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Introduction  

 
I have argued elsewhere, in my book Wings of Death (1995) that cancer is a genetic disease 
and people developed cancer because they had been exposed to some environmental agent or 
carcinogen that caused the cancer. And there is no doubt that it has increased remarkably in 
the last 30 years. I calculate that in the UK the age standardised rates have increased for all 
cancers overall by more than 30%. We cannot walk down any high street in the country now 
without noticing the huge expansion in the numbers of cancer charity shops. To use my friend 
Molly's black joke, this is a new growth industry. Everywhere people are sporting ribbons, 
usually flowers: pink, white, and yellow. In Wales, where I live, St David's Day (the patron 
saint) has become transmuted into Marie Curie Cancer Care Day, an irony in the context of 
the real cause of cancer, since Marie Curie's discoveries are largely behind the increases. Here 
everyone sports artificial daffodils to display both their Welshness and the evidence of their 
decision to defeat cancer, a curious marriage of beliefs. This is because now few remain 
untouched by the disease. Aunts, husbands, mothers, children, pet dogs, canaries, all have 
been kissed by death and carried off. Everywhere these tragedies are the reality behind the 
pink balloons and shrill requests for money and yet more money to defeat the new plague. 
There has been some mistake about the Age of Aquarius, the water carrier: this is the age of 
The Crab. 
 The massive increase in the incidence of the disease in the last thirty years has been 
ascribed by the establishment of epidemiologists working for the cancer research foundations 
and the government epidemiologists -desperately trying to reassure- to increasing life span. I 
have such an epidemiologist as Chairman of my Ministry of Defence Depleted Uranium 
committee. Dr David Coggon took over as head of the Medical Research Council 
Epidemiology Unit in Southampton University where the previous Director was Martin 
Gardner, the man who confirmed the Sellafield leukaemia cluster. Gardner died at the age of 
50, of cancer, oddly and conveniently before the Seallafield Court Case came to trial. The trial 
failed because the chief witness for the prosecution was dead. Coggon, his successor, closed 
down the research into Sellafield. In 1994 Coggon and a colleague, Hazel Inskip, wrote a 
paper in the British Medical Journal denying the cancer epidemic, displaying graphs with a 
logarithmic axis so that increases in the disease are straightened out.  
 The philosopher Mary Midgley has remarked that Science is the new religion. This is 
especially true in the area of belief and truth with regard to evidence that the human race is 
slowly being polished off by toxins which it produces itself in order to get rich.  This is the 
hole we have dug for ourselves and we are now falling into it. As we do so, these people, the 
epidemiologists, show us figures that prove that nothing is wrong. Suddenly your friend 
disappears. A neighbour's daughter vanishes. Look! There's a child with no hair. Never mind: 
this is all anecdotal evidence. It can be ignored. The numbers show that there is no problem. It 
is a random cluster. No one need weep.  
 It was the beginning of the 20th century when numbers and their analysis began to 
replace religion as the ultimate revelation of truth. The Victorians had been increasingly 
realising that their 'givens', their world structures of certainty, based on a combination of God 
and the Empire, the rich man in his castle and the poor man at his gate had no substance in 
rational analysis. Empirical measurement had done for belief. Everyone was descended from 
apes, even the heroes and queens. It was worse. Our actions were not even decided by us, but 
by the strange (and embarrassing) invisible antics of our subconscious. Remember Matthew 
Arnold's complaints in Dover Beach? 

The sea of faith 
Was once too, at the full, and round earth's shore 
Lay like the folds of a bright girdle furled 
But now I only hear 
It's melancholy, long withdrawing roar 

 
  What was left? 
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    Confused alarm of struggle and flight, 
    where  ignorant armies clash by night? 
 
 Well actually no, all was not lost and not everyone's army was ignorant. Numbers 
could be used to fortify the establishment. Hurrah! Even if the poor could now justifiably 
argue that everyone was equal, the rich still had mathematics. They could continue to say, Ho 
Varlet! The data shows this and that objectively! We are objectively better than you: that is 
why we are rich! That is why we own the castles and you remain at your gate. It is because 
you can't do statistics. You don’t understand economics, the technique which objectively 
places us at the top and you at the bottom. The philosophical movement associated with this 
latest development in the science of keeping the mob in its place was that of the Vienna 
School: logical positivism. If it couldn’t be tested it was meaningless. If it could be tested 
(mathematically, statistically) it must be true. If everything was up for grabs, and everything 
was relative, then all that was left was the objectivism of mathematics. Numbers are neutral 
and the only truths were in numbers!  
 Nowadays, of course, all this has collapsed. There are two main reasons; the first has 
developed from the assaults on the concept of objectivity associated largely with the French 
philosophers, Foucault et al.; the second is more mundane. In the last ten years only, the 
tremendous advances in technology have enabled the poor (in which category I include 
myself) to get access to awesome computing power in the form of the PC. This enables us to 
undertake tasks, which, before 1990, would have needed a mainframe University Computer 
and a whole department of programmers. I can use free software available on (or ripped off 
from) the Internet, and cheap commercial software to analyse a database containing 20 
million cells. I can present my results in a report that looks as good as (often better than) those 
produced by an entire government department. I can send this report by email to hundreds of 
people by pressing a button. Or I can put the report on the Internet as a free resource. Thank 
You, Bill Gates!  
 We are asking the following question. As the biosphere fills up with the poisonous 
byproducts of progress, to what extent are human beings suffering? Or put another way; is it 
worth being rich if our children die? Well, of course, the people who are getting rich, and the 
governments who are afraid of being poor don’t want any messages of doom from the public 
health sector. To pursue business-as-usual we have to believe that there are no cancer 
increases; hence David Coggon, a safe pair of hands, is put in charge. In this battlefield, the 
weapons are the guns of epidemiology and these need to be loaded with data and that is why 
we have now to look at both these items. We need to examine these tools and methods of 
cancer epidemiology, and mainly small area cancer epidemiology, to enable us to follow the 
evidence and counter arguments that exist. Because it is so important, I want to provide in this 
essay, a basic template for small area epidemiology, a kind of 'Peter and Jane carry out a 
Study' so that anyone can examine the data on health effects in a small area near some 
putative source of risk and blow the whistle if there is a problem; or at least understand what 
is involved. Too often, activists near some nuclear plant or landfill call attention to what 
seems to them a clear excess of illness, only to be fobbed off (and the newspapers also) by a 
statistician from the establishment, defending the status quo. A whole arsenal of bogus 
statistical methods has been developed for this purpose. It is time we drew attention to this 
development and fought back; and so I present some simple methods for analysing data and 
determining whether it shows important indicators of harm, or effects that are just a 
consequence of the natural play of chance. 
 
 
 
 
 
 
 

 2



Epidemiology 
 

Was it bad luck that caused both my aunts to die of cancer, one of them in her 40s? How 
could I tell? This is the question of the probabilistic basis of causality. It can be seen as a long 
chain of gates through which various necessary preceding events have to pass for the final 
event (we are interested in) to happen. These gates are called 'binomial' gates since they 
define two possibilities: Yes and No, pass or remain behind. The Victorian statistician Francis 
Galton devised a simple machine which he called the 'quincunx' to illustrate how such 
binomial decisions result in what is called a Normal Distribution, the well known bell-shaped 
curve. I show this in Fig 1 
 Two years ago my 3rd daughter Frances was knocked over on a zebra crossing and 
badly injured. This must be quite a rare event. For it to have happened there were many gates 
through which antecedent events had to pass. The van that hit her was driven by an old man 
with poor response and bad eyesight: two gates, not passed by a young man with good 
eyesight. It was dusk: another gate. The crossing was sited near a crossroads and a panel truck 
pulled out from the side street to move across the main road, shielding the accident van from 
my daughter, and she from it: more gates. If we were to devise a quincunx for such series of 
antecedents, her accident would be well out to the right of the centre of the distribution in Fig 
1. Similar gates were no doubt involved in the cancer deaths of my aunts. There was some 
bad luck, and maybe some genetic damage. Maybe the genetic damage was a result of bad 
luck in my grandparents' lifetime. If we are looking to blame something, or someone, we have 
to try and dissect out the gates responsible and we have to be certain that the event we are 
trying to understand was not one that could have occurred as a consequence of the play of 
chance alone. And in this regard, it is more than just understanding the problem. Marx said: 
Philosophers have interpreted the world: the point is, to change it! I agree. You do too. It is 
about being able to change things so that the same thing does not happen to someone else. 
 One way we can do this is to study people and see how their levels of cancer relate to 
their exposures, their genetic makeup and their lifestyles. For this we use the science of 
epidemiology. Epidemiology is the study of the distribution and determinants of disease in 
human populations. A key aspect is that it is observational rather than experimental and 
therefore has to operate in an area where bias or confounding of the inferences drawn from 
the data may occur. In chemistry, a blue liquid may be mixed with a green liquid to give a red 
precipitate: this will always happen so long as the experiment is exactly repeated and the 
results can be used to draw inferences about the nature of the processes involved. But it is rare 
that an epidemiological study has the specificity of design and sufficient exclusion of 
uncontrolled variables between the study and control groups to enable unequivocal 
conclusions to be drawn. Therefore, this is an area where studies may be electively biased or 
directed to find either a result or no result. In addition, all studies may be subject to 
considerable criticism by groups who hold opposite views for reasons that may include 
culture, employment or political pressure. I will provide evidence of all three of these 
mechanisms of bias in published papers and review articles in my new book Wolves of Water 
from which this essay is taken. What we learn is that in drawing inferences from all the 
epidemiological studies of radiation and health, we have to consider very carefully the 
provenance of the study and in particular the likely directional bias of the studies' funding 
bodies and researchers.  
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Fig 1 Galton's Quincunx illustrating the binomial (yes/no) gates that have to precede filtration 
of events into categories of likelihood in the normal distribution. 
 
All epidemiological studies compare a study group or groups, in the cases I look at usually 
those exposed to a known quantity of radiation, or some surrogate for it, with a control group, 
who should be matched in every way except that they are not exposed. Before examining real 
studies that attempt to translate this ideal study into practice and quantify the risks I must 
introduce some aspects of the analytical procedure. The first thing we have to look at is 
inference. The most valuable list of procedures that should be followed in order to draw safe 
inferences from evidence in epidemiological studies was devised by Sir Austin Bradford Hill 
in the 1950s and is termed Bradford Hill’s Canons. They are sufficiently valuable in assessing 
the case of radiation and health to give a short account of them. 
 
1 Bradford Hill’s Canons 
1.1.Statistical significance 
 
A secure foundation for argument in any comparison of an exposed study group with an 
unexposed control group is that the difference in health deficit, (cancer mortality for example) 
is statistically significant and is unlikely to have occurred by chance. Significance testing is 
an area of statistics and a number of basic mathematical tests may be applied to see if a result 
is statistically significant.  

The word ‘significant’ is one that within the scientific community has a specific, 
technical meaning, but can also be interpreted generally by those without a scientific 
background. When a research finding is said to be ‘significant’ this means that it may be 
considered to be meaningful, in the sense of not being a chance finding. Since statistics is a 
methodology based on probability, it accepts a certain level of error as inevitable, meaning 
that some scientific findings that have passed the ‘significance’ test are still bound to be 
wrong. 
 The level of ‘significance’, which, of course, is directly related to the level of error, is 
chosen by the researcher, and should be set higher if the findings have more potentially 
dangerous implications. The level of significance generally adopted in scientific research is 5 

 4



per cent. This means that researchers are accepting a 5 per cent level of error, or that they will 
be wrong 1 in 20 times. 
 The procedure of testing whether results are ‘significant’ is known as ‘hypothesis 
testing’. The scientist tests the ‘null’ hypothesis, which is the proposition that there is nothing 
unusual going on, or that the distribution of results found does not differ from what would be 
expected by chance.  

Statistics defines two types of error that can be made when undertaking research. The 
first, known as a Type I error, is the one of most concern to scientists. It involves making a 
claim to have a research finding when in fact the results were generated by chance. An 
example might be a medical trial that indicated that a certain drug was effective in slowing the 
progress of AIDS; follow-up research might fail to find a similar result, suggesting that the 
original findings fell into the 5 per cent error area. For professional and credibility reasons, 
this is the kind of error most feared by a researcher: the error of claiming a significant result 
when in fact the finding resulted from chance. 
 But there is another type of error, which is equally important, particularly in terms of 
potentially harmful consequences of radiation exposure. This is the Type II error, defined as 
the failure to find a significant result when the hypothesis is in fact correct. It represents the 
risk of carrying out a study and, for reasons that may relate to technical issues such as the size 
of the sample, failing to find a statistically significant result. It may not necessarily mean that 
the hypothesis is wrong, only that significance was not found this time. However, it may 
allow conclusions to be drawn, either to justify use of a technology or because of extreme 
caution, that processes are not causing any ill effects when in fact they are. 
 Radiation risk studies in the low-level radiation range very often involve small 
numbers of people in the exposed study group, those living near a point source such as a 
nuclear power station for example. Studies with large populations may have small numbers of 
cancer cases due to very low natural rates from the disease in question. An example is 
childhood leukaemia. In each of these types of situation, statistical methods have been 
developed to deal with the mathematical problem, yet finally there may not be sufficient 
evidence in each study to draw an inference from measured excess risk from the radiation 
exposure because chance could not be ruled out i.e. the result was not significant at the 5% 
level. This is usually a consequence of the numbers involved. When a material difference is 
apparent between two groups, but, with the numbers involved, is insufficient to pass the 
significance test Bradford Hill argues that it is better to take ‘statistically not significant’ as 
the ‘non-proven’ of Scottish law rather than the ‘not guilty’ of English law. It is nevertheless 
true that policy decisions in the area of radiation and health have fallen into the trap of 
assuming that 'there is no evidence that low level radiation exposure is hazardous' means 'low 
level radiation exposure is not hazardous.' This is an especially important problem where 
lawyers are concerned, and many politicians are trained as lawyers. 

