. Ingress routes for radon gas are usually cracks or openings or imperfections in the dwelling 

substructure, and typical entry routes are shown in Figure 2. In most dwellings with elevated indoor radon 

concentrations pressure-driven flow is recognised as the dominant mechanism of radon ingress [Nazaroff et al., 

1988]. 

Domestic water and gas supplies, in addition to building materials and infiltration of outdoor air, also contribute to 

the indoor radon concentration in a dwelling, but in general these are considered minor sources relative to the 

ground on which the dwelling is constructed [Nero et al., 1983]. 
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Figure 2 

Typlctil Kfidon Entry Routes Into n Dwelling 

1. Cracks in Solid Floors 

2. Construction Joints 

3. Cracks in Walls below Ground Level 

4. Gaps in Suspended Floors 

5. Cracks in Walls 

6. Gaps around Service Pipes 

7. Cavities in Walls 
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4. Survey Methodology 

The primary objective of the low-density monitoring surveys was to determine in «renter detail the spatial extent of 

the radon problem areas in counties Mayo, Galway, Clare and north Kerry, The likely geographical extent of the 

radon problem areas was delineated using the 10 km grid squares of the Irish National Grid System (Figure 3), 

Five to ten dwellings per grid square were selected for radon measurement by local Environmental Health Officers 

(EHOs), These surveys commenced in March 1989 and were undertaken in collaboration with UCD, who 

supplied and processed some of the detectors used, Radon measurements were completed in 680 houses in the 

designated areas. 

Figure 3 

Map of Survey Arcns 
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In the earlier UCD survey of indoor nulon concentrations, elevated level» were found in houses on the limestone 

sequences in the Moycullcn area of Co. Oalway (Wasiolck, I989|, In the period 1990 - 1992 (he Institute 

undertook an intensive indoor radon monitoring programme in an 110 km area, centred on the village of 

Moycullen, as part of a multidiscipllmiry CEC funded research project (Figure 3) [O'Connor et al„ 1992), All 

householders in selected townlands within the Moycullen postal district were contacted directly regarding 

participation in the project, Radon measurements were completed in 235 houses in the area, 

Following the discovery of elevated indoor radon concentrations in a house in the Dalton area of Salthill in 

Oalway, the Institute undertook a local survey in the Glcnard-Dcvon-Dnlton area in March 1991 (Figure 3), All 

householders in these housing estates were contacted regarding participation in the survey and radon 

measurements were completed in 160 houses. 

In September 1991 the Institute's radon monitoring programme was extended to include south Cork city (Figure 

3). A random selection of householders was contacted regarding participation in the survey and measurements 

were completed in 680 houses. This area was selected on the basis that it forms part of the largest centre of 

population outside Dublin and radon concentrations up to 1189 Bq/m had been found there during the earlier 

UCD survey [McLaughlin and Wasiolek, 1988; Wasiolek, 1989], 

In all surveys each volunteer participant was sent a radon kit comprising a passive alpha track etch radon detector 

or dosemctcr sealed inside an airtight aluminised plastic bag, complete with a set of instructions on how to use the 

dosemeter, Each kit was contained in a small cardboard box which facilitated both delivery and return by post. A 

reminder letter together with instructions for the return of the radon kit was sent to each householder after 

approximately 85 days exposure period. Failure to elicit a response within 14 days of the first reminder letter 

being sent resulted in a second letter being issued. No further contact was made with non-respondents to the 

reminder letters. 

Approximately 10% of participating households received a double detector (one each from the Institute and from 

UCD). This provided quality control of the processing systems operated by the laboratories. The results obtained 

agreed to within 20%, which is consistent with the findings of recent CEC intercomparisons of passive radon 

detectors. 

