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low background rate and the age range restriction to a single 
5-year group. Additionally, for obvious reasons, nuclear sites 
are located in low population areas and in the UK anyway, 
near the sea. Thus for child leukemia, statistical power is 
limited, and only large scale studies aggregating many nucle-
ar sites and long time periods can hope to provide answers. 
Such a study has been carried out in Germany and has shown 
that there is an approximate doubling of risk for child leuke-
mia inside 5km [2]. This study employed the usual method of 

Introduction

Epidemiological aspects of Nuclear Site risk studies.

Nuclear site effects on health are generally examined by eco-
logical epidemiology of childhood leukemia, thought to be 
the most sensitive indicator [1]. Whilst it may be true that 
child leukemia in the 0-4 age group is a sensitive indicator, 
its utility for such studies is far outweighed by the extremely 

Abstract

Ecological studies near point sources of risk are generally modelled by distance bands involving data from small areas fitted 
into convenient radial area divisions. In contradistinction, this study examines risk of dying of breast cancer between 1995 
and 2001 in wards adjoining the estuary of the River Blackwater in Essex, UK where measured radionuclide contamination 
exists in muddy sediment and other material, derived from discharges from the Bradwell Nuclear Power station. Estuary 
wards are compared with inland wards using Social Class adjusted expected numbers based on national mortality rates for 
the period. Results show a significant effect with relative risk for the River Blackwater Estuary vs. other wards with Relative 
Risk RR = 1.7 (CI 1.22, 2.34; p = 0.0015) based on 144 breast cancer deaths in 42,579 women. In addition, the contaminated 
Blackwater wards are compared with the wards of the River Crouch, a similar muddy estuary to the south but separated by a 
large sandbank, and therefore not contaminated. For this comparison, involving 84 deaths, RR = 2.1 (CI 1.12, 3.98; p = 0.018). 
Finally, two towns, Maldon, on the Blackwater and Burnham on the River Crouch were compared using 44 deaths, the results 
gave RR = 2.1 (1.02, 4.15; p = 0.04). 

Use of the concentric circle radial approach and employing 4km and 17km radii gave no effect,  RR = 1.06 (0.47, 2.38; p = 
0.89), showing that the choice of ecological dispersion is critical to the result.
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defining populations in concentric rings around a point source 
and comparing such radial populations by distance. Such an 
approach ignores the real dispersion of the radioactive dis-
charges, downwind and to local land and bodies of water (riv-
ers, estuaries, the sea). One of the main nuclear site childhood 
leukemia clusters in Germany is the Elbemarsch cluster which 
is associated with communities living on a contaminated river 
estuary [3]. The first nuclear site child leukemia cluster to be 
discovered, the Sellafield cluster in Cumbria was in fact in Sea-
scale, a coastal village with a radioactively contaminated fore-
shore [1,4] and the same is true for the La Hague study where 
playing on the beach emerged as a risk factor [5]. Alexander et 
al, 1990, found a positive association between estuary wards 
and leukemia risk [6]. Later attempts to follow this coastal es-
tuary effect up were confounded by Chernobyl [7].

Breast cancer is also caused by exposure to ionizing radiation, 
but as an indicator of effect it is superior as an indicator to 
child leukemia because the background rates are much higher 
(150 per 100,000 in UK) and the effective population at risk 
(45-75) is six times greater. An association between breast 
cancer and exposure from nuclear sites has been found for two 
other nuclear sites in the UK, Hinkley Point in Somerset [8] 
and Trawsfynydd in Gwynedd [9]. Associations have also been 
found in studies in the USA [10]. The results reported here are 
essentially those from an epidemiological exercise proposed 
and discussed but finally cancelled in the Committee Exam-
ining Radiation Risks from Internal Emitters (CERRIE) 2001-
2004 [11,12].