In giving weight to such evidence, we need to make decisions about the possible 
outcome of accepting or not accepting a certain hypothesis and its supporting evidence. First 
we should take a precautionary approach and avoid making a Type II error in areas of low 
probability high impact risk, for if the evidence showing excess risk from the exposure were 
in fact a chance finding, the mistaken inclusion of it as evidence of radiation-induced effects 
would not harm the human race. If, on the other hand, we were to take the opposite view and 
exclude it as evidence when it was, in fact, a true measure of a real effect but merely formally 
non-significant, then much harm would follow its dismissal. In addition, there is the matter of 
what we do with non-significant results from different studies. How should we deal with 
these?  

It may be that several different studies each suggest that radiation is a cause of cancer 
but in each study the formal statistical significance falls short of the magic 5% needed to state 
that the finding was not due to chance. It turns out that we can combine these studies in such a 
way as to obtain a very high degree of certainty using a statistical theorem due to a Victorian 
mathematician the Rev. Thomas Bayes. Bayesian statistics is in vogue at the moment as it can 
be used to teach robots (and computer programs) to learn. Microsoft 'Word' learns as a result 
of Bayesian analysis of previous inputs made by the person using the program.  
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On this basis we might use a Bayesian approach to the refinement of belief in the area 
of risk assessment and allow each non-significant observation (including unpublished results) 
to weight and modify the overall probability of belief in the area of radiation risk according to 
their degree of significance. Thus the discovery of a child leukaemia cluster in the 1980s near 
the nuclear reprocessing plant at Sellafield in Cumbria, UK has been criticised on the basis 
that the statistical significance of the result for the ward (p = .002) enabled no inference to be 
drawn since there are more wards in the UK than the 500 wards needed for such a result to be 
a chance occurrence. However, since this discovery, child leukaemia excesses have been 
discovered near two other reprocessing plants and a number of nuclear installations in Europe. 
The Bayesian modification of the probability of the causal relation by each new example 
gives us a firmer basis of belief in the association and enables more robust conclusions to be 
drawn about the levels of risk from exposure under these circumstances. 
 
2 Strength of association 
 
There should be evidence of a strong association between the risk factor and the disease: in 
other words, it is necessary to consider the relative incidence of the condition under study in 
the populations contrasted. 
 
3 Consistency 
 
The association should have been repeatedly observed by different persons in different places, 
different circumstances and times. With much research work in progress many environmental 
associations may be thrown up. On the customary tests of statistical significance, some of 
them will appear unlikely to be due to chance. Nevertheless, whether chance is an explanation 
or whether a true hazard has been revealed may sometimes only be answered by a repetition 
of the circumstances and the observations. Broadly the same answer should be given by 
studies using a wide variety of techniques and in different situations. 
 
4 Specificity and reversibility 
 
The association should be specific. The disease association should be limited, ideally, to 
exposure to the putative cause and those exposed should not suffer an excess risk from other 
kinds of illness or modes of dying. In the area of radiation risk, where the plausible biological 
model involves genetic and somatic damage, disease specificity may be hard to define. One 
condition that has become considered as a specific consequence of radiation exposure is 
leukaemia, particularly in children. However, the specificity should be defined accurately in 
terms both of cause and effect. In the case of low-level radiation exposure, the lack of 
distinction between external and internal exposure has led to conclusions being drawn that are 
incorrect. Associated with specificity is reversibility. Thus removal of the cause should ideally 
reduce the incidence of the disease, although this is a consideration that is difficult to apply in 
the case of cancer, where genetic damage is not removed by removing the cause of the 
damage. It is of interest in this context that the rates of child leukemia in the UK are flattening 
off now that radiation exposure is reducing (Chernobyl being the last exposure). 
 
5 Relationship in time. 
 
There should clearly be evidence that the risk factor preceded the onset of the disease. 
 
6 Biological gradient 
 
There should clearly be evidence of a dose-response effect. This is usually taken to mean that 
as the dose increase, the illness rate should also increase in some proportion. However, some 
thought will reveal that this may not be true for certain end-points. Take, for example, birth 
malformations due to an exposure; Increasing the stress from zero will cause increasing 
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damage to embryos which may eventually present as increasing risk of malformation. At 
some point, the weight of damage will prove too great and the embryos will die: at this dose, 
there will be no further congenital malformation, merely a reduction in the birth rate. Since 
there are many possible reasons for reduction in the birth rate, including social ones, the fact 
that exposure to a large dose of some putative mutagen has not caused any increase in birth 
defects ought not be taken as evidence of no effect unless lower doses are also considered and 
the dose-response relation adequately considered. This exact misunderstanding appears to 
have led to the belief that exposure to radiation from Chernobyl caused no harmful effect on 
birth defect, stillbirth and infant mortality rates in European populations. A number of papers 
asserted this on the basis of the data without drawing attention to the sharp fall in the birth 
rate that occurred some nine to twelve months after the exposure. A similar type of error also 
applies to ecological studies where some groups of individuals may have greater susceptibility 
to radiation. The existence of a dual sensitivity to radiation as a consequence of normal cell 
division also results in a dose-response relation that is biphasic, i.e. has two areas where 
increased effect follows increased dose, with an intervening area where increased dose results 
in reduced effect. The existence of inducible cell-damage repair results in a similar biphasic 
relationship between cause and effect. 
 
7 Biological plausibility: mechanism 
A key question in the area of radiation risk is: what is the mechanism of radiation induced 
cancer? Mechanisms advanced in the early years of radiation research, based on direct hits to 
genes and induction of specific mutations underpinned the use of a linear relationship 
between dose and final cancer expression. But we now see that this was too simplistic a 
reduction of what happens, and that the response to exposure is extremely complex. Bradford 
Hill was aware of this problem of lack of knowledge. He stated, ‘It will be helpful if the 
causation we suspect is biologically plausible, though this is a feature we cannot demand. 
What is biologically plausible depends upon the biological knowledge of the day. It was lack 
of biological knowledge in the 19th century that led a prize essayist writing on the value and 
fallacy of statistics to conclude that among other 'absurd associations . . . it could be no more 
ridiculous for the stranger who passed the night in the steerage of an emigrant ship to ascribe 
the typhus, which he there contracted, to the vermin with which the bodies of the sick might 
be infected'. For this reason we should be anxious to avoid dismissing evidence of health 
detriment following low level radiation exposure on the grounds of lack of a plausible 
biological mechanism. In particular, the ICRP's assumptions about cell dose at low level 
exposures provide a good example of how mechanistic arguments have been used to argue for 
a linear relation between dose and response, a thesis which is only valid for external random 
irradiation of large tissue volumes and which, in any case, is being overtaken by recent 
research on genomic instability and bystander effects. 
 
8 Alternative explanation 
 
There should be no convincing alternative explanation or confounding for the observed 
association. 
 
2 Types of study and general problem 
There are two questions we need to ask. The first is: how much ill health, specifically how 
much cancer, will be caused as a result of some unit dose of radiation exposure of a specific 
kind? The second is: Have the discharges from nuclear site X caused increases in cancer or 
ill-health in people living nearby? In order to answer these questions we must devise 
epidemiological studies of various sorts. I am going to outline some simple methods that we 
have used and which you can also use. I provide, at the end of this essay, the Burnham on Sea 
questionnaire study as a template to allow you to do this. For those who want to look further 
into the interesting field of epidemiological methods I suggest the excellent book by 
Woodward (1999).  
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 As far as the nuclear industries and governments of the world are concerned, the 
question of how much ill health is caused by radiation has been answered by the study of the 
survivors of Hiroshima and Nagasaki. I describe these studies in some detail in Wings of 
Death. A group of Japanese people who were out in the open at the time of the A-bombs and 
groups of which were situated at different distances from the explosion in 1945 have been 
followed up from about 1952 to the present day. They have been compared on the basis of 
their various distances (and presumed) doses and also have been compared with groups who 
were not in the city at the time of the bomb or groups who came into the city much later. The 
study recorded the cancer rates over their whole lifespan (the study is still going on), and this 
enabled the calculation of relative risk of cancer following various external exposure doses 
from gamma rays. In this simple formulation, relative risk RR is simply the age-standardised 
rate in the irradiated population divided by the age standardised rate in the un-irradiated or 
control population.  
 Why do we need to examine age-standardised rates and what does this mean? Cancer 
incidence increases exponentially with age, for reasons I have outlined in Wings of Death. 
Therefore cancer mostly occurs in older people. So if we are comparing two groups of people 
there has to be a way of allowing for this since, even if there were identical environments and 
stresses, in two equal sized groups, the one with the oldest people in it would have the highest 
numbers of cancer cases. Age standardisation is fairly straightforward and I explain how to do 
this later on in this article. 
 The Hiroshima studies are the main basis for radiation risk factors used to predict or 
explain the cancer yield from any exposure, but there have been some other studies of people 
who were irradiated for various medical conditions (at the time when this was believed to be 
harmless and the results of these have been generally supportive of the Hiroshima risk 
factors). Our argument is, of course, that the Hiroshima risk factors (and those of the other 
supportive studies) were all of external acute radiation exposures and can't be used to assess 
internal exposure. The Hiroshima studies are an example of a cohort study, one where a group 
of people who have been identified as experiencing a particular risk are followed over a 
period of time to see what diseases they suffer compared with a similar group who have not 
been exposed to the risk. The other main type of epidemiological study is the case-control 
study where cases who are identified as having some disease are compared with controls who 
are matched with the cases in as many ways as possible so that differences in aspects of the 
environment or behaviour between the two groups might point to a cause for the disease in the 
cases. But I don’t have space here to deal with all the problems of epidemiology. In the last 
ten years, as the pollution effects begin to bite and human health begins to suffer, the science 
has become infested with philosophical complication and mathematical fog. The reason for 
the obfuscation is partly psychological denial by the public health and cancer epidemiologists 
in the face of the evidence that we are all being poisoned. For our purposes in this brief essay 
we can bypass all this. We just need sufficient arithmetical machinery to ask some simple 
questions about risk near sources of pollution and to see how we can obtain answers to the 
questions we need to examine. This approach might perhaps be called barefoot epidemiology. 
I shall describe now how we can learn fairly simply what is going on the world. 
 
2.1 The necessary data 
Before we find out if the risk of cancer near the nuclear (or any source) plant is high, we need 
to know three things: 

1. The numbers of cases of cancer of interest in some defined area near the plant. 
2. The numbers of men and women living in this area in each 5-year age group. 
3. The rates for the cancer of interest in each 5-year age and sex group in the national 

population which we use as a control or basis for estimation' 
 
