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1. Introduction and Background
Since the discovery of the Sellafield leukemia cluster in 1983 there has been significant debate
around the question of childhood cancer clusters near nuclear sites in the UK and elsewhere
(Beral et al.,1993). In the last fifteen years, such clusters have been confirmed in the vicinity of
all three nuclear reprocessing plants, Sellafield, Dounreay and La Hague with Relative Risks in
the 0-4 age group ranging from 8 to 15. In addition, child leukemia incidence clusters have
been confirmed at the Atomic Weapons Establishment (AWE) at Aldermaston and Burghfield
in West Berkshire. In 1997 we examined childhood leukemia mortality in South Oxfordshire
and showed that there was a significant excess risk only in those County Districts which
contained nuclear sites, namely South Oxfordshire (Atomic Energy Research Establishment,
Harwell) and Newbury (AWE Aldermaston and Burghfield). Excess leukemia risk has also
been reported near nuclear power stations in the UK (Cook Mozzafari et al.) in Germany
(Hoffmann et al., 1998) and in Sweden (Andersen and Moeller, 1997).
Although the existence of these clusters is no longer disputed, the cause of the effect
has been the subject of considerable argument. Official bodies, like the Committee on Medical
Aspects of Radiation in the Environment (COMARE), set up at the time of the enquiry into
the Sellafield child leukemia cluster, continue to argue that the doses likely to be received by
the children are too small, on the basis of the risk models presently used to underpin legal
restraints on radiation exposure. On the other hand, an increasingly large body of opinion
holds that the risk models used by COMARE and others, which are based on the cancer yield
in survivors of the Hiroshima bomb, cannot safely be used to predict or explain cancers caused
by chronic internal irradiation from ingested or incorporated radionuclides like Strontium-90,
Plutonium-239, Caesium-137 and so forth. These and other man-made radioactive isotopes
have not existed on earth prior to 1945 and the combination of their ability to substitute for
biologically important elements and then irradiate local tissue in novel ways makes them a
potentially serious mutagenic hazard whose magnitude is not informed by studies of external
acute exposure, like the Hiroshima study. (Nussbaum and Koehnlein 1994, Busby 1995, 1998,
2000).
All the nuclear sites where childhood leukemia and cancer clusters have been
discovered have in common that they routinely discharge significant quantities of these manmade radioisotopes to the air, river or sea under licenses provided by the government. These
licenses assume that the levels of exposure are too low to be of radiological significance. The
existence of the leukemia and cancer clusters suggests otherwise.
In 1988, Somerset Health Authority conducted a study of leukemia in parishes inside a
radius of 15km from Hinkley Point, using data provided by the local large hospital, Musgrove
Park (Bowie and Ewings, 1989). The study looked at data from 1959-1986 and concluded
that following the commissioning and operation of the Hinkley ‘A’ station in 1964 there was a
significant increase in the rates of leukemia and non-Hodgkin lymphoma among under 25 yearolds living inside a 12.5km radius of Hinkley Point. A statistically significant Relative Risk of
2 to 2.5 times the National average was driven by cases in the 5-year period following the
operation of the plant. This seemed to support the conclusion that, like Sellafield and
Dounreay, it was the latter that was somehow causing it. Thus, prior to this present study,
there is evidence to suggest that the operation of Hinkley Point may have caused increases in
leukemia in its vicinity.
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It is now universally believed that ionizing radiation causes leukemia and also cancer
through its properties as a general mutagen: it causes mutations in cellular genes. Although
leukemia has been the outcome most associated with exposure, all other cancers are caused by
ionizing radiation (BEIR V), and indeed, the Seascale child leukemia excess was also
accompanied by a more modest, though significant, cancer excess. Between 1998 and 2000,
our group has studied both leukemia and cancer incidence in small areas of Wales using data
provided by Wales Cancer Registry for the period of peak discharge from Sellafield, 19741989. This work was funded by the government of the Irish Republic and addressed the
question of the possible effects on cancer risk produced by discharges of man-made
radioactive isotopes to the Irish Sea by BNFL, Sellafield. What we were able to show was that
there was a profound, and statistically significant excess risk of leukemia and most other
cancer types in both adults and children living in areas whose population centroids averaged
less that 800m from the Irish sea. The overall risk was driven by cases in those seaside towns
on the north Wales coast located near large areas of intertidal sediment and mud which were
known to contain radioactive material from Sellafield. Examples were Bangor, Llandudno,
Conwy, Prestatyn, Colwyn Bay, Rhyl and Abergele. The effect also occurred near the mudflats
of the Dee estuary in town of Flint and Holywell. Owing to tidal energy conditions there, the
coast has accumulated radioactive mud and silt contaminated by discharges from Sellafield.