Method

The study area

Bradwell nuclear power station is sited on the remote eastern 
tip of the south side of the River Blackwater in Essex. The es-
tuary of the River Blackwater is a tidal muddy inlet on the East 
Coast of England which is not really a river but is a sea inlet 
which fills up and dries out daily to reveal large areas of muddy 
sediment. The mud banks in the estuary are extended out to 
sea to the south by large offshore drying banks, St Peters Flats, 
the Buxey and Ray Sands and to the north by Mersea Flats and 
the Bench Head. Liquid discharges from the nuclear plant to 
the sea are thus trapped in the estuary moving backwards and 
forwards on the tide and precipitating to the mud banks. They 
have accumulated there since the station was commissioned 
in 1962 and stopped operation in 2002 and levels in sediment 
are routinely measured and reported in MAFF and RIFE [13]. 
As expected, levels of measured radioactivity are highest at the 
head of the estuary at Maldon.  To the south of Bradwell but 
separated from it by extensive offshore drying sand and mud 
banks is a similar estuary, that of the River Crouch. Wards on 
the River Crouch form a control for exposures to radioactive 
contamination since the tidal streams and offshore drying 
banks isolate the two estuaries from each other. The area is 
shown in Fig 1 where wards are painted according to the SMR 
results obtained in an earlier study for the period 1995-1999.

The population

England and Wales ward level populations were obtained from 
the Office for Population Census and Surveys (OPCS) for 26 
wards surrounding and up to 20km from the nuclear power 
station at Bradwell, Essex.  Deaths from Breast Cancer to ward 
level are tabulated annually from 1995 to 2001 in Vital Statis-
tics outputs which were purchased from OPCS. Ward level So-
cial Class data was also obtained from census tables. The cen-
sus wards are those at the 1991 census as are the populations. 
In the 2001 census, there were significant boundary changes 
with the 26 wards in the area being reduced to 17 wards. Thus 
the 2001 census data cannot be used for a base population. Ex-
pected numbers of Deaths were obtained by multiplying each 
5-year age group population in each ward by the 1998 England 
and Wales national mortality rates for the same age group and 
then further adjusting by the mean Social Class of the ward 
using the relationship between Social Class and Breast Cancer 
given in the 1988 England and Wales longitudinal study [14].   
Standardised Mortality Ratios were generated as Observed/
Expected and statistical tests between groups of wards were 
carried out using simple contingency tables to obtain Relative 
Risks, 95% confidence intervals and p-values. 

Figure 1. Study area showing location of Bradwell nuclear power sta-
tion (red), surrounding 1991 census wards employed in the study and 
SMR levels in each ward for the period 1995-1999. Concentric circles 
are drawn at 4km and 17km illustrating the problem of the concentric 
areas approach.

Results

Table 1 gives the Social Class and age standardised SMRs for 
the 26 wards in the study area together with ward popula-
tions in 1991 and the Blackwater estuary/non Blackwater es-
tuary dichotomy. Table 2 compares Blackwater Estuary with 
non-Blackwater estuary for the period. Table 3 compares the 
Blackwater estuary wards with the Crouch estuary wards 
and Table 4 compares the 3 wards in the town of Maldon at 
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Table 1. Wards in the study area with Social Class and age standardised SMRs for 1995-2001 in 26 wards near 

Bradwell Nuclear Power Station. Estuary wards are identified in bold type (*) in Column 6 means Cumulative 

Poisson  p<0.05, ** for p<0.01 

Warda Female 

census  

Ward 

Population 

  

Black 

water 

Estuary 

 = 1 

Expect 

7 yrs 

Observe RR 

 