On completion of the processing of detectors estimated annual average radon concentrations, together with 

individual results, were issued to all participants in standard letter format. Recommendations regarding the 

necessity for remedial action were also included in each letter. 
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I, Résulte 

SA AimSuxYcya 

Radon measurement* httvo been completed In 1755 house» nnd the results «re summnrlticd In Table 2, Frequency 

distributions of estimated average annual radon concentrations for each of the surveys undertaken are presented in 

Figure 4. 

Tabla 2 

Résulte of completed radon measurements 

Survey 
Area 

fîïîïfll 

Houses 
measured 

131 

213 

177 

47 

160 

233 

90 

680 

Estimated Annmi 
Average 

Radon Concentration 
(Bq/m') 

Average 

83 

1)8 

54 

49 

213 

74 

31 

76 

Muxlmum 

741 

1163 

571 

334 

2399 

690 

251 

683 

Percentage of Monitored 
Houses «hove 200 Bq/m' 

with 95% confidence Intervals 

9(4-14) 

13(10-20) 

5(2-8) 

4 (up to 10) 

31(24-38) 

7(4-10) 

2 (up to 5) 

3(3-7) 

* Survey area included most, but not all, of the county 

Mean radon concentrations for the various survey areas range from 31 Bq/m in north Kerry to 213 Bq/m in 

SalthiD, indicating significant geographical variation in indoor radon concentrations. The mean value for Salthill 

is 3,5 times the national average of 60 Bq/m , as determined by the earlier UCD survey. 

Significant geographical variation in indoor radon levels has also been found in other European countries, In the 

UK for example, the national average value is 21 Bq/m , while regional average values range from 12 Bq/m in 

Merseyside up to 180 Bq/m in Cornwall, in south-west England [Green et ai, 1992], 

The percentages of monitored houses with radon concentrations in excess of the Reference Level of 200 Bq/m in 

the different survey areas again highlight the geographical variation in indoor radon. The magnitude of the 

problem in the Galway region, and to a lesser extent in Mayo, is significantly different from the national picture. 

The areas surveyed in Galway and Mayo have 15% and 9% respectively of monitored houses above 200 Bq/m, by 

comparison with the estimated national figure of 4% [McLaughlin and Wasiolek, 1988]. 
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Figura 4 
Frequency distributions of estimated average 

radon concentrations for each of the survey «reus 
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Figure 4 (continued) 
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Figure 4 (continued) 
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Figure 4 (continued) 
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Tito result* of the surveys In Moycullen and Sallhlll further underline the potential extent of the radon problem in 

Co, Gulway, In particular In the Sallhlll area 31% of houses monitored have estimated annual average radon 

concentrations above (he national Reference Level of 200 Bq/m\ with 11% above 400 Bq/m1 and 2% over 1000 

Bq/nV, 

The average radon concentrations reported for Clare. Cork city and (he Aran Islands arc close to the estimated 

national figure of 4%, 

£i2 Clnsriflcntlnn of 10 km Grid Square» 

As indicated in Section 5,J there is significant geographical variatijn in indoor radon concentrations. To assist in 

concentrating effort and resources on radon where it is most needed it is helpful to delineate in greater detail this 

geographical variation in indoor radon levels. One such dcll.iuitlon s ^ m e is to classify sub-county areas, such as 

10 km grid squares, on the basis of the predicted proportion of houses in the grid square with radon concentrations 

above the national Reference Level of 200 Bq/m . 

It has been shown that the distribution of indoor radon levels in houses approximates a log-normal distribution 

[CEC, 1987] and that such a log-normal approximation appears to hold whether a whole country, or a smaller area 

such as a county or 10 km grid square, is considered [NRPB, 1990]. Modelling the distribution of indoor radon 

levels therefore allows the percentage of houses exceeding any radon concentration to be estimated [Miles, 1993]. 

The parameters required to model a log-normal distribution are the geometric mean (GM) and the geometric 

standard deviation (GSD). In surveys, such as those reported here, where the number of measurements per grid 

square is limited, these parameter must be estimated. Miles [1993] demonstrated that in situations where the 

number of measurements is too few to reliably calculate GSD values for individual grid squares, a reliable 

alternative is to take a mean GSD value from the entire survey area and assign it to each km grid square. 

