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1. INTRODUCTION

In this paper we review studies of cancer, especially childhood leukemia, around nuclear installations in the
U.K., and relate these to more general studies of geographical variations in incidence and of clustering.

Although there have been a considerable number of reports concerning clusters or increase in incidence around
nuclear installations in the U.K., only three sites have been studied in detail: the areas around Scllaficld, the site of
one of the two U.K. reprocessing plants, and Dounreay, the site of the second, and the area around the two defence
facilities at Aldermaston (the Atomic Weapons Research Establishment} and Burghfield (the Royal Ordnance
Factory). There have been less detailed studies, and anecdotal reports, concerning other sites. In addition, there have
been studies of actual and potential sites of nuclear installations in England and Wales generally.

These reports have stimulated research into statistical methodology for studying possible clusters and clustering
and have highlighted the need for investigations into geographical variations in the incidence of childhood leukemia
in order to study the possibilities that the observed clusters and areas of high incidence could simply be part of a
natural pattern of variation in incidence — though this would still leave unanswered the question of whether cases
were more likely to occur in the vicinity of nuclear installations — and why.

In the final part of this paper, we briefly consider data on childhood leukemia and non-Hodgkin lymphomas in
Britain over an 18-year period that has been analyzed using a variety of statistical techniques and the possible
relevance of these analyses to studies around nuclear installations. These analyses address the questions of whether
clustering is a general feature of the incidence of childhood leukemia and whether variations in incidence may be
associated with differences in social class or the urban/rural status of an area. A further possibility, briefly
considered here, in Kinlen's hypothesis that increases in incidence may be the result of exposure to viruses as a
consequence of population mixing.

2. STUDIES AROUND U.K. NUCLEAR INSTALLATIONS

2.1 Sellafield

A reported increase of childhood leukemia in the vicinity of the Sellaficld nuclear fuel reprocessing plant in
North-West England, and particularly in the village of Seascale which is close to the plant, has been studied in
great detail. The initial reports were summarized in the report of a committee chaired by Sir Douglas Black
(Black, 1984). Perhaps the most striking of the early reports was one that showed that in the village of Seascale
during the period 1956-1983, there were five cases of leukemia in children under 10 years old, resulting in an
incidence approximately ten times that expected (Urquhart et al., 1984). The analysis is subject to obvious
criticisms concerning the selection of area, age-group and time period. However, more systematic analyses have
confirmed the existence, if not the magnitude, of this excess. Gardner and Winter (1984) showed that for
leukemia deaths at ages 0-24 in Millom Rural District (the administrative area containing Sellafield and
Seascale), there was a four-fold excess in the period 1968-1978 (see Table 1) and a two-fold excess in the
longer period 1959-1978.

Gardner et al. (1987a) showed that in Seascale the excess affected those born in this village, and that the excess
related not only to leukemia but also to other childhood cancers: among 1068 children born there and followed up
for varying periods, there were five deaths from leukemia as compared with 0.53 expected. There was also one non-
fatal case of leukemia and an excess of cancers other than leukemia (Table 2). Gardner et al. (1987b) found no
excess among 1546 children attending schools in Seascale but not born there (Table 2).
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TAIILE 1. Leukemia Mortality at Ages 0-24 Near Sellafield
(Gardner and Winter, 1984)

Ennerdale RD

1959-1967
1968-1978

Millom RD

1959-1967
1968-1978

Observed

3
4

1
6

Expected

3.3
3.3

1.6
1.4

O/E

0.91
1.21

0.63
4.35*

*p<0.01

TABLE 2. Cancer and Leukemia Among Children Born in or Attending Schools in Seascale

