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1. Preamble: the Pit 
 
This report addresses the proposal to landfill a very large quantity of radioactive waste 
in an existing site in central England. It is the beginning of what is admitted in the 
documentation to be a process of disposal all over the UK of enormous quantities of 
radioactively contaminated material from the decommissioned nuclear power stations. 
The contamination at the nuclear sites, which currently exposes workers and causes 
cancer in local communities (Busby 2006) will, through this route, disperse the 
radioactivity far and wide, to contaminate much larger populations. The supporting 
proposals and the Environment Agency draft authorization mention that the nearest 
village to the landfill is Duddington, 2.2km to the north west. What is not mentioned 
is that there are other very much larger local populations, for example: 

 Peterborough, 15km to the west and downwind 
 Rutland, 13km to the north east, 
 Boston, 20km to the north east 
 Stamford, 7km to the north 
 Grantham, 27km to the south. 

Material from this radioactive source will inevitably disperse towards each of these 
populations, depending on the weather conditions. Radioactive particle resuspension, 
radioactive gases like tritium, radon, thoron, radioiodine, radiochlorine, tritiated 
methane, radiomethane, radiochloro- and radioiodomethanes, all will escape from the 
pit and float across the few kilometers to be inhaled by the large populations of these 
surrounding towns. I will show this by employing airflow models. The groundwater 
will inevitable become contaminated. The pit lies on high ground between the Rivers 
Nene and Welland.  
 This proposal is madness backed up by mathematical calculations. I too can do 
some calculations. The area of the pit (0.62 x 0.36km) is 0.22sq:km. The radioactive 
contents of the pit, according to the EA authorization (EAA) is 17,000GBq. That is 
1.7 x 1013Bq. The pit will contain 5100GBq of Cs-137. This is about one quarter the 
amount released in the Windscale reactor fire in 1957. This is an 18-fold reduction by 
the Environment Agency on the application which was for more than four times the 
releases of the Windscale fire.  As an area concentration it is 23,000GBq Cs-137 per 
sq:km. The 30km radius inner-evacuated Chernobyl exclusion zone was defined in 
terms of the same isotope, Cs-137 as contamination above 555GBq. Therefore, in 
terms of Cs-137 alone, the Kingscliffe pit contains Cs-137 at four times the 
concentration of the Chernobyl exclusion zone. The UN definition of radioactively 
contaminated land is 37GBqkm-2. So the pit is contaminated 17,000GBq of mixed 
radioactivity, and this is an area concentration of 77,272GBqkm-2 and is therefore 
2088 times higher in radioactive contamination than the UN reference level. How has 
this absurdity been permitted? The answer is through mathematical chicanery, as I 
will show. The answer is, by biased, specious and inexpert argument presented and 
accepted by those who have no expertise or research knowledge in the area of 
radiation risk, but plenty of expertise in what they call, risk management. This (as 
their own literature shows) is about finding ways to de-fuse public opposition. The 
answer is, by adherence to an incorrect, outdated and falsified radiation risk model 
which even the author of the model now concedes, cannot be used to predict potential 
harm. 

But it is worse. The pit has a plastic liner to try and prevent the radioactivity 
moving into the groundwater. But if the 2mm plastic is not broken anywhere (and this 

 2



  

is unlikely) the rain will fall and fill up the tank that this liner represents. Now most of 
the radionuculides are soluble in water, especially the acid water that will result from 
the interaction of all the materials in the mixture, and so eventually, of course, the 
resulting pond will overflow into the surrounding area. So what is proposed is to take 
this horribly radioactive solution and tip into the estuary of the River Avon near 
Bristol via the sewage works, thus effectively transferring the nuclear waste from the 
decommissioning to the Severn Estuary, already contaminated from Hinkley Point, 
Bradwell and Oldbury nuclear sites, and the Amersham plant in Cardiff. This will 
increase the already high levels of cancer in the coastal communities on the Bristol 
Channel and the Severn Estuary (Busby 2006). 
I show the process schematically in Fig 1. The process is probably illegal under EU 
law since it represents sea disposal which would affect another member state (Art 37). 
 
Fig 1. All the radioactive waste from the decommissioned nuclear power stations is 
ground up and put in a plastic bucket located in middle England which is then filled 
with rainwater. The resulting concentrated solution of mixed radionuclides (the 
“leachate”) is tipped into the estuary of the R Avon near Bristol where it contaminates 
the Severn estuary and Bristol Channel. 
 
 

 
 
But before I lay out the proofs that all this is so, I will make a short introduction of 
myself and my expertise, so that the judges and the rapporteurs and the other 
individuals who are engaged in this enquiry, the public who will be affected, may 
have some faith in my evidence. 

I am an expert on radiation and health. I have been an expert witness in more 
than 40 cases in this area. And since this area is very much one of credibility, I will 
begin my report by reproducing a letter of reference from an eminent firm of lawyers 
in the USA whom I have worked with on a very similar case, one involving the 
dispersion of radioactivity from a contaminated site in the USA, a case where children 
died of cancer, and which was settled for a significant sum. The same mathematical 
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models to those used by Augean, were deployed by the defence in that case and had 
been deployed by the operators of the site to argue that their operation was safe. It was 
not.  The letter I copy below was written to oppose a plea from the UK government to 
exclude me from giving evidence in a radiation case in the UK. I will follow this by 
making a brief outline of how I intend to present my analysis of the waste dump 
proposal and my argument that it should be dismissed. 

In a very real way, this enquiry is a critical test case about the legitimacy of 
unquestioned science and unquestioned mathematical reasoning, to deliver truth: the 
logical positivist argument. If the enquiry is real, and not some kind of democratic fig 
leaf to cover a pre-existing government decision, it is a test case of the ability of the 
legislature and ordinary people, to question government dictat in the area of radiation 
risk and nuclear power. In this area, economics and global competitiveness is in direct 
opposition to human health. I ask you all to consider what would have been the 
outcome for the UK if the findings and recommendations of the Mad Cow Disease 
committee (BSEC) had been reviewed by an independent judicial process though a 
public enquiry where independent scientists arguing that there was a serious problem 
(and there were many) were able to present their views for independent review. 
 
Letter from Howarth and Smith, Los Angeles 
 

We have been informed that certain adverse litigants in a UK 
court have raised an issue concerning the expertise of Dr. Chris 
Busby in the area of ionising radiation and its health effects and 
have done so in an attempt to preclude or limit his scientific 
testimony.  Dr. D. Howarth and Dr. S. Smith are the founding members 
and principals of Howarth & Smith.  Dr. Howarth has a B.A., M.P.P. 
and J.D. all from Harvard University.  Dr. Smith has a B.A. from 
Boston University, an M. Phil from Oxford University and a J.D. from 
the University of Virginia.  Dr. Howarth is an elected fellow of the 
American College of Trial Lawyers and of the International Academy of 
Trial Lawyers.  Dr. Smith is an elected fellow of the International 
Academy of Trial Lawyers (Board Member), the International Society of 
Barristers, and the American Board of Trial Advocates.  Dr. Smith is 
a member of the Board of Trustees of the University of Virginia Law 
School.  Both Dr. Howarth and Dr. Smith are Visiting Fellows in law 
at Lady Margaret Hall, Oxford University. 
 
       The firm of Howarth & Smith has been involved in cases 
addressing the health effects of ionizing radiation for over twenty 
five years.  The principals have lectured on the law and ionizing 
radiation at numerous legal and scientific conferences, including the 
Defense Research Institute, the Annual California State Bar 
Conference, and The Royal Society.  During the course of its legal 
work, the firm has retained and worked with many experts on the 
health effects of ionizing radiation, including the late Sir Richard 
Doll, Dr. Arthur Upton, chairman of the BEIR V Committee, and the 
late Dr. Edward Radford, chairmen of the BEIR III Committee.  We are 
therefore very familiar with the process of qualifying experts to 
give court testimony and the political issues which can infect and 
sabotage the legal process.  Inevitably in these cases, large sums 
are at stake and powerful economic entities may have priorities which 
come into conflict with the goal of protecting long term public 
health and compensating victims of industrial or military exposure. 
 
     The principals have consulted with and retained Dr. Chris Busby 
as an expert advisor and expert witness in litigation that we have 
managed.  We recognize that Dr. Busby may have scientific views which 
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differ from certain other scientists, indeed that he is sometimes a 
minority public voice, at least for some period of time.  Every 
expert we have ever worked with, including Sir Richard Doll, 
experienced periods of disbelief from colleagues, and professional 
criticism.  Controversy does not and cannot mean that voices of 
legitimate scientists should be silenced.  Indeed, it is the 
discussion and debate in the very important forum of the courtroom, 
which may lead and has lead to public awareness and changes in laws 
which protect the public health.  It is also the place where on the 
individual or group level, citizens can petition for redress when 
they have been injured, and competent scientists give their opinions 
as to causation.  Dr. Busby has always used scientifically rigorous 
and valid procedures in the work he has done with our firm and in the 
public research we are aware of.  Science does not require 
infallibility, and no science could ever be presented in court if the 
standard was perfection.  However, Dr. Busby strives for the highest 
level of excellence in his work, which is why it has become so noted 
in the scientific and legal worlds.  Dr. Busby has been invaluable to 
us in the area of the health effects of ionizing radiation.  He has 
an encyclopaedic knowledge of the area, and has personally carried 
out significant relevant research studies.  His assistance to us and 
to the courts include advice on radiation epidemiology, statistical 
inference, the history of radiation and health, radiation biology of 
humans, genetic effects, laboratory cell culture and animal studies, 
exposure calculations, dispersion modelling of radioactivity and 
generally all the areas where an understanding of the health effects 
of exposure to radioactivity and radiation are required. We have no 
hesitation in recommending Dr. Busby as an overall expert in this 
complicated and difficult area, fully capable of defending his 
methods and opinions on proper cross examination.  Dr. Busby has been 
qualified as an expert in these fields of expertise in courts in the 
United States despite determined challenges to disqualify him, which 
attempts failed. 
 
Signed 
 
 
Don Howarth                                 Suzelle M. Smith  
 
  
 
 
 
2. Outline of the structure of this report 
 
Part 2 My  expertise and that of my colleagues in the ECRR 
Since this is very much a matter of credibility, I briefly review my expertise which I 
elaborate as an attachment in my CV. I present the Lesvos declaration of the European 
Committee on Radiation Risk 
   
Part 3 The expertise and agenda of those who drafted and agreed the application 
Again, on the matter of credibility, I investigate the provenance and affiliations of 
those who drafted the application and those who agreed the authorisation. I question 
their expertise and their independence. I raise the question of conflict of interests and 
some worrying discoveries. 
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Part 4 Ionising radiation and health 
The science of radiation and health has developed in the radiation century: the last 
100 years.  It is an intensely politicised area in science owing to its connection with 
the military need to develop weapons and the huge financial civil investments in 
nuclear energy. Nevertheless, at every stage, new evidence has continuously brought 
about reassessments in the levels of radiation exposure believed to carry significant 
harm. This continues to be the case in 2010. Radiation risk is a complex issue which 
requires a certain amount of basic scientific knowledge to understand and to follow 
the arguments. It is an area which has been characterised by considerable scientific 
debate and one where revolutionary new evidence on the mechanisms of radiation 
action has emerged in the last fifteen years. I shall therefore begin by outlining the 
science underlying radiation risk, its history, and an account of recent discoveries in 
this area which are relevant to the issue of the disposal of radioactive waste. I will 
introduce evidence (video and transcript) that the most senior representative of the 
current committee that has provided the model for assessment of radiation risk (used 
by Augean and their advisors) has resigned and conceded the model to be unsafe. I 
will review the current debate on the issue of the health effects of low dose exposure 
to internal radionuclides and explain how it affects the Augean Ltd application and the 
EA Draft authorisation. 
  
Part 5 The application itself and its impact in health and property values; its political 
impact and value to the nuclear industry. 
5.1 Quantities and isotopes 
5.2 Dispersions and exposures 
5.3 Errors in the calculations 
5.4 Effects on future generations 
5.5 The Environment Agency and the HPA 
5.6 The nuclear industry 
5.7 Property prices 
 
Part 6. The response to the Augean application by the Low Level Radiation Campaign 
an organisation with which I am closely associated. 
 
Part 7 Conclusion 
 

 
 

Part 2  
My expertise and that of my colleagues in the ECRR 

 
2.1  My expertise 
I have a First Class Honours Special degree in Chemistry from the University of 
London and also hold a Doctorate in Chemical Physics from the University of Kent. I 
was elected to the Royal Society for Chemistry in 1974 and I am presently a Member 
of the International Society for Environmental Epidemiology and the Ukraine 
Committee Physicians of Chernobyl. I am a scientific reviewer for The Lancet and 
The European Journal of Cancer, The Journal of Paediatric Radiology and the 
European Journal of Biology and Bioelectromagnetics and Science and Public Policy 
 I have studied the health effects of low dose radiation for more than 15 years 
and conducted research both at the fundamental cell biology level, theoretically and as 
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a radiation epidemiologist. I have been a member of two UK government committees 
on this issue (Committee Examining Radiation Risks for Internal Emitters, CERRIE, 
and the Ministry of Defence Depleted Uranium Oversight Board DUOB). I also have 
officially advised British Government and other expert or investigative committees 
e.g. The Committee on Radioactive Waste Management (CORWM), the US 
Congressional Committee on Veterans Affairs and Security, The Royal Society, The 
House of Commons Enquiry into the health of A-Bomb veterans and the European 
Parliament. I am an official expert witness for the Canadian Parliament on the health 
effects of Uranium. I was until 2007 a fellow of the University of Liverpool in the 
Faculty of Medicine and I am currently Visiting Professor Department of Molecular 
Biosciences in the University of Ulster in Northern Ireland where I am supervising 
research on uranium photoelectron enhancement effects. I am also Guest Researcher 
at the Julius Kuhn Institute of the German Federal Agricultural Laboratories (FAL) in 
Brunswick near Hanover where I am examining the health effects of uranium 
exposure. I am Scientific Secretary of the European Committee on Radiation Risk 
(ECRR) based in Brussels (Comite Europeen Sur Le Risque de l'Irradiation (CERI) ) 
and senior editor of its report ECRR2003 Recommendations of the European 
Committee on Radiation Risk: The Health Effects of Ionising Radiation Exposure at 
Low Doses for Radiation Protection Purposes. This report has now been translated 
into French, Russian, Japanese and Spanish and has been used for radiation protection 
purpose scoping by many organisations including most recently (2006) the UK 
Committee on Radioactive Waste Management (CORWM). I also edited the latest 
ECRR report (ECRR2010). I was invited by the nuclear industry in the UK (CIRIA) 
to provide advice for best practice in the remediation of contaminated land based on 
the ECRR risk model.  I was, between 2003 and 2006 Science Policy Interface Group 
Leader of the EU Policy Information Network for Child Health and Environment 
PINCHE and also the senior rapporteur on both Ionising Radiation and ultraviolet 
solar radiation effects on children’s health. My current CV is attached as Appendix 1. 
I have acted as an expert witness in over 40 court cases in the UK and the USA on the 
issue of radiation and health 

My particular area of expertise is the health effects of internally deposited 
radionuclides. I have made fundamental contributions to the science of radiation and 
health in this area and have published many articles and reports on this issue.  

My researches have led me to the conclusion that the health consequences of 
exposure to internally deposited radionuclides cannot be either scientifically or 
empirically assessed using the averaging methods currently employed by risk 
agencies (ICRP, NCRP) based on the Japanese A-Bomb studies and other external 
high dose exposures. The radionuclide dose coefficients published by the ICRP and 
employed in calculations made by these organisations are unsound since they depend 
on inappropriate averaging of energy in tissue, as I shall elaborate. This is actually 
common sense; and it is increasingly seen to be so by many official radiation risk 
agencies and committees (e.g. IRSN 2005, CERRIE 2004a, CERRIE 2004b), yet the 
historic weight of the conventional approach to radiation risk (with whole 
organisational and bureaucratic structures committed to the simplistic historic 
approaches) has prevented any change in policy in this area. Such an official 
acceptance of the scientific illegitimacy of the current radiation risk model for internal 
radiation exposures would have far reaching and financially costly policy 
implications. Nevertheless, the present radiation risk model can be used as a baseline 
for predicting the minimum level of ill health that is likely to result from external 
radiation exposures. In my expert opinion, and for reasons which I shall give, 
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dosimetric analyses and risk calculation based on the current ICRP risk model will 
give reasonable correct results for external irradiation, but will significantly 
underestimate the additional risks from internal, inhaled or ingested radioactive 
material. 
 
