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The identi� cation of a local excess of cancer cases, possibly associated with ionizing radiation, always receives substantial media coverage
and communication about clusters is dif� cult. We reviewed studies that examined the risk of leukaemia among young people near nuclear
installations. An excess of leukaemia exists near some nuclear installations, at least for the reprocessing plants at Sella� eld and Dounreay
and the nuclear power plant Krümmel. Nonetheless, the results of multi-site studies invalidate the hypothesis of an increased risk of
leukaemia related to nuclear discharge. Up until now, analytic studies have not found an explanation for the leukaemia clusters observed
near certain nuclear installations. The hypothesis of an infectious aetiology associated with population mixing has been proposed, but
needs to be investigated further. The review illustrates two recent examples in France (La Hague reprocessing plant) and in Germany
(Krümmel power plant), where controversies developed after reports of increased leukaemia risks. These examples show the importance
of recalling the current epidemiological knowledge and of using systematic recording of cases to replace the alleged excesses in a more
general framework. Some elements should also be suggested from the recent French and German experiences to reinforce credibility in
the results.
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REVIEWS AND CONTROVERSIES

In 1983, a local TV station announced a cluster of child-
hood leukaemia in Seascale, Great Britain, a few kilome-
tres from Sella� eld nuclear fuel reprocessing plant in West
Cumbria. Even before that time, many scientists set out to
analyse the risk of leukaemia near nuclear installations.
Today, after nearly 18 years of accumulated results, the
existence of an increased risk of leukaemia among young
people living near a nuclear installation still remains highly
controversial.

Childhood leukaemia, i.e. among people aged 0–14
years at diagnosis, is a rare disease, with incidence rates
between 1.5 and 5.0 per 100000 per year (1). Nearly 80%
of cases are acute leukaemia, for which the complete
remission rate is almost 75% (2). The aetiology of child-
hood leukaemia is poorly understood but congenital mal-
formations, such as Down’s syndrome, are known to be
associated with an elevated risk of leukaemia (3, 4). Epi-
demiological studies, in particular those dealing with the
Hiroshima and Nagasaki survivors, have shown that
leukaemia is induced by ionizing radiation, especially
among young people. The risk in relation to time after

exposure seems to have a wave-like appearance, starting
2–3 years after exposure, peaking after 7–8 years, and
thereafter declining (5–7). Other causative factors have
been suggested, such as exposure to pesticides (8) or to
benzene (9, 10). An infectious aetiology has also been
hypothesized (11–13).

For many years, the topic of a possible tendency of
childhood leukaemia to be detected in clusters has been
discussed (14), and the occurrence of a leukaemia cluster
near the Sella� eld site had an impact in two directions:
clustering and radiation. This review is restricted to the
problem of clustering near nuclear installations.

STUDIES OF LEUKAEMIA CLUSTERS

So-called ‘cluster studies’ are performed to estimate the
frequency of leukaemia in a given geographical area, e.g.
around nuclear installations, and eventually to test for an
abnormally high aggregation of cases. The methodology of
these cluster studies is generally very simple. It consists in
dividing the study area into zones according to the dis-
tance to the nuclear installations. In each zone, the number
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of observed cases during a given period is compared with
the number of expected cases during the same period. The
expected cases are normally based on the calculation of
person-years, which are multiplied by the national or
regional incidence rates. The relative risk is generally esti-
mated by the ratio of the observed number of cases
divided by the expected number of cases.

Local studies

A large number of local cluster studies, focusing on one
speci� c area, have been published since 1984, but the data
are con� icting (15).

In England, three clusters have been identi� ed between
1983 and 1987, and have been extensively discussed in the
literature. The � rst cluster of leukaemia cases was reported
near the Sella� eld reprocessing plant, and relied on 5 cases
observed between 1950 and 1983 in the village of Seascale
(16). The persistence of an excess over time has been
con� rmed (17). The second cluster was reported in 1986 in
Scotland, near the nuclear reprocessing plant of Dounreay
(18). The persistence of this cluster has also been con� -
rmed, although the relative risk has tended to decrease
with time (19). The third cluster was observed in 1987 near
the nuclear weapon plants of Aldermaston and Burgh� eld
(20). The excess persisted when different periods and geo-
graphical limits were studied, but the risk was found to be
lower (21). Other clusters have been suggested since then,
but were not con� rmed thereafter (22).