Althorne 1143 0 3.27 1 0.31 

Burnham on Crouch North 1324 0 4.02 2 0.5 

Burnham on Crouch South 2281 0 7.47 8 1.07 

Goldhanger 792 0 2.47 4 1.62 

Great Totham 1527 0 3.99 5 1.25 

Heybridge East 1854 1 2.78 3 1.08 

Heybridge West 1405 0 3.92 6 1.53 

Little Baddow, Danbury, S’don 4145 0 11.67 9 0.77 

Maldon East 1352 1 5.73 7 1.22 

Maldon North West 2019 1 8.17 16 1.96** 

Maldon South 2200 1 5.12 11 2.15** 

Purleigh 783 0 1.99 2 1.01 

St Lawrence 708 1 2.14 3 1.41 

Southminster 1701 0 4.46 5 1.12 

The Maylands 1659 1 3.30 5 1.52 

Tillingham 873 1 2.51 3 1.20 

Tollesbury 1300 1 3.68 7 1.90 

Tolleshunt D’Arcy 933 0 2.80 5 1.79 

Wickham Bishops 1054 0 3.01 4 1.33 

Woodham 792 0 2.07 3 1.45 

Woodham Ferrers and Bickn. 1546 0 3.05 0 0 

Birch M’ing and Copford 1533 0 5.31 4 0.75 

Pyefleet 1130 0 3.85 4 1.04 

Tiptree 3918 0 10.01 8 0.80 

West Mersea 3451 1 12.87 18 1.40 

Winstree 1159 0 2.66 1 0.38 

 

Table 1. Wards in the study area with Social Class and age standardised SMRs for 1995-2001 in 26 wards near Bradwell Nuclear 
Power Station. Estuary wards are identified in bold type (*) in Column 6 means Cumulative Poisson  p<0.05, ** for p<0.01.



the head of the Blackwater with the two Burnham on Crouch 
wards are those 1991 census small areas for which the cancer 
mortality numbers were given by the Vital Statistics outputs of 
the Office for Population Census and Surveys. There were sig-
nificant boundary changes at the 2001 census when the area 
was reduced from 26 wards to 17. 

Table 2. Comparing Blackwater Estuary wards with non-Blackwater 
Estuary wards 1995-2001.

Table 3. Comparing Blackwater Estuary wards with Crouch Estuary 
wards 1995-2001.

 
Table 4. Comparing Maldon (Blackwater) wards with Burnham on 
Crouch Estuary wards 1995-2001.

 
Discussion

The effect of exposures to licensed releases from nuclear 
plants is increasingly of interest. Recently, the US Nuclear Reg-
ulatory Commission asked the National Academy of Sciences 
to perform a “state of the art” study on cancer risk in popula-
tions surrounding NRC licenses nuclear facilities to allay fears 
in these populations. As the NRC writes: 

Nuclear facilities licensed by the US Nuclear Regulatory Com-
mission (NRC) sometimes release very small amounts of radio-
activity during normal operations. NRC regulations ensure plant 
operators monitor and control these releases to meet very strict 
radiation dose limits, and plants must publicly report these re-
leases to the agency. Some communities are concerned about 
these releases’ potential impact on the health of those living near 
those nuclear facilities. [15]

The “state of the art”, is to employ various parameters or algo-
rithms of risk based on assumption about exposures involving 
radial distance. Stone in 1988 pointed out that whilst the true 
pattern of risk with distance might be unknown, causation 
required that risk in increasing areas in annular radial circles 
should diminish continuously, at least in rank [16]. Others 
have employed various functions involving diminished risk 
with distance e.g the KiKK study in Germany of childhood leu-
kemia and the Viel and Poubel study of La Hague [17]. Unfor-

tunately, none of these inverse distance models truly track the 
exposures and may give incorrect results, especially if there is 
diversity of population types. For example, many nuclear sites 
are in underpopulated areas but have a large urban population 
in a city or large town in the peripheral exposure ring, and this 
confounds any risk trend with distance since urban and rural 
populations have different baseline risks for cancer and leuke-
mia.  If the plant is sited on a river, or the sea, then any radial 
effect will be confounded since the length of the coast, estuary 
or river bank will confer high risk to those living in all the dis-
tance bands. This is clearly the case in the Bradwell situation.

