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The findings of Bunch et al (2014), published in this issue of BJC,
provide the latest twist in the long-running tale of childhood
leukaemia and nuclear installations. The saga effectively started 30
years ago when the Independent Advisory Group (Chairman: Sir
Douglas Black) (1984) confirmed a media report of an B10-fold
excess incidence of childhood leukaemia over three decades in the
village of Seascale on the Cumbrian coast of Northwest England.
Attention naturally focused on the possible role of the nearby
Sellafield nuclear complex, particularly on the risk of exposure to
ionising radiation from radioactive material discharged into the
environment, although chance could not be confidently excluded
as an explanation for this post hoc observation of a cluster of
around half a dozen cases. It is beyond reasonable doubt that
briefly delivered moderate and high doses of radiation can cause
childhood leukaemia (Wakeford, 2013), but a detailed radiological
risk assessment carried out for the Independent Advisory Group
(1984) found that the doses estimated to have been received by
children in Seascale from Sellafield discharges were generally less
than those received from natural background radiation and were
less than 1% of the dose required to account for the excess cases of
childhood leukaemia in the village.

Inevitably, doubts were expressed about the accuracy of the
radiological risk assessment: whether the discharge data and dose
estimates were accurate, and whether the radiation-induced
leukaemia risk model used was appropriate for these exposure
circumstances. These concerns were reinforced by the subsequent
need to revise the Sellafield discharge chronology (although this
did not materially affect the assessed risks because environmental
monitoring results had been used whenever possible) (Committee
on Medical Aspects of Radiation in the Environment (COMARE),
1986), and by the results of some rather over-enthusiastic
epidemiological studies presumably driven by the idea that a
dramatic error in conventional radiological risk assessment
methodology was awaiting discovery (Wakeford et al, 1989).

However, it became clear that the incidence of childhood
leukaemia near the Dounreay nuclear establishment on the

northern coast of Scotland was also unusual, particularly in the
western part of the town of Thurso (Committee on Medical
Aspects of Radiation in the Environment (COMARE), 1988).
Following the observation at Seascale, this finding naturally
increased uncertainty in the accuracy of the radiological risk
assessments. Nonetheless, the risk assessment conducted for
children living in the vicinity of Dounreay found that the doses
received from radioactive discharges were less than those in
Seascale and B0.1% of the level needed to explain the excess cases,
so any error in the risk estimates must be large and therefore
amenable to identification through appropriate scientific studies
(Committee on Medical Aspects of Radiation in the Environment
(COMARE), 1988).

One of the recommendations of the Independent Advisory
Group (1984) was the establishment of the independent expert
Committee on Medical Aspects of Radiation in the Environment
(COMARE) to advise the UK Government, and this was done in
1985. The Committee on Medical Aspects of Radiation in the
Environment (COMARE) (1988) considered that ‘some feature’ of
the nuclear installations was likely to be responsible for the excess
cases at Seascale and near Dounreay, but did not conclude that this
‘feature’ was necessarily related to radiation exposure. This caution
was seemingly justified by increasing evidence by the end of the
1980s that no errors were present in the radiological risk
assessments of a magnitude that could account for the excess
cases (Stather et al, 1988; Wheldon, 1989).

It was in 1990 that an explanation for the Seascale cluster in
terms of radiation exposure seemed to have been found, but not
exposure of the affected children themselves, but rather of their
fathers while working at Sellafield prior to the conception of their
offspring. This suggestion arose from a case–control study of
young people in West Cumbria (Gardner et al, 1990) and received
substantial publicity. However, the finding was based on a very
small number of cases, was not capable of explaining the absence of
a marked excess of cases among children born to the great majority
of Sellafield workers living outside Seascale, had little biological
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basis, and was not confirmed by studies using independent data
(including, for example, a case–control study of young people near
Dounreay); the hypothesis has now, in effect, been abandoned
(Doll et al, 1994; Committee on Medical Aspects of Radiation in
the Environment (COMARE), 2002; Wakeford, 2003).

However, reports of raised risks of childhood leukaemia near
some nuclear installations continued to appear in the 1990s and
2000s, the cluster of cases around the Krümmel nuclear power
station in northern Germany being particularly striking (Hoffmann
et al, 2007). The interpretation of these findings has not been
straightforward (Committee on Medical Aspects of Radiation in
the Environment (COMARE), 2011), and again, the assessed risks
from radioactive discharges were much too small to account for the
reported excess cases.

One aspect of exposure to discharges that has been examined in
some depth is the risk from internally deposited radioactive
materials (‘internal emitters’), as it has been proposed that
conventional risk estimates derived primarily (but not solely) from
exposure to external sources of penetrating radiation (such as
gamma-rays from the atomic-bomb explosions over Hiroshima
and Nagasaki) are not appropriate for determining the risks from
internal emitters, and that these risks have been grossly under-
estimated (Committee Examining Radiation Risks of Internal
Emitters (CERRIE), 2004). However, an investigation of this
suggestion has not revealed evidence of serious errors (Committee
Examining Radiation Risks of Internal Emitters (CERRIE), 2004).
For example, atmospheric nuclear weapons testing in the late-
1950s and early-1960s led to global radioactive fallout and
exposure to a spectrum of radionuclides very similar to
that for releases from nuclear installations, but although doses
from internal emitters in fallout were larger (generally much
larger) than those from installation discharges, there is no evidence
of an impact of fallout on childhood leukaemia risk that is much
greater than conventionally assessed (Wakeford et al, 2010;
Wakeford, 2014).