In addition, if we wish to look at the trends in cancer near the plant, or further afield, we need 
the numbers of cases of cancer and the populations for defined areas, which are more distant 
from the plant. There is one other refinement. Some cancers are naturally more prevalent 
(incidence and deaths) in poor people or disadvantaged people. The effect is large for lung 
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cancer, the most common cancer in men, and is believed to be due to cigarette smoking 
behaviour. Some people think it is because poverty and disadvantagement may have effects 
through immune system suppression. For some other cancers, notably breast cancer and 
leukaemia, there is a weaker effect in the opposite direction. Thus there is more breast cancer 
in less disadvantaged or richer women. This could be because of differences in nutrition 
(more dairy) or behaviour (having fewer children later in age), or a combination. But these 
effects should be controlled for, and this can be accomplished in various ways, using indices 
of disadvantagement. The easiest way to control is to adjust the expected numbers by 
multiplying by a weighting factor calculated from the relationship between Social Class and 
cancer rates in the national population. Social Class makeup of an area is obtained directly 
from the census. Many other indices, Carstairs or Townsend, which include unemployment, 
multiple occupancy of houses, car ownership etc. can be calculated from data in the census. 
 There are basically two sources for these kinds of data, national databases and 
questionnaires. The problem with national databases, as far as our examination of point 
sources of risk are concerned, is that generally speaking the establishment will not give out 
the data, so no one can find out anything. This seems to be true for the USA and Europe as 
well as the UK and it is getting worse. I will discuss the problem further in my new book but 
there is one tremendously useful exception. Although the rules for releasing such data are 
held to refer to both incidence (developing the disease) and mortality (dying of it) [M Quinn, 
1992], since about 1999, ward level cancer mortality (deaths) for all malignancy, lung cancer, 
breast, stomach and prostate cancer annually in England and Wales from 1995 has been sold 
by the UK Office for National Statistics. This oversight, which I am sure is regretted because 
of the use we have put to the data, is probably because when ONS was split off from 
government by Mrs Thatcher, they were told they had to be self sufficient, and so they began 
to sell of the data to make ends meet. Anyone could buy this data. So for about £500 we do 
now have seven years of cancer mortality data for the main cancer types by ward, 1995 to 
2001. The oversight was noted belatedly following some studies I carried out in 2000 and 
2001 near nuclear sites in the UK and these received a great deal of Press coverage (since we 
found cancer increases near nuclear sites) and by 2002, the gate had been shut. No more data 
was to be released. I have an application into the Freedom of Information Act at the moment 
but don’t hold your breath.  
 In the UK, wards are the smallest sizes of area for which the population makeup can 
be obtained. The UK census in 1981, 1991 and 2001 gives numbers of men and women in 
each 5-year age group for all the wards in the UK, and these data are also available from the 
ONS for a fee. Before I turn to an explanation of how to proceed from here, I will briefly 
examine two other sources of data, questionnaires and local doctors' records. 
 If we wish to examine cancer risk in a smaller area than a ward, or if locals can take 
the matter into their own hands, they can bypass the cancer registries and knock on doors. 
Green Audit developed this local area cancer questionnaire technique originally because it 
seemed that we were going to be refused small area data for Ireland. In the event we did get 
some numbers from the new National Cancer Registry in Cork, but by then we had gone 
ahead in the small area around Carlingford and Greenore in County Louth. Later, we used the 
method in Burnham on Sea, near the nuclear power station at Hinkley Point in Somerset. I 
will give an account of the questionnaire method. Briefly, the method consists of defining an 
area and visiting all the houses in the area with a questionnaire. This asks the head of the 
household, or some responsible person to record the ages and sex of each person living in the 
house, together with any case of cancer diagnosed in the last ten years, the type of cancer and 
the age at diagnosis. This information allows the calculation of risk on the basis of the 
population living in all the houses.  
 The other possibility is to approach local GP surgeries and ask if anonymised totals of 
cancer incidence can be made available for research. For a meaningful result, we also need 
the total age breakdown of the surgery population. It may seem unlikely that these data will 
be forthcoming, but we were able to use this approach in Ireland and the results were very 
valuable. I will now turn to the basic method used to convert the data into meaningful patterns 
of risk. 
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2.2 Calculating Risk from the data 
1. Ward level data 
The method is essentially the same whatever the source of data. We have to calculate the 
expected numbers of cancer deaths or diagnosed cases in the area of interest for the period we 
are studying. We then must compare these with the observed or recorded numbers. It is best to 
look at as long a period as possible in order to get the largest number of cases into the study. 
This is because the larger the number of cases, the less likelihood there is of any effect we 
find being a consequence of chance. The procedure is simple but quite tedious if many wards 
are involved. We start with the population of each ward making up the area close to our 
proposed source of risk. The source of risk may be a nuclear site, or it may be a coastal strip 
where radioactive materials are known, by measurement, to accumulate. To give an example, 
I will show how the sums are done for an area we have been interested in, the ward of 
Burnham on Sea North in Somerset. The 1991 census population of females in this ward is 
shown in Table 2.1 below together with the England and Wales death rates from breast cancer 
and calculated annual expected numbers of deaths. These populations can be obtained from 
ONS as computer text files; and this is the best way, since they can be imported directly into a 
spreadsheet program and the calculations done from within it. There are, therefore, no 
transcription errors.  
 The rates for the cancer in question are calculated from national figures published by 
ONS. Table 2 of Series DH2, Mortality by Cause gives the numbers of deaths in each 5-year 
age group, and also the population. So that it is easy to follow this, I calculate the rate for one 
year in Table 2.2 
 These calculations, and the others that follow, are very tedious, but are made 
straightforward and can be done in blocks of as many wards as you like, using the computer. 
The most widely used software that will deal with these calculations quickly and efficiently is 
Microsoft EXCEL, but other spreadsheet programs will do just as well e.g LOTUS 123. 
Whole columns containing hundreds of populations of wards can be multiplied by rates to 
give new columns of expected cases and these can be added for all the age groups and the 
result put into a new column with a few clicks of a mouse. For those who are able to do these 
procedures by batch programming, the whole process can be automated, and indeed we are 
now developing a system here that will enable us to obtain cancer mortality risks in any ward 
in Britain.  
In Table 2.1, the 1991 female population of the ward of Burnham on Sea North is given by 5-
year age group. In this table we are calculating the expected annual numbers of breast cancer 
deaths, based on the rates in England and Wales. Each 5-year age group population is thus 
multiplied by the appropriate rate, given in column (C) to give the expected numbers in 
column (D). All ages are then added up to give the total expected number of deaths, 2.178. 
What this tells us is that if Burnham on Sea North has exactly the same risk as the population 
of England and Wales, and the population had not changed from 1991, there would be 2.178 
deaths from breast cancer every year. What we found, in the first of these studies we did in 
2000 was that there were 17 recorded deaths from breast cancer in the four years 1995 to 
1998. The expected number would be 2.178 x 4 years = 8.7 deaths. Thus we can calculate the 
age standardised mortality risk or Standardised Mortality Ratio as: 
 
   SMR = 17/8.7 = 1.95   
 
This is a valuable discovery. We have found that there is almost twice the probability of dying 
of breast cancer here than the mean for England and Wales. And yet Burnham on Sea is not in 
the middle of some industrial slum area surrounded by chemical factories: It is a pretty little 
seaside town, where people go on holiday and children play in the sand. But it is also directly 
opposite and down wind of the Hinkley Point nuclear power station complex just across the 
bay. 
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The same calculation can be done for any cancer type and for men and women combined. All 
that we need is the appropriate rates, the ward population by sex and 5-year groups and the 
observed numbers. 
 
Table 2.1 1991 female census population of Burnham North ward with expected numbers of 
deaths from breast cancer (D) calculated by multiplying each age group population (B) by the 
average England and Wales mortality rate (D).  
 
(A) 
Age group  
(females 
tabulated) 

(B) 
Ward population 
at census 

*(C) 
Annual cancer rate in England 
and Wales for 1995-2000 per 
100,000 

(D) 
Expected numbers of 
cases per year  
(D) =(B) x (C) 

0-4 101 0 0 
5-9 113 0 0 
10-14 131 0 0 
15-19 127 0 0 
20-24 83 1.27E-6 0.00001 
25-29 106 1.26E-5 0.0013 
30-34 117 5.0E-5 0.0058 
35-39 122 0.000123 0.0149 
40-44 163 0.000234 0.038 
45-49 136 0.000395 0.054 
50-54 122 0.000603 0.073 
55-59 145 0.000719 0.104 
60-64 175 0.000872 0.152 
65-69 237 0.00103 0.244 
70-74 237 0.00126 0.299 
75-79 176 0.00150 0.264 
80-84 181 0.00188 0.34 
85-89 137 0.00246 0.337 
90+ 81 0.0031 0.251 
All ages   2.178 
* calculated from annual figures of deaths tabulated by cause published by ONS (series DH2) for 
England and Wales  
Note: the E-notation means 'multiply by 10 to the power of-' so E-6 is 1 x 10-6  
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Table 2.2 Calculating the England and Wales breast cancer mortality rates for 1995 
 
(A) Age group (B) 1995 Female 

population 
(thousands) 

(C) 1995 Breast 
cancer deaths 

(D)  1995 Rate 
D = C/B 

0-4 1651.9 0 0 
5-9 1656.4 0 0 
10-14 1563 0 0 
15-19 1469 0 0 
20-24 1703 2 1.17E-6 
25-29 2002.9 28 1.4E-5 
30-34 2074.6 114 5.5E-5 
35-39 1810.6 218 0.00012 
40-44 1669.1 404 0.000242 
45-49 1828.2 795 0.000435 
50-54 1478.8 979 0.000662 
55-59 1339 1042 0.000778 
60-64 1254 1132 0.000903 
65-69 1245.8 1397 0.00112 
70-74 1231 1591 0.00129 
75-79 933.5 1412 0.00151 
80-84 768.8 1517 0.00197 
85-89 468 1151 0.00246 
90+ 240 761 0.0032 
 
 
2. Questionnaire and GP studies. 
The approach in both of these types of study is exactly the same. The questionnaire responses 
give the numbers of cancers diagnosed in each household, the type of cancer, the sex, age and 
year at diagnosis and the sex, age and number of everyone living in the house. When all these 
data are added together we have a sample population, drawn randomly from the total 
population of the area being canvassed. We know the sex and age breakdown of this 
population, at the time of the questionnaire and can calculate the annual expected numbers of 
cases of all cancers or any specific cancer from the national database. We then compare this 
expected number with the reported numbers over any period we choose to see if there is an 
excess. There are some particular problems with this approach for questionnaires. The main 
one is that as we go back in time from the date of the questionnaire, there will be leakage of 
people with cancer from the sample due to deaths. Thus we always find that the number of 
annual cases reported falls off for earlier years. This is shown in Table 2.3. below, for the 
2001 Burnham on Sea North questionnaire undertaken by 'Parents Concerned about Hinkley' 
(PCAH). This survey was a response to denials by the Somerset Health Authority that there 
was any increase in breast cancer in the ward following the first mortality study we carried 
out in 2000 [Busby, Dorfman, Rowe 2000]. The survey obtained answers from addresses that 
added up to about one third of the census population of the ward. 
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Table 2.3 All cancer cases by year of diagnosis reported in 2002 in Burnham on Sea North 
according to PCAH questionnaire. Numbers fall off in earlier years because many have died 
and their families have moved away.  
 

Year diagnosed Number of cases 
2001 17 
2000 12 
1999 8 
1998 8 
1997 10 
1996 9 
1995 6 
1994 4 
1993 2 

 
Now, on the basis of the population defined by the response, the expected number of all types 
of cancer was 11 per year, so if we choose to look at 2000 and 2001 together, this will define 
a risk of 29/22 or 1.32. For year 2000 alone, the risk is 17/11 = 1.55. The risk we calculate for 
all cancers falls off rapidly with time. This is because the numbers will be dominated by lung 
cancer, which is usually fatal, and for all cancers, lung and certain other cancers which have 
poor survival, the questionnaire method is of little use. But for looking at types of cancer that 
are treatable, or are less immediately fatal, like breast cancer and leukaemia, the method is 
valuable. It also has some great advantages. The first is that you can believe the results. If 
there is a significant excess of cancer shown by a survey like this, then you have immediate 
connection with the people who are reporting this. You know where they live and can relate 
this to the source of pollution by dividing your area up into bands of distance from the source, 
as we were able to do in Carlingford in Ireland. Best of all, you know that no one in the 
establishment has altered the data or re-evaluated the numbers and retrospectively removed 
cases that might indicate a problem. I show in the new book Wolves of Water that all these 
things happen.  
 The PCAH questionnaire showed that the Somerset Health Authority were covering 
up a real effect. It showed a doubling of the breast cancer incidence rate in the ward, 
confirming what we found in the earlier ward level mortality study. In reality the true risk will 
always be higher than the calculated risk because of this leakage of population, so if the 
questionnaire shows a problem, there is one. In addition to locating sufferers on a map so that 
their distance from the source of pollution can be assessed, we can also ask questions about 
lifestyle e.g. smoking, eating habits etc. which may be valuable indicators of exposure routes 
or other stresses. Some 18 months after our publication of the results of these studies, the 
local Cancer Registry were forced by the local Health Authority and concerns driven by 
media to conduct an official examination of the data to see if our results were correct. They 
found that the increases in breast cancer and leukemia we found were real. However, they 
argued that these were chance findings and not related to the nuclear site. Nevertheless, I 
make this point that the small study carried out by concerned citizens gave approximately the 
right answer and was validated by the cancer registry, who had refused earlier to release data 
to us or the citizens of Burnham. The media had a field day. 
 GP studies involve exactly the same calculations as we did for the mortality studies. 
The only difference is that the age breakdown of the study population is that of the surgery 
patient list. You have to be able to persuade the doctor to get the data out; often a very 
difficult exercise. 
 Part of my purpose here is to show that anyone can do such calculations and that 
people who are concerned about illness near any source of pollution, nuclear plants, landfill 
sites, incinerators, can check out what is going on for themselves. But we can't get too carried 
away at this stage; there is one more question we must address before we are secure in our 

 13



belief that there is a problem at Burnham on Sea North, or anywhere where we find an 
apparent increased risk. We have to establish, as Bradford Hill's Canon asks: could this 
doubling of the risk of death occurred by chance? Here we have to deal with some statistical 
methods that enable us to answer this question. 
 