2.2 The Lesvos Declaration 
I am not alone in believing that the risks from internal radioactivity have been 
significantly underestimated. Objective empirical data show this. The epidemiological 
and laboratory results from many sources demonstrate it to be unequivocally the case 
and the belief is shared by many eminent radiation scientists. A statement to this 
effect was drafted and signed by all those who attended the recent 2009 international 
conference of the European Committee on Radiation Risk (ECRR) in Lesvos Greece 
and I reproduce this statement below. The signatories are extremely celebrated 
radiation experts from many countries. Prof Carmel Mothershill is probably the 
leading global expert on radiation genomic instability and non targeted effects of 
radiation. Prof Alexey Yablokov is a member of the Russian Academy of Sciences 
who has just published a significant review of Chernobyl effects in the Proceedings of 
the New York Academy of Sciences. Prof Roza Goncharova is an international expert 
on radiation genetics who has studied the effects of Chernobyl first hand, a member of 
the Belarus Academy of Sciences. These are hands-on researchers; unlike the 
armchair analysts of the ICRP, UNSCEAR and the HPA which the Environment 
Agency rely on. 
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ECRR - CERI 
European Committee on Radiation Risk - Comité Européenne sur le Risque de l'Irradiation 

The Lesvos Declaration 
6th May 2009 

 
A. Whereas, the International Commission on Radiological Protection (ICRP) has 
promulgated certain risk coefficients for ionizing radiation exposure, 
 
B. Whereas, the ICRP radiation risk coefficients are used worldwide by federal and state 
governmental bodies to promulgate radiation protection laws and standards for exposure to 
workers and the general public from waste disposal, nuclear weapons, management of 
contaminated land and materials, naturally occurring and technologically enhanced 
radioactive materials (NORM and TENORM), nuclear power plant and all stages of the 
nuclear fuel cycle, compensation and rehabilitation schemes, etc, 
 
C. Whereas, the Chernobyl accident has provided the most important and indispensable 
opportunity to discover the yields of serious ill health following exposure to fission products 
and has demonstrated the inadequacy of the current ICRP risk model, especially as applied to 
foetal and early childhood exposures to radiation, 
 
D. Whereas, by common consent the ICRP risk model cannot validly be applied to post-
accident exposures, nor to incorporated radioactive material resulting in internal exposure, 
 
E. Whereas, the ICRP risk model was developed before the discovery of the DNA structure 
and the discovery that certain radionuclides have chemical affinities for DNA, so that the 
concept of absorbed dose as used by ICRP cannot account for the effects of exposure to these 
radionuclides, 
 
F. Whereas, the ICRP has not taken into consideration new discoveries of non-targeted effects 
such as genomic instability and bystander or secondary effects with regard to understanding 
radiation risk and particularly the spectrum of consequent illnesses, 
 
G. Whereas, the non-cancer effects of radiation exposure may make it impossible to 
accurately determine the levels of cancer consequent upon exposure, because of confounding 
causes of death, 
 
H. Whereas, the ICRP considers the status of its reports to be purely advisory, 
 
I. Whereas, there is an immediate, urgent and continuing requirement for appropriate 
regulation of existing situations involving radioactivity, to protect the human population and 
the biosphere, 
 
We the undersigned, acting in our individual capacities  
 
1. assert that the ICRP risk coefficients are out of date and that use of these coefficients leads 
to radiation risks being significantly underestimated, 
 
2. assert that employing the ICRP risk model to predict the health effects of radiation leads to 
errors which are at minimum 10 fold while we are aware of studies relating to certain types of 
exposure that suggest that the error is even greater, 
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3. assert that the yield of non-cancer illnesses from radiation exposure, in particular damage to 
the cardio-vascular, immune, central nervous and reproductive systems, is significant but as 
yet unquantified, 
 
4. urge the responsible authorities, as well as all of those responsible for causing radiation 
exposures, to rely no longer upon the existing ICRP model in determining radiation protection 
standards and managing risks, 
 
5. urge the responsible authorities and all those responsible for causing exposures, to adopt a 
generally precautionary approach, and in the absence of another workable and sufficiently 
precautionary risk model, to apply without undue delay the provisional ECRR 2003 risk 
model, which more accurately bounds the risks reflected by current observations, 
 
6. demand immediate research into the health effects of incorporated radionuclides, 
particularly by revisiting the many historical epidemiological studies of exposed populations, 
including re-examination of the data from Japanese A-bomb survivors, Chernobyl and other 
affected territories and independent monitoring of incorporated radioactive substances in 
exposed populations, 
 
7. consider it to be a human right for individuals to know the level of radiation to which they 
are exposed, and also to be correctly informed as to the potential consequences of that 
exposure, 
 
8. are concerned by the escalating use of radiation for medical investigation and other general 
applications, 
 
9. urge significant publicly funded research into medical techniques which do not involve 
radiation exposures to patients. 
  
Statements contained herein reflect the opinions of the undersigned and are not meant to 
reflect the positions of any institution to which we are affiliated. 
 
Professor Yuri Bandazhevski (Belarus) 
Professor Carmel Mothersill (Canada) 
Dr Christos Matsoukas (Greece) 
Professor Chris Busby (UK) 
Professor Roza Goncharova (Belarus) 
Professor Alexey Yablokov (Russian Federation) 
Professor Mikhail Malko (Belarus) 
Professor Shoji Sawada (Japan) 
Professor Daniil Gluzman (Ukraine) 
Professor Angelina Nyagu (Ukraine) 
Professor Hagen Scherb (Germany) 
Professor Alexey Nesterenko (Belarus)  
Dr Sebastian Pflugbeil (Germany)  
Professor Michel Fernex (France) 
Dr Alfred Koerblein (Germany) 
Professor Inge Schmitz Feuerhake (Germany) 
 

Molyvos, Lesvos, Greec 
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Part 3 
The expertise and agenda of those who drafted and agreed the application 

 
The application by Augean Ltd seems to have been drafted by two people who 
worked for a small company, Galson Sciences Ltd. Capability statements of the 
professional team were given in Annex J of the report. The report itself depends for its 
legitimacy in terms of exposures and doses on a separate “independent” report on 
radioactive landfills, described as the “SNIFFER methodology”, published by the 
impressively named Scotland and Northern Ireland Forum for Environmental 
Research, SNIFFER. However, looking more closely at the SNIFFER methodology 
report it turns out that it was not independent at all. The SNIFFER report (Dose 
implications of very low level waste disposal. UKRSR09, Nov 2007) was prepared by 
Galson Sciences Ltd. So who are Galson? The address of this company is in Oakham, 
Rutland. Where? Yes, Oakham, Rutland some 10 miles north west of the Augean pit. 
Do we begin to see a pattern? Let us examine Galson Sciences more closely. Let us 
ask why the SNIFFER commissioned these people to make a report on the doses from 
radioactivity in landfills. SNIFFER after all (if we are to believe this) is an 
“independent” charitable NGO which was set up apparently to provide best advice for 
environmental solutions. They would have surely commissioned the best possible 
independent consultants to provide an important study of the protocols for radioactive 
landfills and the doses to the public and workers from these sources. The project after 
all was overseen by the Environment Agency and the Scottish Environment Agency.  

Galson Sciences on its website (http://www.galson-sciences.co.uk/) makes no 
secret of its aims and what it sells. Some might call it a spin outfit and a nuclear waste 
disposal operation and its clients certainly include the nuclear industry. From their 
website, they work for: 
 

 UKAEA  
 Belgian Radioactivity Waste Management Agency 
 Magnox Electric  
 BNFL 

 UK Nirex Limited 
 USA Sandia National Laboratories 

 Westinghouse Electric Corporation 

 Other confidential clients 

 
Should such people be allowed to provide protocols and advice to SNIFFER which is 
then packaged as an independent report from an unbiased charitable body? Is there 
not some conflict of interest here? Is this criminal? Maybe not, but it is certainly 
underhand and immoral. And certainly questions might usefully be asked about the 
charitable status of the good ladies at SNIFFER.  But it is worse: Galson’s real job is 
to overcome public opposition to unpleasant nuclear waste projects. They make no 
secret of this. They are selling their expertise as Risk Management and Risk 
Communication experts. By this some might say spin doctors. They describe, on their 
website (since they are drumming up trade), how they go about their operations to slip 
projects which seem harmful (and are) past public opposition.  
They sell themselves thus: 
 
In recent years we have seen notable instances where technical, commercial or scientific risk 
assessment and ‘logical’ argument have failed to convince a variety of important 
stakeholders. There is the continuing opposition to radioactive waste disposal, the furore 
surrounding genetically modified organisms in the UK and Europe, the BSE scare, and 
opposition to the deepwater disposal plan for Shell’s Brent Spar, to name but a few.  

 11

http://www.galson-sciences.co.uk/


  

 
The continuing debate surrounding the health effects of mobile telephony is another example 
where stakeholders increasingly demand precautionary approaches to the management of 
risk. 
 
Perceptions, attitudes and opinions regarding a range of commercial and industrial risks and 
issues will always vary greatly amongst different interest groups. Accounting for and 
managing stakeholder perceptions and societal expectations of an organisation’s behaviour is 
an increasing challenge to decision-makers. Scientific and commercial arguments for 
business and regulatory decisions no longer go unchallenged. The rise of digital 
communications and the Internet mean that communities and interest groups are able to 
network and mobilise support or opposition rapidly, often nationally and even internationally.  
 
The failure of scientific assessment or commercial argument to persuade key audiences can 
result in a range of outcomes, from consumer boycotts, to expensive delay, to reversal and 
review of projects, to the longer-term erosion of trust and confidence. The old-fashioned 
“Decide : Announce : Defend” (D.A.D.) approach to project risk management has effectively 
become the D.A.D.A. approach - “Decide : Announce : Defend : Abandon”. Reputations, and 
share prices, can be damaged overnight.  Longer term consequences may include difficulties 
in maintaining customer loyalty, in recruiting and retaining staff, the devaluation of corporate 
brands and any related price premium, and the loss of ease of operation enjoyed when 
reputations are robust and less prone to challenge.   
 
This “social amplification” of risk can be broken down into discrete stages in the risk 
communication process, as set out in the accompanying diagram.   
 
A graph of this process, taken from their website, is reproduced in Fig 3.1 below. I 
have highlighte the “BSE scare”. Are they saying that the BSE scare could have been 
“managed”? I seem to remember a lot of people dying. 
What about the qualifications of those who produced the SNIFFER report and the 
Augean application. Let us begin with the SNIFFER report. 
This was prepared for Galson by: 
David G Bennett, Devesing Reedha and Roger D Wilmot 
The project manager and the project steering group were all members of the Scottish 
and English Environment Agency. But hang on, doesn’t the result of this report, that 
depends on this SNIFFER report, the Augean application, get sent to the English 
Environment Agency for consideration to see if it’s OK?   
So who are the authors? Are they experts in radiation and health? Have they done 
research in this area? We aren’t told. But these guys turn up in the Galson website so 
we do know something about them. 
 
Here  are Roger and Devesing, two of the authors of the SNIFFER and also two of the 
authors of the Augean Application, from which the following is taken: 
 
Dr. Roger D. Wilmot, BA, PhD Principal Consultant 
Dr. Roger D. Wilmot has degrees in Earth Sciences from Cambridge University (BA) and Imperial 
College, London (PhD). He is a geologist with over 20 years experience in providing a broad range of 
research, consultancy and management services to a range of clients, starting with site 
characterisation work for the four proposed UK shallow sites in the 1980s. 
Dr. Wilmot is chair of SSM’s OVERSITE international panel responsible for regulatory review of SKB’s 
risk assessments for radioactive waste disposal in Sweden. He has also worked fro the Swedish 
regulators on Quality Assurance, development of a strategy for consideration of future human actions 
in assessments and the conduct of risk assessments. 
Dr Wilmot provided technical support to the Environment Agency and SEPA in the recent revision of 
the agencies’ Guidance on Requirements for Authorisation, and was part of the management team for 
the review on behalf of the Environment Agency of BNFL’s safety case for the LLWR. 
Dr. Wilmot developed a computer code for UKAEA to undertake radiological performance assessments of waste 
disposal and storage facilities, and assessments of the impact of radioactivity in the 
environment. He has led a variety of waste management options appraisals for UKAEA Dounreay, 
including an evaluation of the transport of radioactive waste, as part of BPEO studies. He authored a 
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draft ESC for the Pits facility at Dounreay. 
Dr. Wilmot was responsible for development, implementation and trial application of an methodology 
for assessing the doses associated with landfill sites for Special Precautions Burial of LLW, and has 
extended and used this methodology for PA of on-site disposal of radioactive wastes and for assessing 
the dose implications of dustbin disposal of VLLW. 
 
Dr. Dev Reedha, BEng(Hons), PhD Senior Consultant 
Dr. Dev Reedha has degrees in Mechanical Engineering and Energy Systems (BEng First Class 
Honours) and Engineering (PhD) from the University of Manchester. He has six years experience in 
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This goes on, but doesn’t end up with any information that Wilson knows the slightest 
thing about radiation and health.  
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Fig 3.1 The Galson Sciences representation of how to influence public opinion in 
areas where there is opposition to a potentially harmful process 
 

 
 
 
So what are we to conclude from this?  
First we can conclude that none of these three individuals who wrote the Augean 
application and the SNIFFER protocols that it depends upon know anything about 
radiation and health. They are geologists and mathematical computer modellers (apart 
from being risk management consultants). Their conclusions in the SNIFFER report 
and also in the Augean report are not the conclusions of radiation experts like those I 
presented earlier in the Lesvos Declaration of the ECRR but of technicians that have 
applied the risk models of the ICRP and certain other computerised predictive 
forecasts. And as we shall see, they haven’t even got that right. These people have 
unimpressive qualifications and have done little or no original research in the areas 
where they are claiming to be expert, the health effects of the radionuclide pollutants 
that they are trying to get rid of, for their nuclear industry friends, in the pit in middle 
England. They would not survive 5 minutes as expert witnesses in any unbiased court 
in the USA.  

We can also conclude that this whole project, from start to finish, was 
orchestrated and that the Environment Agency was part of the operation. The 
superficial story, that the independent charitable NGO based in Edinburgh, SNIFFER, 
made a report about radioactive waste disposal and doses to the public, and that this 
report was then used by Augean as a basis to apply to the Environment Agency for 
permission, and that the EA then somehow examined it and gave this permission after 
reducing the quantities applied for, is a charade. The entire process seems to have 
been driven by Galson, a company with the nuclear industry as its client, with an 
address not 10 miles from the waste tip where the material is to end up, a process 
rubber stamped by the EA without any real investigation into the predictions of the 
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model or into the health effects that will occur if the process is permitted by the 
enquiry, an enquiry which, from Fig 3.1 is part of the process and represents a crisis. 
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Part 4 
Ionising radiation and health 

 
4.1 Early history. 
I will condense much of the historical evidence from my book Wings of Death 1995. 
In 1895 Wilhelm Roentgen discovered X-rays:  whilst experimenting with the passage 
of electricity through an evacuated glass tube, he noticed that a phosphorescent screen 
elsewhere in the laboratory glowed as some invisible energy was created.  He later 
took X-ray pictures of his wife's hand, which showed the bones and the wedding ring 
clearly. This was the first use of X-rays to image bones, and the medical uses of the 
discovery expanded from this point to include both investigation and treatment of a 
huge range of conditions. It soon emerged that the invisible rays were harmful. By 
1900 over 20 cases of X-ray injury had been documented in scientific journals, and in 
1904, Edison's assistant, who had been seriously irradiated whilst helping to develop a 
new X-ray lamp, died of cancer.  Both hands had become malignant and both arms 
had been amputated. In 1908, members of the American Roentgen Ray Society were 
to hear a presentation describing more than 50 cases of `radiation poisoning'. From the 
beginning attempts were made to minimize or dismiss risks. For example, Dr Mihran 
Kasabian campaigned against the use of the word `burn' to describe the effects of 
over-exposure on the basis of the emotional connotations. He died of cancer in 1910.  