In surveys reported here GSD values range from 2.1 up to 2,8 with a mean value of 2.4 (see Table 3), In the 

present analysis a mean GSD value of 2.4 was assigned to each square to estimate the percentage of houses with 

radon concentrations in excess of the Reference Level. A detailed account of the statistical procedure including the 

methods for calculating GM and GSD is presented in Appendix 1. 
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Table 3 

GSD values derived from the log-normal approximations to the distribution» of indoor 
radon concentrations found In the respective survey areas 

Survey Arcn 

Mayo 

Gal way 

Clare 

Inis Mdr 

North Kerry 

Moycullcn 

Solthill* 

South Cork City 

Overall Average GSD 

Mean Geometric 
Standard Deviation 

(GSD) 

2,3 
2.7 
2.5 
2,1 
2,1 
2,8 
2.4 
2.2 
2,4 

* Survey area less than 100 km' 

Results have been compiled on the basis of 10 km grid squares. Figure 5 shows the number of completed radon 

measurements in each grid square included in the surveys. The predicted percentages of houses with radon levels 

in excess of ?00 Bq/m in each grid square are presented in Pigure 6, in the form of percentage bands 

encompassing <1%, 1-4%, 4-10%, 10-20% and >20%. This analysis was carried out for the 72 grid squares in the 

survey areas for which five or more radon results were available, 

From Figure 6 it is again evident that there is considerable geographical variation in the predicted scale of the 

radon problem. Clusters of grid squares in the higher percentage bands arc prominent in counties Galway and 

Mayo. Grid squares in Clare and north Kerry are generally in the lower percentage bands, apart from a small 

cluster of grid squares in the intermediate to higher percentage bands in the Ennis region of Co. Clare. A similar 

cluster also occurs in Cork city. 

In a large part of Co. Galway extending from Tuam to Oughterard to Galway city to Ballinasloe there are 13 grid 

squares in which it is estimated that more than 10% of houses have radon levels greater than 200 Bq/m with six of 

those having more than 20% of houses predicted to exceed (his level (see Figure 6). In one particular grid square 

(SW corner co-ordinates E 120000 m, N 220000 m) which includes the Salthill area of Galway city, more than 

30% of monitored houses are above the national Reference Level. 

Two smaller clusters of grid squares occur in the Swinford-Castlebar-Ballyhaunis region of Co. Mayo, and in the 

Partry-Tuam-Oughterard region of Co. Mayo/Co. Galway in which it is predicted that 10-20% of houses have 

radon levels in excess of 200 Bq/m . 
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Figure 5 

Miip showing number of houses per 10 km grid square in which rndon measurements were completed 
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original contains 
color illustrations 

Figure 6 

Miip flliowiiiK percentile of houses predicted to exceed 200 Bq/m' in cncli 10 km grid squnrc 
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All grid squares in Co, Clare and north Kerry included in this analysis have less than 4% of houses predicted to 

exceed 200 Bq/m , apart from four grid squares in the Gnnis region of Co, Clare, Three grid squares to the north 

and cast of Ennls have 4-10% of houses predicted to exceed 200 Bq/m3, with 10-20% of houses predicted to 

exceed the national Reference Level In the grid square to the south-west of Ennis. 

In Cork city 10-20% of houses arc predicted to exceed 200 Bq/m in the grid square encompassing the Douglas-

Rochcstown area in the south-cast of the city. In the remaining grid squares 4-10% of houses are predicted to 

exceed 200 Bq/m1. 

The predicted spatial extent of the radon problem and the classification of areas as indicated in Figure 6 is based 

on a substantial body of presently available indoor radon data. As additional data of greater geographical density 

of sampling becomes available the predicted spatial extent of the radon problem and the classification of areas will 

be further refined, reviewed and updated. 