Prior to this study, in May 1996, we had attempted to examine cancer risk in small
areas around Hinkley Point and we approached Dr Pheby of the Bristol Cancer Registry for
data. The letter was referred to Dr Jenifer Smith, the director of a new, Cancer Intelligence
Unit based in Winchester. Dr Smith refused to release the small area data on the basis that it
was confidential. This was the first in a series of refusals to release data for small areas near
nuclear sites. Since our acquisition of the Wales Cancer Registry data in 1995, and 1996, we
have applied for and have been refused small area incidence data by all of the regional cancer
registries we have written to including the Oxford Cancer Intelligence Unit (Harwell,
Aldermaston) and South and West (Hinkley, Channel Islands) and the new Wales Cancer
Intelligence and Surveillance Unit which had replaced the old Wales Cancer Registry from
whom we obtained our original figures.
Further independent examination of areas near nuclear sites remained impossible until
the recent release by the new Office for National Statistics, in late 1999, of census ward level
mortality data for selected causes of death for the four-year period 1995-1998. We purchased
this data from ONS in November 1999 and began looking at cancer risk in adults in wards
around Harwell in Oxfordshire and Aldermaston in Berkshire. These results will be published
in due course.
In February we were asked to examine cancer risk near Hinkley Point. This first
results, published in April 2000, (Busby, Dorfman and Rowe, 2000) examined relative
mortality risk from female breast cancer ICD9: 174 in wards in Somerset distant up to 25km
and more from Hinkley Point.
Our prior hypothesis was that cancer risk is highest in wards which are proximal to
large drying offshore mudbanks that have become repositories for man-made radioactive
isotopes released from Hinkley Point and accumulated over the period of its operation. We
also expect a priori that the trend with distance will be highest in the coastal wards with large
population density but will fall steeply over the first 5km and thereafter flatten out. We further
expect that wards in low-lying areas with high density of river valleys will show a higher
relative risk than areas of higher ground. In addition, in Somerset, tidal silt can penetrate very
far inland owing to the very low-lying nature of the ‘levels’. For example, the main drainage of
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the area is by the river Parrett which is tidal as far as Langport, some 50 miles inland. Thus we
should expect radioactive silt from the sea to penetrate as far as this and be precipitated on
every tide on the banks and flood plain of this river. This would, on our prior hypothesis,
result in elevated risk of cancer in those wards which are adjacent to the river Parrett and
other similar tidal rivers in the area.
These prior expectations are based on the epidemiological findings in north Wales and
other considerations which include mechanistic arguments from radiation biology and
dosimetry.
Our first analysis of the Hinkley Point area was for breast cancer mortality. Results
supported the hypotheses: analysis showed that there was a statistically significant excess risk
of dying of breast cancer in the aggregate wards within 5km of the centre of the offshore mud
banks near Hinkley Point (RR=1.43; p=0.02). The risk fell off with increasing distance from a
point source taken to be the centre of the mud bank with Relative Risks of 1.43, 1.33, 1.24,
1.16 and 1.13 in wards contained within 5, 10,15,10 and 25km rings around the point source.
The overall risk in the study area was 1.09 (relative to England and Wales rates for the same
period). The most significant high risk ward was Burnham North with 8.7 deaths expected, 17
observed (RR=1.95; p=0.02). (Busby et al.,2000a)
We followed this by analysing risk of dying of prostate cancer (Busby et al. 2000b)
This also supported the hypothesis. As with the breast cancer, prostate cancer mortality
showed a significant trend with distance, falling from 1.4 in the 5km ring around the centre of
the offshore mud banks to 1.02 in the 25-30km ring (Chi square for trend 3.47, p = .05).
Again, the downwinders at Burnham on Sea suffered a significantly raised cancer mortality
risk: for prostate cancer mortality in the two wards, Burnham North and Burnham South
combined, the Relative Risk was 1.5 with p = 0.05 (14 expected, 21 observed)
As with breast cancer, higher risk for prostate cancer followed the rivers and low land,
in agreement with our hypothesis. In addition, we were able to establish that measured gamma
background radiation levels were significantly higher on the beaches and coastal mud-banks
than the Somerset average. Official figures show that the background radiation level on
Burnham beach was 60nGy/hr compared with the average Somerset level of 34nGy/hr with no
reported inland measurement in excess of 40nGy/hr. The source of the higher gamma
background was clearly the mud bank since the figure for the mud near the Hinkley point
outfall was 110nGy/hr and at Combwich beach, closer to the nuclear site 78nGy/hr.
In addition to the discharge to sea to person route hypothesised above there is , in the
case of Hinkley, the direct exposure route in those populations living immediately downwind
