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INTRODUCTION
Radon gas occurs naturally in the environment and has been shown to cause increased
numbers of lung cancers in miners when present at high levels in underground workings [1].
Reviews of the miners’ studies suggest that levels found in some homes can give rise to
increased lung cancer incidence, and this has been confirmed by recent case control studies in
South West England [2], and Germany [3].  The current scientific consensus, expressed in the
BEIR VI report [4] is that the risk of lung cancer has a linear relation with increasing radon
exposure, and that there is no threshold of risk. The distribution of such excessive levels is
geographically varied, and many countries have established programmes to identify the
homes at risk, and encourage homeowners to remediate to reduce levels. 

Northamptonshire, in the centre of England (Figure 1), has been declared a radon Affected
Area by the National Radiological Protection Board (NRPB) [5], and has an average of 6.3 %
of homes above the UK domestic Action Level of 200 Bq m-3 [6].

Several studies have suggested that theoretically such programmes can be justified on the
basis of health benefits and cost effectiveness. Our group was the first to study actual radon
remediation programmes - in Northamptonshire, studying first National Health Service
properties [7], schools [8], and homes [9]. These studies demonstrated that remediation
programmes in Northamptonshire could be justified. The domestic radon remediation
programme in Northamptonshire, once complete, could be favourably compared to other
health initiatives such as the UK mammography screening programme for women aged 50 to
65 [10]. 



The method of analysis applied population average risks, and average occupancy of homes.
However, in the UK, and many
other countries, remediation
action is voluntary, and only a
modest percentage of those who
discover high radon levels
remediate their home. Bradley
[11] showed that only 10 % of
those who had discovered raised
radon levels in the South West
of England had remediated by
1996. 

Further, individual risk of lung
cancer from radon varies with
age and smoking habits, with
the combination of smoking and
radon being multiplicative [4].
Hauptmann et al [12], in their
study of the Colorado Plateau
uranium miners, have shown
that the excess relative risk of
lung cancer is positive from 9 to
32 years after exposure to
radon, with a peak at 14 years.
If a remediation programme
only succeeds in encouraging
old people and non-smokers to
remediate, then it would achieve
less health benefit than the

population average. However, if it targets those who are in the home more, such as young
mothers and children, then it would achieve greater health benefit.

New European Community sponsored software (ECRS) enables the estimation of individual
risk [13], and so it has become possible to review the risks in our study population, provided
that some additional data, such as age, sex, smoking habits, and occupancy of the home are
collected.

METHODS
The study population consisted of occupants of houses remediated by a single company,
where radon levels before and after remediation had been measured using the NRPB protocol.
In this protocol, track etch detectors are placed in a living room and a bedroom for three
months, and a seasonally corrected weighted average radon level calculated. The method of
calculating the health benefits of remediation in the original collective analysis has been
described earlier [9].

Figure 1 – Domestic Radon Levels in UK

Source - NRPB

Northamptonshire



To obtain the additional personal information required to make individual risk assessments
using the software, postal questionnaires were sent to all the houses in the study population.
The questionnaire contained questions of a general nature about the home, the home-owner,
how long they had been in the house and the reasons why the householders remediated.  It
also asked about all the individuals in the house, including age, occupation, smoking habits
and the time spent inside the house on a recent day. 

The information requested was chosen to match the personal data required by the ECRS
software and so permitted the assessment of the individual life-time risks firstly if the house
were not remediated, and secondly after remediation – assuming the same occupants remained
in the house for the rest of their life. Subtracting the two gave the whole life health benefit
achieved when each home was remediated. The sum of these individual assessments can also
be compared to the previous estimates using collective methods. This will determine whether
the actual health benefit to this group is above or below the population average; and also infer
whether the at risk groups are being adequately targeted.

The original collective analysis had produced an end result in terms of risk of lung cancer per
annual radon exposure. To convert to a whole life risk, the average age of death of the
occupant was obtained from the ECRS software analysis.  This allowed the time from
remediation to be calculated, and multiplied by the annual risk to give a whole life risk, which
could then be compared to the individual analysis. 