Shortly after Roentgen's discoveries, Henri Bequerel discovered that uranium 
ores also gave off similar invisible radiations and the natural radioactive elements 
from which these radiations were originating were separated, identified and 
researched in the following twenty years. Researchers who worked with these 
substances were to pay the price: the most famous of these, Marie Curie, died of 
leukaemia in 1934 with both hands destroyed. But by 1920 deaths from cancers and 
leukemias amongst the radiation researchers made protection guidance necessary and 
1927 the International Congress of Radiology, a consortium of national groups of 
users adopted some guidelines at a meeting in Stockholm. These were, however, 
relatively arbitrary, and did not relate to the most important question, both then and 
now: how much radiation is dangerous? 

 
4.2 The development of dose limits. 
The earliest methods of measuring biological effects were extreme: one indication 
was hair falling out as an indication of excessive dose. A more usual objective 
indicator was the Erythemal (or skin burn) Dose (ED), the amount of radiation which 
caused reddening of the skin. This was a very crude measure and the amount of 
radiation needed to have this effect varied over a range of 1000 for different 
individuals and different dose regimes: these were primitive concepts of dose 
(Eisenbud and Gesell 1997). Although this system of measurement remains in the 
present assessment of skin cancer risk following exposure to ultraviolet radiation, 
ionising radiation is vastly more energetic and penetrating and causes effects deep 
within tissues.  
 Such crude immediate biological effects as skin inflammation occurred at 
radiation levels now known to be enormously greater than those which induce cancer, 
yet the safety dose limit suggested in 1924 by X-ray manufacturer Arthur Mutscheller 
in a paper to the American Roentgen Ray Society was 1/100th of the ED per month, 
or 1/10th per year. The following year Rolf Sievert of Sweden, made the fundamental 
move that has influenced the perception of radiation hazard ever since when he 
suggested tying the safe dose to Natural Background Radiation (NBR). He had 
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established that people were exposed externally to an annual dose of about one 
thousandth to one ten-thousandth of the ED from naturally occurring ionizing 
radiation. He decided arbitrarily that humans could tolerate 1/10th of this erythemal 
dose per year without harm, i.e. one hundred to one thousand times the natural 
exposure. This figure was close to Mutscheller's. A few years later, two British 
physicists, Barclay and Cox, published a study of some individuals who had worked 
with radiation for six years without visible effect: they divided the estimated exposure 
by a safety factor of 25 to obtain a figure of .08ED per year. 
 The similarity in these three numbers, though fortuitous, gave some spurious 
scientific validity to the choice of the first radiation protection standard; yet at least 
these choices were based upon comparison of gross illness in humans with prior 
radiation exposure.  At this time, the later concept of Absorbed Dose had not been 
developed; health risks were described in terms of exposures measured in terms of 
ionization of air. And what they did not anticipate, and could not consider, was the 
very long development period for the cancers which later became associated with 
radiation exposures. The only logical underpinning of the first dose limit was Sievert's 
idea to tie exposure to natural radiation. This use of NBR as a measure of exposure 
has continued to the present day. Scientifically, of course, it is only valid if the 
exposures from natural radiation are the same in type, quality, and magnitude as those 
under consideration.  Owing to the physical methods which were developed to 
measure radiation and the fact that these were devised by physicists, concentrating on 
energy and energy transfer, the NBR yardstick approach was not, and is still not, 
questioned. Indeed, the Ministry of Defence employ it in arguing that the absorbed 
doses to the veterans are too small too cause harm. I will return to this argument. 
 During the first twenty years of the radiation age physical science developed 
many methods for measuring radiation quantity. Until the 1920s radiation was 
measured by measuring its ionisation, using an electroscope. It was only in the 1930s 
when this crude method was refined by the development of the early Geiger counter, a 
device which also measures ionisation but is more sensitive than the electroscope. All 
of these devices gave results based on energy transfer. Energy, however, can be 
transferred in a multitude of ways, and takes many forms; on its own, energy transfer 
is a totally useless measure of quality of biological effect. For example, one cup of 
boiling water at 100 degrees centigrade contains the same energy, the same number of 
Joules, as a bucket of water at the temperature of twenty degrees. An energy transfer 
to a person of one waterthrow unit could encompass either a cupful of boiling water in 
the face or a bucket of water at room temperature: more information is needed before 
the health consequence can be assessed. Another comparison which I often employ is 
that of a person warming themselves by a fire, and then reaching into the fire and 
swallowing a red hot coal: the same amount of energy is transferred. As I will show, 
this issue is fundamental to the arguments about risk in the test veterans. 
 The energy transfer unit developed by the physicists was the Roentgen (R) 
adopted by the International Congress on Radiology in 1928. The unit was defined as 
the amount of radiation needed to produce a given number of ions in dry air in an 
ionization chamber, a device for electrically evaluating such a process. 
 The necessary step was taken: erythemal dose ED was translated into 
Roentgens on the basis of common observation in radiation laboratories. Although the 
range in different individuals was great, an average of 600R was eventually agreed to 
be the threshold ED (Failla 1932).  1/10th of this (the earlier ED defined limit) gave 
6R per month as the recommended dose limit. In 1934 the US Committee on X-Ray 
and Radium Protection arbitrarily divided this by two and rounded upwards to obtain 
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the first tolerance level for radiation exposure. This was 0.1R or in modern units 
roughly 1mGy per day. One milliGray (mGy) is one thousandth of a Gray. One Gray 
replaces the old Rad (Radiation Absorbed Dose). Rads, which were the units 
employed at the time of the tests were taken to be approximately equal to 1 Roentgen 
although strictly, a Roentgen is an ‘exposure’ and not a ‘dose’ and the conversion of 
Roentgen to Rad depends upon the energy of the ionising radiation (which can vary 
by a large amount).   One Gray is 100 rads. It is the energy of 1 Joule absorbed by 
1kilogram of tissue.  

The 1934 decision of a limit of 0.1R per day is equivalent to an annual dose of 
365mGy. These units have confused many who try to understand these issues, and I 
briefly explain them and relate them to one another in Table 2.1.  It should be noted 
that 365mGy is approximately 180 times the annual natural background dose (about 
2mSv, if we include radon) and so the idea that the limits were somehow tied to the 
natural background was already questionable. 
 
Table 4.1 The main radiation units explained and compared 
 
Unit Written Definition and usage 
Roentgen R Exposure: The quantity of radiation which causes a defined 

number of ions in dry air 
Rep R Radiation equivalent physical (93ergs/g or 0.0093J/kg) before 

and almost equal to the rad below, no longer used but 
sometimes encountered in early reports. 

Rad R Absorbed dose (0.01J/kg). 1/100th Joule per kilogram 
Rem R Absorbed Dose Equivalent. Developed to recognise the 

greater biological effect of alpha particles and neutrons (for 
alpha absorption e.g. radon gas, 1 rad = 20rem) 

Gray Gy Absorbed Dose; Modern (Systeme Internationale SI ) unit. 1 
Joule per kilogram = 100rad; natural background gamma 
annual doses in UK is about 0.8mGy per year. 

Sievert Sv Absorbed Dose Equivalent; Modern (SI) unit. 1 Sv = 100rem; 
1 mSv = 100mrem or 0.1rem. Natural background in UK is 
about 2mSv per year (200mrem) half of which is from radon 
gas exposure for which the alpha multiplier of 20 is used. 

Curie Ci Quantity of radioactive material in terms of radium. 1 Ci is a 
very large amount of radioactivity. Although it is a mass, a 
physical amount, radioactivity is described in terms of its 
activity, not its weight, since you can have a large weight of 
low activity (e.g. 350 tons of depleted uranium in Iraq) or a 
small mass of higher specific activity (e.g. 1.5kg of plutonium 
near Sellafield) which have the same radiation i.e. the same 
number of decays or ability to cause damage and the same 
activity in Curies. 

Becquerel Bq Modern unit for quantity of radioactive material; in terms of 
its activity 1 Bq is the amount of material giving 1decay per 
second, a very small amount of radioactive material.  

Milli m 1/1000th. 1 mSv is 1/1000th or 0.001Sievert. 
Micro  1/millionth or 1 x 10-6 times the unit quantity 
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These 1934 standards were presented as being based on a scientifically backed, 
reasonably precise understanding of the effects of ionizing radiation. They were, in 
reality, guesses based on inadequate research of overt and gross effects and involved 
total disregard of the increasing evidence for serious long-term mutation-related 
problems like cancer. They were based on inadequate sampling, untested assumptions, 
and on physical models for radiation which were, then as now, far too crude to 
describe the biological effects of ionizing radiation. Even at the time, the genetic 
effects of radiation had been reported in the scientific literature by many researchers 
(e.g. Muller, 1929, 1930, Paterson 1932, Hanson 1928, see also Lea 1946 for further 
references). 
 Lauriston Taylor, Chairman of the Committee on X-ray and Radiation 
Protection in 1933, later said of the work that the standards were based on. This work 
was seriously flawed, and yet that is still the basis for our protection standard of 
today. It really is. (Caufield, 1989: 21) 
 With the discovery of the neutron and its ability to penetrate the nucleus and 
bring about nuclear transformations and new radioactive substances, new sources of 
radiation were slowly appearing. By the late 1930s, with the discoveries by Fermi of 
the nuclear transformations and then by Hahn and Meitner that Uranium could be 
split, research had begun in earnest on atomic physics and the various transmutations 
that would lead to runaway fission. World War 2 was midwife to this principle of 
nuclear fission: completely novel substances appeared on earth for the first time in 
evolution. These included strontium-90, caesium-137, iodine-131, plutonium-239 all 
radioactive substances with chemical affinity for various living organelles.  
 At this time, the benchmarks for exposures were still 0.1R (1mGy) per day 
from whole body external radiation and 0.1Ci (3.7kBq) as the maximum body 
burden (MPBB) for Radium-226. This latter concept, MPBB had arisen out of the 
discovery made in the late 1920s and forced by media attention and public alarm on 
the scientific community, of the extreme dangers of exposures to the internal emitter 
Radium-226, used to produce luminous dials. This story is instructive of the ways in 
which science is forced by the media and the public to alter its position. For this 
reason it is very relevant to this issue of internal radioactive exposures and the current 
case of the A-Bomb veterans. I deal with it separately below.  

Following the fissioning of uranium in an atomic pile by Fermi in Chicago, it 
became clear that an atomic bomb could be made. Factories were enlarged to separate 
U-235, the fissile isotope of natural uranium and the Manhattan Project was set up to 
use this U-235 and make Plutonium for the bomb. This happened in secret and in near 
total ignorance of the effect of plutonium and the other fission products on health. 
Plutonium was known to be an alpha emitter so, for expediency, the standards for 
Radium were extended to Plutonium, modified by animal experiments comparing the 
effects of the two substances.  These safety standards were unlikely to reflect the 
long-term reality but they did have the huge philosophical advantage of being rooted 
in reality; the men and women who drove the inquiry into Radium's effects followed 
the essentially scientific principle of looking for a relationship between cause and 
effect. Maybe this was because they were medical practitioners, campaigners for 
workers' rights and newspapers eager for the human interest angle on any story. 
Maybe their investigation enjoyed some liberty because the dial painting industry was 
owned privately, rather than by any government, and because at that time the fate of 
the free world did not seem to hang on the outcome.  

By 1944 everything had changed. Plutonium was being produced in significant 
amounts and any potential it might have to kill its own workforce now affected a top-
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level policy funded by a bottomless budget with the imperative of building the bomb 
before Stalin (or Hitler) could. This was wartime: the aim of making a bomb took 
precedence over health and set the stage for the same approach and the same 
paramountcy of successful bomb development over health which was to occur in the 
1950s Cold War bomb tests. More crucially for the scientific principles of radiological 
safety, physicians were no longer in charge, but physicists, a change which continued 
also into the Cold War period. Indeed, in 1959, when evidence must have been 
emerging everywhere of the effects of atmospheric dispersion of fission products, 
infant mortality and leukaemia, this change was crystallized in the 1959 agreement 
between the World Health Organization (WHO) and the International Atomic Energy 
Agency (IAEA) in which the former UN agency was forced to leave radiation and 
health investigations to the latter, whose remit was (and is) the development of 
nuclear energy. This conflict of interest agreement is still in force although calls for its 
review have been made by the European Parliament following the extreme lack of 
research and falsification of data carried out after Chernobyl (Yablokov et al 2009, 
Busby and Yablokov 2009).  

The main agent of change was a British physicist, Herbert Parker, head of 
radiation protection at the Manhattan Project. His earlier career had made him familiar 
with X-rays and a kind of therapy that used Radium as an external source, confining it 
in tubes and placing it carefully to irradiate cancerous tissues, a medical application 
which, for once in those days, did not involve Radium becoming intimately mingled 
with the patient's bones. Parker had a physics-based view; radiation was a single 
phenomenon, whether it came from an X-ray machine or a speck of Plutonium. As 
with light, where the physicist isn't too interested in whether the source is a candle or 
a light bulb or the sun, Parker was concerned with how much energy the radiation 
delivered to the tissue of interest. The language here was of ergs, from the Greek for 
work. It is defined in dynes, the Greek for force; the units are physical, movement, 
velocity, grammes of mass, centimetres of length, seconds of time. In this world 
there's no call for a doctorly bedside manner; Parker was one of the first to call 
himself a Health Physicist.  

Using his physicist's approach, Parker shifted the focus from investigating the 
effects of specific substances onto a new concept, absorbed dose, which would apply 
to radiation from any source and all sources, providing a way to assess workers' total 
exposure to all the novel nuclides they were now being generated in the Manhattan 
Project. He defined a unit of dose in ergs per gramme of tissue and called it the 
Roentgen Equivalent Physical, or rep. Its very name reveals the thinking; Roentgen 
was the discoverer of X-rays (for a long time they were called Roentgen rays). The 
source of X-rays is always outside the body, so we can see the understanding of dose, 
and hence risk, was now to be based on an external paradigm (Cantrill and Parker 
1945). 

The first limit for Plutonium in the body based on Parker's dose model was set 
at 0.01 reps per day, making the rep the equivalent of the Roentgen. Now, instead of 
the empirical scientific inquiry based on actual tissue damage and instead of the 
tentative subjectivity of the 1941 Standards Bureau Committee's decision on a 
Radium level, the new model gave an impression of mathematical precision, certainty 
and universal applicability.  

Any risk model needs two types of data, for exposure and for effect. 
Unfortunately, there were no reliable data even for X-rays despite 50 years' 
experience. There was too much variability in the machines and the conditions in 
which they were used, doses were largely unknowable, and many of the long-term 
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effects had yet to emerge. But after 1945 the people of Hiroshima and Nagasaki (those 
who hadn't been vaporized by the Atom bombs that fell on them on 6th and 9th 
August) provided the authorities with a fresh opportunity. Funded and controlled by 
the USA, data on the survivors' health was gathered (as it still is) in what have 
become known as the Life Span Studies or LSS.  

There have been many criticisms of the LSS as a method of assessing harm 
even from external radiation (ECRR2003, IRSN 2005) and I will return to this topic. 
As far as studying internal radioactivity is concerned the flaw is fatal; the control 
population providing the base-line of expected rates of disease, to be compared with 
disease in the exposed population, was recruited from the bombed cities themselves. 
They had either been outside the city when the bomb fell, or in some other way were 
shielded from the flash of the explosion. The exposed population consisted of people 
who had been in the open and so received a large dose of external gamma rays. Both 
groups ingested and inhaled just as much fallout as each other, so the LSS are totally 
silent on internal radiation. The only difference was in the external irradiation. LSS 
nevertheless is the basis of radiation protection standards all over the world to this day 
for both external and internal.  