of the aerial discharge stacks. Thus we would predict a priori that the inhabitants of Burnham
on Sea would be at risk following exposure to aerial emissions of Tritium, Carbon-14, noble
reactor gases etc. In general, the releases from Hinkley Point would be expected to result in
increased levels of radioisotopic contamination in the river valleys also, since the rivers in the
area are tidal for a considerable fraction of their length. In addition, any aerial discharges
would result in deposition in the basin defined by the Mendip and Quantock Hills and
deposited radioactive material will be washed back into the rivers by rain. Thus we would
expect a higher risk of cancer in the low-land areas near the rivers, an expectation which was
supported by the earlier results for breast and prostate cancer.
In this final report and summary we give results of our analysis for the other cancer
sites for which data was released by ONS, namely, ‘all malignancies’, lung and stomach
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cancer. We also discuss the various problems which such an analysis poses and attempt to
address some of the arguments which have arisen in the course of this study.
2.
Cancer and Ionizing Radiation
When the cancer rate in developed countries began to rise in the late 1970s, there were
attempts to argue it away as an artifact (e.g Doll and Peto, 1981). However, no-one would
now deny that there there is a cancer epidemic which is not merely a consequence of an aging
population. Cancer is increasing in all age-groups. Despite the large amounts of money that
are being poured into research into the disease, very little effort is addressed to the cause of
the epidemic.
Cancer is a genetic disease expressed at the cellular level. It is almost wholly
environmental in origin, being caused initially by a genetic mutation in a single cell. Since the
time lag between initial mutation and final clinical expression of the disease is about 15 to 20
years and since the disease began to increase in the UK in the period 1975-1985, we are
looking for a mutagen or carcinogen which entered the environment in the period 1955-1965.
Although there were changes in a number of environmental stresses in this period, there is
another clue to the identity of this carcinogen. The incidence of cancer is significantly higher in
Wales than in England. Wales is the wettest part of the United Kingdom and therefore the part
most contaminated by the weapons fallout, which fell with the rain. These two pieces of
evidence strongly suggest that the main cause of the cancer increase, and indeed the general
cancer epidemic, is exposure to ionizing radiation from global weapons-testing fallout. This
mixture of novel man-made radioisotopes fell to earth in the period 1955-1965. The measured
concentrations of the main radioactive pollutants, Strontium-90 and Caesium-137 were two to
three times higher in Wales that in England. The fallout peaked in 1963 and began to fall
following the Atmospheric Test Ban Treaty signed in that year.
The models which are presently used by the risk agencies like the International
Commission on Radiological Protection (ICRP) accept that ionizing radiation is a cause of the
disease. Increased rates are seen in the Hiroshima survivors cohort. However, these models
assume that exposure to doses at the levels provided by the weapons fallout exposures cannot
produce the increases in cancer seen. This is an area of dispute.
The difference between the ICRP view and that which holds that exposure risks of
internal man-made radioisotopes represents a significant cancer hazard essentially arises due to
different methods of estimating exposure dose. The averaging methods employed by the early
physics-based models which underpin the ICRP risk factors are only applicable to external
irradiation, where each cell in the irradiated tissue gets equal chance of being ‘hit’. For
ingested radioisotopes, particularly those which are in the form of aggregate particles or
sequentially decaying isotopes, cells which are close to the atom or particle will get many
sequential ‘hits’ in a short time. A theory has been developed to examine the excess hazard
from such processes, the Second Event Theory (Busby 1995, 1998, 2000, Edwards and Cox,
2000). It predicts very large excess risk from certain man-made radioisotopes, notably
Strontium-90. It also predicts anomalously high cancer risks from inhalation of micron-sized
aggregate particles of alpha-emitters like Plutonium-239 and Americium-241. Because large
amounts of such man-made radioisotopes have been released from nuclear reprocessing plants
and nuclear power stations since the 1960s, it is believed likely that these sites will be point
sources for cancer clusters. Discharge of these substances to the sea results in their becoming
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attached to fine silt particles. The particles are preferentially precipitated in low tidal energy
conditions in estuaries or on coastal intertidal banks (Assinder 1994, Baxter, 1989 ). These
banks become repositories of radioactive particles which are re-suspended by wave action and
blown ashore. (Eakins, 1987). The particles have their highest concentration in the 0-1km
coastal region. The concentration trend for Plutonium with distance from the coast in Cumbria
is shown in Fig 10 (Eakins and Lally, 1984) but the trend generally follows the penetration of