Neither incidence nor mortality studies conducted in
California or around the sites at Rocky Flats (Colorado),

Hanford (Washington State) or Oak Ridge (Tennessee)
showed an excess of leukaemia cases (23–25). Between
1982 and 1984 an excess number of leukaemia cases was
noted around the Pilgrim plant, Massachusetts (26), but
was counterbalanced by a de� cit of cases between 1985
and 1986 (27). The incidence of leukaemia among children
(0–14 years of age, during 1975–1985) increased with
reconstructed doses in the region of the Three Mile Island
plant, Pennsylvania, but the study involved 4 cases and
was not statistically signi� cant (28, 29).

Other studies performed in Israel near the Dimona
nuclear power plant (30) or in France near the Marcoule
nuclear site (31) show no excess of childhood leukaemia.

Multi-site studies

Multi-site studies consider the risk of leukaemia around
several nuclear installations simultaneously. The effort is
to identify elevated rates rather than single localized ex-
cesses. The methodology is the same as that for cluster
studies, but multi-site studies involve larger numbers of
cases, making it possible to generalize the results.

Most of the multi-site studies were performed in Eng-
land and Wales and the largest study, so far, included
4100 leukaemia cases among children aged 0–14 years
around 29 nuclear installations in England and Wales (21,
32, 33). Other multi-sites studies were conducted in Scot-
land (19), the United States (34), Ontario, Canada (35),
France (36, 37), Germany (38, 39), Japan (40), Sweden
(41) and Spain (42). As can be seen in Table 1, with the
exception of one study, the leukaemia rates near the

Table 1

Incidence and mortality of childhood leukaemia around nuclear installations: multi-site studies, in chronological order

Age, yearsSource Study subject Sites ResultStudy period
O:E;RR 1

Baron 1984 (43) Mortality 514 6, England and Wales 1963–1970 1.60
1972–1979 1.42
1959–1980All, England and Wales524 1.15 2MortalityCook-Mozaffari et al. 1987 (110)
1950–1984 1.03All 62 commercial sites, USA59MortalityJablon et al. 1990 (111)

0.9410–19 All 62 commercial sites, USA 1950–1984
1.06Clarke et al. 1991 (112) Incidence 514 6, Ontario, Canada 1964–1986
0.861968–19876, France524MortalityHill & Laplanche 1992 (36)
1.06Keller et al. 1992 (113) Incidence 514 All, former West Germany 1980–1991

Möhner & Stabenow 1992 (114) Incidence 514 3, former East Germany 1961–1988 1.26
0.991966–1987All, England and Wales514IncidenceBithell et al. 1994 (21)

Hattchouel et al. 1995 (37) Mortality 524 13, France 1968–1989 0.80
All, Japan 1973–1987 1.06MortalityIwasaki et al. 1995 (40) 524

Sharp et al. 1996 (19) Incidence 514 7, Scotland 1968–1993 0.97
Kaletsch et al. 1997 (109) Incidence 514 All, former West Germany 1991–1995 1.05

1.001980–1995
3, former East Germany 1991–1995 0.92

Lopez-Abente et al. 1999 (42) Mortality 524 7, Spain 1975–1993 1.21

1 O:E¾Observed:Expected leukaemia cases; RR¾Relative risk.
2 p-valueB0.05.
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Table 2

Incidence and mortality of childhood leukaemia around nuclear installations: multi-site studies, focusing on the youngest age category and
closest proximity to the plant

Study Age,Source Site, distance from nuclear ResultStudy
O:E;RR 1periodinstallationsubject years

MortalityCook-Mozaffari et al. 1987 59 All, England and Wales within 1959–1980 3.95 2

(110) 6 miles Operation started before 1955
54 All, former West Germany withinIncidence 1980–1991Keller et al. 1992 (113) 3.01 2

5 km
All, former West Germany within 1980–1991 7.09 2

5 km Operation started before 1970
Kaletsch et al. 1997 (109) Incidence 54 All, former West Germany within 1991–1995 2.00

5 km
All, former West Germany within 1991–1995 0.49
5 km Operation started before 1970
All, former West Germany within 1980–1995 2.87 2

5 km
3, former East Germany within 1991–1995 1.37 2

5 km

1 O:E¾observed:expected leukaemia cases, RR¾ relative risk.
2 p-valueB0.05.

nuclear installations did not differ from what was expected
(32).

