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Cancer incidence in a population potentially exposed to radium-226 at
Dalgety Bay, Scotland
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Summary Cancer incidence in the Dalgety Bay area of Fife, Scotland, was examined following the detection
of radium-226 particles by routine radiation monitoring. The study was confounded by rapid population
growth, demographic change and the relatively high socioeconomic status of the Dalgety Bay population.
Health Board Primary Care Division records were used to calculate population estimates and Carstairs
deprivation score was used to adjust for socioeconomic characteristics. In the period 1975-90, 211 residents
were registered as having cancer compared with 214.21 expected from Scottish national rates. Of specific
cancers possibly associated with radiation, the incidence of stomach, liver, lung, bone, prostate, bladder and
kidney cancer and lymphoma were lower than expected while colon, rectum, pancreas, skin, breast and thyroid
cancer and multiple myeloma and leukaemia were higher. There were three cases of childhood leukaemia
compared with 1.22 expected. The only statistically significant differences observed were for pancreas (11 cases,

O/E 2.28), lung (25 cases, O/E 0.65) and non-melanoma skin (36 cases, O/E 1.50). Stomach cancer was of
borderline statistical significance (four cases, O/E 0.40). Adjustments for socioeconomic factors accounted for
the apparently low incidence of stomach and lung cancer and, to a lesser extent, skin cancer, which remained
of borderline statistical significance. Results in relation to pancreas cancer were unchanged. The observations
of raised incidence of pancreas and skin cancer arose in the context of a survey of 17 cancer sites, from which
the finding of two or more statistically significant results is not unusual (P = 0.21), and the numbers of cases

involved were small. The epidemiological evidence for an association between radiation exposure and pancreas

cancer risk is weak. Stronger evidence exists for an association with skin cancer. In the present study the
anatomical distribution of the 36 cases was similar to that found elsewhere in Scotland.

In 1990 routine radiation monitoring detected particles of
radium-226 on the foreshore at Dalgety Bay, a small town
situated on the south coast of the Fife Health Board area in
east central Scotland. The contamination is thought to have
been due to the disposal by burning of military aircraft in the
1940s. Some of these aircraft were equipped with night vision
instruments manufactured using radium-based luminous
paint. The area was surveyed by the National Radiation
Protection Board (NRPB) and the detected material
removed. The NRPB concluded at that time that the
likelihood of a hazard to the public due to internal or
external exposure was low. The Information and Statistics
Division of the National Health Service in Scotland Manage-
ment Executive, which administers the Scottish National
Cancer Registration Scheme, was asked by the Scottish Office
Home and Health Department to determine whether there
was any evidence of increased risk of cancer in residents of
Dalgety Bay. Therefore this was an a priori investigation of
the possible effects of an exposure rather than a post hoc
evaluation of a geographical area thought to have a high
incidence of cancer.
The Dalgety Bay area is relatively compact and can be well

defined on the basis of 1981 census enumeration districts
(EDs) (Figure 1). It was anticipated that difficulties in
estimating the person-years-at-risk of cancer would be
experienced because it was known that the area had experi-
enced rapid population growth since the 1960s. In 1971 the
population was 1575 but grew to 5572 in 1981. The area was
made up originally of private housing, built in the 1960s and
70s, designed for commuters to the city of Edinburgh and
white collar staff in the growing defence and electronics
industries in Fife. At the time of the 1981 census the popula-
tion comprised mainly young families with relatively few
elderly people in comparison with Scotland as a whole
(Figure 2). This unusual age structure was a consequence of
the preponderance of family housing and virtual absence at
that time of dwellings suitable for the elderly. Further build-
ing work, including retirement home developments, con-
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tinued throughout the 1980s. Thus, although no data from
the 1991 census were available at the time of preparing the
present report, it was known that significant changes had
occurred in both the population size and age structure.
A further feature of the Dalgety Bay area which was

expected to be relevant in an assessment of local cancer risks
was the relatively high socioeconomic status of the popula-
tion. The KY11.5 postcode sector, which incorporates
Dalgety Bay, falls in the lowest decile of Carstairs depriva-
tion scores calculated for all postcode sectors in Scotland (i.e.
the 10% of postcode sectors, weighted by population, with
the lowest Carstairs deprivation scores) (Carstairs & Morris,
1991). A large number of studies have demonstrated associa-
tions between socioeconomic status and cancer risk (Davey
Smith et al., 1990). Of particular relevance to the present
report are those cancer sites which may also be associated
with exposure to ionising radiation. Specifically, affluent
populations tend to have comparatively low rates of gastric
(Williams & Lloyd, 1990) and lung cancer (Williams &
Lloyd, 1991) but higher rates of childhood leukaemia (Alex-
ander et al., 1990), breast (Ewertz, 1988) and colorectal
cancer (Williams & Lloyd, 1990). The importance of
socioeconomic confounding in studies of environmental car-
cinogenesis is now widely accepted (Elliott et al., 1992).