In 1992 the Institute initiated a national geographically based survey to provide radon data for at least 10 houses 

per 10 km grid square, over the whole country. These data will add to the existing database and will allow 

classification of the whole country on a basis similar to that presented in this report, 
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6. Doses and Risk Estimates 

The air in a room containing radon gas will also contain a certain concentration of the short-lived decay products, 

When this air is inhaled a significant fraction of the radon decay products will deposit in the airways and attach to 

lung tissue, The radiation dose delivered to the sensitive lung tissue is primarily due to the alpha radiation emitted 

by the deposited decay products, and the health risks arising from exposure to elevated radon concentrations are 

thus due to the decay products rather than the gas itself [ICRP, 19871- However, it is generally convenient to refer 

to these as arising from rndon. 

The induction of lung cancers by radiation has been deduced from epidemiological studies of the atom bomb 

survivors in Hiroshima and Nagasaki, and of underground hard rock miners exposed to elevated concentrations of 

radon decay products. The rungc of exposures for which un excess incidence of lung cancer has been observed in 

underground miners overlaps exposure in domestic dwellings IICRP, 1987; NCRP, 1984; UNSCEAR, 1977; 

Thomases//., 1985]. 

Over the past several years various national and international agencies such as the International Commission on 

Radiological Protection (ICRP) [ICRP, 1987 and 1994], the United Nations Scientific Committee on the Effects of 

Atomic Radiation (UNSCEAR) [UNSCEAR, 1982], the United States Environmental Protection Agency (USEPA) 

[EPA, 1986] and the United States National Research Council's Committee on the Biological Effects of Ionizing 

Radiation (BEIR) [NRC, 1988] have comprehensively reviewed the epidemiological studies of miners exposed to 

radon decay products, and quantified the associated risks from exposure to radon decay products in domestic 

environments. The estimated risks generally agree within a factor of two or three, which is accepted as being 

within the uncertainties of the models used in extrapolating the epidemiological data to the general public. 

In this report estimates of risk from longterm exposure to radon are based on the lifetime fatality coefficient 

recommended in the latest relevant ICRP report [ICRP, 1994]. The ICRP recommends the adoption of a lifetime 

fatality coefficient of 3 x 10' per Working Level Month (WLM). In the context of exposure to radon gas this is 
- 4 3 

equivalent to an absolute lifetime risk of 1 x 10 for chronic exposure in the home to I Bq/m (see Glossary of 

Terms). This risk factor is for the total population averaged over smokers and non-smokers, and is close to the 

value derived from a recently published Swedish study of exposure to radon in the home [Pershagen et al., 1993]. 

Average radiation doses to residents in the survey areas have also been calculated using an exposure-dose 

conversion factor of 1 mSv annual radiation dose per 40 Bq/m radon gas concentration in a dwelling (see 

Appendix 2 for derivation of this exposure-dose conversion factor). 
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A summary of the estimated radiation doses and lifetime risks of premature death from lung cunccr, as a 

consequence of exposure to average indoor radon levels in all survey areas is presented in Tabic 4, 

Tabic 4 

Estimated annual average radiation doses and lifetime risks of premature death from 
lung cancer as a consequence of exposure to indoor radon in the survey areas 

Survey Area 

Mayo* 

Galway* 

Clare* 

Inis Mar 

Salthill 

Moycullen 

North Kerry 

South Cork City 

Ireland ** 

Estimated annual 
average radon 

concentration (Bq/m ) 

85 

118 

54 

49 

212 

74 

31 

76 

60 

Estimated annual 
average 

radiation dose (mSv/y) 

2.1 

3.0 

1.4 

1.2 

5.3 

1.9 

0.8 

1.9 

1.5 

Estimated lifetime risk (%) 
of contracting fatal lung 
cancer from exposure to 

radon 

0.9 

1,2 

0.5 

0.5 

2.1 

0.7 

0.3 

0.8 

0.6 

"Survey area included most, but not all, of the county 
**Adaptedfrom McLaughlin and Waslolek, 1988 