However, an elevated risk was found in the youngest age
groups at the closest distance to the nuclear facilities
(Table 2). It is notable that some studies have observed the
same mortality rates for leukaemia before and after start-
up of the nuclear installations (43, 44).

Studies near non-nuclear installations

Studies were also conducted among populations living
near ‘potential’ sites, i.e. sites envisaged for construction of
a nuclear installation (21, 38, 45), or non-nuclear power
plants (43). In these studies, the risk of childhood
leukaemia around potential sites was similar to that ob-
served around active nuclear installations (Table 3), and
again elevated rates have been observed in the youngest
age group at the closest vicinity of the ‘plants’ (Table 4).

Statistically signi� cant excesses in leukaemia incidence
among children have also been observed in areas where
there were no nuclear installations and no speci� c source
was suggested, for example in Cambuslang, Scotland (46),
or in the village of Sittensen, Germany (47).

Studies of leukaemia spatial distribution

Numerous studies have dealt with the distribution of
leukaemia cases over time and geographical areas, inde-
pendently of the location of nuclear reactors (48–53).
These studies generally take into account large areas and
thus consider large numbers of cases with sophisticated
spatial statistical methods. A recent international study
(EuroClus) included more than 13000 cases of childhood
leukaemia in Europe (54). In most of these studies the
conclusion reached was that there is a tendency towards
spatial clustering of childhood leukaemia cases but the
reasons remain to be discovered.

Discussion

None of the studies mentioned rely on individual data, but
are based on aggregated data, i.e. number of cases in a
certain geographical area. They are therefore subject to
important limitations. In particular, migration of subjects
is not controlled, which means that this approach does not
distinguish between a patient who has lived in the area
since birth and a patient who has been resident for a few
months. It has been shown that even using aggregated data

Table 3

Incidence and mortality of childhood leukaemia around potential nuclear installations, in chronological order

Potential sites Study period Result O:E;RR 1Source Study subject Age, years

1959–1980Cook-Mozaffari et al. 1989 (45) Mortality 524 1.14England and Wales
1.42 21980–1991Keller et al. 1992 (113) Former West GermanyIncidence 514

England and Wales 1966–1987Bithell et al. 1994 (21) Incidence 1.02514
1.351991–1995Kaletsch et al. 1997 (109) Former West GermanyIncidence 514

1980–1995 1.05

1 O:E¾observed:expected leukaemia cases, RR¾relative risk.
2 p-valueB0.05.
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Table 4

Incidence and mortality of childhood leukaemia around potential nuclear installations, focusing on the youngest age category and closest
proximity to the site

Age, years Potential site–radiusSource Study period ResultStudy subject
O:E;RR 1

54 Former West Germany within 5 km 1980–1991Keller et al. 1992 (113) 4.16 2Incidence
54 Former West Germany within 5 km 1991–1995 1.52Kaletsch et al. 1997 (109) Incidence

1980–1995 3.82 2

1 O:E¾observed:expected leukaemia cases, RR¾ relative risk.
2 p-valueB0.05.

on migration has an in� uence on the regional distribution
of childhood leukaemia (55). These types of studies do not
take temporal pattern, i.e. time between a potential causal
exposure and the occurrence of the disease, into account.
They could therefore not be used for hypothesis testing
and should be considered descriptive.

Local cluster studies consider small areas, with small
numbers of observed cases. The results are therefore very
sensitive to random � uctuations in the spatial and tempo-
ral distribution of observed cases and is highly dependent
on time period and size of area under study (56).

The expected number of cases is dif� cult to calculate
since the source population from which the cases were
recruited is dif� cult to identify. This dif� culty also intro-
duces problems when trying to choose the actual incidence
rates and to take into account the � uctuations in the
background rates.