sea salt inland and in Somerset the trend would be expected to be of the same type, although
the concentrations would be lower. Once suspended and blown ashore, the radioactive
particulate material is inhaled and transferred through the lung to the lymphatic system where
it may become transferred to any organ. Measurements made on autopsy specimens from all
parts of England and Wales showed that Plutonium concentrations were highest in the
tracheobronchial lymph nodes. (Popplewell 1985). The mechanism we proposed for the cancer
increases we found in north Wales near the Irish Sea was that radiation doses from these
particles both harmed the immune system and by relocation harmed local cells in organs to
which they had been relocated by lymphatic circulation.
Indications that breast cancer and prostate cancer risk followed exposure to man-made
radioactivity were reviewed in the two earlier reports in this series. Much of the evidence for a
general link, and for the belief that exposure to man-made internal radionuclides carries
anomalously high risk is found in Busby 1995 and 2000a. Early evidence related to the
increases in cancer rates in Wales. In 1994, Busby pointed out that the study of Rooney et al.
(1993) of elevated risk of prostate cancer in nuclear workers who had been monitored for
internal contamination also suggested a cause for the sharply increasing prostate and other
cancer rates in Wales which had begun in 1978. Wales was known to have suffered between
twice to three times the English levels of contamination by global weapons testing fallout in
the period 1959-63 owing to its higher rainfall. The components of the fallout, e.g. Strontium90, Caesium-137, Plutonium-239, Tritium etc were all implicated in causing prostate cancer in
the nuclear workers and were probably also therefore responsible for the increased prostate
cancer in Wales, and probably other cancers also. In order for this to be the case, risk factors
for such internal exposure would have to be about 500 times higher, dose-for-dose than those
which were being used. This calculation was supported also by the nuclear industry (Atkinson
et al, 1994).
Besides the foundation for our concerns over internal man-made radionuclides which
led to the sea-coast hypothesis to explain the findings in the Wales small-area study, a link
between leukemia and radioactive particles is further supported by a study carried out in 1990
by workers from the Leukemia Research Fund (Alexander et al, 1990). These workers studied
leukemia risk in estuaries in England and Wales and established that there was a modest but
statistically significant excess risk of leukemia in children living in wards which were adjacent
to estuaries.
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3
Method
1991 Census Population data by sex and 5-year age group was purchased from ONS
for 103 census wards in Somerset. The area studied extended from Porlock and Exmoor in the
West along the coast to Berrow, just south of Weston-super-Mare, and extended to
Blackdown in the south-east and Wells in the north-east. We chose to exclude the large town
of Weston-Super-Mare and its immediate environs since its large population would have
swamped any of the distance effects we were examining. Using these ward populations, the
number of deaths that should be expected from the five different cancer sites which were
released were calculated for each ward using the England and Wales national aggregated data
published annually by ONS for the period 1995-1998. The observed numbers of cases in each
ward over the four years 1995-1998 were then divided by the appropriate expected number of
cases to give the value of Relative Risk for the ward. In addition, we obtained details of Social
Class of households in each ward in order to adjust for this parameter when accounting for
variations in risk. The relative risk of cancer mortality by site in each social class was
determined by OPCS in 1981 for the years 1970-72. The population weighted mean social
class cancer mortality fraction in each ward was calculated for each of the different cancer
sites and these values were used as a multiplier of risk to establish social class standardised
expectation in each ward. With prostate cancer and breast cancer, the variation in risk
associated with social class was less than 3 percent and so the unadjusted results were
reported. In the cases of ‘all malignancies’ and ‘lung cancer’ the adjustment was necessary
since the variation in socioeconomic based risk was significant, and so for these cancers it is
adjusted risk which is reported.
For our main distance analysis we took as our point source the centroid of the offshore
mud banks formed by coastal and tidal conditions at the mouth of the River Parrett. The
Ordnance Survey Grid reference of this point is ST260480 (this is a more accurate reference
for the position than that given in the earlier report on breast cancer mortality). It is these
mud banks that we believe to be the main source of radiation exposure, through sea-to-land
transfer of radioactive particles, However, we have also analysed the data using a point source
1.5km east of the Hinkey Point outfall pipe, (ST240460) a location used by MAFF for taking
samples of mud for analysis. For each point used as centre we constructed concentric rings at
5km radii up to 25km. Wards which were cut by these rings we partitioned according to the