3 The play of chance, and its evaluation. 
I think  am going to upset the epidemiologists here. As I mentioned, in the last fifteen years, 
the discipline has collapsed under the intellectual weight of statistical methods developed to 
answer the simple question about whether an event might be a real indicator of an underlying 
causal relation (e.g. radiation and leukaemia) or merely an example of the random play of 
chance. Part of the problem we have to deal with is that the levels of risk we will find for 
adult cancers are usually modest. In Burnham on Sea, downwind from the Hinkley Point 
nuclear power station we found in 2001 that there was a 2-fold excess of breast cancer based 
on 17 deaths over the four years 1995-98. In public health epidemiology the diseases that are 
being tracked are usually more immediate and graphic than the development of cancer some 
ten to twenty years after the initial causal exposure. Public Health departments deal with more 
mundane question. Some people eat at a restaurant and suffer food poisoning: why? Twenty 
out of thirty who attended a picnic are in hospital vomiting with a high fever: what was the 
cause? It is unlikely to be chance, in these cases. But with the cancer risk situation, it may be 
chance, and we have to establish whether it is. I am going to avoid the complexity of modern 
statistical methods and offer a few simple tests that will let us know whether our discoveries 
are statistically significant or not. When we discover some increased risk level and report it, 
the health authorities will usually respond immediately with the cry: this is a random cluster 
of cases! In order to see if this is so, for small numbers of cases up to 40, the most important 
weapon in our armoury is the Cumulative Poisson Probability Table. This is a table which is 
published in most compilations of statistical tables and which enables us to see at a glance 
what the probability of observing some number of events is, given that the expectation is 
some other number of events. The tables are constructed from the Poisson Equation, which is 
an approximation to the Normal Distribution (or Bell-Shaped Curve) for rare events in the 
wings of the distribution. If this means nothing, don't worry, just use the tables and assume 
they tell you what you wish to know. I refer you to Statistical Tables by J Murdoch and JA 
Barnes (Macmillan1998), but all these tables are the same. In the case of Burnham on Sea and 
breast cancer deaths from 1995-1998 we expect 8.7 and find 17. In the Cumulative Poisson 
Tables we look along the columns of expected numbers to 8.7 and then look down the rows to 
observed numbers 17. The Table gives the value 0.008. This value means that for an 
expectation of 8.7 deaths, you could expect to find 17 or any number fewer deaths with a 
probability of 0.008. That is 1 chance in 1/0.008 or 125. It tells us that if we looked at about 
125 wards of the same size as Burnham on Sea, we would expect to find one ward with this 
apparent increase in breast cancer by chance alone.  
 The level of statistical significance conventionally accepted by statisticians as 
showing that a finding is 'significant' is taken to be below 0.05 (1 chance in 20) so in this case 
we certainly achieve this level. The numbers of cases involved in the calculation is very 
critical to this question of significance. Between 1995 and 1998 there were 17 breast cancer 
deaths. By 2001, another three years, the number of deaths was 14 more taking the total to 31. 
In the seven years the expectation is (assuming the same population) increased to 2.178 x 7 = 
15.3. We now have a new risk 31/15.3 = 2.03. In the Poisson Tables this gives us a 
probability of 0.0002 or one chance in 5000 of these events being due to chance. There is not 
much difference between SMR's of 1.95 and 2.03, but the significance has hugely increased 
because the numbers are greater. This shows the importance of getting as many people into a 
study as possible. 
 For larger numbers than 40, we use a different method, which is much easier and 
quicker. It is called Chi-squared and is written χ2. All we have to do is calculate the number 
from the following equation: 
 
  χ2 = (Observed-Expected)2/Expected 
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Thus for the previous case, we would have: 
 
  χ2 = (31-15.3)2/15.3 
      = 246.49/15.3 
      = 16.1 
There are values for χ2 in all compilations of statistical tables. For these simple cases we have 
to use the value for 1-degree of freedom and the critical points for various levels of 
significance (0.05, 0.01, 0.005 and 0.001) are all we need to know. These are given in Table 
3.1 
 
3.1 critical values for the Chi-squared (χ2 ) distribution on 1-degree of freedom.* 
 
p-value less than: χ2 more than: One chance in: 
0.05 3.84 20 
0.01 6.64 100 
0.005 7.88 200 
0.001 10.8 1000 
*Note: these values are for 2-tailed hypothesis tests where we are asking if the result is 
significantly greater than or smaller than the expected result. This is now the conventional 
test, although usually we are asking if the cancer is greater than expected, and in these 
circumstances a one-tailed test is correct, and this lets in more results as being significant 
 
Our calculation gives 16.1 and since this is greater than 10.82, the statistical significance is 
lower than 0.001, which we found in the Poisson Tables also. Some researchers demand that 
we also give the 95% confidence limits, and there is some reason for this. These are rather 
harder to work out than the p-values we have just calculated but can be obtained easily 
enough using a computer program. There are a great deal of excellent statistical computer 
programs which can be used to deal with these issues, and I will say a bit more about these 
below. Before I do this I need to briefly address the small numbers problem, since this is 
usually referred to by health officials trying to dismiss the significance of a finding. 
 We saw that the p-value from breast cancer mortality in Burnham North over the 5-
year period was 0.008 and the RR was 1.95.  This means that if we are looking for some 
effect near a nuclear site or other putative source of risk where we are studying a number of 
wards we should be aware that for every 125 wards there would be an excess of 1.95 by 
chance alone. In our first study we looked at about 109 wards, so finding the effect in one of 
them was not unexpected. On the other hand we already had a hypothesis suggesting the 
pattern of risk, close to the contaminated mud where Burnham on Sea was. This suggested the 
problem was a real one. So we have to look at more than just the value in one particular ward: 
we have to look for a pattern on several wards which share some attribute that can act as a 
surrogate for the exposure. In our case, it was proximity to the intertidal sediment. As it 
happened, increasing the period to 2001 increased the risk slightly but hugely increased the 
statistical significance to 0.0002. For this to have been a chance finding we would have to 
study about 5000 wards.  
 But there is yet another pitfall for the amateur epidemiologist: referred to (by the 
epidemiological community) as the 'Texas Sharpshooter'. In this, the argument goes, the 
student examines all the different cancers in all the different wards near a point source of 
pollution. This gives a large number of results (for different cancers) and, by chance, one of 
these will show a high risk (merely because there are lot of numbers). At this point, the 
student decides that this particular cancer is being caused by the releases. This apparently is 
not allowed. It is like the 'Texas Sharpshooter' firing his pistol at the wall of a barn and then 
after he has hit the wall, drawing a bullseye around his bullethole. Whilst I have sympathy 
with this argument, I get extremely irritated at the way it is mindlessly trotted out by 
establishment or government to deny real problems. I discuss a specific example of this in 
Wolves, but at this stage I want to point out that such an argument would make it impossible 
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to discover anything on first notice. What if we lived near a factory that produced a seriously 
carcinogenic substance that caused throat cancer? We do not know this, but we may have 
some (plausible) general belief that pollution is a bad thing and causes disease. So we do a 
cancer study of the area using 100 wards (to get a control) and look at all cancer types and 
find that the ward near the plant has a 4-fold excess of throat cancer. We are not allowed to 
conclude anything from this because of the Texas Sharpshooter.  
 
4 Adjusting for Disadvantagement. 
It is quite commonly stated, when attention is drawn to high levels of cancer incidence in an 
area where there is a source of some environmental pollution, that the high rates are a 
consequence of socioeconomic factors. The argument generally follows the reasoning that 
people who are poor or unemployed smoke or drink too much alcohol and eat too many chips, 
not enough fresh fruit and vegetables. These behaviour patterns, it is argued, are associated 
with elevated cancer risk. It is also said that the genetic constitution of people in the lowest 
socio-economic groups is, in some un-elaborated way, 'poor' and this also adds to the cancer 
risk. Furthermore, these people get ill more often owing to their damp houses and 
overcrowded conditions with higher levels of infective illness or virus infection. Possibly 
also, the toffs might say, their lower class behaviour, too much boozing and sex. 
 The study of deprivation and health is associated with a large body of literature. 
Deprivation indices using data easily extracted from the Census (such as that first suggested 
by Townsend) include such indicators as multiple dwelling occupancy, car ownership, home 
ownership, unemployment rates and so forth. The report by Carstairs and Morris (1991) 
discussed the development and use of the now widely utilised 'Carstairs Index' of deprivation. 
However, even if it is subsequently shown that the area in question has a higher index of 
socioeconomic deprivation, great care must be exercised in attributing the cancer to the 
deprivation. A common method to examine trend in cancer incidence near a putative source 
of pollution is to use least-squares multiple regression to examine trend with distance. This is 
a method that has become much in vogue since the development of computers. It can be used 
for looking at data where there are multiple possible causal factors for some measurement of 
interest and in principle enables us to see what are the most important contributors. I will 
discuss it further below. In its approach to effects near a point source, distance may be entered 
as one of the independent variables as a surrogate for pollution level and we can also include 
some measure of socio-economic deprivation. Implication of causation by the pollutant is 
flagged up by high statistical significance for the slope coefficient of the regression line or 
curve. Implication of socioeconomic deprivation may also be confirmed in this way. This, 
however, may be entirely spurious since it is only generally poor areas where sources of 
pollution exist. Either they are built in poor areas because there is insufficient political power 
in such areas to oppose the project or else, following the identification of such a source, 
people rich enough to move away, do so. Furthermore, it is an extraordinary fact that in the 
UK there is in force a statutory planning instrument encouraging the siting of environmentally 
polluting sites in areas of high unemployment. 
 Examination of the relationship between cancer incidence and the Carstairs index of 
deprivation in Scotland reveals that, except for lung cancer in males and cervical cancer in 
females (many sexual partners and papillovirus transfer) the differences between the most 
deprived and least deprived are not very great. (Carstairs and Morris, 1991). Similar data for 
England has been obtained from the OPCS longitudinal study and uses Social Class as a 
measure of disadvantagement (Leon, 1988). The direction of the trend in cancer with 
increasing levels of deprivation may be positive as well as negative. In our work we follow 
Leon (1988) in defining a 'positive' effect as being an increase in cancer risk in going up the 
socioeconomic scale and a 'negative' effect as an increase in cancer in going down the 
socioeconomic scale. A large number of studies have investigated such effects both in the UK 
and elsewhere in the world and in general, the results indicate that lung cancer in males and 
cervical cancer in females suffer negative effects. Positive effects exist for colon cancer, 
female breast cancer, and leukemia. A Table of Carstairs deprivation index and cancer 
incidence in Scotland is shown in Table 4.1 below. 
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 We used both Carstairs, and a Welsh Office index of deprivation for regression 
analysis in the Wales small area study but in our cancer mortality studies we carry out an 
adjustment of the expected numbers of cases in a ward using the relation between mortality 
and Social Class in England and Wales discovered by Leon in 1988. Since this is a 
straightforward calculation, I show how it is done. The relationship is given in Table 4.2 for 
the main cancers of interest. The trends with Social Class are similar to the trends shown by 
Carstairs indices. In practice, the adjustment is made to the expected numbers of cases. To use 
our example of breast cancer mortality in Burnham on Sea, first we have to obtain from the 
Census the numbers of each household in the ward in each of the Social Class categories as a 
proportion of all the households. 
 
Table 4.1 Standardised Incidence Ratio of cancer sites by Carstairs deprivation score in 
Scotland 1979-82.  (Source: Carstairs and Morris, 1991) The ranges of status in the rural 
areas we have examined are given in bold. 
 

Cancer site -12 -8 -4 0 +4 +8 +12 
All malignancy 95 96 94 100 101 107 122 
Oesophagus 78 86 101 92 104 118 148 
Stomach 79 80 86 103 109 128 138 
Colon 104 106 99 99 98 97 96 
Lung 69 77 80 100 110 128 183 
F.breast 114 109 99 100 96 95 89 
Leukemia 107 107 96 102 89 104 100 
Prostate 115 106 99 103 96 90 92 
Cervix 67 72 91 94 120 124 166 

 
 
Table 4.2 Standardised Mortality Ratio (0-64yrs) by Social Class for some common cancers 
(1971-72)  
 
Social Class All cancers  Lung Breast Prostate Leukemia 
1 Male 
*Female 

75 
99 

53 
73 

117 91 113 
88 

II Male 
*Female 

80 
97 

68 
82 

 
112 

89 100 
108 

IIIn Male 
*Female 

91 
99 

84 
89 

 
110 

99 107 
98 

IIIm Male 
*Female 

113 
113 

118 
118 

 
109 

115 101 
105 

IV Male 
*Female 

116 
116 

123 
125 

 
103 

106 104 
110 

V Male 
*Female 

131 
116 

143 
134 

 
92 

115 95 
127 

*Females based on married women classified by husband's occupation 
 
Next, we obtain a single number that represents the adjustment factor, which we must use to 
multiply the expected numbers of deaths from breast cancer before adjustment for Social 
Class. From Table 4.2. we see that if all the women in Burnham on Sea were in Class I, then 
if there was no causative stress at all, we should have to increase the expected number of 
cases based on the age breakdown (which we have already calculated) by 117/100 or 1.17. 
The unadjusted expected number of 8.7 deaths now becomes 10.18 and the SMR falls to 
17/10.18 = 1.67. To adjust for the actual number of women recorded as being in each Social 
Class group, we use a weighted average. If there are A women in group I and B in group 2 
and C in group IIIn and so on, the factor F (SMR) is first obtained: 
 
F(SMR) = (A*117) + (B*112) + (C*110) + (D*109) +(E *103) + (F*92)/(A+B+C+D+E+F) 
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Table 4.3 gives the numbers of households and persons in the 10% Census sample of 
Burnham North in the different Social Class categories, taken from Table 90 of the 1991 
Census dataset.  
 