With the exception of the very low number of cases, the
multi-site studies share the same limitations as those indi-
cated for cluster studies (aggregated data, no control of
migration, no information about potential exposures). For
example, some authors noticed that the observation of an
excess risk in the youngest age group at the closest vicinity
to some sites could be due to a markedly low incidence in
the control regions and these results need to be con� rmed
in future studies (32, 38).

It is important to differentiate between studies of anec-
dotally reported clusters and hypothesis-driven analyses.
The former were performed speci� cally in response to an
announcement of excess incidence (the Seascale cluster, for
example). They therefore have as their goal the veri� cation
of the existence of this excess, and not the evaluation of
the probability of rejecting the null hypothesis (no excess
of cases near the sites studied). The latter, where some
relate to single sites and (local studies) and others to a
number of sites (multi-site studies), do allow the testing of
a hypothesis (increased number of cases in certain areas).

All these limits bring the value of cluster studies into
question (57, 58). In response, some authors and organiza-
tions have drafted recommendations and procedural guide-
lines for performing and interpreting cluster studies (59). A
� rst suggestion is that monitoring around a site should be
continued after any cluster is observed, to verify the persis-

tence of the excess. A second suggestion is to adopt new
methods to reduce some of the defects of these studies (60,
61).

The methods described above have also been used when
studying the spatial distribution of cancers near non-nu-
clear installations, such as industrial facilities (62), radio
transmitters (63), and power lines (64). The increased use
of this type of analysis has even led to the establishment of
the Small Area Health Statistics Unit in Great Britain (65).

Even so, it has to be pointed out that these descriptive
(or ecological) studies can show nothing more than the
simultaneous occurrence of two or more phenomena.
Based on their results, it cannot be concluded that a
nuclear installation has an in� uence on the observed risk
(given the rates were elevated), nor can it be ruled out that
the installation has no in� uence (given the rates were not
elevated). For conclusions like these, it is necessary to
conduct analytical studies.

HYPOTHESES TO EXPLAIN LEUKAEMIA
CLUSTERS

Since 1984, studies have been launched to search for
factors that might explain the observed excess in incidences
of leukaemia. These analytic studies are mainly case-con-
trol studies, but radioecological studies and geographical
studies have also been conducted to bring some insight
into speci� c hypotheses. Essentially, three hypotheses have
been explored: environmental exposure to ionizing radia-
tion, paternal pre-conception exposure and infectious
agents.

Environmental exposure to ionizing radiation

Prompted by the reports from Seascale and Dounreay,
radioecological studies have been performed, mainly in
Great Britain (66–68). A thorough dose reconstruction
was carried out in 1995 for individuals less than 25 years
of age who lived in the village of Seascale (17, 69). All
routes of contamination as well as possible sources of
exposure were taken into account. The estimated bone
marrow doses were attributable to 80% from natural ra-
dioactivity, 5% from medical exposure, 6% from other
sources such as Chernobyl and weapons fallout and
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roughly 9% from releases from the Sella� eld plant (routine
discharges and accidental releases).

The calculated numbers of cases attributable to radiation
exposure were 0.46 and 0.04 for all sources of exposure and
for releases from the Sella� eld plant, respectively (com-
pared with the 12 cases actually recorded in Seascale
between 1955 and 1992) (17). Comparable analyses were
done for the population of young people living in Thurso,
near the Dounreay reprocessing plant. The contributions of
various sources of radiation exposure to the risk of radia-
tion-induced leukaemia before age 25 were as follows:
natural sources 79%, Sella� eld discharges 0.3%, Dounreay
discharges 1.2%, weapons fallout 12%, medical exposure
7.5% (67, 70).

It should be stressed that these radioecological studies
are risk assessment processes. The dose estimations are
reliant on several assumptions with uncertainties that are
dif� cult to quantify. Furthermore, the applicability of risk
models to such low levels of chronic exposure is challenged.
Nevertheless, the results appear coherent and the available
information indicates that the hypothesis of a causal role of
environmental exposure to radioactivity cannot explain
leukaemia clusters among young people near nuclear instal-
lations (21, 71).