The ECRS software permitted a number of alternative factors to be entered. An Equilibrium
Factor of 0.5, the Doll-Peto smoking model [14], the BEIR VI model for interaction between
radon and tobacco, and the BEIR VI age-duration model were used [4]. A recent survey had
determined that the average daily occupancy of Northamptonshire residents was 17 hrs 42
mins (73.8 %) [15], and this value was adopted.  

RESULTS
122 questionnaires were sent, and 73 householders replied (59.8 %).  The houses contained
162 occupants, an average of 2.22 per house (range 1 to 5). These included 138 adults and 24
children.  1 household did not give personal data on the occupants, leaving 72 houses with
160 occupants suitable for further analysis.

Householders had been living in the house for an average of 16.2 years (range 0.8 to 45.9
years). 3 households (6 occupants) had moved in since remediation.  6 households smoked; 3
indicated that around 100 cigarettes a week were smoked in the house, 2 suggested 30
cigarettes, while one household smoked 4 cigars a week. In addition, one respondent indicated
that a young adult in their household smoked, but did so only outside the house. 10 of the 160
occupants (6.25 %) indicated that they were current smokers.

The age of each occupant at remedation was also calculated from the questionnaire from the
current age of each occupant and the date of remediation, and is plotted in Figure 2.



Figure 2 – Age of Each Occupant at Remediation,
Compared to Northamptonshire Population
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The whole lifetime risk reduction in risk of lung cancer for each occupant was calculated as
described in the methods section. A scatter plot comparing the individual and collective risk
reductions is shown in Figure 3.  Those with the greatest whole lifetime risk reductions live in
houses with the highest initial radon levels. The total collective whole life risk reduction for
the 160 occupants was found to be 4.16, and for the sum of the individual whole life risk
reduction was 1.37.

DISCUSSION
The average family size of the respondents, at 2.22, is below the average for
Northamptonshire in 1997 of 2.37 [6]. 

The age at remediation is significantly different from the general population. Figure 2 shows
that a large number of people around 60 to 70 years of age remediate. This and the lower
family size suggests that those who remediate may have higher disposable income. Very few
people aged 20 to 35 remediate, suggesting they may have other priorities, or little disposable
income. As noted above, lung cancer will take an average of 15 years to develop after radon
exposure, and thus those aged 60 to 70 who remediate may well die of other causes before
they reach the age that they gain benefit from the remediation. It is certainly true that some
householders appreciate this, and remediate to reduce risk to grandchildren, and future
owners.

The smoking habits of the respondents are below the average for the general population. The
smoking prevalence in the general population in Northamptonshire was last studied  in 1997
when 2,029 respondents were responded to a survey about their health [16]. 28 % of the 18 to
64 age group were smokers. There is some indication that smoking prevalence is continuing



to drop slowly. The percentage of current smokers in the 18 to 64 age group of those who
have remediated their homes is significantly lower, and was found to be 8.9 % (8 out of 90).

Figure 3 – Comparison of Collective and Individual Risk Reduction
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Figure 3 shows that the individual risk reduction for smokers calculated by the software is
significantly  higher than the collective risk reduction, whilst for non-smokers it is less.
Although there is some variability, the major factor in individual risk is whether the occupant
smokes or not. As fewer than average smoke, this means that those who actually remediate
are less at risk than the general population, and thus a lower risk reduction is achieved.

CONCLUSION
In the UK, the efforts to date to encourage house-holders in radon Affected Areas to measure
radon levels in their homes, and to remediate if levels are raised, has not been very successful.
This paper has surveyed a group of those who have remediated, and has shown that their age
range, at time of remediation, does not match the general population. There is a significant
excess of people around retirement age, who remediate. Further the group has fewer smokers
and fewer children than average.

The advent of the ECRS software has permitted the assessment of each individual in the
households of those who remediate. The model used by the software includes the significantly



increased risk for those who smoke. Primarily as a result of the reduced number of smokers,
the collective health benefit of this group of remediators was found to be 3 times less than the
average population health benefit.

Thus the UK domestic radon remediation programme appears not to have encouraged those
most at risk to remediate, and as a result the health benefits have been limited. Public Health
policies need to address this problem, and strategies developed to target the groups most at
risk, which include smokers and families with larger numbers of children.  
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