This paper describes an evaluation of cancer incidence
rates in the Dalgety Bay area and the methods used to derive
estimates of person-years-at-risk and to control for effects of
socioeconomic status.

Methods

Cancer registration data for the Fife Health Board area are
collected locally by the South East of Scotland Cancer Regi-
stry and submitted to the Scottish National Cancer Registry.
Patients' postcodes of residence at the time of diagnosis have
been recorded since 1975. In Scotland, postcoded cancer
registrations can be mapped directly to 1971 and 1981 census
EDs (Carstairs & Lowe, 1986) and now also 1991 census
output areas. Registrations in the period 1975-90 of patients
resident in postcode units in the Dalgety Bay area were
extracted from the National Registry. Although all such
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Figure 1 Definition of the study area showing the approximate boundaries of the Dalgety Bay enumeration districts. Reproduced
from the (1989) Ordnance Survey 1:25,000 map with the permission of the controller of Her Majesty's Stationery Office Crown
copyright.
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Figure 2 Population age structure: population proportions by
age group, Dalgety Bay and Scotland. A, Dalgety Bay 1971; 0,
Dalgety Bay 1981; O, Dalgety Bay 1992; *, Scotland 1981.

registrations were enumerated, consideration of specific sites
of cancer was restricted to those for which there is evidence
of a possible association with exposure to ionising radiation
(Table I).

In order to supplement census population data from 1971
and 1981, the recent population of the Dalgety Bay area was

estimated from anonymous primary care records provided by
Fife Health Board. At the beginning of September 1992 there
were 8246 Fife Health Board patients resident in postcodes
within 1981 EDs in the Dalgety Bay study area (12AR17-
12AR34). This was 48% higher than the resident population
in 1981. Figure 2 shows the age structure of this recent
population and those of the population of Dalgety Bay in
1971 and 1981 and Scotland in 1981. It can be seen that,
while the area can still be characterised as one of young
families with children, the proportions of older people have
increased.

Table I Cancer sites for which there is a possible association with
exposure to ionising radiationa

Cancer site ICD:9 Code

Stomach 151
Colon 153
Rectum 154
Liver 155
Pancreas 157

Trachea, bronchus and lung 162
Bone 170
Non-melanoma skin 173
Breast 174
Prostate 185

Bladder 188
Kidney 189
Thyroid 193
Hodgkin's diseaseb 201
Multiple myeloma 203

Non-Hodgkin's lymphomac 200 + 202
Leukaemia 204 - 208

aSource: Tomatis et al. (1990). bAlthough there is no direct
evidence of an association between risk of Hodgkin's disease and
radiation exposure, a possible association between lymphoma in
general and nuclear installations has been noted (Cook-Mozaffari et
al., 1987). CNHL was included because of b and problems of
classification of this and leukaemia in historical childhood cancer
data. (Committee on Medical Aspects of Radiation in the
Environment, 1988).

Annual person-years-at-risk in 5 year age groups were

estimated by linear interpolation of the census populations of
1971 and 1981 and the estimated 1992 population. Expected
numbers of cancer registrations were calculated by applying
age-specific national rates to the estimated local person-years-
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at-risk. In order to control for socioeconomic confounding a
second set of expected numbers were prepared using registra-
tion rates for the 10% of the population of Scotland resident
in postcode sectors with the lowest Carstairs deprivation
scores (Carstairs & Morris, 1991). The incidence of
leukaemia in children aged 0-14 was examined separately.

Confidence intervals for the ratios of observed to expected
registrations were calculated using standard methods based
on the Poisson distribution (Breslow & Day, 1989). We
estimated that the smallest raised relative risk which could be
detected at the 95% confidence level with 80% statistical
power was 1.18 for all cancers combined. The equivalent
values for specific sites were, of course, substantially greater:
for example, 1.77 for colon and 2.44 for leukaemia.

After the study was completed we were able to verify our
estimate of the persons at risk in 1991 from preliminary small
area statistics from the 1991 census. These gave a total
population of 8124 for April 1991, less than 2% greater than
our 1991 estimate based on interpolation between April 1981
and September 1992. The census data also confirmed our
estimates of the changes in the population age structure. The
small differences found were not of a magnitude which would
affect interpretation of results.