Several case-control studies have examined factors that
might lead to increased radiation exposure or contamina-
tion (72–75). Among the large number of factors studied,
a few, such as recreational use of beaches (73, 75) and
consumption of local � sh and seafood (75), were found
signi� cantly to increase the risk of leukaemia. However,
these factors could only be considered vaguely linked to
environmental exposure to radioisotopes or to other toxic
substances. Any conclusion that a causal relation exists
between the risk of leukaemia and environmental contami-
nation calls for considerable caution, since radiation doses
ascribed to these activities have not been measured.

Paternal pre -conception exposure

In 1990, Gardner et al. (72) proposed the hypothesis of a
genetically transmitted disease to explain the Seascale clus-
ter. In this case-control study it was observed that the risk
of leukaemia among children of fathers having cumulated
a gonadal dose above 100 mSv before conception was eight
times higher than among other children. Several attempts
have been made to verify the existence of such a relation,
but the overall results invalidate the hypothesis (76, 77).

Infectious agent

The hypothesis of an infectious aetiology of childhood
leukaemia was proposed a long time ago (13). Viral trans-
mission favoured by high rates of population mixing has
also been suggested to explain the occurrence of clusters of
childhood leukaemia cases near some nuclear installations
(78). An alternative hypothesis supposes that acute
lymphoid leukaemia might be a rare response to common

infection among subjects with immature immune systems
(79). A tendency for leukaemia cases to cluster in time and
space (53, 80, 81) or a suggested seasonality in the occur-
rence of leukaemia indirectly supports this hypothesis (82).

An increased leukaemia incidence among children
younger than 15 years of age associated with the construc-
tion of industrial sites in rural regions of Great Britain have
been seen as an explanation to the leukaemia clusters
observed near the Sella� eld and Dounreay reprocessing
plants (83, 84). A study performed in Cumbria, UK,
con� rmed an association between population mixing and
the risk of leukaemia before the age of 15, on the basis of
both geographical and individual data (85). The model
derived by the author predicted more than half of the
number of leukaemia cases actually recorded in the village
of Seascale during the same period. These new results led
Sir Richard Doll to state that ‘…time may now have come
when Kinlen’s hypothesis of population mixing as a cause
of childhood lymphatic leukaemia can be regarded as
established’ (86).

Discussion

The studies performed to investigate possible explanations
to the observed clusters of leukaemia cases around nuclear
installations have important potential limitations. One
main limitation of studies conducted locally is their small
size, which dramatically limits the interpretation of the
results. Most of the case-controls studies were based on low
numbers of subjects. Since parents to cases and controls
could remember past behaviour and consumption habits
differently, there is a problem of recall bias. This problem
was solved in a few studies by including tumour controls.

Most studies supporting the infectious hypothesis were
geographical studies and associated with well-documented
biases. To date, however, no laboratory experimental sup-
port has appeared and the underlying agent or mechanism
still remains unidenti� ed. But some results, e.g. elevated
leukaemia risk with less vaccination in childhood or later
or no kindergarten attendance, seem to point in the same
direction.

Up until now, analytical studies have found neither the
explanation for the leukaemia clusters observed near cer-
tain nuclear installations, nor the explanation for the
elevated numbers observed among very young children
around numerous sites. The understanding of the causes of
leukaemia clusters should rely more on large-scale studies,
such as the case-control studies being launched in the US,
the UK and in Germany (87–89).

THE CLUSTER OF LEUKAEMIA CASES IN
NORD-COTENTIN, FRANCE

In an attempt to describe the problems involved in estimat-
ing the likelihood of childhood leukaemia being associated
with radioactive releases from nuclear installations, two
examples are given.
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Table 5

Descriptive studies of leukaemia frequency among young people living near the La Hague reprocessing plant, Nord -Cotentin, France, in
chronological order

Source Age, Obs.:Exp.Study 95% CIRadius, Histological ObservedStudy Expected
years period kmsubject type cases cases

524 1970–1982 10 Leukaemia 0 0.4 0.0 0.0–8.9Dousset 1989 (90) Mortality
Mortality 524 1968–1986 35 LeukaemiaViel & Richardson 21 23.6 0.9 0.6–1.4