Births

Residents
born
elsewhere

Number
of

Children

1068

1546

Cancer

Deaths

Observed

4

1

Expected

1.06

1.50

Other Cases

Observed

2

3

Expected

1.11

2.01

Leukemia

Deaths

Observed

5

0

Expected

0.53

0.54

Other Cases

Observed

1

1

Expected

0.08

0.03

In a further paper Gardner et al. (1990) reported the results of a case-control study of leukemia and lymphoma
among young people in West Cumbria (the area containing Sellafield and Seascale). The most important finding
from this study was an association between preconception external ionizing radiation exposure in the fathers (as
estimated from monitoring with dose meters worn on the trunk) and the subsequent occurrence of leukemia or non-
Hodgkin lymphoma in the children born to these fathers (Table 3). The authors state that "These results seem to
explain statistically the geographical association", i.e., the "cluster" of cases at Scascale.

TABLE 3. Leukemia and Non-Hodgkin Lymphomas Below Age 25 in West Cumbria

Paternal Employment and Pre-Conception External Radiation Dose
(Gardner et al., 1990, Table VI)

Tolal

Father never employed at Sellaficld

Father employed at Sellafield
before conception

Dose record before conception

Total dose record before conception
1-49 mSv

50-99 mSv
>100mSv

Cases

66
14

11

10

4
2
4

Area Controls

404

88
47

45

27
13
5

Relative Risk

1.01

1.77

1.63

1.06
1.16
6.42

95% Confidence
Interval

0.51-2.02

0.82-3.85

0.73-3.64

0.35-3.21
0.24-5.46
1.57-26.32
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2.2 Dounreay

Around Dounreay, in Scotland, where there is a smaller reprocessing plant, there was an excess incidence of
leukemia at ages 0-24 during the 6-year period 1979-1984, but not in the preceding 11 years (Heasman et al., 1986;
COMARE, 1988). Again, the magnitude of the excess depends on the time period and area chosen (Table 4).

TABLE 4. Leukemia Incidence at Ages 0-24 Near Dounreay
(Heasman el al., 1986)

<12.5 km from Dounreay

1968-1973
1974-1978
1979-1984

12.5 to <25 km from Dounreay

1968-1973
1974-1978
1979-1984

Observed

0
0
5

0
0
1

Expected

0.6
0.5
0.5

0.5
0.4
0.5

O/E

0
0
9.75*

0
0
2.21

* p < 0.001

The results of a case-control study carried out in Caithness, the area where the Dounreay installation is situated,
have been reported by Urquhart et al. (1991). The main conclusions of this study were that the raised incidence
around Dounreay "cannot be explained by paternal occupation at Dounreay or by paternal exposure to external
ionizing radiation before conception". An association was reported between the use of beaches around Dounreay
and the development of childhood leukemia and non-Hodgkin lymphoma, but the authors comment that this
association "might be an artefact of multiple testing and influenced by recall bias."

23 Aldermaston and Burghfield

For children living near the Atomic Weapons Research Establishment at Aldermaston and the Royal Ordnance
Factory at Burghfield in Southern England, an apparent excess of childhood leukemia at ages 0-4 (Roman et al.,
1987) and of childhood cancers in the same age-range (Childhood Cancer Research Group data published in
COMARE (1989)) has been reported (Tables 5 and 6). The relative risks are much smaller but the numbers of cases
involved are considerably larger, since this area of Britain is relatively densely populated. (Again the choice of area
raises problems of selection.) A case-control study to investigate these findings is in progress.

TABLE 5. Childhood Leukemia Around Aldermaston and Burghfield

Age

0-4

5-14

Total

Observed

53

36

89

Expected

34.0

35.3

69.3

Incidence Ratio

1.6

1.0

1.3

p < 0.01

p < 0.05

TABLE 6. Childhood Cancer Around Aldermaston and Burghfield

Age

0-4

5-15

Total

Observed

63

80

143

Expected

45.7

70.1

115.8

Incidence Ratio

1.4

1.1

1.2

p < 0.01

p<0.05
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2.4 Nuclear Sites Generally