Results

In the study period 211 malignant neoplasms were registered
in residents of Dalgety Bay, representing an overall rate
which was not significantly different from the number
expected (214.21) from age- and sex-specific Scottish natibnal
rates (O/E 0.99, 95% CI 0.86-1.13) (Table II). Lower than
expected incidence was observed for cancers of the stomach,
liver, lung, bone, prostate, bladder and kidney and Hodg-
kin's disease and non-Hodgkin's lymphoma, although this
was statistically significant only for lung cancer (O/E 0.65,
95% CI 0.42-0.96) and of borderline significance for cancer
of the stomach (O/E 0.40, 95% CI 0.11-1.02). The incidence
of colon, rectum, pancreas, skin, breast, thyroid, multiple
myeloma and leukaemia was higher than expected, but only
significantly so for pancreas (O/E 2.28, 95% CI 1.14-4.08)
and skin cancer (O/E 1.50, 95% CI 1.05-2.08).

Table II also shows results for the same cancer sites with
expected numbers adjusted for socioeconomic status using
the Carstairs deprivation score. The overall number of regi-
strations expected was similar (214.54) but, as anticipated,
the effect of the adjustment was to increase the expected
numbers of cases for sites known to be positively associated
with socioeconomic status (e.g. skin, breast and leukaemia)

and to decrease those with inverse associations (e.g. stomach
and lung). This partly accounted for the low incidence of
stomach and lung cancer. The higher than expected incidence
of pancreas and skin cancer persisted, although in the case of
skin cancer this was only of borderline statistical
significance.
Of the 11 cases of pancreas cancer, five were male. Four

cases were aged less than 60 years at diagnosis (two males,
two females). The 36 cases of skin cancer (23 in males, 13 in
females) were mainly tumours of the face, head and neck (28)
and trunk (5). There were two cases of tumours of the hands
and arms and one of the lower limbs. Twenty cases were
registered at ages less than 60.

In children, the combined incidence of leukaemia and
NHL was three cases compared with 1.22 expected on the
basis of Scottish national rates (O/E 2.45, 95% CI 0.51-7.16)
and 1.31 expected with adjustment for socioeconomic status
(O/E 2.29, 95% CI 0.47-6.69). The three cases were all of
acute lymphocytic leukaemia (ALL) in children aged 0-4
and occurred in the years 1975, 1979 and 1987. No other
registrations of childhood cancer were observed.

Discussion

No general excess of cancer was observed in the Dalgety Bay
area. The incidence of three cases of leukaemia in children
was not significantly greater than expected. All three cases
were of ALL in children aged 0-4 (approximately 40% of
childhood leukaemia and lymphoma in Scotland) but an
excess specifically of this subgroup was not anticipated a
priori. The occurrence of the three cases was spread over the
16 years studied. In adults, the local incidence of pancreas
and non-melanoma skin cancer was significantly greater
than expected, although in the case of skin cancer this was
partly explained by the socioeconomic characteristics of the
area.

While the statistical power of the study to detect an excess
relative risk of all cancer combined was reasonable, it is
acknowledged that this was not so for individual sites. Inter-
pretation of these results must also be qualified by considera-
tion of the quality of both numerator and denominator data.
The South East of Scotland Cancer Registry has a relatively
good ascertainment rate (Muir et al., 1987) which is thought
to be in excess of 95%. However, cancer registration data
specifically for non-melanotic skin tumours must be inter-
preted with caution. The treatment of many patients in out-
patient clinics or outside the hospital service itself means that
the potential for under-ascertainment is greater than for

Table II Numbers of cancer registrations, expected registrations, observed to expected ratios and 95%
confidence intervals for analyses adjusted for (a) sex and age and (b) sex, age and deprivation score:

Dalgety Bay, 1975-90

Site

Stomach
Colon
Rectum
Liver
Pancreas
Lung
Bone
Skin
Breast
Prostate
Bladder
Kidney
Thyroid
Hodgkin's disease
Multiple myeloma
Non-Hodgkin's lymphoma
Leukaemia
Other sites
All malignant neoplasms

Oi
regi

bserved (a) Sex and age (b) Sex, age and deprivation score
tstrations OIE 95% CI OIE 95 % CI

4 0.40 0.11 1.02 0.48 0.13 1.23
15 1.06 0.59 1.75 0.99 0.55 1.63
10 1.36 0.65 2.50 1.34 0.64 2.46
0 0.00 - - 0.00 - -

11 2.28 1.14 4.08 2.20 1.10 3.94
25 0.65 0.42 0.96 0.88 0.57 1.30
0 0.00 - - 0.00 - -