The LSS were not begun until 1952. This was another flaw, since seven years 
of epidemiological data would be missing from the study and in addition, those 
selected into the study would have been healthy survivors: many of the victims of 
radiation would have died in the five years before the study began (Stewart and 
Kneale, 2000). It is clear from reports of Japanese scientists that there were many 
deaths and leukemias occurring in the irradiated cities in the interim period and 
studies of the increases in cancers in the cities using external control data give higher 
cancer yields than the LSS yields which effectively employed internal controls 
(Kusano 1953, Busby 1995, Busby 2006, Sawada 2009). Long before then America's 
Atomic Energy Commission (AEC) urgently needed to regulate the growing nuclear 
industry. The AEC pressed the National Council for Radiation Protection (NCRP) to 
develop safety standards. An especial concern was the quantity of novel elements 
which, being alpha emitters, would present internal radiation hazards. Separate sub-
committees addressed internal and external radiation. The external sub-committee 
completed its work quite quickly but the other was slowed down by the many 
complexities of internal contamination. The problem is that while physicists can tell 
you the ergs from any radioactive decay, they don't have much clue about where 
internal radioactivity goes inside the body, how long it stays there or what biological 
damage it's doing. Impatient with the delays, NCRP's Executive closed down the 
internal committee in 1951, and stretched the report of the external committee to 
cover internal radiation.  

After the war, American influence revived the international radiation 
protection community from its dormancy to be reborn as the International 
Commission on Radiological Protection. ICRP's first act was to adopt the NCRP 
report. The first formal recommendations in 1951 were for maximum permissible 
doses from X-rays and gamma rays of 0.5 R at the surface of the body in any one 
week. This represents a dose of 260mSv a year, a reduction on the 1934 limits. The 
ICRP took a critical step for science: it adopted the Maximum Permissible Body 
Burden (MPBB), defined now as the quantity of radionuclide in the body which 
would deliver a radiation absorbed dose equivalent at the radiation limit defined for 
external radiation.  

The die was cast: this is the source of the error which has been promulgated to 
this day, the source of all the discrepancies between predictions of the model and the 
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many examples of cancer and leukaemia in those exposed to internal radiation, 
including the A-Bomb Test veterans. It is here at this point in time that the error 
which flowed from Parker’s physically defined rep was crystallized for all time into 
the risk model.  

In 1953, the ICRP met in Copenhagen and agreed recommendations which 
were published in December 1954. The committee agreed no radiation level higher 
than the natural background can be regarded as absolutely safe and that the problem 
was therefore to choose a practical level that, in the light of present knowledge, 
involves negligible risk. For internal radiation, the concept of the critical organ was 
introduced: this was a development that conceded that different internal radionuclides 
might concentrate in different organs, and so absorbed doses must be calculated on 
the organ mass, rather than the whole body mass. This concession shows that the 
problem of anisotropy of dose from internal radionuclides (which I will discuss 
below) had been conceded. However the ICRP stopped at the organ level: the idea 
that such local high dose effects might occur at a more microscopic level, at the 
cellular DNA, was not accommodated, and is still not accommodated. (I have recently 
been told at a meeting in Sweden that there was pressure on the ICRP to introduce 
weighting factors for radionuclides which bound to DNA, but this was not followed 
up.) 

But we should recall that this early attempt was perhaps forgivable: 1953 was 
the year when the DNA structure was first described by Watson and Crick. The 
location of the radiation effects in the cell nucleus, the critical involvement of the 
DNA as target for radiation induced effects would have to wait for twenty years or 
more, until the 1980s. Even so, no one made the obvious connection: the point that if 
ionisation at the DNA was the critical target, external exposure and internal exposure 
could not be described in the same way with the averaging tools of absorbed dose. It 
waited until 2003 when the European Committee on Radiation Risk (see below) 
published its new risk model for these effects to be considered.  

The 1954 report reduced the dose limits to 300mrem (3mSv) per week, or 
156mSv per year). In this report, the roentgen equivalent man or rem was introduced: 
radiation from external and internal radiation could be summed as if it were the same 
exposure. Although seemingly a rational development, as I have made clear, this 
decision was to become the basis of the most serious mistake ever made in the area of 
radiation risk.  Although the report noted: much uncertainty still remains regarding 
the behaviour of radioactive materials inside the body it nevertheless went on to apply 
the same 300mrem average dose at the organ level when calculating maximum 
permissible body burdens of radioisotopes.  The Chairman of Committee 2 of the 
ICRP, dealing with internal exposure was Karl Z Morgan, who was later was to 
become a massive critic of the ICRP and the nuclear industry. He was very concerned 
about the lack of knowledge of internal isotopes and their concentration in tissues.  
The Ra-226 MPBB at the time was 0.1microCurie (3.7kBq). This was reduced by 
Morgan’s Committee a factor of 5 to allow for possible non-uniformity of deposition. 
For other radionuclides, the dose limit was set on the basis of the external limit as 
applied to the organ where the isotope was likely to be concentrated. 

But by 1956, concerns began to be raised in the media about genetic effects. 
Muller had written an influential paper on the effects of radiation on Drosophila, the 
fruit fly (Muller 1950); other scientists (Ralph Lapp, Linus Pauling) were arguing 
from first principles that incorporated radionuclides were going to cause genetic 
damage. Pauling, a double Nobel Prize winner (and later the Russian Sakharov) drew 
attention to the harmful effects of Carbon-14, produced in abundance in the 
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atmospheric tests, and Strontium-90, a long lived (28 year half life) bone- and DNA- 
seeking isotope from the Calcium Group 2 of the Periodic Table (Busby 1995). 
Nevertheless, the requirements of military research for bombs caused pressure on the 
regulators. Limits were slightly relaxed, allowing the period of averaging of dose to 
be extended to 13 weeks, so long as the total dose to any organ accumulated during a 
period of 13 consecutive weeks does not exceed ten times the basic permissible dose. 
This introduced the concept of the integrated dose: but note that this new dose limit 
permitted an annual dose of up to an enormous 1560mSv. Pressure built up: research 
results leaked out. Fallout Strontium began to show up in childrens’ milk. The doses 
were again revised in 1958 when ICRP considered the exposure of individuals in a 
number of categories. For the highest risk category, ICRP recommended a new 
weekly limit of 0.1rem (1mSv) or 52mSv in a year with a proviso that not more than 3 
rems (30mSv) were delivered in 13 weeks. 

By 1958, books were appearing that argued that radiation was a much more 
serious hazard than had been believed: that the health effects were essentially genetic 
mutation driven (e.g. Pauling 1958, Alexander 1957, Wallace and Dobzhansky 1959). 
The British Medical Research Council were cautiously concerned (MRC 1956).  In 
1957, in Oxford, Alice Stewart (who was to be the first Chair of the ECRR) looked 
for the cause in the sudden increase in a new childhood disease, leukaemia, and found 
that a significant cause of the increased levels was obstetric X-raying. She had 
identified the sensitivity of the foetus to radiation, finding that a foetal dose of as little 
as 10mSv caused a 40% increase in childhood cancer 0-14.  Her findings were 
attacked by those who had contributed to the MRC reports which had concluded that 
the fallout at the level it was at the time could not be a cause of concern (e.g. Richard 
Doll) and her career was affected. But she was later conceded to have been correct 
(Wakeford and Little 2003). Her conclusions meant that the levels of Strontium 
fallout in milk would have significant effects on childhood cancer and this issue 
ultimately resulted in the Kennedy /Kruschev Test Ban of 1963. Therefore by 1964, 
despite the continued use of such high dose limits, there began to be serious concerns, 
particularly about internal irradiation. The British physicist W. Mayneord (an ex- 
member of the ICRP) was to write:  

my worry about the numerical values of ICRP is the weakness of the 
biological and medical foundations coupled with a most impressive numerical façade. 
. . we give a false impression of certainty; comforting to administrators but not so 
comforting to live with as scientists. (Radiation and Health, Nuffield Hospital Trust 
1964).  

Other members (e.g. Edward Radford, Carl Z Morgan, John Gofman) were to 
resign or be sacked and were to attack the ICRP and its dose limits for the rest of their 
lives. 

By 1977 more evidence was coming in from the Japanese A-Bomb Lifespan  
Studies (LSS) that the long term effects of external irradiation were significantly 
greater than had been believed and so ICRP decided that it had to reduce the 
integrated annual doses to members of the public to 5mSv. By 1985, after the 
discovery of the Sellafield child leukemia cluster, this was modified to 1mSv. In 
1990, more evidence had appeared that radiation was much more dangerous than had 
been thought: evidence was appearing from radiation biology, from epidemiology, 
from animal studies. The effects were seen to be consequences of genetic damage and 
it was decided that there could be no threshold for such effects. The 1990s saw more 
and more evidence of the subtle effects of low doses of radiation. However, the 1mSv 
level could not be reduced since by then too many industries or other radiation related 
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operations depended upon this limit. So the limit was held at 1mSv, although the 
British  NRPB made a limit from a single source of 0.3mSv in a year, and 
EURATOM reduced this single source limit to 0.15mSv in 1996/29 Directive, which 
became EU law in 2001. The principle of ALARA, as low as reasonably achievable 
for exposures was introduced. Even this was tempered in practice by social and 
economic considerations. So this is the position that is presently embedded in 
legislation. All the major risk agencies now concede that there is no safe dose of 
radiation, and that genetic or genomic effects can occur at the lowest possible dose.  

It is instructive to see the dose limits plotted over the period of the last 
century. It is clear from Table 2.2 and the plots (Figs 2.1 and 2.2) that the exponential 
reduction in the perception of hazard shown by the plot has bottomed and cannot be 
linearly extrapolated to zero dose only for the reason that the nuclear and other 
industries, and the military, cannot operate with radiation discharges at the present 
levels if the true hazard from exposure were reflected in legal constraints on 
exposures. 

But these dose limit reductions by 2007 still did nothing to address the real 
problem with radiation risk, that of internal chronic exposure. The increasing 
quantities of novel radionuclides and technologically enhanced natural substances like 
Radium and Uranium in the environment has resulted in everyone one earth being 
exposed though inhalation and ingestion of contaminated material from an 
increasingly contaminated environment. If the understanding of radiation effects from 
external acute delivery using X-ray machines was flawed, then this flaw represented 
only a minor error, a slight scratch on the surface of the glass, compared with the 
shattering inadequacy of the acute physical energy-transfer model used to account for 
biological consequences of substances which delivered their energy from within 
living tissue.  Internal isotope exposure is the overlooked hazard of the nuclear age; it 
is necessary here to back-track and return to the discovery and parallel development 
during the infant X-ray age of the phenomenon of radioactivity. 
 
Table 4.2 Statutory annual radiation dose limits to members of the public over the 
radiation age 1920-present (mSv) 
 
Year Statutory Annual 

Limit mSv  
Note 

1927 1000 Based on erythemal (skin reddening)  X-ray dose 
1934 365 Following Radium dial painters incident 
1951 260 A-Bomb development. Japan Lifespan Study begins 
1954 156 Weapons fallout period begins. DNA structure found 
1958 52 Weapons fallout peaks 1959-1964. Muller 
1966 5 Sr-90 in milk, in bone. Kennedy test ban 1963 
1977 5  
1985 1 Nuclear site child leukemias; Chernobyl in 1986 
1991 1 The 1990s saw discovery of genomic instability 

following single alpha tracks in cells 
2003 1 ECRR introduces 0.5mSv limit; adjusts internal doses 
2007 1 ICRP holds its 1985  1mSv limit despite huge 

evidence of harm from internal exposures at lower 
doses 
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Fig 4.1 Statutory (ICRP and predecessors) annual radiation dose limits to members of 
the public over the radiation age 1920-present (mSv) (exponential trend fitted to data 
points) 

  
Fig 4.2. Logarithmic plot of statutory annual radiation dose limits to members of the 
public over the radiation age 1920-present (log(mSv) )with some radiation exposure 
events influencing reduction of dose limit. Note that new discoveries in radiobiology 
and Chernobyl effects since 1985 cannot reduce the limits further as the industry 
cannot take this although the extrapolation is to zero dose by 2005. 
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4.3 Radioactivity and its Biological Effects 
One year after Roentgen's discovery of X-rays, in 1895, Henri Bequerel, in Paris, 
found that certain naturally occurring minerals gave off weak, but similar radiation. 
The rays that emanated from the Uranium-containing ore, pitchblende, were capable 
of fogging sealed photographic plates, in the same way as X-rays. Bequerel showed 
that this radiation was capable of passing through thin metal plates.  In 1898 Marie 
Curie coined the word `radioactivity' to describe the effect. She began to look closely 
at the materials which exhibited the effect and identified, in pitchblende, a novel and 
highly radioactive element besides Uranium: she called it `Radium'. 
 Her lifetime work to chemically isolate Radium, processing tonnes of 
radioactive ore, resulted in the isolation of one gram. She and her husband Pierre 
shared the Nobel Prize but she died in 1934 of leukaemia, her hands terribly scarred 
from having handled the radioactive materials. Her daughter Irene who worked with 
radiation was also to die of the same disease. Roentgen himself died of bone cancer. 
 In the period following her discovery, Rutherford, who was laying the 
experimental foundations for the understanding of modern atomic theory, was able to 
describe accurately the quality of the radiation emitted by radioactive substances and 
identify their source in the nuclei of the heavy atoms involved in the phenomenon. 
These radiations are the alpha and beta particles and gamma rays. 
 If their characteristics had reminded Bequerel of X-rays, their biological 
effects were equally worrying. In 1901 he borrowed from the Curies a phial 
containing a minute quantity of a Radium salt. He carried the tube in his waistcoat 
pocket for six hours and noticed that he had burned his skin through several layers of 
clothing. The doctor that he consulted pointed out that the lesion was similar to X-ray 
burn. 
 In the years that followed this discovery, radioactive materials became used 
extensively as a convenient source of radiation in medicine. One of the developing 
uses for X-rays was the treatment of cancer: they are still used for this purpose. It had 
been discovered that the irradiation of tumours by X-rays or by the radiation from 
radioactive substances often caused their regression, although the reason for the effect 
remained obscure.  We now know that radiation is selective for cancer cells because 
radiation kills cells which are dividing more efficiently than cells which are in a 
stationary phase of their life cycle. (As a treatment, this is a last ditch strategy, since 
all radiation exposure carries risk of mutation and cancer in healthy cells: thus new 
cancers can, and do, appear later).  
 But most of the radiation effects described and understood in this atmosphere 
of scientific advance and general euphoria, related to exposure from external sources. 
Thus X-rays emitted from a vacuum tube were directed onto the surface of an 
individual, who perceived burns. Bequerel's skin-burn was of this type, despite the 
source difference. Measurements made by scientists using the detectors developed for 
the purpose were measurements of radiation falling on the detector from an external 
source. The relation between exposure and background radiation also assumed that 
energy was transferred to an individual from an external source.  
 The discovery of Radium and the existence in Canada of Radium-bearing 
uranium mineral ore rapidly resulted in the substance becoming commercially 
available. Preparations containing Radium, sold as part of the magical new age, as the 
elixir of life, became incorporated into a wide range of nostrums. There were Radium-
containing general tonics, hair restorers, toothpastes and cures for all ills from arthritis 
to infertility. A hearing-aid was marketed with the magic ingredient, `hearium'. One 
most popular and widely used preparation was `Radium water', often referred to as 
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`liquid sunshine'. One company in New York claimed to supply 150,000 customers 
with radium water. Another brand, `radithor' was so radioactive that several users died 
from Radium poisoning. One of these, a Pittsburgh industrialist and amateur golf 
champion, Eben Byers, drank a two-ounce bottle daily for several years; he believed it 
made him fit, and pressed it on his friends. He died of multiple decay of the jawbone, 
anaemia and a brain abscess in 1932. 
 The first clear evidence that internal irradiation from radioactive substances 
like Radium caused serious health problems was the death, between 1920 and 1924 of 
nine young girls employed by the US Radium Corporation to paint the dials of 
watches and clocks with a luminous, Radium-containing, paint. 
 