fractions of their area which appeared to be in each 5-km annulus. For example, if 30 percent
of the area of a ward is in the 0-5km ring and the remaining 70 percent is in the 5-10km
annulus we add 30 percent of the observed and expected numbers for this ward to the
aggregate expected and observed numbers in the 5-km ring and the remaining 70 percent to
the aggregate numbers in the 5-10 annulus. This assumes a uniform density of population.
Statistical significance of Relative Risk was calculated using Poisson Cumulative
Probability for less than 50 cases observed and the Chi-squared statistic if the numbers were
higher than 50. Statistical significance of the trend with distance from the source was
examined by calculating the Chi squared statistic for linear trend in proportions developed by
Mantel and described in Schlesselman, 1982. We believe that this is a more accurate method
for examining the significance of risk trends that the various regression methods which are
now routinely advocated (Elliott et al. 1992). This is because least squares regression only
measures goodness of fit to a proposed line and does not utilise the size of the sample as a
contribution to the measure of the statistical significance.
4
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Results
Relative Risk of cancer mortality in wards in Somerset near Hinkley Point is mapped as
follows:
Fig.1 (p10)
Breast Cancer (for reference)
Fig.2 (p10)
Prostate Cancer (for reference)
Fig.3 (p11)
All malignancy
Fig.4 (p11)
Lung Cancer
The values in individual wards are given in:
Appendix A
All malignancy
Appendix B
Lung Cancer
Appendix C
Stomach Cancer
The Relative Risk in aggregated populations of increasingly large concentric rings
centered at 5km intervals on the point source at the centre of the offshore mud bank (see
map) is given:
Table 1 (p15)
Lung Cancer
Table 2 (p15)
All malignancy
Table 3 (p15)
Stomach Cancer
Fig 5 (p14) shows the values of Relative Risk for all the cancer sites in each annular 5km ring
together with the polynomial best fit to the five sets of data. Table 4 compares Relative Risk in
the low land areas near the rivers with that in the higher land for the five sets of data. Table 5
(p16) shows the significance values for the trend lines of risk with distance for all the cancer
sites studied. Fig 6 (p12) shows the flood and drainage areas of the rivers and Fig 7 (p12)
compares this with the prostate cancer risk map as an overlay. Fig 8 (p13) shows the nearest
available wind rose, for Bristol, and Fig 9 (p13) shows the average gamma back- ground
radiation levels for the area. Fig 10 (p16) shows the inland penetration of plutonium-239 in
Cumbria. Table 6 (p17) compares the average gamma radiation background level in Somerset
with values taken over the mudflats and on Burnham beach and Table 7 (p19) compared the
radioisotope level in the mud near Hinkley point with those in north Wales.
Summary results: breast and prostate cancer
Results for the mortality from breast and prostate cancer have been reported already. They
may be summarised as showing significantly elevated risk within 5km of the hypothesised
point source on the mud flats. In addition, for both breast and prostate cancer the risk was
highest in the town of Burnham on Sea. These risks were statistically significant (Poisson)
below the 0.03 level. Distance trend for risk for both causes of death fell off from the point
source. Using the extended Mantel Chi-square procedure, the trend lines were statistically
significant for prostate cancer but not significant at the 0.05 level for breast cancer.
Results: all malignancies
For ‘all cancers’ risks were corrected for social class. As with breast and prostate,
Relative Risk was again highest in the 0-5km area and in Burnham on Sea the Relative Risk
was 1.16 with 228 deaths observed and 197 expected (2 = 4.9; p<0.05). The overall Relative
Risk in the study area was 1.02 with 3600 deaths observed and 3532 expected. Because of the
relatively large numbers involved, the trend line with distance from the point source of risk
was significant with 2 = 5.7; p=0.01. (Table 5). A best power fit to the line is shown in Fig 5.
In general, the map of risk for all malignancies (Fig. 3) shows that the risk is mainly downwind
of the Hinkley Point site (or the mudflats) but also follows the valley of the River Parrett and
other more northerly low ground. Again, as with the breast and prostate cancer, it is the low
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land that confers the higher risk: however the Odds Ratio of 1.09 was not quite significant at
the 0.05 level. Table 4 gives the details.
Results: lung cancer
Lung cancer mortality was also adjusted for social class. The overall age adjusted rate
in the study area was generally below the national average with 655 deaths observed and 763
expected RR = 0.86. The Relative Risk for Burnham on Sea was 1.15 with 47 observed and
41 expected. This is 34% above the average for the study area and is in line with the breast
and prostate findings since the fall off in risk with distance from the hypothesised point source
was similar (see Fig 5) and statistically significant ( Table5). As Table 4 shows, lung cancer
was significantly split between the low risk high ground and the high risk low ground. The risk
map makes clear that this effect was due to an extraordinary clustering of risk near the rivers
and the low ground near the estuary and mud flats.