Then there is a prevailing wind effect which ensures that those 
downwind are more exposed to aerial discharges than those 
upwind, so at minimum the risk ratios in the rings are substan-
tially diluted. Further, as in this instance, the major releases 
are sometimes to the sea, and the radioactivity concentrates in 
the estuarine sediment where it may be resuspended by sea-
to-land transfer and become available for inhalation. Sea to 
land transfer is a well described and understood phenomenon, 
and has been validated by measurements made in the Irish 
Sea near the Sellafield plant in Cumbria [18]. When the tide 
recedes the shallow Blackwater estuary reveals large areas of 
soft mud consisting of fine particulates which can be carried on 
the wind as dust particles, available for inhalation.  Measure-
ments made by the UK Ministry of Agriculture Fisheries and 
Food and more recently, the Environment Agency and CEFAS 
have recorded excess levels of radioactivity in sediment on the 
Blackwater since the 1970s. The concentrations are highest at 
the innermost part of the estuary because the fine sediments 
which carry the radioactivity precipitate out at the head of tide 
[19-22]. Thus in 2009, for Caesium-137, the most usual mea-
sured yardstick of contamination, concentrations were highest 
at at Maldon at the western end at 36Bq/kg , with 14Bq/kg on 
the north side of the estuary, 8.8 at West Mersea and 7.7Bq/kg 
at the Bradwell pipeline  itself [22]. Other radionuclides are re-
leased, including Plutonium, Uranium, Strontium-90, Tritium 
and Carbon14. There are elevated levels of Carbon-14 in local 
produce and in 2009 measurements showed 79Bq/kg C-14 in 
a wild rabbit. Fish and shellfish are also contaminated. 

It will be argued by the radiation protection agencies that these 
levels are very low, and confer very small “doses” as calculated 
by the current radiation risk model, that of the International 
Commission on Radiological Protection (ICRP). But that model 
also cannot predict or explain the childhood leukemia findings 
by similar orders of magnitude to those necessary to explain 
the findings of this breast cancer study, or the findings of the 
Trawsfynydd study (this Journal, this issue).  It is arguable that 
the reason for this is that the ICRP model is unsafe when ap-
plied to certain internal chronic exposures since its method-
ology is based on the concept of “dose”, a measure of average 
energy per unit mass. The predictions of the ICRP model are 
based on external acute exposures of the Japanese A-Bomb life 
span study. There are persuasive reasons to abandon this ap-
proach for internal chronic exposures to certain radionuclides, 
including those released by Bradwell [23].
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Table 2. Comparing Blackwater Estuary wards with non-Blackwater Estuary wards 1995-2001 

 deaths Population Relative Risk 

(95% Confidence Interval; p-value) 

Blackwater 73 15413 1.7 (1.22<RR<2.34; p = 0.0015) 

Non Blackwater 71 27166 

 

Table 3. Comparing Blackwater Estuary wards with Crouch Estuary wards 1995-2001 

 deaths Population Relative Risk 

(95% Confidence Interval; p-value) 

Blackwater 73 15413 2.1 (1.12<RR<3.98; p = 0.018) 

Crouch 11 4748 

 

 
Table 4. Comparing Maldon (Blackwater) wards with Burnham on Crouch Estuary wards 1995-2001 

 deaths Population Relative Risk 

(95% Confidence Interval; p-value) 

Maldon 3 wards 34 5571 2.1 (1.02<RR<4.15; p = 0.04) 

Crouch 2 wards 10 3364 

 



Anecdotal evidence should not be ignored. The high rates of 
cancer in the Blackwater are clear to the locals. Increased risk 
of cancer in the area was bought to our attention by a local res-
idents group in West Mersea, women who felt that there was 
too much breast cancer and referred to the 1999 Essex sus-
tainability report which seemed to confirm the area as having 
the highest rates in the county. The fishermen, who had most 
contact with the contaminated mud also believed they were 
seeing effects. Mr B J R Wright, Secretary of the Maldon Oyster 
Fishermans Association wrote to the local paper, the Maldon 
and Burnham Standard published April 6th 2001:

Trust the experts—what a joke. I find it more than a coincidence 
that in the last seven years four commercial fishermen who spent 
years working on the mud flats and fishing outside Bradwell 
Power Station have all had bone cancer. Three have died and I 
myself have survived owing to the brilliant staff at Broomfield 
hospital. I have also been told that commercial barge skippers 
who regularly plied our river are affected by bone cancer. 

The authorities too, though its approach was placatory: for ex-
ample a headline in the Standard for June 7th 2001 was: Council 
crackdown on breast cancer: residents urged to take up healthy 
eating and stop smoking.  