1990 (91)
10 1 1.1 0.9 0.0–4.9

Mortality 524 1968–1987 21 LeukaemiaHill & Laplanche 12 14.9 0.8 0.4–1.4
1992 (36)

10 1 0.8 1.2 0.0–7.0
524 1978–1990 35 Leukaemia 23 19.6Viel et al. 1993 (115) 1.2 0.7–1.8Incidence

10 3 1.2 2.5 0.5–7.3
Hattchouel et al. 524 1968–1989 16 Leukaemia 2Mortality 5.4 0.4 0.1–7.3

1995 (37)
524 1978–1992 35 Leukaemia 25Viel et al. 1995 (92) 22.8 1.1 0.7–1.6Incidence

10 4 1.4 2.8 0.8–7.3
Guizard et al. 524 1993–1996 35 Leukaemia 8Incidence 7.1 1.1 0.5–2.2

1997 (98)
10 0 0.7 0.0 0.0–5.5

Incidence 524 1978–1998 10 Leukaemia 5Guizard et al. 2.3 2.2 0.7–5.7
2001 (116)

1–6 10 ALL 4 1.0 4.2 1.1–10.7

Abbreviations: CI¾con� dence interval; ALL¾acute lymphoblastic leukaemia.

Nord-Cotentin is a region in the north-west of France,
where four nuclear facilities are located, including the La
Hague nuclear fuel reprocessing plant.

Several descriptive studies conducted between 1989 and
1995 did not show any excess risk of leukaemia near the
reprocessing plant (36, 37, 90, 91) (Table 5). In 1995, a
new cluster study observed an elevated incidence of
leukaemia in the 10-km zone (92). Based on four cases, the
risk almost reached borderline signi� cance (Table 5).

In 1997, the results of a case-control study of leukaemia
risk factors including 27 cases of leukaemia and 192 con-
trols in Nord-Cotentin showed several factors to be associ-
ated with the risk of leukaemia (75). Among those factors
was the recreational use of local beaches by the children
(pB0.01) and:or by their mothers during pregnancy (pB
0.01) and an increased consumption of local � sh and
shell� sh (pB0.01). The authors concluded that they had
found ‘… some convincing evidence in childhood
leukaemia of a causal role for environmental radiation
exposure from recreational activity on beaches’. The study
was criticized because of the limitations of such as small
sample size, potential bias, and the discrepancy between
the actual results and the conclusions drawn by the au-
thors (93–95). A controversy developed, echoed by large
media coverage on a regional and national scale.

The French Ministries of Environment and Health de-
cided to commission ‘a new epidemiological study in the
Nord-Cotentin region’, but the Committee disintegrated in
July 1997 because of internal con� icts (96). As a conse-
quence, the French government initiated two new
missions.

The � rst mission was to analyse the epidemiological
evidence in more detail, and to make proposals regarding
the surveillance of adverse effects of exposure to ionizing
radiation in France (97). The � rst task was to extend the
monitoring of leukaemia incidence among young people in
Nord-Cotentin. Based on the newly created local registry,
no new case of childhood leukaemia was reported between
1993 and 1996 within the 10-km zone around the La
Hague reprocessing plant (98) (Table 5). The authors
concluded that there was no signi� cant increase of
leukaemia incidence among young people in the Nord-
Cotentin (97). Very recently, a new study was published,
with a follow-up extended to 1998. The authors still ob-
served a borderline elevated incidence in the 10-km zone
around the plant, due mainly to cases of acute
lymphoblastic leukaemia in the age range 1–6 years old
(Table 5).

The purpose of the second mission, conducted by the
Nord-Cotentin Radioecology Group (GRNC), was to esti-
mate doses from ionizing radiation and deduce the associ-
ated risk of leukaemia. GRNC brought together more
than 50 experts from diverse organizations and a critical
review of discharges from nuclear facilities and environ-
mental radioactivity measurements was conducted. The
exposure reconstruction was as complete and realistic as
possible, considering all sources of radiation for all possi-
ble exposure pathways. The contributions to the risk of
radiation-induced leukaemia before the age of 25 were
estimated as follows: natural sources 74.1%, weapons fall-
out and the Chernobyl accident 1.4%, medical exposure
24.3%, and releases from the local nuclear installations
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0.2% (99). The � nal report concluded that the exposure
attributable to local nuclear facilities was unlikely to be
involved to any salient degree in the elevated incidence of
leukaemia observed among young people near the La
Hague reprocessing plant, and could not explain the asso-
ciations observed in the case-control study (100–102). All
members of GRNC agreed on the methodology, but sev-
eral participants expressed reservations about the interpre-
tation of the results, mainly because the uncertainties
concerning the measurements had not been evaluated. The
operating rules of GRNC including members of non-gov-
ernmental organizations, unrestricted diffusion of docu-
ments outside the group, and free interpretation of the
results by all members increased the public con� dence in
the results.