When interpreting these lifetime risks it is important to realise that the risks to smokers may be considerably 

greater than the stated values. This arises from the epidemiological evidence of a synergistic interaction between 

radon and smoking [O'Riordan, 1993; Doll, 1992]. For non-smokers the risks may be a factor of three or four less 

than the stated values. 
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7. Conclusions nnd Recommendations 

The results of the surveys reported here add significantly to knowledge of the incidence of high radon 

concentrations in Irish dwellings, The highest seasonally-corrected radon level found in any of the 1755 dwellings 

surveyed was 2399 Bq/m', This is twelve times the Reference Level of 200 Bq/m', and corresponds to an annual 

radiatiun dose to occupants of the house of 60 mSv, three times the maximum dose which radiation workers are 

allowed to receive under internationally-accepted standards [ICRP, 1991], 

The average radon concentrations in the various survey areas ranged from 31 Bq/m in north Kerry to 212 Bq/m' in 

the Salthill area of Galway. These figures compare with a previously-estimated average value, for the country as a 

whole, of 60 Bq/m5 [McLaughlin and Wasiolek, 1988]. 

There is considerable geographical variation in the predicted scale of the radon problem across the survey areas. 

Clusters of 10 km grid squares with between 10 and 20% of houses predicted to have radon levels in excess of 200 

Bq/m' are prominent in counties Galway and Mayo, with isolated occurrences in Co, Clare (south-west of Ennis) 

and in south-east Cork city, Six grid squares occur in County Galway in which it is estimated that more than 20% 

of houses have radon concentrations exceeding the national Reference Level. One such grid square includes the 

Salthill area of Galway city. Most grid squares in Co. Clare and north Kerry included in this analysis have less 

than 4% of houses predicted to have radon levels in excess of 200 Bq/m . 

For residents exposed to average indoor radon concentrations in excess of 200 Bq/m the estimated lifetime risk of 

contracting fatal lung cancer is in excess of 2%. For radon concentrations greatei than 200 Bq/m the risk is of 

course correspondingly higher. This risk is a significant addition to the prevailing lifetime risk in Ireland of fatal 

lung cancer of 3%, and can reasonably be considered an unacceptable level of additional risk in situations where 

effective control of indoor radon is possible, For people who smoke the risk associated with exposure to radon may 

be considerably greater than the average for the population as a whole, while for non-smokers it is likely to be less, 

To assist in identifying areas at greatest risk of high indoor radon levels, the Institute in 1992 initiated a national 

geographically based radon survey which will extend over a number of years, and will involve radon 

measurements in at least 10 houses in each 10 km grid square across the country. 

It will be necessary to supplement the results of this survey by continuing to persuade householders, especially in 

high risk radon areas, to have radon measurements carried out in order to identify the individual houses with 

elevated indoor radon levels so that remedial action can be taken in these houses. 
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Clossnry of Terms 

Radon Concentration - This denotes the activity concentration of radon gas in terms of activity per unit volume 

of «If, Activity Is given In units of becquerel (Bq), will) the activity concentration given in becquerels per cubic 

metre (Bq/m3). A becquerel is equal to one nuclear transformation per second, 

Kndon Decay Products - In this report this refers to the short-lived daughter products of radon-222, i.e. polonium-

218, lcad-214, bismuth-214 and polonium-214, 

Effective Done - The quantity obtained by muitipiying the equivalent doses in all the tissues and organs of the 

body by the risk weighting factor appropriate to each and summing the products, The unit is the sicvert (Sv), 

Soil Gas ' The gas filling the free air space within a volume of soil, 

Diffusion - Movement of particles or gas molecules through a gas under a concentration gradient. 