4.4 The Tragedy of the Dial-Painters 
The story of the dial-painters and their fight to obtain recognition for the cause of their 
cancers and other grave illnesses is similar in every respect to the many attempts that 
have been made up to the present day by groups who have tried to argue that their 
injuries were caused by radiation, from the Atomic Test veterans to the Sellafield 
leukemia victims.  For this reason, and as the first example of the assault on the 
external versus internal irradiation dose comparison, their history deserves closer 
attention.  (My account is based on that in Caufield, 1989: 29-43.) 
 The dial-painters kept their paint-brushes pointed by licking the tips. Although 
Radium was known to be highly radioactive, the amounts used in the paint were truly 
tiny, and it was assumed that the procedure was safe. The underlying assumption, of 
course, was that the energy transfer was very small. It was also believed, on no 
evidence, that any Radium ingested would pass straight through the body in a short 
time. 
 Nevertheless, the dial-painters began to suffer serious problems. Death 
certificates cited many different causes of death: stomach ulcer, syphilis, trench 
mouth, phosphorus poisoning, anaemia, necrosis of the jaw. Many who were still 
living were seeing dentists, with severe tooth and jaw problems.  In early 1924, 
concerned by the emerging illnesses of the dial painters, the local Board of Health 
asked the Consumers League of New Jersey, a voluntary group concerned about the 
employment of women and children, to investigate working conditions in the US 
Radium factory. 
 Katherine Wiley, the group's secretary, wrote that four of the dead women had 
undergone surgery of the jaws, and that many still living former dial-painters were 
similarly afflicted. But she found no problems with working conditions at the factory, 
nor did the New Jersey State Department of Labor, which also examined the plant. 
The US Radium Corporation assured both groups that Radium was not harmful at the 
minute levels involved, which were vanishingly small compared to the erythemal dose 
from an X-Ray machine. They ascribed the dial-painters troubles to poor dental 
hygiene. More recently, in an echo of this, the massive increases in cancer, leukemia 
and birth defects in the former Soviet Union following Chernobyl have been blamed 
by the risk agencies on hysteria or on malnutrition (see Busby and Yablokov 2006, 
2009). 
 In 1924 a consultant dentist, Dr Theo Blum, who had treated one of the dial-
painters, published a paper in the Journal of the American Dental Association. In it he 
mentioned that in 1923 he had treated a case of `infection of the jawbone caused by 
some radioactive substance used in the manufacture of luminous dials for watches.' 
This was the first suggestion that radioactivity from Radium may have been the cause. 
The article was noted by Dr Harrison Martland, Medical Examiner of Health for 
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Essex County, home of the Radium factory. Martland began studying the problem and 
decided to perform autopsies on the next US Radium Corporation employees to die. 
 Meanwhile, Katherine Wiley consulted Florence Kelley, the head of the 
National Consumers' League, who, in turn, passed the problem on to Dr Frederick 
Hoffman, the Prudential Life Assurance Co.'s chief statistician, to investigate. 
Hoffman reported to the American Medical Association in May 1925 (Martland 
1925). The epidemiological evidence he presented confirmed that some factor related 
to work at the Radium plant was causing death amongst workers from illnesses of the 
mouth and jaw. He believed that Radium poisoning was the cause. The company 
continued to argue that this was impossible, that the exposure was too low.  
 But the company itself was well aware of the cause of the illnesses, having 
commissioned its own study one year before Martland's report. Cecil Drinker and 
colleagues from the Harvard School of Public Health had been asked by US Radium 
to investigate and had already reported their findings. They had stated that radiation 
was the cause of the employees’ ill health. Examining the girls who worked there, in a 
darkened room, they wrote: `their hair, faces, hands, arms, necks, dresses, the 
underclothes, even the corsets were luminous.' Tests on twenty-two employees failed 
to find a single one whose blood-count was acceptable. That all the workers were 
exposed to excessive radiation, both external and internal, was in writing and on the 
desk of the director of the US Radium Corporation one year prior to Hoffman's paper.  
`It seems necessary therefore, to consider that the cases described, have been due to 
Radium' the Report stated.  The company blocked external publication with threat of a 
lawsuit. When Drinker learned of Hoffman's scheduled address to the AMA on 
`Radium Necrosis' he begged US Radium to allow him to publish. They refused, 
although they sent an edited version, absolving them of responsibility, to the New 
Jersey Department of Labour.  
 At about the time of the Hoffman Report, Martland was able to do biopsies on 
the jaws of two dial-painters who were suffering from `jaw necrosis and severe 
anaemia'. Both died shortly after and Martland confirmed high levels of radioactivity 
in the women's bones and organs.  He tested a number of living dial-painters and 
found that their bodies contained so much radioactive material that when they exhaled 
on to a fluorescent screen, it glowed (Martland, 1951). 
 Martland and co-workers became the first to understand that internally 
ingested radioisotopes behave in the body quite specifically and in a manner related to 
their biochemical nature. Instead of passing through the bodies of the dial-painters, 
Radium, an element of the Calcium family, became stored in bone and teeth instead of 
Calcium. In addition, as a member of the Calcium family, Radium should bind to 
DNA.  A build-up of radiation caused damage to the tissue adjacent to the storage site 
which had become a radioactive source.  Furthermore, and the main reason why 
external irradiation studies cannot safely inform internal radiation risk, there was an 
enormous dose to adjacent tissues from the intensely ionizing alpha-particle radiation 
characteristic of Radium.  External dose considerations were wholly inappropriate.  
The dose from a single decay was lethally effective against the cells close to the atom.  
Such a dose, delivered externally, would have had no effect whatever, since the alpha-
particle would not even penetrate the skin. 
 Martland continued to investigate Radium: he found that early stages of 
internal radiation made victims feel well, as the radiation stimulated excessive red-
blood-cell production.  He found that there was a time-lag between radiation ingestion 
and the onset of disease, often a considerable time-lag.  This time-lag was a death 
sentence for many who were part of the Radium Company's operation at the time of 
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Martland's report.  In 1925 Edward Lehman, their chief chemist, was in good health: 
he died shortly after of acute anaemia and the autopsy showed radioactivity in his 
bones and lungs.  Since he had not painted dials it was clear that he had acquired his 
dose by inhalation.  
 The Radium Company refused to accept the radiation poisoning hypothesis.  
They commissioned new studies which exonerated them.  They blocked reports using 
legal pressure.  Several families sued them for damages, as did Dr Lehman's widow.  
The newspapers took up the case of `The Five Women Doomed to Die' who had filed 
for damages.  They were so wasted and ill that they had to be carried to the witness-
stand: one was unable to raise her hand to take the oath.  The Company maintained 
that there was no scientific proof that the dial-painters' injuries were caused by 
Radium.  Its lawyers, however, chose to fight on a different front, arguing that New 
Jersey's statute of limitations required industrial injury pleas to be filed within two 
years of the occurrence.  The Court accepted this, the women petitioned, and the case 
rumbled on.  Following huge pressure, the women were granted permission to go to 
the Supreme Court.  US Radium still denied responsibility for their injuries.  The case 
seemed set to drag on for years; the women were dying.  Eventually the Company 
prompted solely by humanitarian considerations settled out of court for half the 
amount that the women claimed.  They still had not conceded that internal irradiation 
from Radium was the cause of the diseases which were killing their employees. 
 
4.5 Development of Dose-Response Relations for internal emitters :  the history 
With the dial-painters' tragedy came the first recognition that ionizing radiation acted 
in ways that were not predictable from simple physical considerations.  Internal 
irradiation by a specific radioactive element was seen to produce appalling effects, 
often long delayed, at levels of energy transfer that seemed vanishingly small.  Since 
many preparations freely available on the market contained Radium, guidelines were 
clearly needed to safeguard the public, and between 1936 and 1938 experiments were 
begun on animals to try to establish safe limits.  But it was only when the need for 
luminous dials increased with the Second World War that, in 1941, the US Bureau of 
Standards met to present draft rules for Radium contamination.  As in the case of the 
early external irradiation limits, the results were hurriedly patched together by 
guesswork: a limit of 0.1 Curies in the whole body was given as a reason for changing 
personnel to new employment; a limit of 10 picoCuries (pCi) of Radon gas per litre of 
air was also set, and the 0.12R per day X-ray limit was extended to -ray exposure.  
The establishment of even these high levels of statutory exposure limits probably 
saved many lives during the ten years that followed; years that saw, with the US 
Manhattan Project, the development of the atomic bomb. 

I will comment in passing that the effects of radium on the dial painters were 
probably not all due to internal exposures from alpha particles. The external dose 
limits of the time (see Fig 3) believed to confer safety, were extremely high, as I have 
remarked. I own a prismatic hand bearing compass supplied to the British Army 
soldiers as standard issue in WW2. Soldiers wore this on their belt and held it to their 
eyes to obtain bearings. A calibrated Geiger Counter shows a gamma dose of 50Sv/h 
at 5cm from the small (2mm diameter piece) of Radium compound on the compass 
card. This would give an annual dose of 438mSv in a year. This is from a single dab 
of paint: the external doses the dial painters received would have been enormously 
greater since they would have had a whole paint pot of the stuff in front of them. And 
it is not hard to see why the child leukemia rate in WW2 suddenly increased with 
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planes being shot down, radium paint everywhere and soldiers carrying such 
radioactive sources close to their testicles. 
  Although I have outlined the historical development of the overall dose limits 
in the previous section, I will here look more closely at the bodies assessing the risk 
from internal radiation. In 1946, to control the development of all things atomic 
which, following the Hiroshima bomb were seen to be associated with national 
security, in the United States the Atomic Energy Commission (AEC) was formed.  
There soon followed the revival of the US Advisory Committee on X-Ray and 
Radium Protection, which needed to consider safety levels in view of the new 
practices and new isotopic contaminants which followed the development, testing, 
and use of atomic weapons.  The Committee changed its name to the National Council 
on Radiological Protection (NCRP) and expanded. 
 The NCRP consisted of eight representatives of medical societies, two of X-
ray manufacturers, and nine of government agencies including the armed forces, the 
Bureau of Standards, and the Atomic Energy Commission.  From the very start, the 
AEC put pressure on the NCRP to devise a permissible dose level.  Of the eight sub-
committees set up to consider radiation-related practices, those which were attempting 
to set dose limits were Sub-Committee One on external dose limits, headed by 
Giaocchimo Failla, and Sub-Committee Two on internal radiation limits, headed by 
Karl Z. Morgan.  External dose limits were set at 0.5R/week (260mSv/year). The 
reduction from the previous 1934 limit was partly based on the discovery that 
radiation caused genetic damage.  Experiments with fruit flies by H Muller had 
showed that even tiny doses of radiation resulted in the production of mutated 
offspring.  This raised the obvious question about similar damage to humans.  The 
problem was that practices involving doses to workers and members of the public 
much higher than those involved in the fruit-fly experiments had already been 
sanctioned by the earlier guesstimate dose limits then in use.  Since, also, national 
security demanded continued research, development, and testing of atom bombs, there 
was no way in which NCRP would have been able to set dose limits at zero dose or no 
exposure.  On the basis that such a move would be unrealistic, the NCRP canvassed 
the nuclear industry on what was the lowest value for the dose limit that they could 
function with.  This figure was the one that was adopted.  Owing to arguments 
between Failla and Morgan, who felt that more control of exposure was needed, the 
dose limits were not published until 1954 when they were reduced again to 
0.3rem/week (156mSv/y). 
 Sub-Committee Two, under Morgan, had the job of assessing the risks from 
internal exposure due to ingested radioisotopes.  What was required was the 
development of an understanding of the effects of ionizing radiation delivered by an 
atom incorporated within living material and decaying to deliver its energy into 
adjacent tissue.  What they proceeded to do instead was to apply the physical model 
for external irradiation to internal organs which were assumed to be `target organs' on 
the basis of radio-chemical affinity, and to see these organs as neutral volumes of 
irradiated water in which a certain amount of energy was dissipated. This is a typical 
physics-based reductionist trick. It has great computational utility, but as far as 
biological responses are concerned it is entirely inadequate, and as I shall show, gives 
the wrong answer. 
 The primitive erythemal dose threshold arguments together with the 
development of the physical-energy-based units--  rad, Gray etc.--gave limits for 
external dose based on a model which involved so much energy transfer with a 70 kg. 
sack of water called a `reference man'.  The modification needed for understanding 
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internal irradiation was obvious.  The organ most likely to concentrate the particular 
radioisotope being considered was defined as a `target organ' for that substance.  The 
dose limit was then set assuming that the organ of mass m was a smaller sack of water 
into which so much energy E was transferred.  The same ad hoc, and arbitrarily 
developed dose limit could then be applied. 
 These dose limits were translated into maximum permissible concentrations or 
body burdens (MPBB) of the particular radioisotope.  Morgan clearly recognized the 
dubious nature of these arguments and the shakiness of the whole analysis: his 
Committee Two proposed that the MPC they calculated be divided by a `safety factor 
of ten’ for people who might be exposed for thirty years or more.  This represented 
official unease about the differences between acute external and chronic internal 
exposure: the conflict between the understanding of physics and that of biology.  
 There was much argument about the adoption of recommendations from 
Morgan's group, and the final report did not include the proposals for people likely to 
receive prolonged exposure 
 These radiation protection advisory commissions, and their offspring, the 
radiological advisory bodies in most countries like Britain's National Radiological 
Protection Board (NRPB, which shares many personnel with ICRP, yet cites the latter 
as an 'independent source' of advice), now publish advice on dose limits and 
protection which becomes incorporated into law.  They control the perception of 
hazard from all things nuclear.  They are all, however, lineal descendants of the first 
NCRP committee, staffed by people who all had interests in the development of the 
use of radiation.  They remain, to this day, a revolving door through which members 
of the nuclear establishment or those with research ties to it, pass in and out. 
 The first recommendations of the original 1953 committee became US law in 
1957, yet those recommendations arose in an atmosphere of haste, error, necessity, 
secrecy, and lack of knowledge.  In 1962 an AEC scientist, Harold Knapp, studied the 
exposure of young children to radioactive iodine in milk.  He concluded that standards 
were too lax by a factor of ten, and recommended that they be tightened.  The 
response from the AEC director of the Commission of Operational Safety was that 
the present guidelines have, in general, been adequate to permit the continuance of 
weapons testing and at the same time been accepted by the public principally because 
of an extensive public information programme.  To change the guides would raise 
questions in the public mind as to the validity of the past guides. (Caufield, 1989: 132) 
 This continued to be the case with radiological safety, and it continues still.  
Present radiation protection laws, based on the cancer yield of acute radiation 
exposure events like the Hiroshima bomb, leave much of the actual practice to the 
users and producers of radioactivity by asking them to keep doses `as low as 
reasonably achievable' (ALARA).  Sir Kelvin Spencer, formerly Chief Scientist for 
the UK Ministry of Power said: 
We must remember that government scientists are in chains.  Speaking as a one-time 
government scientist I well know that `reasonably achievable' has to be interpreted, 
so long as one is in government service, as whatever level of contamination is 
compatible with the economic well-being of the industry responsible for the pollution 
under scrutiny. (Caufield, 1989: 190) 
 The 1957 statutory crystallization of the 1954 NCRP recommendations 
occurred during the period of intense scientific research which followed the Second 
World War.  By 1957 enough was known about cell genetics and DNA damage to 
understand the cellular origins of radiation effects.  It had always been clear that 
ionizing radiation did not kill by gross energy transfer:  the effects were delayed, the 
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amounts needed to kill an individual would not heat the body up by more than a 
fraction of a degree.  With this new knowledge--that it was primarily cellular genetic 
changes which were occurring--it must have been apparent by the 1960s that there 
could be no safe dose of radiation. Even then it was known that ionizing radiation 
caused damage to genetic material in cells under all conditions of irradiation, even for 
the smallest doses which can occur.  It could be shown that there was no safe dose, or 
no threshold below which radiation is safe, and indeed this is now the affirmed 
position of both the ICRP, the NCRP, and the Biological Effects Committees of the 
US National Academy of Sciences (see BEIR V, BEIR VII). 

In the 70s it was belatedly realised that internal exposures, particularly to 
plutonium might have much greater harmful effects than were predicted by the 
methodology that had been employed until then, there was  a great deal of work 
funded to justify the approach. The method used was to study the effects of Radium 
and Thorotrast, radionuclides which had been used in the 30s and 40s for medical 
purposes. These studies were carried out too late, however, as the high doses involved 
had killed many of the people exposed. Nevertheless a spurious consistency with the 
radiation risk model predictions was cobbled together in an attempt to justify 
continued use of the model. The matter briefly will be addressed below. 