Discussion

The existence of an excess of leukaemia cases among
young people in the vicinity of the La Hague reprocessing
plant associated with ionizing radiation has not been con� -
rmed. The radioecological study showed that the low doses
received by the local population as a result of releases
from local nuclear installations could not account for the
elevated incidence of leukaemia. One important element of
the report was to put these results in perspective with
current epidemiological knowledge. The inclusion of ex-
perts from environmental organizations in GRNC has
been an important element in the credibility of the � nal
results.

Several investigations are ongoing in Nord-Cotentin.
The leukaemia incidence follow-up is now performed
prospectively by the cancer registry of La Manche. A
study has been launched to evaluate the hypothesis of a
link between population mixing and the risk of leukaemia.
The French government has commissioned GRNC to con-
tinue the work. The goal is to quantify the uncertainty
associated with the results of the radioecological study, to
assess the impact of chemical discharges from nuclear
installations in the environment and on the health status of
the residents in Nord-Cotentin.

THE CLUSTER OF LEUKAEMIA CASES IN
ELBMARSCH, GERMANY

The Krümmel power plant, located in the Bundesland
Schleswig-Holstein, is a boiling water reactor of unique
design with a relatively high amount of airborne tritium
releases. Next to the power plant is the nuclear research
facility GKSS situated.

Between December 1989 and May 1991, seven cases of
haematological disorders occurred in individuals under 25
years of age at diagnosis in the community of Elbmarsch,
located on the banks of the Elbe River opposite the plant
(Bundesland Lower Saxony). Owing to the fact that the

increase occurred six years after the start-up of the plant,
radioactive discharges were suspected to have a causative
association with the disorders. One case of aplastic
anaemia, 1 case of second primary malignancy (in a young
man previously treated with chemotherapy), and 5 cases of
childhood leukaemia were identi� ed. These 5 cases oc-
curred between 1990 and 1991 in Elbmarsch, while 0.12
cases were expected based on the national rates, which
resulted in a 41.5-fold increase. From 1990 to 1996, nine
cases of childhood leukaemia were observed within a
10-km radius of the plant, based on data from the German
Childhood Cancer Registry. The number of children living
within this area was approximately 9000, giving 2.77 ex-
pected cases and an approximately 3.25-fold signi� cant
increased risk (103–105). The most important studies are
listed in Table 6.

At the time of the occurrence of the Krümmel cluster,
the Ministry of Social Affairs of Lower Saxony established
a committee to investigate another cluster in Sittensen.
This cluster of childhood leukaemia occurred prior to the
Elbmarsch cluster and was not thought to be related to
ionizing radiation released from a nuclear power plant. A
case-control study was initiated to investigate possible risk
factors for childhood leukaemia (106). In 1991, the Sit-
tensen committee started to investigate the Krümmel clus-
ter as well. Additional intensive interviewing of the parents
was done. In 1991, another committee was established by
the Schleswig-Holstein government and an inter-govern-
mental working group was set up. A group of non-govern-
mental activists joined the various meetings of the
committees. Later, a joint working group, named ‘Expo-
sure Indicators’, was established by the governments in
Schleswig-Holstein and Lower Saxony and entitled to
search for those indicators, in various directions.

A large number of possible environmental materials,
which could contain carcinogenic substances, were
analysed (105). Blood samples were drawn from suppos-
edly exposed individuals and an early study indicated an
elevated number of chromosomal aberrations in the Elb-
marsch population (103). Subsequent and larger studies
revealed no indication of an elevated rate of dicentric
aberrations, either in children (107) or in women (unpub-
lished data).