Table 4.3 Numbers of households in different Social Class categories in the 10% sample of 
the 1991 Census for Burnham North with Social Class SMR for breast cancer mortality from 
Leon 1988, showing calculation of adjustment factor for expected numbers of deaths. 
 

Social Class (B) Households (C) Social Class SMR (D) = B * C 
I 6 117 702 
II 32 112 3584 
IIIn 15 110 1650 
IIIm 17 109 1853 
IV 11 103 1133 
V 2 92 184 
Total 83  9106 
Factor SMR 9106/83 = 109.7   
Factor 1.097   

 
So to obtain the correction factor for the expected numbers of breast cancer deaths we just use 
the data in this table. The result is that we must multiply the expected number by 1.097.  

F(SMR) = (6*117)+(32*112)+(15*110)+(17*109)+(11*103)+(2*92)/83 
F(SMR) = 109.7 

F = 1.097 
The result, 109.7 is an SMR; that is, it is based on England and Wales being considered to 
have the value 100. The expected numbers of deaths calculated on the basis of age alone 
therefore has to be increased by the ratio 109.7/100 or merely multiplied by 1.097. 
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Fig. 4 Variation of Standardised Incidence Ratio for cancer with CARSTAIRS scores for 
deprivation. Lung (inverted triangles), all malignancy (circles) show negative effects and 
breast (triangles), colon (squares) and leukemia (diamonds) show positive effects. The row of 
XXXX's define the range of deprivation measured in the Wales rural study area. (Source: 
Carstairs and Morris, 1991 and Small Area Health Statistics Unit, London)  
 
5. Evaluating trends 
One way in which we can examine the hypothesis that proximity to a nuclear site or other 
polluting source causes health problems is to compare two groups; the study and the control; 
the local with the distant, or the local with the whole of England and Wales. Often, this does 
not utilise all the information there is. Sometimes, if we have several different wards we can 
look for trends with distance from the point source. Lately, this approach (of examining trends 
with distance) has become the method of choice, but it can go dangerously astray for a 
number of reasons. One of these is that pollution does not conveniently emerge from a 
pollution source radially and contaminate the local environment uniformly. It might do this if 
it were a gas, and there was no wind, and the nuclear site was situated on a uniform flat plane, 
but these circumstances do not exist. In reality, the wind blows the pollution in certain 
directions and downwinders are affected. When there is no wind and there are anticyclonic 
conditions, temperature inversion layers constrain airborne pollutants in valleys to a narrow 
strip around the valley sides. So it is necessary to have an idea of the likely movements of 
discharges before deciding which are the contaminated and which the control group. Gould 
and Sternglass, in studying breast cancer near US nuclear sites used a simple but effective 
method of comparing population sectors in the prevailing downwind zones with upwind 
populations (Gould, 1996). 
 If we are trying to see if there are statistically significant trends in health detriment 
between groups who are believed to have decreasing levels of exposure, there are a number of 
methods, considerations and pitfalls to avoid. The main method used by almost all 
epidemiologists is a mathematical process called 'regression'. The rapid way in which 
regression methods have infested all disciplines has two sources. The first is psychological. 
Since the modern (but not postmodern) philosophers have emphasised the importance of 
objectivity in all attempts to tease out the truths and since this objectivity has been grounded 
firmly in mathematics, no one seems capable of deciding anything any more without looking 
to mathematics for support. Just as the inquisitors supported themselves with the teachings of 
Aristotle (and ignored what they saw in Galileo's telescope), modern epidemiology, 
sociology, psychology, and economics (particularly economics) rely on multiple regression 
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methods to find out what is going on. The fact that this routinely leads them into the swamp 
seems to make no difference. They clutch at the regression equations like drowning men at 
straws. 
 What is regression and what does it do? For a complete answer to this, I'm afraid you 
have to do a bit of reading elsewhere, but I will try to give an outline. Regression is a method 
of looking to see if there is a relationship between two or more variables based on lots of data. 
When there are only two variables, we can plot them on a graph, as in Fig 5.1, which plots 
values of ground level ozone and air temperature. There is clearly a relationship. Linear 
regression assumes that a straight line represents the best fit to the data and calculates the 
equation of the best fit line using a statistical procedure that balances the number of points 
either side of the line. Regression is also used to look at a whole range of different variables at 
the same time. A regression equation for ground level ozone might involve examining, 
temperature, windspeed, and solar radiation intensity. If we assumed a straight-line 
relationship for the effect of all three on ozone the equation would be: 
 
 (Ozone) =  a*(temperature) + b*(windspeed) + c*(radiation) + constant 
 
The constant is there in case there is a residual amount of ozone even when the wind is not 
blowing, the temperature is zero and it is the middle of the night. 
 
 

 
Fig 5.1 Scatterplot showing relationship between air temperature and ground level ozone 
from which a regression line may be deduced 
 
The purpose of such a multiple regression is to see the effects of the three different causes, 
expressed as the coefficients a, b and c. Hundreds of different sets of measurements of 
temperature, windspeed, radiation and ozone are made and a computer program is set to work 
calculating the coefficients and also the statistical significance of each coefficient. If there is 
too much scatter or if an easy straight line cannot be drawn through any of the individual 
relationships, taken one at a time (and freezing the others), then the significance statistics 
shows this and the relationship does not exist. This is the theory. Many people think this 
theory itself is invalid (since there are some deep philosophical problems with fixing some 
variables whilst allowing others to move) and in practice, multiple regression is fraught with 
technical difficulties if we want to be certain that it is even approaching something useful. 
This can be seen by comparing results for one variable with results for two and then three 
variables. So these methods are best avoided. There are two other major problems. First, we 
do not really know the relationship between the dependent (ozone) and the independent 
variables. There is no reason why it should be a straight line; it could be a smooth curve or 
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even a wiggly curve. Assuming a straight line may tell us there is no relationship when 
actually it is only telling us that there is no straight-line relationship.  
 A good example of this is afforded by a recent linear regression of cancer incidence 
in Somerset on distance from Hinkley Point nuclear power station, presented by Dr Julia 
Verne at a public meeting in Burnham on Sea in 2003. The graph is shown in Fig 5.2. Here, 
Dr Verne, who is anxious to show that there is no effect from Hinkley Point on local cancer 
rates, has plotted standardised incidence for every ward in Somerset by distance from the 
nuclear power station and (in this figure) the centre of the contaminated mud flats. This 
includes wards in Yeovil, some 60km away. How could anyone imagine the effect of the 
power station operating over 60km?  
 

 
Fig 5.2 Regression straight line calculated by Dr Julia Verne of the South West Cancer 
Intelligence Unit in her September 2003 report of cancer near Hinkley Point. She has ignored 
the clear upward trend in the risk as the mud flats are approached but has spread the study 
area out as much as possible and averaged all the wards out to 60km in her attempt to show 
there is no statistically significant effect (see text). This allowed her to argue that there was no 
effect. (Source Verne 2003) 
 
However, close examination of the graph will show that between 0 and 30km, there seems to 
be a significant sea coast effect (I have determined the statistically significant straight line 
using the statistics package S-Plus). More likely, however is that the relationship is a complex 
one, and not linear at all. This is a further problem with regression and establishing 
relationships. You can fit a line or all sorts of curves to scattered data, and the resultant fits 
can be described by statistics that estimate how good the fit is or whether it could have 
occurred by chance. Often, these goodness-of-fit statistics are used to suggest that there is a 
significant relationship between the causal determinant and the dependant effect. All that 
regression statistics tell us is how good a fit there is for the line or curve. Following this 
triumph of obfuscation and biased mathematics Dr Verne was elected to COMARE, the 
government's radiation 'watchdog' in 2004.  
 
 It is an interesting fact that the same goodness of fit statistic will be given by the 
statistical significance of a regression line fitting the series 12,15,17,18,21 as for the series 
120,150,170,180,210. If these were numbers of cancer cases, there would be considerably 
different statistical significances between them. Imagine the last two represented numbers of 
cancer cases in the closest and next close wards near a point source and that we wanted to 
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know if there was a statistically significant excess in the nearest ward by comparing the two. 
Poisson Tables tell us that 21 is not statistically significantly different from 18 (RR = 1.17; p 
= 0.2693) but 210 is certainly statistically different from 180 as χ2 = 5 (RR = 1.17; p <0.05). 
Thus there are many occasions where regression tells us there is no significant effect because 
the overall numbers are not employed by the procedure. There is however a good method for 
examining trends which does evaluate the significance of the trend line, and this is called 
'Chi-squared for linear trend in proportions'. To use it you need a statistics package, and the 
best and easiest one for this and also the other Chi-square calculations is Epi-Info, which has 
the added advantage that it is entirely free. To use it, you merely have to call up the 
'STATCALC' routine, and type in the data, observed and expected. The computer then does 
the rest. 
 
6 Computer methods 
I began by using a BBC 64 computer and writing all the programs I needed. This was the 
famous BBC that lived in the garage in Mallwyd and had to be dried out each morning with a 
hair dryer. I discovered a tremendously useful and powerful statistics teaching program 
developed at Reading University called INSTAT, and all my early research in this area used 
this. I still have it. But now the BBC is outgunned and sits on the shelf.  The PC is the 
essential tool for these studies (I suppose an Apple Mackintosh would do the same trick, but I 
don’t know much about Mac's). With a cheap computer from the high street, or even a second 
hand one for a hundred pounds, you have the computing power of the average government 
department in 1992. The Small Area Health Statistics Unit (SAHSU), set up in 1984 after the 
Sellafield Enquiry boasted in 1991 a DEC 5500 super computer running at 24MHz with data 
storage of 10,500MB (Elliott et al 1992). Most children now have access to a computer that 
outperforms such a machine, running at speeds greater than 2000MHz and with storage 
capacity greater than 60,000MB. In addition, many programs exist now that can deal with 
epidemiological data and are cheap or free. Microsoft EXCEL is a spreadsheet package that 
will do nearly all the tricks necessary to calculate expected numbers of cases and compare 
them with observed numbers. In addition, the internet has made it possible to download files 
in formats that can be imported into EXCEL. For more advanced work, the free 
epidemiological package EPI INFO can be downloaded from the website of the Centre For 
Disease Control (CDC) in Atlanta Georgia (www.cdc.org). This package used to be 
somewhat impenetrable, but has improved a lot recently and has all you need; it will do 
regressions, logistic regressions, statistical calculations, trend calculations and even has a very 
good instruction manual. For more advanced analysis, there are many commercial software 
packages. I use SPSS (a statistics package favoured by sociologists and psychologists which 
has a tremendously valuable ability to dissect out what you want from enormous datasets) and 
I also use S-Plus, which is a programmable package that seems to have been developed (by 
IBM) for data mining. My daughter Araceli, who is employed as an epidemiologist uses 
STATA. These cost money, thousands of pounds, and you don’t really get much more than a 
combination of EXCEL and EPI INFO, although earlier versions of EXCEL won't handle 
very large files. 
 
7 Why epidemiology? 
I have tried to give an overview of the ideas and processes involved in epidemiology, and I 
have also shown how it is possible for anyone with a basic understanding of maths to find out 
whether a point source of pollution is causing illness in the local population. This is partly 
because much of what I have to say relies on this kind of reasoning, and partly because I want 
to empower everyone and help them to take control of their environment and the risks it poses 
to their health. We are all observers and we all learn to avoid harm. We teach our children 
what our parents taught us, but the world is becoming increasingly complex and dangerous, 
and the new dangers are not things we are immediately able to comprehend.  Simple hunter-
gatherers could look at the sky and predict rain. They taught their children to avoid poisonous 
snakes or plants. They did not need to know about road traffic, but would probably stay well 
clear of the noisy roads and fast cars if they were transported to our developed countries. 
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Today, dangers are posed by environmental pollutants and much nonsense is spouted by 
government and industry about the safety of the new processes. You will see reports of 
epidemiological studies that claim to show that risks are low, or non-existent. You should be 
very very cautious about such studies and look beyond the surface. Think independently and 
carefully about what is said and the evidence it is based upon. Epidemiology is an area that is 
pre-eminently disposed to bogus analysis and biased conclusions. This essay is intended to 
supply the basic machinery for examining such claims, and the basic toolkit for carrying out 
simple studies to answer such questions about risk. These are the new snakes in the new 
jungle. But they are invisible: we have to infer their presence from epidemiology. This is why 
it is a critical discipline for our survival, and why it is being distorted, to persuade us there are 
no snakes, and that when we are bitten, or one of our children is bitten, it is not a bite but just 
an accidental play of chance. 
 