Results: Stomach cancer
Stomach cancer mortality numbers were the lowest and therefore the distribution on the map
was fairly scattered. Nevertheless, the results suggest that the relation between distance from
the point source of risk and Relative Risk is not followed in the case of stomach cancer
mortality. Stomach cancer deaths have been falling appreciably in the last ten years owing to
the development of the H2 antihistamine anti-acid drugs; this coupled with the small numbers
makes the analysis of stomach cancer rates difficult to assess. In Wales, the stomach cancer
risks did appear to cluster near the north coast but with less of a clear gradient.
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Cancer site
and land
type
All
malignancy
High land
Low land
Both
Low/High
Breast
Cancer
High land
Low land
Both
Low/High
Prostate
cancer
High land
Low land
Both
Low/High
Lung Cancer
High Land
Low Land
Both
Low/High
Stomach
cancer
High land
Low land
Both
Low/High

Observed
deaths

Expected
Deaths

Risk Ratio

Chisquare

p-value

716
2884
3600

751
2780
3532

0.95
1.04
1.019
1.09

1.6
3.9
1.3
4.16

0.042

0.71
1.17
1.09
1.64

4.6
7.2
2.33
8.72

0.003

0.96
1.26
1.19
1.31

0.07
12.1
8.6
3.02

0.08

0.65
0.91
0.86
1.40

19.3
4.5
15.2
9.99

0.0016

0.87
0.95
0.93
1.09

0.57
0.32
0.72
0.18

0.67

40
299
339

51
229
280

106
549
655

31
124
155

56
256
312

53
182
235

162
601
763

35.5
130.5
166

Table 4. Numbers and risks associated with living in wards above or below the 200m contour
in the study region around Hinkley Point. The values in the rows labelled Low/High represent
the Odds Ratio for cancer mortality between the low and high ground groups.
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5
Discussion
The hypothesis that risk is highest inside the 5km ring and falls off significantly with distance is
supported by all of the results with the exception of those for stomach cancer. The proximal
effect is driven by high Relative Risk in Burnham on Sea. For breast cancer the highest risk
was in Burnham North but for prostate, all malignancy and lung cancer excess is found in both
wards. In addition, the risk maps appear to show a distinct annular region of higher risk to the
east of the offshore mud banks but also following the low-lying land and the river which drain
it. Shifting the origin of the circles of risk to Hinkley Point itself markedly reduced the Relative
Risk in the 0-5km circle but merely moved the highest risk to the 10km circle, falling
thereafter in the same pattern. This procedure produced a pattern of risk similar to that found
by Bowie and Ewings for leukemia in 1989. In addition to the above, examination of the trend
with distance in consecutive annular rings shows (Fig 5) a pattern which supports the
exponential fall off of concentration shown in the levels of plutonium in air shown in Fig. 10.
The coastal hypothesis was based on theoretical considerations of our findings on the
north Wales coast. The towns of Bangor and Conwy are both on estuaries (if we consider the
Menai Strait to be an estuary), close to an extensive mud bank, the Lavan Sands, which
contains considerable quantities of radioactive silt. In our unpublished study for the Irish
government we found that in the six years 1984-89, relative risk of incidence of cancer in all
ages was higher in the coastal towns relative to a control group of inland towns. In Wales,
concentration of Caesium-137 in the intertidal sediment varied with where the sample was
taken but close to the respective towns values were about 300Bq/kg dry in 1989. (Garland et
al. 1989). This level of Caesium-137 was associated with plutonium-239+240 levels of about
60Bq/kg . The origin of this material was mainly Sellafield but, in the river, material from
Chernobyl contributed about half the radioactivity. (Assinder et al, 1994). These two towns
are on the north coast and are sheltered from all winds west of north, and so sea to land
transfer of radioactivity from the silt (which has been measured) is less than it might be were
the towns facing the prevailing weather. The drying area of the offshore banks near Conwy
and Bangor is about 50km2.
The offshore drying banks near Hinkley Point are roughly the same size forming a
triangular area of 58km2 stretching from the power station in the south to Brean Down in the
north. The main population centre close to the banks is the town of Burnham on Sea but
unlike the towns of Bangor and Conwy, Burnham faces the prevailing wind and is directly
downwind of the power station. The banks themselves seem to have lower levels of man-made
radioactivity in them. MAFF has measured levels of Caesium-137 in the sediment a kilometre
east and west of the outfall pipe from the station. Representative values are given in Table 6
below. In Table 7 is given the measured levels of gamma background taken by NRPB surveys
and Nuclear Electric in the early 1990s. (A map of gamma levels in south west England is
shown in Fig 9.) The measurements given in Table 6 and 7 show that there are components of
the mud and shoreline sediment which increase the background significantly over the values
obtained inland. These components include radioactive isotopes from Hinkley Point, weapons
fallout and some natural radioactivity. Note the higher value of background gamma radiation
for Burnham on Sea.
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A