 
4.6 External and internal radiation: the science. 
 
In order to help follow the arguments about internal radiation and health I now return 
to review some basic principles and examine some of the assumptions at the base of 
radiation risk. These issues are key to an understanding of the Test Veterans 
exposures. The arguments are elaborated in the CERRIE minority report, the CERRIE 
majority report and in the early chapters of the ECRR2003 report. A more accessible 
explanation of the basic science is given in my book Wings of Death 1995.  

 Ionising radiation acts though the damage to cellular genetic materials, the 
genes on the DNA, killing some cells but causing fixed genetic mutation in others, 
including mutations that signal to descendants a genomic instability message to 
increase their rate of incorporated error. These genetic and genomic mutations are 
now known to be the main initiation point in the development of cancer and leukemia 
and also the origin of heritable damage and increases in many illnesses that were not 
originally thought to be radiation related. It is the progression of the cellular mutation 
and the acquisition of further mutations over the lifespan of the cell or its descendants 
(in the same individual or in the case of germ cells in offspring) that leads eventually 
to the clinical expression of the cancer or the development of a wide range of 
diseases. The damage to the DNA is caused either by ionisation of DNA materials 
themselves directly, or more usually indirectly by the interaction of the radiation track 
(which is the track of a charged particle, an electron or a alpha particle) with solvent 
water or other molecules to form 'hot' ionic species which are sufficiently reactive to 
attack the DNA bases. To a first approximation, it can be argued that over a certain 
range of dose, the effect, or likelihood of mutation, is a linear function of the amount 
of energy absorbed. That is because this energy goes to break bonds and produce ions, 
and twice the energy produces twice the ions and therefore twice the probability of 
mutation. But note here that the primary cause of mutation is the reactive ion and so it 
is the concentration of reactive ions in the cell which represents the most accurate 
measure of mutagenic efficiency (although there are other considerations as we shall 
see). The assumptions that underpin the whole of radiation protection are based on the 
ideas that the dose and the response are linearly correlated. Thus, if we double the 
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dose, we double the effect. This is the basis of the present system of radiation risk 
assessment, and specifically the basis of the calculation made using the model of the 
ICRP. All predictions follow from this assumption, the Linear No Threshold LNT 
assumption. 
 But whatever the dose response function employed, it is manifestly and 
philosophically wrong to employ such a model for internal irradiation. This is because 
the quality used to measure radiation, Absorbed Dose (in rads or Grays) represents the 
average energy absorbed in unit mass, in the case of Grays, Joules per Kilogram. Such 
a quantity assumes at the outset that the energy density is the same in all the cells or 
critical parts (e.g. chromosomes, DNA) of the tissue irradiated. Whilst this is a valid 
assumption for external irradiation as in the case of the studies used to determine 
cancer and leukemia risk (particularly the major study, that of the Japanese A-Bomb 
survivors) it is manifestly untrue for modelling risk in individuals who have internal 
irradiation. The reason is that in many internal irradiation regimes, averaging is not 
appropriate. Radioactive particles which emit short range radiation like alpha and beta 
radiation causes high levels of energy density (ionisation) in local tissue (a few 
millimetres away) but no irradiation elsewhere. Thus cells near to these particles 
receive large either fatal or mutagenic doses. To illustrate this I have shown in Fig 2.3 
a photomicrograph of decay tracks from a few radioactive particles in rat lung. 
This phenomenon is known as an alpha star: the tracks are alpha particle ionization 
tracks such as those produced from uranium and radium dust particles. 

Averaging the energy into large tissue masses in whole body or in organs, 
dilutes the ionization density and makes it seem as if the whole body doses are very 
low, perhaps well below natural background doses. But since cancer always starts in a 
single cell (as we know from mosaic studies of tumours) it is the cell dose that is 
important, not the tissue dose. As I have argued already, the use of external doses to 
calculate cancer risk (as the ICRP do) is like comparing warming oneself by the fire 
with eating a hot coal. This argument has now been accepted at the highest level, 
although little has been done to incorporate it into risk management. It is a major 
plank of the ECRR deliberations and now in the mainstream of argument in the 
radiation risk community.  Chapters 5 and 6 of ECRR 2003 and pp 48 to 56 of the 
CERRIE Minority Report discuss the concept of Dose, used by the ICRP model as a 
measure of radiation exposure, in dealing with health effects. In addition, the matter is 
reviewed by the CERRIE Majority Report (2004) which agrees that (p13 para 11) 
There are important concerns with respect to particle emissions, the extent to which 
current models adequately represent such interactions with biological targets, and the 
specification of target cells at risk. Indeed the actual concepts of absorbed dose 
become questionable and sometimes meaningless when considering interactions at the 
cellular and molecular levels. 
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Fig 4.3 Alpha star photomicrograph showing radiation tracks emanating from hot 
particle in rat lung; track length has the distance of about five cells.  
 

 
 

  
This is quoted from an official report of a UK government committee. The point is 
made regularly elsewhere in the same report, (e.g. para 60 p27) and the Majority 
Report concludes that there is a conceptual uncertainty associated with the use of 
absorbed dose of a factor of 10-fold. The Minority CERRIE Report argues that this 
figure is more like 100-fold to 1000-fold for very low doses and certain types of 
exposure and advances proofs of this (see below).  In addition, recently, the French 
official radiation risk agency, Institut de Radioprotection et de Surete Nucliare 
(IRSN), agree that the ICRP dose averaging approach is insecure.  In a report 
published in 2005 they point out that the questions raised by the ECRR2003 report 
relating to the question of internal doses are valid. The IRSN committee of 15 senior 
scientists state that these are fundamental questions with regard to radioprotection 
and (p6) that [in the situation of] heterogeneous distribution of radionuclides, the 
validity of weighting factors for calculating internal doses, the impact of the 
radionuclide speciation on their behaviour and their chemical toxicity  make it clear 
that the ICRP approach for certain internal radionuclides is  strictly invalid. IRSN 
state that since the ICRP60 publication, improvements in radiobiology and 
radiopathology, or even general biology finally might impair [falsify] the radiation 
cell and tissue response model applied to justify radioprotection recommendations. 

[IRSN 2005] 
 
ICRP itself was under pressure on this issue by 2005 and conceded in its draft report 
on risk: 
(50) For radiations emitted by radionuclides residing within the organ or tissue, so-
called internal emitters, the absorbed dose distribution in the organ depends on the 
penetration and range of the radiations and the homogeneity of the activity 
distribution within the organs or tissues. The absorbed dose distribution for 
radionuclides emitting alpha particles, soft beta particles, low-energy photons, and 
Auger electrons may be highly heterogeneous. This heterogeneity is especially 
significant if radionuclides emitting low –range radiation are deposited in particular 
parts of organs or tissues, e.g. plutonium on bone surface or radon daughters in 
bronchial mucosa and epithelia. In such situations the organ-averaged absorbed dose 
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may not be a good dose quantity for estimating the stochastic damage. The 
applicability of the concept of average organ dose and effective dose may, therefore, 
need to be examined critically in such cases and sometimes empirical and pragmatic 
procedures must be applied. 
But ICRP did nothing and still has done nothing in its latest 2008 risk model to 
change any of the dose coefficients for isotopes that caused such exposures or to 
apply such empirical and pragmatic procedures.  And by 2009 the editor of the risk 
model presentation and scientific secretary of the ICRP resigned and publicly 
conceded that the model was unsafe (see below). 
 
4.7 Dose constraints and risk models after 1980 
As I have explained, the history of radiation and health is one in which the cancer and 
leukemia risks following exposure have been reassessed continuously upwards over 
the whole of the radiation age. The annual dose limits have fallen from around 
400mGy in 1934 to 200 mGy (or 200mSv) in the early 1950s and by 1974, ICRP 26 
recommended an annual limit of 5mSv to members of the public and 50mSv to 
workers.  This was modified after the discovery of the Sellafield child leukemias and 
the other nuclear site child leukemias. ICRP in 1985 dropped the annual dose limit to 
1mSv. NRPB in the UK reduced this further in 1987 to 0.5mSv from a single site 
exposure. In the US the single source exposure level, is now 15mRem or 0.15mSv. 
Levels are now, in the UK and Europe fixed at 1mSv (100mRem) for members of the 
public and 20mSv for workers. I should explain that the mSv is a unit which derives 
from the mGy in the same way as the rem is derived from the rad, by the use of a 
multiplier of effect based on the type of radiation. Alpha radiation is known to give 
very dense ionization over a short track length of about 40 micrometers (three to five 
cells). It is assumed to therefore have 20 times more biological effectiveness owing to 
its 20-fold greater ionization density and thus, for internal exposure carries a 
weighting factor under ICRP of 20. Thus a dose of 1mGy becomes a ‘dose equivalent’ 
of 20mSv. This concession to ionization density effects is not extended by ICRP to 
other types of internal irradiation (e.g. particles, DNA bound isotopes) where much 
higher density of irradiation occurs, because to do so would concede the high risk 
effects of such exposures and point to cancer causality in groups who were 
contaminated internally. On the other hand, the ECRR model has taken this step and 
introduced weighting factors for such regimes (see ECRR2003 Chapter 6), and this 
results in significantly higher effective doses from certain types of internal exposure 
using the ECRR model than the ICRP model. 
 As I have already pointed out, it is clear that there can be no safe dose of 
radiation.  This has been formally conceded since the early 1990s (see e.g NRPB 
1995). I repeat that these dose limits have stopped being reduced because of 
pragmatic considerations relating to the operation of nuclear facilities only and not 
because of a sudden realisation that the health effects are now known and allow us to 
make accurate limits which we know will prevent the illness of exposed people. For 
example, the dose limit constraints should have been lowered when the most recent 
results of the Japanese A-Bomb study data became available in the 1990s and showed 
that the cancer risk continued to rise in the survivors study group 
 By this continuing increase in perceived cancer risk with dose I mean: in 
relation to the safety of exposures as measured officially using external radiation 
studies, in particular the Hiroshima survivors study. The matter of internal exposure 
cannot be informed by these external studies. Indeed, when we look at internal risk 
through the lens of epidemiology, we see that the risks are hundreds even perhaps 
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thousands of times higher than predicted by the external risk models based on 
Hiroshima, and enable us to both predict and explain the clusters of childhood cancer 
and leukemia near nuclear polluting sites which were discovered in the 1980s. 
 
4.8 The recent revolution in radiation risk perception 
 
4.8.1 Sellafield and the nuclear sites 
The first evidence that radiation risk from exposure to internal radionuclides was 
significantly greater than that predicted by ICRP was the discovery in 1983 of a 
cluster of childhood leukemia cases in children living near the Sellafield nuclear 
reprocessing site in the UK. This discovery, made initially by a TV company, was the 
subject of a government inquiry which found that the cluster was real but that the 
ICRP risk model could not predict the levels of leukemia. The difference between the 
prediction of the ICRP model and the excess leukemias was 300-fold. Note that 
number. The matter is discussed in the CERRIE minority and majority reports and in 
ECRR 2003. The discovery was followed quickly by others so that by the mid 1990s 
childhood leukemia clusters had been discovered near all three nuclear reprocessing 
sites in northern Europe and a good many other nuclear facilities. These sites had in 
common that they released fission product radioisotopes and technologically 
enhanced natural isotopes TENORM (e.g. Uranium) to the environment. In all cases, 
the relevant authorities discounted causality on the basis of application of the ICRP 
external model, even though it was a case of internal exposure. In every case, the 
discrepancy between the doses and the measured and predicted effects was between 
300-fold and a few thousand -fold. In the case of Sellafield measurements had been 
made on autopsy specimens which showed that particulate material released by the 
plant (Plutonium, Uranium ) was most concentrated in the lymph nodes draining the 
lungs. Thus there was evidence in the mid 1980s that radioactive material from the 
nuclear site concentrated in small lymphatic masses weighing about 11gms each. The 
Committee on Medical Aspects of Radiation in the Environment COMARE, the main 
public body set up after the 1983 inquiry to examine the possibility that the radiation 
was the case of the leukemia conceded in its Fourth Report (COMARE 1996) into the 
Sellafield leukemia cluster that the lymph nodes were known to be the site of 
leukemias in animal studies and yet accepted calculations of the doses to the 
lymphatic system from enhanced levels of Uranium from Plutonium that used the 
ICRP dilution model, in this case diluting the energy into an assumed body organ 
mass of 11kg. Since dose is Energy divided by Mass this dilution reduced the dose by 
1000-fold.  

After the Sellafield discovery, childhood leukemia clusters were reported from 
many nuclear sites in the UK and Europe e.g. Dounreay, Aldermaston, Hinkley Point, 
La Hague, Kruemmel. A full discussion of the issue and how it illuminates the error in 
employing the external risk model is given in ECRR2003. 
 
4.8.2 The German childhood leukemias 
Most recently, in 2008, the German Childhood cancer registry (Kinderkrebsregister) 
published results of the largest study of childhood leukemia near nuclear power 
stations that has yet been carried out. By examining cases and controls by distance 
from all the nuclear sites in Germany between 1980 and 2005, the authors have shown 
that there is a statistically significant doubling of childhood leukemia risk in the age 
group 0-4, thus supporting the various earlier studies of childhood leukemia near 
nuclear sites. Scientists from the University of Mainz working for the German 
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Childhood Cancer registry, founded in 1980, had originally investigated whether there 
had been similar excess risks of childhood cancer near nuclear sites by using the 
ecological approach employed by COMARE, that is, looking at all children within 
some distance of the site, in the German studies 15km.  They had also, like 
COMARE, examined the age group 0-14, which dilutes any excess by a factor of 3 
since the main age group of interest for the disease is 0-4. This may have been 
because, like COMARE, at that time, when the Germans were committed to nuclear 
power, they didn’t actually want to find anything. And that is what happened: the 
examination of the 0-15 year group living within 15km of the sites from 1980-1995 
showed no excess risk when compared with the general; national rates (RR = 0.97 CI 
0.87<RR<1.08). Nevertheless, examination of subsets revealed that for children living 
within 5km of the plant aged 0-4 there was a statistically significant 3-fold excess (RR 
3.01 CI  1.25<RR<10.31). In the Kinderkrebsregister case control study published in 
January 2008 in the European Journal of Cancer (Spix et al 2008) published results 
from 23 years (1980-2003) of data for 6300 children. The authors reported that the 
best model to fit the data by distance from the nuclear plants in Germany was an 
inverse square root relationship and that in their model, for children aged 0-4, there 
was a RR of 1.61 excess risk at 5km for cancer and RR 2.19 (lower one-tailed 95% CI 
1.51) for leukemia. This is further evidence of the error in employing the ICRP 
external radiation risk model for explaining or predicting risk from internal exposure, 
since these children were clearly not exposed directly to radiation from the plant, but 
rather inhaled or ingested radionuclides discharged from these plants. We should be 
clear that the doses to these children cannot explain their illnesses on the basis of the 
ICRP risk model by an error factor of upwards of 1000. 
  
4.8.3 New Science 
The last fifteen years have seen a revolution in the scientific understanding radiation 
action at the cellular level and of cancer causation by radiation. Much of what I will 
briefly say here is elaborated in the CERRIE Majority and Minority reports. I will try 
to just make the most important points. 
 
4.8.4 Genomic Instability and the Bystander effect  
It was discovered in the mid 1990s that a single track from an alpha particle through a 
cell caused an effect called Genomic Instability. What happened was that the cell 
survived but the descendants of the cell seemed prone to spontaneous and random 
genetic mutations. Prior to this discovery, it was assumed that cancer and leukemia 
were caused by a specific genetic mutation which was then passed on to daughter 
cells (the clonal expansion theory). However, this latter theory (which is the physical 
basis for the present ICRP model) was unable to explain the normal cancer rate in 
human populations given the experimentally derived normal mutation rate of 10 -5. 

Further experiments into the phenomenon showed that it was potentially a 
property of all tissues and was induced by the lowest doses of all kinds of ionizing 
radiation. It rapidly came to be seen that this was the basis in genetic mutation of most 
cancer. In my opinion, this evidence came to be accepted around the end of the 1990s; 
that is to say, there was a revolution in the mainstream understanding of radiation risk 
which gathered strength from the mid 1990s and would have been largely agreed by 
the majority of scientists as representing a need to re-think the basic science by the 
year 2000.  
 But this discovery was followed by second very strange observation. It was 
found by several groups that if a cell was hit i.e intercepted by a track of ions, then not 
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only the cell affected suffered genomic instability, but also cells which were not hit 
and which were up to 400 or more cell diameters distant from the target cell. This 
phenomenon was termed the bystander effect.  