8. The Burnham on Sea Questionnaire Study 
I complete the essay with the Burnham on Sea Questionnaire paper. This describes the 
method we used (and citizens can use). It gives the results and shows the questionnaire. 
Versions of the method were used earlier in Ireland and have been used effectively more 
recently in other areas. In one of these, near Mold (near an incinerator) results showed that 
despite the beliefs of the locals that there was ill health, particularly respiratory problems, the 
rates were normal. In another study, near the nuclear submarine dockyard in Plymouth, high 
levels of leukaemia were found. It is this method I suggest can be used to find out the truth 
about the effects of exposures in any area where citizens are prepared to knock on doors and 
ask questions. Results may not be perfect, but whatever is found is going to be better than the 
reality. And it can be believed, unlike studies carried out by the authorities. In addition, the 
mapping of disease may direct attention to the cause, just as it did for John Snow, the first 
epidemiologist, long ago in the cholera infected streets of Victorian London. 
The study, besides accurately confirming the belief that there was a significant excess of 
breast cancer downwind of the nuclear site, became a local and national cause celebre and 
focused attention nationally on the link between radiation and cancer. 
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Abstract 
This paper addresses the results of a unique local cancer prevalence questionnaire survey in 
the small coastal town of Burnham on Sea, Somerset, near Hinkley Point nuclear power 
station, undertaken in Spring 2002 and examines the reported cancer risk in Burnham North 
ward over the periods 1998-2001 and 1996-2001. Volunteers from 'Parents Concerned About 
Hinkley' (PCAH) called at houses in the ward and gave out questionnaire forms which asked 
for information about the people living at the addresses and any cancers that had been 
diagnosed at the address in the last ten years. In addition, the ages, sex and numbers of people 
living at each address was asked for and this gave a base population which could be used to 
determine the expected number of cases of different cancer types using England and Wales 
national incidence data for 1997. 750 completed survey forms were returned defining a base 
population of about 1500 persons.  

Results were calculated as Relative Risk or RR which is observed cases divided by 
the expected numbers based on the national data. Statistical significance was estimated using 
cumulative Poisson probability. These showed that there was roughly double the breast cancer 
risk in both periods. (1998-2001: RR = 1.86 10 cases, 5.39 expected; p = .05, 1996-2001: RR 
=  1.98 16 observed, 8.1 expected, p = .01). This supports earlier work carried out by this 
group (2000) using mortality data from the office for National Statistics which showed 
approximately double the national risk.  In addition, the data indicated significant excess risks 
from leukemia (1998-2001: RR=4.1;p = .01; 1996-2001: RR= 2.73, p = .05, 4 observed, 1.46 
expected), kidney cancer (1998-2001: RR 4.76 4 observed .84 expected p = .01, 1996-2001: 
RR = 3.96, 5 observed, 1.26 expected. P = .01), cervical cancer (1998-2001 RR = 5.6, 2 
observed 0.36 expected, p = .01; 1996-2001: RR = 5.6, 3 observed, 0.54 expected, p = .01). 
Reported prevalence of cancer of the colon and prostate were below expectation and for 
cancer of the lung the prevalence was very low. For all malignanices combined, risk was 
slightly lower than expected. However, owing to population leakage and early deaths, the true 
risks are likely to be much higher. On the basis of the year 2001 only, 17 cases were reported 
with 11 expected, RR =1.55, p = .06.  

Other questions asked about lifestyle and behaviour in the cancer sufferers. Smoking 
more than 10 cigarettes per day occurred in 23% of the cancer sufferers compared with 27% 
in national statistics for all persons and 35% in cancer patients in Irish hospitals in 1996, 
suggesting that smoking was not a cause of the effect. The most interesting pointer was that 
61% of cancer sufferers had hobbies or activities that regularly placed them on the beach or 
near the sea.  

The results support the hypothesis that radioactive particles and materials originating 
from Hinkley Point and other sources which are present in the intertidal sediment have 
become transferred into the air and become inhaled or ingested by sea coast populations and 
that the high local dose to tissues is a cause of the effect. Other possible causes cannot be 
ruled out.  

The questionnaire study is the first of its kind in the UK and starts a process which 
will enable communities local to a putative source of risk to bypass the perceived secrecy of 
the cancer registries and discover the levels of ill health in their neighbourhood.    
 
Background 
The question of the health effects of radioactive releases from nuclear sites and other sources 
remains an area of considerable debate. In the last five years there has been new evidence 
emerging that internal irradiation by the novel substances produced by fission processes e.g. 
Caesium-137, Plutonium-239, Strontium-90 etc is not adequately addressed by the 
conventional model. The UK government have recently (July 2001) set up a new committee, 
CERRIE, to report on the issue. As a part of our research into this area we have previously 
reported the results of an analysis of cancer mortality data from wards in Somerset in order to 
examine the effects of proximity to the large offshore mud banks and the tidal regions of the 
River Parrett which are contaminated by radioactive material from Hinkley Point nuclear 
power station and also material from other sources such as Sellafield, La Hague, Chernobyl 
and global weapons fallout. Our results, based on mortality data from the Office for National 
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Statistics (ONS) for 1995-1999 were published in 2000 [Busby et al 2000] and elicited 
considerable criticism from the Somerset Health Authority (SHA) and the operators of 
Hinkley Point, British Nuclear Fuels (BNF). Our prior hypothesis was based on a very large 
study of Irish Sea coastal populations, both in Wales and Ireland, which we conducted in the 
period 1997-1999 and which had showed the existence of a 'sea coast effect' on cancer. 
People living near the coast in areas where there were offshore mud banks, estuaries or inlets 
contaminated by material from Sellafield showed sharp and significant excess risks of cancer 
of most types which fell off rapidly with distance from the coast or river estuary. Results from 
Somerset showed the same effect and in particular showed significantly raised breast cancer 
mortality risk in the town of Burnham on Sea, the largest concentration of population close to 
the contaminated mud flats. The Standardised Mortality Ratio (SMR) over the period 1995-
2000 was about 2, i.e risk of dying from breast cancer was about twice the national average 
after adjustment for age and social class. The study had been commissioned by Stop Hinkley, 
and the results were reported in the local media. Somerset Health Authority were dismissive: 
we had used the wrong populations, they said and the correct populations showed no effects. 
However, when they supplied us with their correct populations, the effect remained. Later, 
SHA agreed that there was indeed an excess breast cancer risk but now they argued that it was 
not caused by the nuclear site and could have occurred by chance alone. They were dismissive 
and offensive and entirely unhelpful.  
Recently, we have paid to obtain electronic data and emails written from within SHA on the 
issue and these have been illuminating, establishing the level of anxiety within SHA and their 
attempts to minimise the problem. They deny that there is a problem and refuse to discuss the 
issue. Meanwhile, people continue to die.  
 
Small area cancer data: secrecy and cover-up 
 
In Somerset, as in all areas where we have tried to establish the effects of nuclear pollution, 
we have asked the authorities for small-area cancer incidence data to analyse. We were only 
able to examine the Welsh data because we were given the entire database 1974-1989 by the 
Wales Cancer Registry (WCR) following the orders of the then Director of Health Dr Deirdre 
Hine to whom we addressed our concerns. This amazing leak resulted in the immediate 
closure of WCR and its replacement by a new organisation, Wales Cancer Intelligence Unit 
whose Director, Dr John Steward, moved swiftly to remove large numbers of cancer cases 
from the inherited database. More than 15% of all the childhood cancer cases recorded by 
Wales Cancer registry were wiped off the record without explanation. Shortly after this, all 
the cancer registries in the UK agreed to refuse small area data on the grounds of 
confidentiality, and ours and other groups requests for such data are now automatically 
refused. This includes data on incidence produced to the same level of aggregation (e.g. ward 
level) as the ONS data on mortality(which is available) showing a difference in application of 
confidentiality considerations which is hard to explain. No amount of pressure will produce 
the data: it has been refused in Court following a formal request from a judge and has been 
refused to the Minister of the Environment. The reason given for the secrecy is that it may be 
possible for someone to be identified if the number of cases of say breast cancer in a ward 
population of say 1000 women is given out. We are thus asked to believe that the knowledge 
that there were 6 new cases of breast cancer in Burnham-on-Sea North ward in 1998 would 
enable us to identify a particular person and for this reason the data must be kept secret.  
 Whatever the reason for this secrecy, it is clearly important to be able to examine the 
effects of environmental pollution, and as a way around the cancer registries we devised a 
procedure to obtain the numbers of cancer cases in an area. This simply involved knocking on 
doors and asking if anyone in the house had been diagnosed with cancer. The method was 
used for the first time in Carlingford and Greenore on the East Coast of Ireland in 1999 
[Busby and Rowe, 2000]. The questionnaire method devised and used successfully in 
Carlingford enabled us to establish that the sea coast effect in that area was remarkably local 
with high cancer risk within a few hundred metres of the high water line.  
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Following a meeting in Burnham on Sea in 2000, where these issues were discussed, 
a local group, Parents Concerned about Hinkley (PCAH) decided to organise a questionnaire-
based study of Burnham North ward based on the Carlingford questionnaire. Although this 
approach has some shortcomings, which will be discussed, it has the great merit of obtaining 
data has not been filtered through official channels and can therefore be believed, and at base, 
there will exist a list of people with cancer in a small area and the numbers of cases can be 
analysed with regard to a base population which is also exactly known. In addition, a 
questionnaire can ask people about their lifestyle and what they think about the issues 
involved. This approach breaks through the secrecy surrounding small area cancer risk and 
has the added advantage of being able to obtain numbers of cancers for the more rare sites e.g. 
leukemia, where mortality data from ONS is not published or to see if there are any links with 
activities that might prove epidemiological pointers to the cause of the disease. A version of 
the Carlingford questionnaire was devised and distributed in Burnham North in the Spring of 
2002. It is the results of the analysis of the 750 returned questionnaires that will be reported. 
 
The PCAH/Green Audit questionnaire   
The questionnaire (see Appendix B) was given by a volunteer from PCAH to each of the 
houses in Burnham North and the project was explained. It was intended to be filled in for 
each household on the electoral list by the head of or some responsible person in the 
household, with the assistance of an interviewer. The questionnaire asked for the sex and age 
of all persons living at the address. It then asked if any person at that address has been 
diagnosed with cancer in the previous ten years. Details of this person were then asked for, 
such as the type of cancer (site), their sex, the age at diagnosis and the year of diagnosis. This 
data enabled the direct calculation of relative risk in the sample population, relative to the 
national population. In addition to the fundamental questions above, the questionnaire also 
asked about the lifestyle of the cancer cases, whether they smoked, whether their habits put 
them in proximity to the beaches or the sea, whether they ate fish or shellfish regularly and 
other questions that might throw light on the cause of the cancer. 
  In the event, difficulties obtaining enough volunteers and other factors resulted in 749 
households returning completed questionnaires. Where there were clear ambiguities in some 
questionnaires, the house was re-visited. The questionnaires also asked people to indicate 
whether recipients would be prepared to help further, through interviews or with providing 
other information. There was also a space on the form for comments. 
  It is important to appreciate that the filling out of questionnaires and the selection of 
houses where this occurred was random. The sample of all the houses and households 
contributing to the study was based only on who happened to be in, and the track of the 
interviewer. The questionnaires were not in any way biased by selection or choice on the part 
of the interviewer or the person interviewed of the returning of a questionnaire.  
 
The population at risk 
The 1991 census population of Burnham North is given in Table 1. The project was set up 
assuming a 50% response rate and total ward coverage. In the event about 750 questionnaires 
were returned which gave a base population-at-risk of approximately 1500 persons. The age 
breakdown of the respondents is also given in Table 1. It is clear that about one third of the 
census population of the ward are included in the survey.  
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ages Males Females Survey males survey 

females 
0 to 4 76 101 28 (37%) 18
5 to 9 93 113 50 (54%) 36
10 to 14 119 131 40 (34%) 39
15 to 19 120 127 45 (37%) 29
20 to 24 80 83 28 20
25 to 29 89 106 15 16
30 to 34 94 117 21 36
35 to 39 126 122 43 46
40 to 44 168 163 58 48
45 to 49 130 136 45 49
50 to 54 109 122 56 65
55 to 59 125 145 50 54
60 to 64 160 175 59 60
65 to 69 211 237 52 60
70 to 74 186 237 57 67
75 to 79 132 176 47 (36%) 42
80 to 84  102 181 28 34
85 to 89 48 137 16 17
90+ 26 81 6 7
all 2194 2690 744 743
 
Table 1. 1991 census population of Burnham North compared with population included in the 
PCAH questionnaire survey. 
 