Year

Cs-137 Hinkley
mud. (Bq/kg)
375
250
42
16
44
35

1970
1975
1980
1985
1990
1995
a

Cs-137 Cemlyn Bay Pu-239 Cemlyn Bay
mud (Bq/kg)
Mud (Bq/kg)
207
Not listed
1150
Not listed
1000
56
700
58
320
48
180
23

corrected for measurements made on wet mud

Table 6. Radioactive contamination of the mud sampled near Hinkley Point compared
with North Wales(Source: MAFF)
Location
Hinkley point outfall beach dose
East of outfall, beach dose
West of outfall, beach dose
Burnham on Sea, beach dose
Combwich, beach dose
Average NRPB dose Somerset

Gamma dose rate at height of 1m (nGy/hr)
98
68
111
60
78
34

Table 7. Gamma background levels near Hinkley point compared with average levels
for Somerset. (Source : Nuclear Electric Annual Report 1994, NRPB, 1989)
It is clear that levels on the Somerset offshore banks are between a quarter and a tenth
of those in north Wales, where the effects of Sellafield are predominant. Nevertheless, this
lower level of radioactive contamination is more than compensated by the openness of the
coast and hinterland to the prevailing wind. The wind rose for Bristol is given in Fig. 8. The
sea is always brown in colour during onshore winds, and seaspray, carrying its radioactive
burden, will penetrate far inland. It will be deposited inside the hollow area defined by the
Quantock and Mendip Hills and be washed on to the Somerset Levels, where its drainage
through the rivers and dykes back to the sea will result in transfer back to the depot of the
offshore banks. This cyclical process will retain the radioactive particles in the area and
increase the chance of inhalation and ingestion. Examination of the topological and river
schematic shown in Figure 6 and 7 reveals that those areas to the east of the rivers are the
areas that carry the highest risk. Comparison of two groups of wards categories by whether
they are above or below the 200m contour shows ( Table 4) that the aggregate of wards on
the low ground carries significantly elevated risk relative to the high-ground wards. This is
particularly clear in the case of lung cancer mortality where the risk is more related to this fact
than to the effect of social class. This begs the question of the quantitative contribution of
cigarette smoking to lung cancer risk in this area.
The results of this examination of cancer mortality risk demonstrate that proximity to
the offshore drying banks close to Hinkley Point power station may be seen to be the main
source of risk. It is not being maintained that discharges from the nuclear power station are the
only source of radioactivity in the mud. There will be a proportion of material from weapons
fallout and also from man-made isotopes in the Uranium and Thorium series. The relative
12

cancer hazard from specific internal isotopes has not been established, and no attempt will be
made in this report to review the evidence that man-made isotopes are more hazardous that
natural isotopes (see e.g. Busby, 1995).