36 1.50 1.05 2.08 1.38 0.97 1.91
31 1.19 0.81 1.69 0.96 0.65 1.36
5 0.68 0.22 1.59 0.58 0.19 1.35
8 0.86 0.37 1.69 0.85 0.37 1.67
3 0.78 0.16 2.28 0.74 0.15 2.16
3 2.40 0.49 7.01 1.67 0.34 4.88
1 0.45 0.01 2.51 0.38 0.00 2.12
2 1.08 0.13 3.90 1.07 0.13 3.86
4 0.75 0.20 1.92 0.72 0.20 1.84
5 1.02 0.33 2.38 0.94 0.31 2.19

48 0.93 0.69 1.23 0.95 0.71 1.26
211 0.99 0.86 1.13 0.98 0.86 1.13



CANCER INCIDENCE AT DALGETY BAY 143

other cancers. A further difficulty arises from the propensity
for multiple primary skin tumours to occur in individuals. In
the Dalgety Bay data, three cases were of second or subse-
quent tumours. If only first primaries are considered the
incidence for Dalgety Bay reduces to 33 cases observed,
compared with 24.02 expected on the basis of rates adjusted
for socioeconomic status' This renders an observed to
expected ratio of 1.37 (95% CI 0.94-1.92), which is similar
to the value for all registrations.

In the absence of census small area statistics, we elected to
use primary care records to estimate the recent population of
the study area. This was thought to be more appropriate
than any form of forward projection from the 1981 census
data because of the extreme changes in population size and
structure which were thought to have taken place. It is worth
noting that use of the 1981 census population as a point
estimate for the period 1975-90, which is not uncommon in
small area health studies, would have led to substantial
underestimation of the numbers of cancers expected and
overestimation of the observed to expected ratios. However,
there are potential difficulties with the use of primary care
records for population estimates. Persons not registered with
a general practitioner will not be included. This is less likely
to be problematic in an affluent area without a substantial
population of young single people than it would be in, say,
an inner city area. Of greater importance for Dalgety Bay is
the potential for overestimation of the population owing to
delays in removing individuals from records when they move
from the area or die. We have no basis on which to quantify
such effects but have shown that our population estimate
based on primary care records came within 2% of the 1991
census population. We would argue that postcoded primary
care records are a valid source of intercensal population
estimates for some parts of Scotland and possibly other parts
of the UK.
What is the strength of evidence linking pancreas and skin

cancer with ionising radiation exposure? Pancreas cancer
incidence was raised in studies of medically exposed subjects
treated for cervix cancer and ankylosing spondylitis, and in
the first follow-up studies of the Hiroshima atomic bomb

survivors (Mack, 1982). However, these findings were not
confirmed in longer term follow-up (Tomatis et al., 1990),
and in studies of occupational radiation exposure results
have been equivocal (Boyle et al., 1989). Stronger associa-
tions have been shown with smoking, alcohol and dietary
factors (Boyle et al., 1989). The socioeconomic characteristics
of Dalgety Bay mean that the prevalence of smoking is likely
to be low, suggesting that smoking is a less important risk
factor for pancreas cancer in Dalgety Bay than elsewhere in
Scotland. This is borne out by the low incidence of lung
cancer. In occupational mortality studies, high rates have
been found in managers, administrators, engineers and elec-
trical workers (Pietri & Clavel, 1991), all of which could be
relevant to Dalgety Bay. However, the evidence for occupa-
tional risks in general is weak (Mack, 1982).
The potential for ionising radiation to cause skin cancer in

humans is well established from studies of medically and
occupationally exposed subjects (Shore, 1990). However, the
most important risk factor is exposure to sunlight, and this is
reflected in the anatomical distribution of tumours (Scotto &
Fraumeni, 1982). In Scotland, approximately 80% occur in
the face, head and neck, 6% in the trunk, 6% in the hands
and arms and 7% in the lower limbs. The anatomical distri-
bution of the 36 Dalgety Bay cases does not differ from this
expected distribution (x2 = 1.92, d.f. 2,P> 0.10).

In conclusion, we found no evidence of a generally raised
incidence of cancer in Dalgety Bay. The observation of raised
incidence of pancreas and skin cancer arose in the context of
a survey of 17 cancer sites, from which the finding of two or
more statistically significant results is not unusual
(P = 0.21).

We wish to thank the Directors and staff of the five regional Cancer
Registries in Scotland; Dr P. McKinney for commenting on an
earlier draft of the paper; Mr R. Black of Fife Health Board and Mr
W. Stevenson of the East Coast Computer Consortium for supplying
primary care data; and the Ordnance Survey for permission to
reproduce a map of the Dalgety Bay area.
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