There are three basic implications for radiation protection, and by implication, 
the present assessment of the exposures of the Test veterans.  The first is that the basis 
for assuming that the relationship between cause and effect, dose and cancer yield is a 
linear one (i.e double the dose and you double the cancer risk) is shown to be invalid. 
The dose response relation of Genomic Instability and Bystander effects is sharply 
supralinear. It increases rapidly with the first two tracks, then flattens off. This means 
that you cannot, as ICRP have, extrapolate from high dose (Hiroshima survivors) to 
low dose. There is a much higher proportionate effect at low dose. Some scientists 
have also argued the opposite. There is some data that suggests that low doses of 
radiation are protective. This process is termed ‘hormesis’ but it is not conceded by 
the official risk agencies. Risk agency models do however apply a factor to their 
predictions based upon a lower cancer yield for protracted doses and opposed to acute 
doses. In my opinion this is invalid. The application of these Dose Rate Reduction 
Factors to low dose radiation arises out of a mistaken interpretation of low dose points 
in the experimental results. The same error in interpretation has allowed some to 
believe that low doses of radiation are protective i.e. in hormesis. 

  The second implication of the new scientific discoveries is that two tracks 
across a cell or into tissue (since the bystander effect connects all the cells in a small 
tissue volume) has a proportionately greater effect than one track and that after three 
of four tracks the effect saturates. The outcome is that there is a range of ionization 
density that has a much enhanced ability to cause cancer. This range is unlikely to be 
reached in external irradiation until the levels of dose to the whole body are high, but 
can be reached in the case of tissue exposed to local decays from internal radioactive 
particles. The activity of such particles needs to not be too high for if the local 
ionization density involves more than three alpha tracks to a cell, the cell is killed. 
This leads to the theoretical prediction that in the system as whole, and looking at 
cancer or leukemia as an end point, the dose response relationship is likely to be 
BIPHASIC (see ECRR2003, Burlakova 2000). That is to say there will be a large 
effect at low doses (the doses being conventionally calculated using the ICRP model), 
then the effects will fall off as the dose is increased, only to rise again at even higher 
doses as tissues of less sensitivity are attacked.  

 The third consequence of the discovery of genomic instability is that it 
predicts that there will be a range of harmful effects from exposure to radiation. There 
will not just be cancer and heritable damage, but because of the damage to whole 
systems in the body, there would be expected to be effects in a range of diseases. Such 
effects have been reported in those exposed to radiation both after the Japanese A-
Bombs and also after Chernobyl (ECRR2003, ECRR2006).  For example, Table 
2.8.1, copied from ECRR 2003 lists morbidity for those exposed to radiation from the 
fallout from the Chernobyl accident and in Table 2.8.2 are listed the increases in ill 
health conditions of the Hiroshima survivors published by Dr Dr Katsumi Furitsu. 
The current risk model of ICRP only focuses on cancer, so these effects are not 
considered. This aspect is relevant to the test veteran cases since many of them are 
claiming for non-cancer conditions including coronary heart disease and kidney 
diseases which are clearly significantly increased in both the Chernobyl exposed and 
the Hiroshima exposed groups. Professor Mikhail Malko, from whose published work 
table 2.8.1 is taken is a distinguished scientist, Deputy Director of the Belarus 
Ministry of Power and also a member of the ECRR.  
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Table 4.8.1 Indices of somatic illness per 100,000 in adults and adolescents of 3 
contaminated and 5 control regions of the Brest region in Belarus in 1990 (from 
Malko 1997, discussed in ECRR2003). 
 
Non cancer diseases 3 contaminated 

districts 
5 control 
districts 

P-value 
 

Altogether 62,023 48,479 <.0001 
Infections and parasites 3251 2119 <.0001 
Endocrine, metabolism, 
immunity 

2340 1506 <.001 

Psychic disorders 2936 2604 <.01 
Chronic Otitis 250 166 <.01 
Circulatory system, 
hypertension, ischaemic heart 
disease 

12060 9300 <.001 

Of which (above) stenocardia 1327 594 <.01 
Cerebrovascular  1981 1363 <.001 
Respiratory 2670 1789 <.001 
Digestive organs, e.g. ulcers, 
chololelitic, cholecystitis 

7074 5108 <.001 

Urogenital, nephritis, 
nephroses, kidney infections 

3415 1995 <.001 

Female infertility 84 56 <.01 
Skin diseases, dermatitis, 
eczema 

3377 2060 <.001 

Osteomuscular, osteoarthritis 5399 4191 <.001 
 

 
Table 4.8.2 Comparison of morbidity rates (%) of the A-Bomb victims and of the 
general Japanese population (Furitsu, 1994) 
 
Non cancer disease A-Bomb victim sample  

morbidity rate % 
Japanese population 
morbidity rate % 

Lumbago 29 8 
Hypertension 24 15 
Ocular disease 18 3 
Neuralgia, myalgia 12 2.5 
Anaemia, leukopenia 12 1 
Dental disease 10 <1 
Gastro-duodenal ulcer 9 2 
Ischaemic heart disease 9 2 
Liver disease 8 1 
Diabetes mellitus 7 3 
Nephritis, urethral infection 5 1 
Skin disease 5 2 
Bronchitis, pneumonia 5 0.8 
Cardiac arrhythmia 5 <0.1 
Cholethiasis, pancreatitis 4 1 
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Finally, it is valuable to note that the most recent research into genomic instability 
finds a very wide range of genetic based radiosensitivity. The range is often quoted at 
up to 1000-fold.  

This brings me to another theoretical argument which was developed by me in 
the late 1980s and is also discussed in the two CERRIE reports. This argument relates 
to the Second Event Theory (see Busby 1995, CERRIE 2004 and CERRIE Minority 
2004) 
 
4.8.5 Doses to local tissue over time. 
For external radiation at low dose (1mSv annually), where the track density is low, 
cells receive on average 1 hit per year. This damage they have evolved mechanisms 
for dealing with. If the damage is great and surveillance enzymes detect a mismatch 
between the two halves of the DNA duplex, then the cell may move from quiescent 
phase into a repair replication cycle and repair the damage and replicate. The period 
of this cycle (which cannot be halted once started) is about twelve hours. The result is 
two daughter cells which a have copies of the repaired DNA. However, if a second 
track damages the DNA towards the end of this period, there is no possibility of a 
repair and the mutation is copied to one of the daughter cells. This is a very efficient 
way of introducing a fixed mutation. It is very unlikely to occur with external 
radiation tracks (since at low dose, to hit the same cell twice is like discharging a rifle 
in the general direction of Texas and expecting to hit the same person twice). But for 
internal isotopes bound to DNA or internal particles, this sequence is billions of times 
more likely. This represents another reason why internal radiation is not modeled by 
the ICRP model (which assumes at low dose that each cell is hit only once in a year 
and that all cells in an exposure carry the same probability of a hit). 
 
2.8.6 Uranium: Photoelectron amplification 
I will briefly review a recent discovery which is relevant to internal radiation exposure 
and which is not incorporated into the current risk model. It is of significant interest in 
the case of the A-Bomb Test Veterans since it related to internal exposures to 
Uranium. It mainly affects those who are contaminated with high atomic number 
elements and also subject to increased external gamma radiation. The most important 
elements are uranium and lead: for the Test Veterans, Uranium. It is an interesting and 
well known fact that the absorption of gamma rays of energy lower than 1000keV is 
proportional to the fourth power of the atomic number Z of the absorbing element. 
This means that high Z elements like uranium (92), gold (79) and lead (82) absorb 
some 100,000 to 500,000 times more gamma radiation than water, the main 
component of the body.   The effective atomic number of water is 3.3 or if we take the 
oxygen atom as representing the highest atomic number and therefore major absorber, 
8.  

If the absorbing atoms or particles are bound to DNA or some critical 
organelle or protein, this will focus natural background gamma radiation into that 
tissue volume through the re-emission of the absorbed energy as photoelectrons. Thus 
the absorbed dose to that volume will be significantly higher than that calculated by 
the ICRP system. For a full discussion see Busby 2005 and Busby and Schnug, 2008. 
The effects will generally occur for any material with a higher atomic number than 8; 
indeed it was first pointed out in 1947 by Speirs that there was a 10-fold enhancement 
of dose to tissue near bone owing to the presence of the Calcium (Z=20) in the bone. 
Inhalation and concentration of uranium in the lymphatic system of the A-Bomb 
veterans will increase the doses to their lymphatic system through amplification of the 
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already enhanced background gamma radiation. Based upon these photoelectron 
considerations, the physical enhancement weighting factor wj for the radiation dose 
coefficient for U-238 contamination has recently been agreed by the ECRR as 1000 
(see below). Since contamination by Uranium was significant on the test sites this 
makes a big difference to the equivalent doses received from inhaled and ingested 
dust. In 2008-9 I have been co-supervising at the University of Ulster a  PhD student 
Andreas Elsaessar who has been working on the issue of photoelectron amplification 
of natural background radiation by high atomic number nanoparticles. He had carried 
out laboratory work on cell cultures and also employed Monte Carlo modelling of 
induced electron tracks to show that Uranium nanoparticles (and therefore uranium 
atoms0 do indeed cause enhanced absorption of gamma radiation and the production 
of photoelectrons, as I predicted. Fig 2.4 shows results of one calculation and 
compares the photoelectron emissions from water, gold (Z=79) and uranium 
nanoparticles of radius 20nm irradiated with natural background gamma radiation of 
energy 100keV. 

This work is extremely relevant to the matter of the exposures of the Atomic 
test veterans since, as I will argue, the fallout and resides from the bombs contained 
large amounts of uranium, probably as nanoparticles and certainly respirable. The 
ECRR has a assigned weighting of 1000 to respirable uranium in its 2010 report and 
the effects of exposure to uranium particulates from weapons have been found to be 
alarming (Busby et al 2010, ECRR2010). 
 
Fig 4.4 Photoelectron tracks emerging from (left to right) 10nm particles of water 
(Z=7.5), Gold (Au; Z =79) and Uranium (U;Z=92) after irradiation with 100keV 
photons. Monte Carlo (FLUKA code) analysis. Track numbers are in proportion to a 
4th power Z law (tracks are shown as projections on a flat plane). Note that the model 
uses 1000 incident photons for Au and U but 10,000 for water (Howard et al 2009) 
 
 

 
 
 
4.9 Chernobyl Proofs 
 
There are two pieces of information that show unequivocally that the ICRP risk model 
is in error by a large amount when applied to internal irradiation. Both result from 
examination of populations exposed to the fallout from the Chernobyl accident. They 
are both discussed in the two CERRIE reports and also in ECRR2003.  
 In general, the health effects of the Chernobyl accident have not been 
adequately examined by the 'official' radiation risk community, and the very large 
body of evidence that the exposed individuals in the ex-Soviet territories have 
suffered and continue to suffer serious ill health outcomes has been largely ignored in 
the various official reports in the west, though not in Russian language journals. A 
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compendium of these Russian reports was given as an appendix in the CERRIE 
Minority Report, and the situation was flagged up by the eminent Russian 
Academicians Yablokov and Burlakova at the Oxford CERRIE workshop b
was done by the CERRIE secretariat. A comprehensive review of the Russian 
language literature on the effects of the Chernobyl accident, showing the extrem
serious effect of the radiation exposures form the internal radionuclides, was 
published in 2005 (Busby and Yablokov, 2005) and the cover up of the health
has been reviewed in my book Wolves of Water (2006) and W. Tchertkoff’s book Le 
Crime de Tchernobyl (2006). 
 The problem in the cou

ut nothing 

ely 

 effects 

rt of scientific opinion (and indeed in a court of law) 

h 

ing 

 

nce this proof that the ICRP risk model in wrong by at least a 

n 

as the in 

 

l is 

able 4A6 where it gives the 

s 

or 

 

with cancer causation is that there is generally a time lag between cause and effect, 
and since there are many mutagenic causes, it is difficult to make a connection whic
is unassailable in logic. In the case of the Sellafield childrens’ leukemia (and other 
similar clusters) despite the fact that they lived near the most radioactively polluted 
site in Europe, and that radiation is the only known cause of childhood leukemia, it 
was argued that the ICRP Hiroshima model did not predict the risk and so it must 
have been something else. Attacking this logic is easy, but does not result in anyth
approaching proof. It is not like a murder where a knife is thrust into the victim and 
the body is found with a knife in its back and the culprit's fingerprints (Busby 2007).
However, after Chernobyl there were two discoveries which show unequivocally that 
the ICRP model is, at least in these specific cases, manifestly incorrect by the same 
orders of magnitude necessary to explain the Sellafield child leukemias and also many 
other observations that had been dismissed on the basis of the ICRP Hiroshima 
external risk models.  
 I will here adva
factor of 100 times. The argument has been published (Busby and Scott Cato 2000, 
Busby 2005). This is a simple and brief analysis of the increase in infant leukaemia i
five different countries in Europe in those children who were in the womb at the time 
of the fallout. The countries were Wales, Scotland, Greece, Germany and Belarus. 
These increases were measured in each country. They were statistically significant 
and could not have occurred by chance since the calculation for all the countries 
combined makes a probability of 1 in one thousand million that these were 
collectively a chance observation. Second, since the group being observed w
utero cohort exposed only to Chernobyl fallout it was an effect of Chernobyl fallout. 
They were reported in separate papers in the peer review literature by four separate 
groups of researchers so it was not a biased account by one group. The doses (based
on ICRP considerations) had been well described and measured. The only known 
cause of child leukaemia is ionising radiation. The differences in the levels of 
leukaemia rates in the exposed cohort and the rate predicted by the ICRP mode
greater than 100-fold but varies inversely with the dose.  
 The CERRIE Majority Report conceded this p88 T
central estimate of error in the ICRP model for Great Britain as 200X, for Greece as 
160x and in Germany as 96X. In a paper I published in 2000 with Molly Scott Cato 
(Energy and Environment, 2000), I calculated for Wales and Scotland the effects wa
greater than 100X and probably about 300X. This is the exact error in ICRP required 
to explain the childhood leukaemia cluster at Sellafield, and also the present cancer 
epidemic. These error factors mean that there are 100 to 500 times more leukemias f
a given dose than ICRP calculates. Most recently I reanalysed data supplied by the 
Oxford Childhood cancer Research Group and published a meta analysis of the 
Chernobyl infant leukaemia data in the International Journal of Environment and
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Public Health (Busby 2009) concluding that this provided prima facie evidence of
failure of the ICRP model for internal irradiation, at least in the case of infant 
leukemia. 
 

 the 

.10  Minisatellite mutations 
s the objective scientific measurement by several 

lts 

d to 
f 

. 

 in 

.11 Radium and Thorotrast 
e ICRP and its adherents base their analysis of internal 

ployed 

tudies 

 

ear 

t 

e final 

. In 

ed 

.11 ECRR 
plained, the last ten years has seen a revolution in the perception of risk 

ear 

the risk model of the European Committee on Radiation Risk ECRR. 

4
The further piece of evidence i
groups of significant mutation rates in the minisatellite DNA of children and adu
living in the Chernobyl affected territories but exposed, on average, to ICRP 
calculated doses of less that 2mSv a year. Various arguments can be employe
show that this represents an error in the ICRP assessment of genetic damage risk o
the order of 500-2000-fold. In one particularly elegant epidemiological experiment, 
children of Chernobyl liquidators who were born after the accident were compared 
with siblings born before, to exclude explanations other than the Chernobyl accident
A seven fold increase in minisatellite mutations was found. That these effects are 
significant for health is seen by another study which showed that plumage changes
swallows that migrate to the Chernobyl region are also associated with minisatellite 
 DNA mutations (for references see CERRIE 2004, ECRR 2010). 
 