Discussion

To date, there is no plausible explanation for the German
clusters. No agent under study has been shown to have a
relationship with childhood leukaemia. However, the dis-
cussion on a causal relationship between radioactive dis-
charges and haematological disorders lingers on. The
possible pathways and involved radionuclides under dis-
cussion vary over time.

The Bundeslaender Schleswig-Holstein and Niedersach-
sen have supported a case-control study on adult
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Table 6

Studies of leukaemia frequency among the population living near the Krümmel nuclear power plant, Germany, in chronological order

StudySource Age, Study Radius, km Histological Observed Expected Obs.: 95% CI
subject casesyears Exp.typeperiod cases

Incidence 524 1990–1991 1 community Blood 7Dieckmann 1992 B1
disorders(117)

Schmitz-Feuerhake CA
et al. 1993 (103)

Incidence All 1984–1993 5 Leukaemia,Hoffmann & 58 47.1 1.2 p¾0.14 *
All, maleGreiser 1993 all 36 24.3 1.5 p¾0.02 *

(108) All, female 22 22.8 1.0 p¾0.94 *
All CML 12 6.3 1.8 p¾0.06 *
All, male 8 3.5 2.4 p¾0.02 *
All, female 3 2.8 1.1 p¾0.92 *

CASchmitz-Feuerhake
et al. 1997 (118)

Incidence 514 1990–1995 5 LeukaemiaHoffmann et al. 6 1.3 4.6 2.1–10.3
1997 (104) 1990–1991 5 5 0.4 11.8 4.9–28.3

Incidence 514 1990–1991 1 community Leukaemia 5Grosche et al. 0.1 41.5 15–92
1990–1996 10 91999 (105) 2.8 3.3 1.6–6.0

Bruske-Hohlfeld CA 514
et al. 2001 (107)

Abbreviations: CI ¾con� dence interval; CA¾chromosomal aberrations; CML¾chronic myeloid leukaemia.
* No CI given, only p-values.

leukaemia. The results of this study are expected around
the middle of 2001. The study is based on a report
that there might not only be an elevated number of
childhood leukaemia cases, but also of adult leukaemia
(108).

CONCLUSIONS

Since 1984, a large number of cluster studies to evaluate
the risk of childhood leukaemia have been conducted near
nuclear installations. These studies have generally been
small, including only a few cases, and most of them show
no excess of leukaemia among the young people living in
the vicinity of these installations. An excess incidence of
leukaemia exists near some nuclear installations, at least
for the reprocessing plants at Sella� eld and Dounreay
and the nuclear power plant at Krümmel. Nonetheless,
excesses of leukaemia have also been identi� ed far
away from any nuclear installations, and the results
of the multi-site studies invalidate the hypothesis of
an increased risk of leukaemia related to radioactive
discharge.

Some investigators in England and Germany observed
an elevated risk among the youngest children living near
nuclear plants or potential nuclear plants. These � ndings
are intriguing and still seek an explanation (88, 109). The
hypothesis of an infectious aetiology associated with popu-
lation mixing needs to be investigated further.

The identi� cation of a local excess of cancer cases,
possibly associated with ionizing radiation, always receives

substantial media coverage, and communication about
clusters is dif� cult. To communicate cancer risks associ-
ated with ionizing radiation is complicated since the risk
perception of the general public is hampered by an opinion
that ionizing radiation causes immediate and harmful ef-
fects regardless of dose. Few individuals realize that the
excess mortality from solid cancers among A-bomb sur-
vivors in Hiroshima and Nagasaki is 400–500 cases. Re-
cent examples show the importance of recalling the current
epidemiological knowledge and of using systematic record-
ing of cases to replace the alleged excesses in a more
general framework. Some elements should also be sug-
gested from the recent French and German experiences in
order to reinforce credibility in the results. In particular, a
plural composition for commissions, including operators,
governmental and non-governmental experts, should be
proposed to facilitate direct communication with the gen-
eral population.
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volets épidémiologique et radioécologique. Paris: 1997.

97. Spira A, Boutou O. Rayonnements ionisants et santé:
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