Population leakage 
The questionnaire asked for details of cancer incidence in the ‘last ten years’. In the event, 
respondents gave cancer details back as far as the late 1970s. However, it is clear that the 
inclusion of cancer cases diagnosed in the area for earlier periods runs the risk of missing 
cancer cases or deaths for any early year because the owner died of cancer (and no one else 
could report this) or because the house where they lived was sold and new people live there 
who are not aware of the cancer case and therefore did not report it. This is a problem with 
such a retrospective study. We call loss of cases from earlier years ‘population leakage’ and it 
may be examined by looking at the trend in Relative Risk by different period of time prior to 
the survey. Information may also be obtained by examining Relative Risk by age group since 
older people are more likely to leak out of the study population because they are more likely 
to die of cancer and their houses sold. Table 2 gives the prevalence of reported cancer cases 
by year of reported diagnosis. It is clear that there is an apparent fall off in prevalence with 
time and this must be due to a population leakage effect. Therefore the apparent risks shown 
by the data will be less than the true risk. For this reason, the analysis has to consider a trade 
off between accuracy and statistical power. Two periods of time were used for the analysis, 
1998-2001 and 1996-2001. For the six year period, there were 64 reported cases of cancer 
with 66 expected on the basis of the national average; however, the number of cases for the 
most recent year was 17 and if this year is representative, there would have been 102 cases in 
the six years 1996-2001. This latter is more in line with the results obtained by mortality 
analysis using the ONS national data. Thus the relative risks found on analysis of the 
questionnaires were adjusted for this effect, they would increase by about 54 percent; 
however, we cannot reasonably apply such a correction to any particular type of cancer since 
we do not know the distribution of the leaked (i.e. missing) cases. 
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Year Cases Year Cases 
2001 17 1991 3 
2000 12 1990 1 
1999 8 1989 3 
1998 8 1988 0 
1997 10 1987 3 
1996 9 1986 1 
1995 6 1971-1986 4 
1994 4 Others (4) 
1993 2   
1992 4   
 
Table 2 Cases of cancer reported by year in PCAH survey results 
 

Confidentiality 
The survey interviewers gave an assurance of confidentiality. Each questionnaire was devised 
to be returned to the analysis team with the postcode reference only. However, in the event, 
some were returned with an address. There was space on the questionnaire to ask if the person 
filling out the questionnaire was prepared to give further help or be interviewed: and a 
number of people gave their name and address and telephone number. This report will not 
identify any person or any address and this data will remain confidential. 
 
Method 
The sample of the population of the study area who were reported in the questionnaire forms 
were assumed to be the population at risk. The total numbers of cancer cases expected in one 
year was calculated by multiplying the population at risk in each sex and 5-year age group by 
the 1997 average national rate for the cancer type or site calculated from the latest (1997) 
ONS national data [ONS, 2001]. The total numbers expected over 4-year and 6-year period 
were then obtained by simply multiplying the annual expectation by the appropriate number. 
This was then compared with the observed number of cases over the same period. The 
resulting O/E was defined as a Relative Risk and the probability of this result being a chance 
occurrence was obtained from Cumulative Poisson statistical tables. This p-value represents 
the probability of the number of cases observed, or less, being found by chance alone given an 
expectation based on the population in the sample and the national rates. There was no 
adjustment for Social Class, as this is not possible given the data; however, such an 
adjustment would not change the risks by more than 10 percent.  

 

Results 
The cases are given in Table 3.
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Cancer sex (m=1) age diag. year diag. 
Bowel 1 61 1991
Skin 1 57 1992
Bladder 1 70 1998
Cervical 2 35 1989
Ovarian 2 62 1999
Breast 2 35 1999
Colon 1 72 1999
Lymphoma 1 70 not given 
Kidney 1 61 2001
Breast 2 56 1999
Melanoma 2 47 1995
Kidney 2 64 2001
Testicular 1 15 2001
Breast 2 60 1997
Kidney 2 72 1996
Breast 2 72 1998
Prostate 1 77 2001
Bowel 2 53 2001
not known yet 2 80 2001
Bowel 2 50 1993
Leukaemia 1 14 1999
Cancer 1 76 1996
Colon 1 61 1995
Leukaemia 1 74 1998
Prostrate 1 82 1997
Lymphoma 2 not given 93
Lymphoma 2 not given 2000
Lymphoma 2 32 1986
Intestine 2 71 1997
Liver 1 72 2000
Prostate 1 74 2000
Cervix 2 54 1990
Kidney 2 77 1998
Prostate 1 79 1996
Lung 2 85 2000
Bowel 1 62 not given 
Leukaemia 2 68 2000
Lymphoma 1 75 not given 
Breast 2 61 1992
Pancreas 2 73 1994
Lung 1 73 1992
Leukemia 1 57 1994
Breast 2 63 1996
Pancreas 1 58 2000
Stomach lung 1 79 2001
Oesophagus 1 78 2001
Liver 2 68 1987
Cervical 2 35 2000
renal cell 1 38 2001
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Pancreas 1 56 1995
Bowel,bones,prostate,l
ungs 

1 65 1991

Cervical 2 58 1989
Breast 2 66 1981
Breast 2 49 1997
Abdominal 2 51 1994
Breast 2 41 1987
Breast 2 36 2001
Throat 2 76 1973
Melanoma 2 50 1970
Colon 2 76 1996
Breast 2 75 2000
Cervical 2 43 1996
Bowel 2 73 1999
Cervical 2 39 1999
Skin 2 70 2000
Leukaemia 2 60 1983
Breast 2 47 1997
Breast 2 81 1998
Skin 2 81 1997
Lung 2 77 1987
Breast 2 39 1971
Prostate 1 85 1998
Colon 1 59 1995
Pancreatic 2 84 2000
Lung 1 74 not given 
Breast 2 71 2001
Lung 1 80 2001
Skin 2 72 not given 
Lymphoma 2 80 1996
Bowel 1 67 1994
Prostate 1 84 1989
lung & liver 1 62 2001
Stomach 2 92 1991
Testicular 1 not given 1990
not given 2 45 1996
Breast 2 65 1995
Breast 2 75 2001
Bowel 2 63 1998
Breast 2 89 2002
Stomach&oesophagus 1 62 1998
Prostate 1 91 1997
Breast 2 63 1997
Skin 1 49 2001
Breast 2 60 1999
not given 1 80 1997
Leukemia not given 67 2000
Breast 2 48 1997
Liver 1 53 2000
Cancer 1 not given 1995
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Breast 2 not given 1989
Prostate 1 84 2001
Leukemia 2 4 1967
Kidney 2 72 1996

 
Table 3 Cancer cases reported in PCAH survey, with sex and age and year of diagnosis. 

 
Tables 4 and 5 give the Relative Risks calculated by us for the cancers where there was some 
evidence of statistically significant excess risk and also for some common cancers for the two 
periods 1996-2001 and 1998-2001. For other cancer sites reported, the risk could not be 
calculated either because the numbers were too small or the data was too poor (the questions 
on the form having been vaguely or incompletely answered). 

 

Cancer Observed Expected RR Poisson p-value 

All malignancy 45 44 1.02 NS 

Female breast 10 5.39 1.86 0.05 

Kidney 4 0.84 4.76 0.01 

Leukemia 4 0.976 4.1 0.02 

Cervix uteri 2 0.36 5.6 0.01 

Colon 5 5.2 0.96 NS 

Prostate 4 4.8 0.83 NS 

Lung 4   Low 
Table 4 Relative Risk (see text) for cancer in Burnham North from 1998-2001 indicated by 
PCAH survey (based on England and Wales rates for 1997). 
 

 

Cancer Observed Expected RR Poisson p-value 

All malignancy 64 66 0.97 NS 

Female breast 16 8.09 1.98 0.01 

Kidney 5 1.26 3.96 0.01 

Leukemia 4 1.46 2.73 0.05 

Cervix uteri 3 0.54 5.55 0.01 

Colon 6 7.8 0.77 NS 

Prostate 7 7.2 0.97 NS 

Lung 4   Low 

 
Table 5 Relative Risk (see text) for cancer in Burnham North from 1996-2001 indicated by 
PCAH survey (based on England and Wales rates for 1997). 

 
 
Questions were also asked about whether the cancer sufferer was a smoker, whether they had 
a job that kept them mostly outdoors and whether they were regularly on or close to the 
beach/sea. No internal controls were available for answers to these questions since it was 
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considered that this would make the questionnaire too complicated. However, the information 
could be compared with national data in the case of smoking and it was considered that the 
answers to the other questions could be informative and possibly followed up through a 
separate survey if necessary. The lifestyle/behaviour of the cancer cases, as reported, are 
given in Table 6. 

 

 Yes No Not given % of replied 

Smoker  21 69 13 23%  

Sea/Beach 49 31 23 61% 

Outdoor/in 14 44 45 32% 

Sea or outdoor 53 27 19 66% 

Local fish 12 59 32 17% 

 
Table 6 Behaviour of all cancer sufferers as shown by answers on questionnaire. 
 
Comments in the replies 
It is said by the Cancer Registries, that people do not want to be identified as cancer sufferers 
or as the family of a cancer sufferer. This is the rationale behind the cancer registries refusal 
to release small area data. However, comments given in the survey (appendix A) were almost 
entirely positive and showed that people were concerned and wanted to discover whether 
there was a problem or not and were very willing to help. A number of replies suggested that 
there was a degree of suspicion over the impact of radioactivity from Hinkley Point. One old 
gentleman (age 87) wrote at some length. Since his comments were very relevant, we 
reproduce them here: 
 I, (name) was born and bred at (a farm) in Highbridge and lived in Burnham on sea all my 
life apart from the war years (1939-45). Regarding Hinkley, a normal schoolchild knows that 
our winds are normally South Westerly, both at sea level to altitude. It is also a known fact 
that hot air rises. I imagine output from Hinkley is in the form of hot air and dust particles 
into the atmosphere. This air is carried away from the Hinkley area until it cools enough to be 
brought by cooling to the ground, away from Hinkley (being deposited in the Bridgwater-
Burnham basin area formed naturally by the Quantock/Pouden hill semi-circle. With the 
Severn by virtue of its banks forming a natural funnel I suggest this radioactivity is carried as 
far as the Stroud area. Why was Burnham area scanned nightly for radioactivity especially 
the copper roof of the RC church? Is this still done? The tail end of October we had at this 
area a cement like dust on the cars, supposedly Sahara dust with the wind at the time 
Westerly??? 
 This response goes to show that people are quite able to draw their own conclusions about 
cause and effect and are not gulled by anodyne statements from the nuclear plant operators. 
 
Discussion 
Results show consistently and significantly elevated risks for female breast cancer, and thus 
support the earlier finding of about double the expected breast cancer mortality [Busby et al 
2000]. The effects was there in both the four year and six year periods. In addition, there were 
significantly high levels of kidney cancer, leukemia and cervical cancer. Leukemia is the most 
commonly assumed outcome of radiation exposure although kidney and cervical cancer are 
also caused by radiation exposure. Although the numbers were small, the risks were quite 
high and were statistically significant in all cases and time periods. The real levels of cancer 
would certainly have been higher than these figures show due to population leakage and 
deaths. Lung cancer prevalence, generally low in Somerset, was apparently very low in the 
ward according to the questionnaire. Prostate and Colon cancer seemed slightly low.  
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 The answers to the question about smoking showed that 23% of those who answered were 
smokers. The figure for smokers in the general population is 27% (Action on Smoking and 
Health) and the Irish Cancer Registry has found that for cancer patients in hospital in Ireland, 
the figure is about 35%. So first, we can say that the cause of the elevated cancer is not 
primarily smoking. The radiological protection agencies assume that the main dose to locals 
from the operation of sea-discharging nuclear power stations or reprocessing sites is through 
eating fish and shellfish. The cancer sufferers in this survey did not seem to eat a great deal of 
fish, but we have no controls for this so cannot be certain. However, there was a large 
percentage of the cancer group who either had a hobby involving being regularly on the beach 
or in the sea or an outdoor job. The main factor in determining inclusion in the group was the 
sea hobby connection, and although we do not have a control for this, it would be possible to 
obtain one fairly simply.  
 What is the origin of the apparent cancer excess? Could there be some artefactual origin? Is 
the method biased? We will address these questions briefly. 
 
Is the method biased? 
The survey is not the most accurate way of obtaining the cancer incidence in a small area. The 
preferred way would be to obtain the data from the Bristol or South West Cancer Registry or 
Somerset Health Authority. However, this data has been refused by both the registry and the 
health authority. And in any case, research we have done in Wales has shown that data from 
Cancer Registries is often questionable. For example, following our discovery of various 
cancer excess risks in Wales, using the Wales Cancer Registry data which we obtained in 
1996, WCR was closed down and the new agency, Wales Cancer Intelligence and 
Surveillance Unit, wiped a significant number of cases from the database and then denied any 
increases existed. We can prove this and have all the relevant paperwork. So the PCAH 
survey was the best way to see if there was indeed a problem, as the official mortality data 
had suggested. And even the mortality data is questionable. In 1997 we received a copy of a 
death certificate of a little girl who lived near the Atomic Weapons plant at Aldermaston, who 
died of leukemia but was registered as having died of pneumonia. At least, with a survey, we 
know we are closest to the source of the data and can revisit. We know the locations and 
names of the cases. 
 Given all this, there are still some problems. The first, is that dead people don’t fill in 
questionnaires, and that survivors or spouses may move away after a death. This will only 
bias the result in the direction of lower apparent risks. The second is that someone will say 
they have cancer when they do not. It is hard to see why anyone should do this. Our evidence 
from this and the other (Irish) survey we have carried out, is that the opposite (Type II error) 
problem, saying they do not have cancer when they do is more common. We had two people 
in this survey who refused to become involved because they were too upset by a recent loss to 
discuss the issue or fill in a questionnaire. The overall trend in these two possible problems is 
to lower apparent risk.  
 