The periods during which the excesses have been apparent have
added to the puzzle: in Seascale the cluster started in the early
1950s and existed until at least the early 1990s (Committee on
Medical Aspects of Radiation in the Environment (COMARE),
1996), while around Dounreay the increased incidence seems to
have been concentrated in the 1980s (Black et al, 1994). Now,
Bunch et al (2014), after examining leukaemia incidence in young
people during 1963–2006, have found that the excesses of cases in
Seascale and around Dounreay disappeared in the early-1990s,
compounding the problems of interpretation.

What could be the explanation for all of this? Some radical
defect in the radiological risk assessments might have been
persistently overlooked during the past three decades, but this
seems most unlikely given the substantial attention paid to this
issue. On the other hand, perhaps there has been over-concentra-
tion on just a few pieces of the complex jigsaw that is the aetiology
of childhood leukaemia. For example, the remarkable childhood
leukaemia cluster at Fallon, Nevada, away from any nuclear
installation (Steinmaus et al, 2004) and the evidence for a generally
non-uniform geographical distribution of childhood leukaemia
incidence throughout Great Britain (Committee on Medical
Aspects of Radiation in the Environment (COMARE), 2006)
suggest that there are important, probably widespread, risk factors
that can produce localised aggregations of cases. Perhaps this is the
common ‘feature’ of childhood leukaemia clusters near some
nuclear installations?

Of considerable importance in this respect is the evidence that
has accumulated over the past 25 years that childhood leukaemia
has an infectious basis (Kinlen, 2012). Indeed, it was the Seascale
cluster that prompted the hypothesis that childhood leukaemia is a
rare response to a common, but unidentified, infection, and that
marked mixing of populations from rural communities (with more

people susceptible to infection) with those from urban areas (with
more people infected) can give rise to subclinical ‘mini-epidemics’
of the relevant infection and an excess of cases of its rare response,
childhood leukaemia (Kinlen, 1988). With various large construc-
tion projects at Sellafield, remote rural Seascale has experienced
exceptional population mixing over four decades, and its
remarkably large proportion of high socio-economic status families
may have promoted the impact of any infection (Kinlen, 2011).
West Thurso, on the other hand, experienced substantial
population mixing in the early-1980s due to the North Sea oil
construction industry (Kinlen et al, 1993), which may account for
the different temporal pattern of excess cases.

The last three decades have witnessed much effort expended on
detailed investigations of the risk of childhood leukaemia near
nuclear installations. It has proved to be a long and winding road
to journey, with a variety of hypotheses involving exposure to
ionising radiation coming into, and then going out of, fashion, but
it was important to establish that no major errors were present in
the scientific basis of radiological protection. However, it may well
be that the patterns of incidence found near some nuclear
installations are not caused by radiation, but by variations in risk
that are much more general (Laurier et al, 2014). The journey may
have led us to a better understanding of the aetiology of childhood
leukaemia.

REFERENCES

Black RJ, Sharp L, Harkness EF, McKinney PA (1994) Leukaemia and non-
Hodgkin’s lymphoma: incidence in children and young adults resident in
the Dounreay area of Caithness, Scotland in 1968-91. J Epidemiol
Community Health 48: 232–236.

Bunch KJ, Vincent TJ, Black RJ, Pearce MS, McNally RJ, McKinney PA,
Parker L, Craft AW, Murphy MF (2014) Updated investigations of cancer
excesses in individuals born or resident in the vicinity of Sellafield and
Dounreay. Br J Cancer 111: 1814–1823.

Committee Examining Radiation Risks of Internal Emitters (CERRIE) (2004)
Report of the Committee Examining Radiation Risks of Internal Emitters
(CERRIE). National Radiological Protection Board: Chilton.

Committee on Medical Aspects of Radiation in the Environment (COMARE)
(Chairman: Professor A Elliott) (2006) Eleventh Report. The Distribution
of Childhood Leukaemia and Other Childhood Cancers in Great Britain
1969-1993. Health Protection Agency: Chilton.

Committee on Medical Aspects of Radiation in the Environment (COMARE)
(Chairman: Professor A Elliott) (2011) Fourteenth Report. Further
Consideration of the Incidence of Childhood Leukaemia around Nuclear
Power Plants in Great Britain. Health Protection Agency: Chilton.

Committee on Medical Aspects of Radiation in the Environment (COMARE)
(Chairman: Professor BA Bridges OBE) (2002) Seventh Report. Parents
Occupationally Exposed to Radiation Prior to the Conception of their
Children. A Review of the Evidence Concerning the Incidence of Cancer in
their Children. National Radiological Protection Board: Chilton.