Log-Normal Distribution - A statistical distribution in which the logarithm of a variable is normally distributed 

(a "bell curve"), 

Working Level Month - The Working Level Month (WLM) is a unit of exposure to radon decay products, It 

represents exposure to a concentration of 1 Working Level (WL) for a period of one working month, nominally 

170 h. The Working Level is any combination of radon-222 decay products in lm of air that will result in the 

ultimate emission of 1.3 x 10 MeV of alpha energy during decay. In terms of radon gas exposure 1 WLM is 

equivalent to 1.5925 x 10* Bq nV'h, assuming an equilibrium value of 0.4. 

Synergistic Interaction - Combined action of two or more factors producing an effect which is greater than the 

sum of the effects of the two factors acting separately. 
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Appendix 1 

How to estimate the proportion of houses In n 10 km grid square above 200 Bq/m 

To estimate the proportion of houses in a grid square above any concentration, X, say 200 Bq/m . it is necessary to 

have values for the geometric mean (OM), and the geometric standard deviation (OSD) for that grid square, 

The proportion of houses which exceed X Bq/m is then obtained from the formula 

Z = ln(X)-ln(GM)/ln(GSD) 

Z is n transformed threshold for use with the standard normul distribution, and can be calculated for any value of 

OM. Once the Z value is known the proportion of houses in excess of the concentration, X, can be read from 

statistical tables of the area under the standardised normal curve, 

Definitions 
Geometric Mean (GM) 

The geometric mean (OM) of a set of N numbers Xi, XJ, XJ.-..X« is defined as the Nth root of the product 

of the numbers. 

GM = Vxi, xi, X3....xii 

In practice, GM is computed by first log-transforming the original data and calculating the mean of the 

log values. The GM is then given by the exponential of the mean of the log-transformed data. 

Geometric Standard Deviation (GSD) 

The geometric standard deviation (GSD) of a set of N numbers Xi, Xi, XJ, ....X» is found by log-

transforming the original data and calculating the standard deviation in the normal way. The GSD is then 

given by the exponential of the standard deviation of the log-transformed data. 
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Appendix 2 

Derivation of the radon deeny product cxposurcdoso conversion factor 

In ICRP Publication 65 the Commission describes conversion conventions for converting radon exposure to 

effective dose. Since the Commission has advised against the use of (he dosimetric approach for the assessment 

and control of radon exposures, these conversion conventions have been obtained by a direct comparison of the 

detriment associated with a unit effective dose and a unit radon exposure, 

Regarding exposure to melon, the Commission has concluded that it is appropriate to adopt n detriment coefficient 

per unit radon exposure for the public of 3 x 10' per Working Level Month (WLM) (see Glossary of Terms for 

explanation of WLM). 

In ICRP Publication 60 the Commission presents detriment coefficients per unit effective dose for workers and the 

whole population (see Table A2.1), The detriment consists of three contributions: fatal cancer, non-fatal cancer 

and severe hereditary effects. 

Table A2.1 

Nominal Probability of Stochastic Effects 

Exposed 
Population 

Adult Workers 

Whole 
Population 

Fatal Cancer 

4.0 

5.0 

Detriment (10 ' S v ' ) 
Non-Fatal 

Cancer 

0.8 

1.0 

Severe Hereditary 
Effects 

0.8 

1.3 

Total 

5.6 

7.3 

In deriving the detriment coefficient per unit radon exposure the Commission concluded that it should not be 

different from the fatality coefficient for radon exposure. This implies that the principal detriment due to inhalation 

of radon gas and its decay products is fatal lung cancer. Therefore, only the detriment associated with fatal lung 

cancer (5 x 10 per Sv), (see Table A2.1) is considered in this report. This results in an exposure-dose conversion 

factor of 6 mSv per WLM, or in terms of radon gas, exposure to 40 Bq/m over an assumed 7000 hour year will 

give rise to an effective dose of 1 mSv per year. This is the exposure-dose conversion factor adopted in this report. 
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