A report on mortality for all ages and all cancers around nuclear installations in England and Wales (Cook-
Mozaffari et al., 1989a) generally found an increase in leukemia mortality at ages 0-24 in districts near to a nuclear
installation, although there appeared to be no direct relationship between the magnitude of the excess and the
percentage of the population living near the installation; the authors stated that there was no positive evidence that
the excess was attributable to population exposure to radioactive discharges. Mortality from leukemia at ages 0-24
was found also to be greater in areas of high social class, but the excess associated with nuclear installations
remained when this was allowed for. It may be, however, that the association with nuclear installations arises from
an association with some feature of the type of area in which they arc situated or the type of population living there.
Leukemia mortality at ages 25-64 was significantly lower in districts near installations.

2.5 Potential Nuclear Sites

The possibility that these findings relating to nuclear installations generally arc attributable to the type of area
in which such installations are situated receives some support from the findings of a second paper by the same
group (Cook-Mozaffari et al., 1989b) in which similar results were found for potential sites of nuclear
installations, i.e. "sites where the construction of such installations had been considered or had occurred at a later
date". For these sites they again found an increase in leukemia mortality at ages 0-24, although this was not
significant

3. STUDIES ON THE INCIDENCE OF CHILDHOOD LEUKEMIA

It is well known that there are quite large international variations in the reported incidence of childhood leukemia
(see, e.g., Parkin ct al., 1988). Comparatively little is known about variations within a country. Studies have been
carried out in the U.K. to investigate the possibility that the results reported around nuclear installations could be
part of a general pattern of variation in which areas of high incidence or clusters occur at sites unconnected with
nuclear installations (Draper, 1991).

3.1 Geographical Variations in Incidence Generally

Results presented by Stiller ct al. (1991) make it clear that there arc substantial variations in the incidence of
childhood leukemia between areas in the U.K.

3.2 Social Class Differences

In a further series of analyses in the same volume, Draper et al. (1991) found higher rates of childhood acute
Jymphocytic leukemia in areas of higher socio-economic status (Table 7). Similar findings have been reported
previously.

TABLE 7. Annual Incidence Rates per Million and Socio-Economic Score

(Lymphocytic and Unspecified Leukemias)

Age
(in years)

0 4

5-9

10-14

Period

1969-73
1974-78
1979-83

1969-73
1974-78
1979-83

1969-73
1974-78
1979-83

Socio-Economic Score

Highest Quintile

53.0
62.6
53.4

28.7
31.9
29.7

14.0
12.4
10.2

Lowest Quintile

49.6
50.5
48.9

20.5
28.5
22.9

14.5
13.7
14.8
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3.3 Clusters and Clustering

In a scries of other analyses by various authors in the same volume some evidence for a low level of clustering
was found.

3.4 Viruses

Kinlen and colleagues in a series of papers (1988, 1990, 199i) have investigated "the hypothesis that leukemia
represents a rare response to a much commoner (but unrecognized) infection, the transmission of which is
facilitated when large numbers of people come together". This could happen, for instance, if a nuclear installation is
built in a previously sparsely populated area. Studies of New Towns and of areas where there was an increase in
commuting lend support to Kinlcn's hypothesis.

4. CONCLUSIONS

There have been a number of reports of an increased incidence of cancer around nuclear installations in Britain
and three of these have besn the subject of detailed investigation. Although each of these investigations has
produced statistically significant evidence of an increase, there is no coherent and consistent relationship between
the results for the three sites, and no hypothesis that will explain them all. In particular, it should be noted that there
arc very large differences in the magnitudes of the environmental discharges at these sites.

The results that have been studied in most detail are those relating to the vicinity of the Scllafield reprocessing
plant; the excess of cases appears to be explained by an association between high preconception doses of radiation
among some of the workers and subsequent leukemia or non-Hodgkin lymphoma in their offspring. However, this
result would not have been predicted on the basis of current estimates of the genetic effects of radiation.

Finally, it should be emphasized that the numbers of cases involved is very small.
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