Committee on Medical Aspects of Radiation in the Environment (COMARE)
(Chairman: Professor BA Bridges) (1996) Fourth Report. The Incidence of
Cancer and Leukaemia in Young People in the Vicinity of the Sellafield Site,
West Cumbria: Further Studies and an Update of the Situation Since the
Publication of the Report of the Black Advisory Group in 1984. Department
of Health: Wetherby.

Committee on Medical Aspects of Radiation in the Environment (COMARE)
(Chairman: Professor M Bobrow) (1986) First Report. The Implications of
the New Data on the Releases from Sellafield in the 1950s for the
Conclusions of the Report of the Possible Increased Incidence of Cancer in
West Cumbria. Her Majesty’s Stationery Office: London.

Committee on Medical Aspects of Radiation in the Environment (COMARE)
(Chairman: Professor M Bobrow) (1988) Second Report. Investigation of
the Possible Increased Incidence of Leukaemia in Young People Near the
Dounreay Nuclear Establishment, Caithness, Scotland. Her Majesty’s
Stationery Office: London.

Doll R, Evans HJ, Darby SC (1994) Paternal exposure not to blame. Nature
367: 678–680.

BRITISH JOURNAL OF CANCER Editorial

1682 www.bjcancer.com | DOI:10.1038/bjc.2014.517

http://www.bjcancer.com


Gardner MJ, Snee MP, Hall AJ, Powell CA, Downes S, Terrell JD (1990)
Results of case-control study of leukaemia and lymphoma among young
people near Sellafield nuclear plant in West Cumbria. Br Med J 300:
423–429.

Hoffmann W, Terschueren C, Richardson DB (2007) Childhood leukemia in
the vicinity of the Geesthacht nuclear establishments near Hamburg,
Germany. Environ Health Perspect 115: 947–952.

Independent Advisory Group (Chairman: Sir Douglas Black) (1984)
Investigation of the Possible Increased Incidence of Cancer in West
Cumbria. Report of the Independent Advisory Group. Her Majesty’s
Stationery Office: London.

Kinlen L (1988) Evidence for an infective cause of childhood leukaemia:
comparison of a Scottish new town with nuclear reprocessing sites in
Britain. Lancet 332: 1323–1327.

Kinlen L (2011) Childhood leukaemia, nuclear sites, and population mixing.
Br J Cancer 104: 12–18.

Kinlen LJ (2012) An examination, with a meta-analysis, of studies of
childhood leukaemia in relation to population mixing. Br J Cancer 107:
1163–1168.

Kinlen LJ, O’Brien F, Clarke K, Balkwill A, Matthews F (1993) Rural
population mixing and childhood leukaemia: effects of the North Sea oil
industry in Scotland, including the area near Dounreay nuclear site. BMJ
306: 743–748.

Laurier D, Grosche B, Auvinen A, Clavel J, Cobaleda C, Dehos A,
Hornhardt S, Jacob S, Kaatsch P, Kosti O, Kuehni C, Lightfoot T,
Spycher B, Van Nieuwenhuyse A, Wakeford R, Ziegelberger G (2014)
Childhood leukaemia risks: from unexplained findings near nuclear
installations to recommendations for future research. J Radiol Prot 34:
R53–R68.

Stather JW, Clarke RH, Duncan KP (1988) The Risk of Childhood Leukaemia
near Nuclear Establishments. Report NRPB-R215. National Radiological
Protection Board: Chilton.

Steinmaus C, Lu M, Todd RL, Smith AH (2004) Probability estimates for the
unique childhood leukemia cluster in Fallon, Nevada, and risks near other
U.S. Military aviation facilities. Environ Health Perspect 112: 766–771.

Wakeford R (2003) Childhood leukaemia and radiation exposure of
fathers–the end of the road, perhaps? J Radiol Prot 23: 359–562.

Wakeford R (2013) The risk of childhood leukaemia following exposure to
ionising radiation–a review. J Radiol Prot 33: 1–25.

Wakeford R (2014) The risk of leukaemia in young children from exposure to
tritium and carbon-14 in the discharges of German nuclear power stations
and in the fallout from atmospheric nuclear weapons testing. Radiat
Environ Biophys 53: 365–379.

Wakeford R, Binks K, Wilkie D (1989) Childhood leukaemia and nuclear
installations. J Roy Statist Soc A 152: 61–86.

Wakeford R, Darby SC, Murphy MF (2010) Temporal trends in childhood
leukaemia incidence following exposure to radioactive fallout from
atmospheric nuclear weapons testing. Radiat Environ Biophys 49:
213–227.

Wheldon TE (1989) The assessment of risk of radiation-induced childhood
leukaemia in the vicinity of nuclear installations. J Roy Statist Soc A 152:
327–339.

This work is licensed under the Creative Commons
Attribution-NonCommercial-Share Alike 3.0 Unported

License. To view a copy of this license, visit http://creativecommons.
org/licenses/by-nc-sa/3.0/

Editorial BRITISH JOURNAL OF CANCER

www.bjcancer.com | DOI:10.1038/bjc.2014.517 1683

http://www.bjcancer.com

	title_link
	A1