6
Conclusions
This final report of the results of a study of mortality in wards near Hinkley Point between
1995 and 1998 reveals a pattern of risk for all malignancy, and lung cancer that is similar to
that found for breast and prostate cancer mortality. The results for stomach cancer mortality
did not follow the general trend, though this may be due to small numbers of deaths. For the
other cancers studied, the trends also resemble the risk of leukemia in young people living in
the same area in 1989 (Bowie and Ewings, 1989). Results also support earlier findings in of
our group in Welsh data of an association of elevated cancer risk with proximity to offshore,
drying mud-banks containing radioactive contamination originating with discharges from
nuclear plant and other sources. In the Somerset study area Relative Risk was highest in the
ward adjacent to the mud-banks and downwind from Hinkley point, namely Burnham on Sea.
For both all malignancy and for lung cancer, the mean trend with distance from the flats in five
consecutive rings showed a similar exponential decay pattern to that shown by the penetration
of radioactivity inland following sea-to-land transfer via seaspray. In the whole of the study
area, risk higher risk was associated with living on low lying land near rivers compared with
higher land above 200m. None of the results could be explained by socioeconomic variables.
It is concluded that the most likely explanation for the finding is that the cancer risk
follows exposure to inhaled radioactive particles, originating mainly from the nuclear site,
resuspended by wave action and driven ashore by the prevailing wind. In the case of the most
local downwind wards, there may also be a contribution from exposure to aerial discharges
from the power station. In addition, there will be a component from weapons fallout.
This study is an ecological study and can only show association, not causality.
Although we believe that the results support the hypothesis that the radioactive discharges
from Hinkley Point may have contributed to the risk of cancer, it is possible that some other
explanation which we are unaware of may be found for the results we report. Further work is
in progress to investigate the hypothesis .
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7
Recommendations
This research was made possible by the recent release of small area cancer mortality data by
the Office of National Statistics (ONS). Before this it was impossible to obtain cancer data for
small areas either from ONS or from the Regional Cancer Registries. The argument given by
these registries continues to be that the data are confidential, because their release might make
those who provided them feel that they were bing in some way identified. We do not accept
this argument and have found that those who suffer cancer, and their friends and family, are
most interested any information that might throw light on the cause of their condition. We
believe that the true origin of the secrecy over small area health data is political. In a world
that is increasingly filling up with toxic chemicals and radioactive isotopes released from point
sources, and one in which the illness rates are increasing, particularly from cancer, the only
sensible course is to allow access to incidence data so that risk can be mapped and causes
examined.
Accordingly, we recommend the release of small area cancer incidence and mortality
data for all years since 1974.
Second, since the results of the present study support many other studies which show
that the cancer hazards of internal man-made radioactivity are hundreds of times higher that
the presently accepted risk models, it is recommended that no further release to the
environment of such materials is permitted, pending research which must show these
substances to be harmless.
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Summary
This study of cancer mortality concludes the short series which uses national data to examine
the relative risk of dying of cancer in 103 wards within 30km of Hinkley Point nuclear power
station between 1995 and 1998. The first study, which reported the results of an analysis of
breast cancer mortality was published in April 2000. The second, reporting prostate cancer
was published in May 2000. Both were extensively reported in the media.
It is argued that the main source of radioactive exposure of populations living in the
area is radioactive material discharged from the nuclear power station and trapped in the
intertidal sediment which forms the extensive offshore mud banks which characterise the coast
from Hinkley Point to Brean Down. These banks, which extend to over 50 square kilometres
in area have become a depot for materials discharged from the power station since it was
commissioned. It is argued that particles of intertidal sediment containing man-made
radioisotopes are re-suspended by wave action and transferred to land where they are inhaled
by those living close to the sea. This leads to increases in cancer in such populations. The
hypothesis being tested is that the centre of the offshore mud banks is a point source of risk.
The mechanism underlying the hypothesis follows recent analysis of cancer incidence data for
coastal and inland populations in Wales, which showed that the population of certain towns in
north Wales close to offshore mud banks had elevated risk of cancer including breast and to a
weaker extent prostate cancer.
Results of the present study support the hypothesis and show that there was a
statistically significant excess risk of dying of all malignancy and of lung cancer (though not of
stomach cancer) in the aggregate wards within 5km of the centre of the offshore mud banks
near Hinkley Point. The effect was less pronounced than in the case of breast and prostate
cancer but like those cancers, risk falls off with increasing distance from this point source.
As in the case of breast and prostate cancer mortality, the wards in the closest town to
the mud banks and downwind of the nuclear power station, Burnham on Sea had high risk also
for all malignancy and lung cancer mortality. The trend with distance from the centre of the
mud banks in consecutive 5km annular rings was similar to published trend data for inland
penetration of plutonium and seaspray.
The inland penetration of airborne man-made radioactive particulates is discussed and
it is suggested that apart from increasing risk in coastal towns near intertidal mud or silt
deposits, this effect might also result in increased risk in low-lying areas and river valleys.
Comparison of the populations living in wards below the 200m contour with those above gave
significant excess risk in the low land group. This effect was highly significant in the case of
lung cancer risk where the high risk clustered close to the river valleys.
These results for all cancers, breast, lung and prostate cancer prostate cancer identify a
similar high risk area to that reported by Bowie and Ewings in a 1989 Somerset Health
Authority study of leukemia in young people living in near Hinkley Point.
The present study was made possible by the release, for the first time, of limited ward
level data on mortality by cause of death. It is recommended that such data is released to
wards level for earlier years and also that cancer incidence data for small areas be made
available so that further and more powerful statistical methods can be used to examine the
effects of point source pollution from nuclear sites.
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