What is the apparent origin of the cancer increases ? 
The results show that there is something about Burnham on Sea that is associated with 
elevated risks of breast cancer, leukemia, kidney cancer and cervical cancer. The hypothesis 
that underpinned the original Hinkley mortality study (Busby et al 2000) was that internal 
exposure to man-made radioactive particles originating in the power station and other sources 
on the Severn Estuary was a cause of cancer in populations living close to the sea. This 
hypothesis was advanced originally as an explanation for the sea-coast effect found in Wales 
and Ireland's east coast, where particulate radioactive material from Sellafield exists. The 
material is resuspended by wave action and has its highest concentration in the air inside the 
1km strip. Radioactive particles of the alpha emitter Plutonium-239 and Americium-241 of 1 
micron diameter or less are common sea to land transfer particles and have been measured in 
sheep droppings, human lung and lymph node tissue, children's teeth and grassland across the 
whole of the UK. The evidence for this was given at some length in Busby et al 2000 and in 
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several of our papers on the Wales and Irish coast effect which have been presented to 
CERRIE and are part of that process. 
 There may an alternative explanation for the findings or indeed for the sea coast effect, but 
evidence in its entirety points to radiation exposure. In Ireland, we found cancer increases on 
the East Coast but not on the West coast, where there are no nuclear sites or pollution. On the 
East Coast, besides analysing the official data, we employed a similar health survey to the 
present Burnham on Sea survey in the wards of Carlingford and Greenore, close to 
radioactively contaminated mudbanks. I this study we were able to divide the population into 
three groups by distance from the sea, at 0-100metres, 100-1000 metres and 1000-
2000metres. By this means, (and by inspection of the cases on the map) we were able to show 
that the risk increased four fold on moving from the most distant group to the coastal group. 
In Burnham on Sea, since it was a town survey, we were unable to examine effects by 
distance from the seashore. However, the high percentage of cancer sufferers who had 
hobbies which put them close to the sea and the sediment suggests that this is the source of 
the disease. The idea that the contaminated sediment may cause leukemia or cancer is not 
new. It was the hypothesis of the Leukemia Research Fund study by Alexander and 
Cartwright et al in 1990 where the research confirmed an Association between estuaries and 
leukemia. It was also the finding of the Viel et al case control study of childhood leukemia 
near the French reprocessing site at Cap de la Hague. [Viel et al, 199X].  
 What of the spectrum of cancers found? Why are the increases apparently in breast cancer, 
but not prostate cancer or lung cancer. Why are kidney cancer , cervical cancer and We 
cannot say. We can speculate that particles may become trapped in the kidney and irradiate 
local cells, that leukemia (or indeed most cancers) may result from sub micron diameter hot 
particles trapped in tissue.  One problem is that there are many factors which influence the 
time it takes between the genetic damage and the final expression of the cancer, and this 
period is different for different cancer sites, owing to the variation in the natural replication 
rates of the constituent cells. We must realise that the exposures that lead to the expression of 
cancer in this population are mostly in the past, maybe ten or more years ago, and that we are 
seeing a 'snapshot' filtered result of a population where some have had cancer (of some type) 
and died and been removed from the population.  

And finally, we cannot say for certain that it is exposure to radioactivity that is the 
cause of the effect: all we can say is that in all the studies where we have looked at coastal 
population of some density living near areas where there are large areas of contaminated 
sediment, there is a sea coast enhancement of cancer risk which falls off rapidly as we look 
inland.  

We will make one final point. The time is now long overdue for the release, by the 
cancer registries, of small area data on cancer so that people living near a putative source of 
risk can examine the data for themselves. It is no longer acceptable for the authorities to say, 
'trust us'. There have been too many situations (Sellafield and the Seascale leukemias, BSE, 
Dr Harold Shipman) where it has become clear that health authorities, government science 
advice committees and those who are paid to look after the public have failed to do that. The 
cancer survey which PCAH have carried out is a very important breakthrough in this area, 
since it has shown that local people can, if they are concerned, examine the situation for 
themselves: although there are disadvantages to this, at least they can trust the results, and 
finally, will act politically on what they discover. 
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Appendix A: Responses to the questionnaire 
 
Cancer Comment   
Yes Since the early 60's I had been a regular walker on the beach mostly 

at low tide in the mudier levels, also metal detecting and digging for 
wartime relics.I often wonder now if there could be a higher 
radiation level in the mud,and if my finds be affected 

No We have lived here for 11 mnths. I had a breast scan this year & all 
was O.K. 

Yes To get a balance you really need to know how many healthy births 
to smokers & non-smokers. 

Yes F - breast cancer - 1985 - probably oestrogen related - still alive 
No son born prematurely(6 weeks), but we had only lived in B.O.S. 12 

mnths prior. 
No I have only lived in the area for 3 yrs - but I am very concerned for 

the younger persons, esp. children, as I feel the higher rate of cancer 
related illnesses in this area is very worrying and something needs to 
be done to address this very serious issue 

No Dog contracted cancer of the lymph gland at age 7 - had walked on 
beach most days. 

No See extract in text  
No Food and smoking? spraying chemicals?  
No My mother died at 45 with C/A breast. this is a subject close to my 

heart even though it is not related to this survey. 
Yes When my wife was terminally ill with cancer, she received excellent 

support from our family doctor and other doctors and nurses from 
the B.O.S. medical centre. 

No Is the survey taking account of naturally occuring environmental 
factors, e.g radon gas, as on the somerset levels? Industrial pollution 
from S. Wales? Is Berrow included in this survey? 

No Only lived in Burnham 6 mths  
No Only lived at this address 2 mths.  
No 1 male, 1 female both retired (no ages given). We are not happy with 

nuclear power. And very concerned about the transporting of nuclear 
waste throughout this area by train, etc. 

No we have only lived here for 2.5 yrs, so perhaps do not fit the criteria 
very well. 

No My family has been fortunate so far including our daughter who now 
lives in london. but we know of at leasr 3 neighbours have died of 
cancer in the last 10yrs. we support what you are trying to do. 

Yes family history of colonic cancer.  
No My first wife died of lung cancer 4.1.96. age 74. both of my 

neighbours died of cancer, one, liver, 2000 aged 53, one leukaemia, 
2000, aged 67 

Yes lived at an address on beach at Alandale  
Yes Male swam in sea until 1970's frequently.  
No My mother, 20yrs ago, died two yrs later.  
No we have lived in B.O.S only a few mnths and are not representative 

of the long term pop. 
No a) has any research been carried out about alternative sources of 

energy in the area e.g. windmill groups in part of Bristol Channel 
etc? b) The format of the questionaire worries me.Elderly people 
living alone can be identified.Who might see these forms? 

No All screening for cancer for men and women should have been done 
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from early twenties. 
Yes My sister died from cancer in 1995 after living here 11 yrs 
Yes My daughter died of breast cancer in 1997. She used to water ski at 

Combwich and always felt there was a connection. 
Yes XXXX  was my 2nd husband, we were only together the 4 yrs 1991-

1995 - all of this time we lived in Maddocks Slade - 50yrds from the 
beach. 

Yes Was a farmer, ate local congar ells  
No after the events of sept 11th i would have thought we should be 

equally concerned of the dangers from a terrorist attack for ourselves 
our children and our grandchildren. 

No miscarriage in 1998  
No our neighbour lived on the Berrow Road for many years and walked 

his dog on the beach everyday for years. last year he was diagnosed 
with bowel cancer and previously has never suffered a days illness 
in his life. he is convinced there is a link to B.O.S. 

Yes husband died liver cancer 15yrs ago, lived in high st, north burnham 
Yes husband worked at hinkley point and fished river Parrett  
No miscarriage 7 yrs ago  
No not independent nor unbiased (underlined: 'stop Hinkley') 
No every person i have ever met who had cancer, other than children 

with leukemia, was a smoker or had been a smoker. i believe this is 
the greatest threat. 

No i was a water skier for approx 14 yrs, and did this all year round, and 
spent plenty of time in the water.also as a lad i used to swim in the 
sea. 

Yes we don't live here but have a holiday home which we have used for 
12- 14 yrs 

Yes I hope this information will be usefulfor your research  
No i worked at hinkley point for 32 yrs have two heathly children and 

no problems myself or my wife 
No we only moved here 2 mths ago, but, like yourselves, we find the 

statistics on local cancer rates very alarming! please keep up the 
good work! 

No have only lived here for 4 yrs, so feel there is nothing i can add. but i 
wish you well in your endeavours 

Yes Walked on beach every day  
Yes Have you considered the chemical that settled over Burnham 13 yrs 

ago from a fire near Bristol 
Yes I do not think these questions apply to me as i was diagnosed in 

1992, I was told that I had probably had this condition for a number 
of years previously. 

No Please keep on with your campaign.  
Yes No, (no help), because it was my mother who died and it was very 

painful nursing her at home. 
No We have only been in the area 7mnths. my husband worked at 

Hinkley for 30yrs and also at Berkeley.Thankfully we had 2 healthy 
children, and now have 4 healthy grandchildren. 

Yes My husband had 4 major operations for cancer of the bowel at 
Weston Hospital, from 1994 until he died. I was always surprized 
how many of the patients were from burnham, and most had bowel 
cancer, quite a no. who lived near here, died as a result. 

Yes My mother had breast cancer 12 yrs ago. They live 100yrds from the 
river bank( the one that runs through the sea down to Dunball). 

No I am doubtful whether this questionaire is scientifically acceptable, 
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unless you also know how many people haven't had the listed health 
problems go on or near the beach regularly. 

No very interested. at least 4 friends lost/diagnosed withcancer  
Yes cancer case(husband), worked at berkley, hinkley and oldbury. 
No last year father-in-law died of prostate cancer  
No information from locals that a resident ay clarendon way worked at 

hinkley and fished in the 'ponds' and found deformed fish, 3 eyes, 
big head and extra fin. it was the outfall. would like iodine tabs, 
fears that h.p will go critical or be attatched 

No enthusiast. when i first moved to b.o.s. i lived with a family, both 
girls swam regularly in the sea. both died of cancer. i would like to 
see past surveys. 

No more dentists  
No would like to know if there is a health problem with 'H'.  
No ate fish from the wicker putts.  
Yes too upset to discuss  
No keen and enthusiastic about survey  
Yes do not want to talk about cancer  
Yes Man built the cason for thr sea defence & water intake prior to 

operations at hinkley. 
No i'm sorry, this is 'pseudo-science'. for a start, what pop are you going 

to compare it with? there will be significant bias etc, etc. 
Yes my mother is 89 yrs old, has breast cancer which is responding to 

pills. we believe this type many older ladies get. 
Yes Daughter high risk of skin cancer, under monthly checks. 
No are you aware that a coal fired power station produces higher radio-

active emissions than a nuclear power station? also local brick 
houses emit radioactivity. 

No we want the present two hinkleys closed and no new ones. nor any 
other nuclear installations. 

No have lived here for 26yrs. prior to that we had a caravan here for 16 
yrs and our 6 children and ourselves went into the sea regularly. i 
walk the dog on the beach most days. we did lose our last dog, 
however, with lymphoma and she swam regularly. 

Yes my father died of lung cancer in 2000. had lived in b.o.s. for 30+ yrs. 
worked indoors 100yrds from seafront. smoked 20 cigarettes+ from 
1960-1985. did not regularly eat local fish. 

No cannot really contribute anything tangible to this matter. 
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Appendix B 
The PCAH Survey Questions 
 
Section A 
 
Is your home within 500 yards or walking distance from the sea? Yes/no 
 
How many males live at your address?  Number?  Ages? 
 
How many females live at your address? Number? Ages? 
 
Section B 
 
Has anyone including yourself been diagnosed with cancer or lymphoma in the last ten years? 
Yes/no 
 
If yes, then Sex? Age at diagnosis? Year diagnosed? 
 
Type of cancer/leukemia/lymphoma diagnosed? 
 
How long has this person lived in the Burnham area? 
 
Where did they live before Burnham? 
 
Did/does the person receive treatment or surgery? 
 
Name of GP or doctor? 
 
Did/does the person smoke more than 10 cigarettes a day before the diagnosis? 
 
Is the person still alive? 
 
Section C 
 
Has anyone in your household had: 
A stillbirth birth defects infant death (if yes, how long after birth?) 
 
If so, in what year did this occur 
 
How long had the mother lived in the Burnham area? 
 
Where had she lived before Burnham? 
 
Did the mother smoke more than 10 cigarettes a day prior to having the baby? 
 
Section D 
 
Please answer these questions if you have said Yes to any of the questions in sections B and 
C. 
 
Had the person regularly eaten fish caught locally? 
 
Are they regularly on or close to the beach/sea at Burnham for hobbies/pleasure? 
 
Is their job mostly indoors or outdoors? 
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If their job is outdoors, are they regularly close to the beach/sea? 
 
Would you be prepared to help by answering further questions if necessary? 
If Yes, please leave your name address and telephone below. 
 
Please add anything you feel relevant to the information on the questionnaire. 
 
 
Thank you for your time! 
Someone will collect your completed survey within the next few days. If you have any 
queries please ring Julie on XXXXXXXXX. 
 
Research by Green Audit - Commissioned by Stop Hinkley 
 
 
 
 

  

 41