This study was originally carried out for the epidemiological 
sub-group project of the UK government Committee Examin-
ing Radiation Risk from Internal Emitters (CERRIE) [11,12] 
but was never published or incorporated in the final report as 
the epidemiological projects were cancelled by the Chair when 
the Environment Minister who set up CERRIE in 2001, the Rt 
Hon Michael Meacher, MP was dismissed and replaced by Mr 
Elliott Morley MP in 2004. 

Conclusion

Between 1995 and 2001 breast cancer mortality was signifi-
cantly higher in wards adjacent to the River Blackwater in 
Essex than wards which were inland. The Blackwater wards 
which had measured radioactive contamination from the Brad-
well nuclear power station had about twice the breast cancer 
mortality than a control group of wards on the uncontaminat-
ed river Crouch. Comparison of the Blackwater town of Mal-
don with the Crouch town of Burnham to the South showed the 
same doubling of risk. Official measurements show that there is 
radioactive contamination of intertidal sediment derived from 
historic discharges from the nuclear power station at Bradwell 
and confined to the estuary by local tidal conditions and topol-
ogy. The exposure vector may be sea-to-land transfer and inha-
lation. The results show that breast cancer may be employed 
as a measure of harm from nuclear site releases and such an 
approach has much greater statistical power than employing 
childhood leukemia rates as a measure of health effect. Radial 
dispersion assumptions for the exposed populations showed 
no effect, indicating the dangers of making unrealistic assump-
tions about exposure groups in ecological epidemiology.

The results presented here seem unequivocal. First, the Black-
water wards have significantly greater breast cancer mortality 
than the non-Blackwater wards. Second, this is a radioactivity 
effect because the comparison of the two estuaries, contami-
nated Blackwater and uncontaminated Crouch show that there 
is a doubling of risk associated with the contamination. And 
in case there might be concerns about rural and urban popu-
lations, where there could, in principle, be a differential town 
effect, there is significantly higher risk in the main Blackwater 
town of Maldon, versus the main Crouch town of Burnham.

To demonstrate the importance of the assumptions about dis-
persion, use of the concentric circle radial approach and em-
ploying 4km and 17km radii gave no effect,  RR = 1.06 (0.47, 
2.38; p = 0.89). Superficial examination of the risk map in Fig 
1 shows why this is. Thus it is clear that for an ecological study 
to succeed, it is critically important to place the exposed study 
group where the exposure really is and not employ an unreal-
istic and simplistic approach.

The excess risk of breast cancer in the areas surrounding the 
Blackwater was referred to in 1999 in the Essex sustainability 
report. That report examined a much larger area, the whole 
of Essex, but for the 14 County Districts of Essex, the County 
District around the Blackwater had the highest reported stan-
dardised mortality rates from breast cancer in the age groups 
50-69. The Maldon County District had a standardised rate 
109-148, 100 being the norm for the County of Essex [24]

We have also studied breast cancer mortality in the wards near 
the Hinkley Point nuclear site in Somerset, using the same ap-
proach as this study, and have found the same result, a dou-
bling of risk [25]. In a separate questionnaire study of the town 
of Burnham on Sea downwind of Hinkley Point we have con-
firmed the excess risk in incidence. This study was followed 
up by the official South West Cancer Intelligence Agency which 
confirmed that the excess risk for incidence was real [8] but ar-
gued that it could not be due to the nuclear plant as the doses 
were too low.  In a separate questionnaire study of downwind-
ers of the Trawsfynydd nuclear power station in Wales, pre-
sented in this journal, we found a larger effect on breast cancer 
incidence especially in younger women below 60 where the 
risk relative to the national population was almost 5-fold.

Breast cancer and nuclear site exposures were extensively 
studied in the USA by the late Dr Jay Gould who presented his 
results in a book, The Enemy Within in 1996. He presented sta-
tistical evidence based on counties containing or downwind 
of nuclear sites which argued for an association. Yet official 
public health agencies and radiation risk agencies continue to 
focus on childhood leukemia and avoid examining adult can-
cers altogether. This Bradwell study and other studies carried 
out by our group demonstrate that breast cancer analysis by 
ecological analysis in which the most likely areas of dispersion 
are used as surrogates for exposure represent a useful method 
for examining the health effects of internal radionuclide expo-
sures from nuclear sites.
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