2
As I have mentioned above, th
radiation exposures on studies of patients exposed to high doses of Radium and 
Thorotrast mainly before the 2nd world war when it was not net realized how 
dangerous internal radiation exposures were.  These substances have been em
as surrogates for all internal exposures, particularly plutonium, in an attempt to show 
that the application of the averaging external dose model gives the correct cancer 
yield for all internal exposures without consideration of any of the biophysical or 
biochemical issues highlighted by the ECRR. The ECRR has been studying the 
evidence from studies of Radium- and Thorotrast-exposed patients, and animal s
using Radium and Thorotrast. A report on the issue will be published soon. I can say 
that the report will largely discount all such studies on the basis that they were carried
out too late after the exposures and examined populations which had already lost 
significant numbers of cases as a result of competing causes of death. It is quite cl
from the evidence available that non-cancer deaths in both groups were extremely 
high and this fatally flaws the outcome of the studies in both Radium and Thorotras
groups which were studies of cancer as end point. Therefore deaths from other 
diseases do not figure in the risk model. Further points which will be made in th
report are that the linear no threshold model is not appropriate for these high dose 
studies and indeed for radiation studies generally (for reasons given in ECRR2010)
addition, the different exposures, to Ra-224, Ra-226 and Thorotrast are to very 
different materials in terms of anisotropic doses to target DNA. ECRR (and inde
common sense) holds that each isotope has to be considered as a separate chemical 
and physical entity in terms of ionization at the target. 
 
 
4
As I have ex
from ionising radiation and from radioactive substances existing inside the body 
following inhalation or ingestion. This debate was the subject matter of the three y
deliberations of the UK CERRIE committee and also of the considerations leading to 
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 The European Committee on Radiation Risk arose out of a deep concern 
among many distinguished scientists and experts that the risk models for radiation 

sure 
 

exposure currently employed by national governments to set legal limits for expo
were incorrect by a large amount when applied to internal irradiation. Its committee
was begun in 1997 and its origins and remit are outlined in the 2003 and 2010 reports 
and also on the website www.euradcom.org. In the ECRR reports, the ICRP models 
are shown to be scientifically incorrect for internal irradiation since their basis is 
external irradiation (from outside the body). Such a model is philosophically 
irrelevant when applied to internal irradiation from a point source (such as a partic
or an atom bound chemically to DNA) as I have explained.  I refer to chapters
and 6 of ECRR2010. The ECRR deals with the enhancement of hazard from internal 
radionuclides by extending the method used by the ICRP for radiobiological 
effectiveness of alpha, neutron etc to situations where the chemical affinity of an 
internal radionuclide, or its physical decay characteristics  makes it more effe
delivering ionisation to the DNA. The dose coefficients developed by the ICRP ar
used but with weighting multipliers wj  and wi to represent physical and chemical 
enhancement mechanisms. Therefore a dose of 1mSv from an isotope that binds to 
DNA strongly, like Sr-90, is multiplied by a wj of 50 and so the dose becomes 50m
in the same way that ICRP multiply the absorbed doses from alpha emitters by 20 to
obtain their equivalent dose.  
 
4.12 ECRR in Lesvos 

le 
 1, 2, 3 

ctive at 
e 

Sv 
 

 May 2009 there was an International Conference of the ECRR in Lesvos, Greece, 
y of the Aegean. Research papers and evidence falsifying the 

e 

In
hosted by the Universit
ICRP risk model were presented at this conference by eminent radiation scientists 
from Japan, Canada, UK, Germany, France, Russia, Ireland, India, Ukraine and 
Belarus. The proceedings are currently being prepared. However the radiation risk 
situation and the level of error involved was considered to be so important the 
conference culminated in a agreed declaration signed by all the scientists present, th
Lesvos Declaration (see www.euradcom.org). This is attached with the names o
signatories. It demonstrates that a large body of eminent expert opinion exists that the 
ICRP model is unsafe and should no longer be used to calculate the effects of internal
radiation exposure. This ICRP model is essentially the same as that of the US BEIR 
committee. In its stead, political and courtroom decisions should be made on the basis 
of the ECRR risk model. 
The new 2010 updated risk model was published in May 2010 and is appended as 
evidence in this case (ECR

f the 

 

R2010).  

.13 IRSN 
dependent support for the arguments that internal radiation effects are not properly 

 the current ICRP risk model comes from a report commissioned by the 
 

e 

 the failure of ICRP from Sweden and Belarus 

 
 
4
In
modelled by
French government and published in 2005 (IRSN 2005). A team of scientists from the
official French Institute for Radiological Protection examined the 2003 report of the 
ECRR (above). They concluded that the criticisms made by ECRR of the current 
ICRP risk model were important and were valid, though the IRSN report did not agre
with the way in which ECRR modified the risk model to account for the resulting 
errors (IRSN 2005).  
 
4.14 Recent proofs of
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Cancer in Northern Sweden after Chernobyl was studied by Martin Tondel who 
cer rates 

e a 
actor 

by 
was 

r 
sures.  

 
n of the ICRP secretary 

 April 2010 I personally carried out a public interview with the ex-Scientific 
was 

published results in 2004 (Tondel et al 2004, 2006).  By comparing can
before and for 10 years after the Chernobyl fallout in Sweden by Caesium-137 
contamination of communities in Northern Sweden, Tondel was able to determin
risk of 11% excess cancer incidence per 100kBq/m2. This translates to an error f
of a minimum of 600-fold in the application of the ICRP cancer risk model to the 
external gamma dose associated with this contamination integrated over one year 
(ECRR2010). In 2004 also Okeanov reported significant increases in cancer in 
Belarus following the Chernobyl accident: these increases also were not predicted 
the ICRP model since the mean dose to the Belarus population from Chernobyl 
about 2mSv, approximately equal to the annual background radiation dose, yet the 
cancer incidence rates had increased by about 40% (ECRR2010). 

These pieces of evidence support the assertion that the ICRP model is in erro
by two or three orders of magnitude when applied to internal expo

The ECRR2003 model accurately predicted the findings of Tondel and 
Okeanov and the matter is discussed in ECRR2010. 

4.15 Admission of the error following the resignatio
In
Secretary of the ICRP Dr Jack Valentin in Stockholm, Sweden. The interview 
recorded on video and is available to the court. It will shortly be put on the internet. 
And a transcript is available of the critical part on the website of the Low level 
Radiation Campaign www.llrc.org.  It should be noted that Valentin was the editor 
and author of both of the 1990 and 2007 ICRP risk model reports (ICRP2007). 
interview, Valentin made two statements which are relevant to the present case. Firs
he said that since he was no longer Scientific Secretary, having resigned a few weeks 
earlier, that ICRP and UNSCEAR (the United Nations Scientific Committee on the 
Effects of Atomic Radiation), he could say that both organizations were wrong in not 
addressing the evidence that falsified their model evidence form Busby, from 
Chernobyl and from the nuclear site child leukemia clusters. Second he said that the 
ICRP risk model could not be employed to asses the risk of radiation in human 
populations because the uncertainties in internal radiation exposure modeling could b
two orders of magnitude. This statement is in broad agreement with the ECRR t
and model and agrees with what I have written in my earlier report on this case. 
I provide the video of the interview as evidence in this enquiry and a transcript of part
of the interview in the Appendix. 

In the 
t, 

e 
hesis 

 

Summary of Part 4 
 

The history of radiation r  the exposure levels permitted 
by policymakers have continuously been readjusted throughout the last 80 years as 
every n

se 

. 
en 

 
 

isk models shows that

ew discovery both in science and in epidemiology has shown that radiation 
exposure is more dangerous than previously thought. This process of discovery 
continues today although the dose limits are stuck at their 1990 levels. This is becau
the current official radiation risk models have not incorporated the most recent 
discoveries since to do so would force a complete reappraisal of the current use of 
nuclear power and the historic harm done by releases of radioactivity in the past
Contemporary radiation risk models are so inaccurate for internal exposures that ev
some official risk agencies (IRSN) have pointed this out: yet they continue to be 
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employed by governments and used by polluters to justify their past and present 
behaviour. There is now sufficient scientific proof of this in peer reviewed publish
literature.  

The weight of scientific belief about the dangers from internal radiation began
to change in

ed 

 
 the mid 1990s with interest on the increasing evidence from nuclear site 

clusters

. 
, 

 

a, 
CRR 

 

iven presentations to. It is only the biased scientists of the nuclear 
military

s 
e 

 

have 
re 

 
 

 

 
 

 and Chernobyl effects which clearly showed that the contemporary risk 
models were somehow false by a very large amount. Between about 1996 and 2000, 
evidence began to emerge from the laboratory for genomic and bystander effects
Since the then current ICRP model was based on genetic damage and a linear relation
it was implicit by 2000 that this basis was completely incorrect. This, and various 
other epidemiological evidence (which had now to be re-assessed) led to the 
Committee Examining Radiation Risks from Internal Emitters and the ‘Radiation 
Science Wars’ of the early 2000s. The critical impact of the 2003 report of the
European Committee on Radiation Risk, and the clear demonstrations in 
epidemiological evidence from the Chernobyl; affected territories (infant leukem
minisatellite mutations, cancer in Sweden, Belarus and Ukraine) that the E
predictions were close to what was seen was a turning point in a paradigm shift that
continues today.  

It is so clear to a rational audience that I have persuaded all of the courts or 
juries that I have g

 project and the economic and military vested interests that continue to 
support the conventional model. Part of the problem is that the area of radiation risk i
not one area but many. Each expert or employee sees only part of the picture. Th
physicist sees the world as energy transfer and mathematics. The epidemiologist sees 
the effects but doesn’t understand the physics and assumes absorbed dose is a real 
parameter, a given. This was the problem with the late Sir Richard Doll, who I spoke 
with about this. Doll based everything on absorbed dose and died believing that the
Sellafield leukaemia cluster was not of radiological origin. The biochemist also 
assumes absorbed dose is meaningful but here we are approaching reality if we are 
prepared to think through the ionisations and their position on the target DNA. I 
met very few experts in this field who see the whole picture; yet it is the whole pictu
that is necessary if one wishes to understand the issue. Each expert is an expert in one 
filed, and can pass the buck: the epidemiologist says that the cancers are there but 
they cant be due to radiation because the physicists say the dose is too low. The late 
Martin Gardner, the Sellafield epidemiologist,  tried to get round the dose problem by 
assuming it was dose to the fathers sperm that was the trouble: he never questioned 
the paradigm, he never questioned is dose was a real thing. The physicists in their turn 
use dose: they invented it. They say that the Hiroshima studies show the cancers are 
only there when the dose is high, but they don’t see the chemistry, they don’t know 
the stuff gets inside you and binds to the DNA they aren’t interested in such messy 
stuff, you cant use mathematics there.  No one asks the chemists because why would
they? The chemists do chemistry? What do they know about dose?  But if dose isn’t
appropriate or real (and it isn’t) the whole house of cards collapses. 
 

 

 
 

 46



  

Part 5 
The application itself and its impact in health and property values; its political 

impact and value to the nuclear industry. 
 
5.1 Quantities and is
.1.1 External gamma shine 

isposal of a very large quantity of a range of 
 concentrations of 200,000Bq/kg. Despite the 

ample, the 
inated 

inated with 200,000Bq/kg of three 
dionuclides being disposed of in the Augean Pit. 

t 
 

plane 
t 

/g (Gy/h) 

Dose 

al 

rce of calculation 

otopes 
5
The application was for the d
radionuclides at limiting final
description as low level waste, these are high levels of radioactivity. For ex
Handbook of Radiological Protection gives external dose rates over a contam
flat plane for radionuclides of various photon energies. I give some examples in Table 
5.1.1 of three radionuclides for which the application has been allowed by EAA for 
landfill to this level of concentration.  
 
Table 5.1.1 Dose rates over soil contam
ra
 
Radionuclide Doserate over Annual  Sou
A
200,000Bq/kg contaminated a

200Bq
Over 
materi
mGy 

Background NRPB data 0.05 0.438 
U-238 + 92 (1) USA NCRP 94 (1987) Table 5.1 800 
Co-60 100 876 (2) US EPA FGR12 Part 2 Table III7 
Cs-137+ 22 192 (2) US EPA FGR12 Part 2 Table III7 

(1) NCRP Report No 94; Exposure of the po
nada f  Natural Backgr Radia

 just 
ese three radionuclides is 4200 times higher than natural background. But Augean 

) 

he 
ys 

e 
h 

ut 
ent 

pulation of the United States and 
Ca rom ound tion Bethesda: NCRP 1987 

(2) Environmental Protection Agency FGR12 Part 2 Dose coefficients for 
exposure to soil contaminated to an infinite Depth Table III 7 p 169 

 
It clear from these results that the dose rate over a surface contaminated with
th
are going to cover this up with soil to a depth of 30cm, and calculations were 
presented in Annex H, prepared it seems by UKAEA Harwell using the Microshield 
program. The results showed that the dose rates for Co-60 and Cs-137 (Ba137
covered with 30cm of soil of density 1.6 were 6.6 and 0.7 Sv/h respectively. For 
30cm of low density soil cover of 1.0g/cm3 these became 18.35 and 2.6 Sv/h. T
Handbook of Radiological Protection 1971 gives graphs for shielding of gamma ra
from Cs-137 through water and concrete. The percentage transmission is 0.45 and 
0.03. This would interpolate values for the dose rates from Cs-137 contaminated soil 
covered with 30cm of water or concrete as 9.9 and 0.7Sv/h. I conclude that the 
calculations made by UKAEA for the final doses rates over the 30cm cover are 
broadly correct for the three radionuclides examined. But there are others that hav
not been examined, and there are nuclides in the series decays that have very hig
photon energies which will enable them to penetrate the cover of 30cm of soil witho
difficulty. Some of these are deposited in the cover itself by gas flows from the par
nuclide. One of these, Thallium-208, I consider below in the section on errors in the 
reports.  The final mix, with neutral cover, will represent a significant external 
radiation hazard since even these three solid nuclides alone will be producing an 
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external dose over the soil covered surface of some 70Sv/h, which is 1400 tim
background and represents an annual dose of 600mSv. If the aim is to have a limit of 
0.15mSv from any source then this would be achieved by standing on the tip for 2 
hours. And that does not take into consideration all the other gamma emitters 
tabulated in the application which I also give below in Table 5 and those series 
nuclides not tabulated. I return to the missing nuclides in the section on errors.
 
Table 5.1.2 Radionuclides and quantities to be disposed of in the Augean Pit 

es 

  

rom the Environment Agency Draft Authorisation (with my notes on dispersion 
e totals 

adionuclide 
r “group of 

 

Limit 
GBq 

Notes (ECRR dose coefficient multiplier) 

(f
possibilities and ECRR hazard weightings). Note that the EAA has reduced th
by factor of 18 on the original application.  
 
 
R
o
radionuclides”
H-3  3230 Beta emitter (12y) Will escape as liquid tritiated water, 

gaseous water vapour and tritated methane. (20) 
C-14 170 Beta emitter (5730y) Will escape as oils,  gases CO2: 

alkanes (20) 
Cl-36 85 Beta emitter (100,000y) Will escape as soluble chlorid

or chloroalka
e 

nes 
Fe-55 595 EC (2.7y) binds to Haemoglobin, soluble in water (10) 
Co-60 732 ter (2.7y) soluble Beta Gamma emit
Ni-63 187 Beta (100y) soluble 
Sr-90 1750 Beta (28y) second event, binds to DNA, soluble (300) 
Nb-94 85 Beta gamma (20,000y) 
Tc-99 374 Beta (200,000y) 
Ru-106  391 Beta (1y) 
Ag-108m ssibly they mean Ag110m beta 

2d) 
85 Does not exist; po

gamma (25
Sb-125 85 Beta gamma (2.7y) 
Sn-126 85  Beta (230,000y)
I-129 85 Beta (1.6 x 107y) Soluble, gas, Thyroid seeking, blood 

(20) 
Ba-133 85 Gamma (10.6y) soluble 
Cs-134 85 gamma (2y) soluble Beta 
Cs-137 5100 e Beta gamma (30y) solubl
Pm-147 119 Beta (2.6y) 
Eu-152 85 Beta gamma (13y) 
Eu-154 85 Beta gamma (8.5y) 
Eu-155 85 Bet6a gamma (5y) 
Pb-210 85 Radium series daughter; beta, decays to Bi-210 etc, 

where are they? 
Ra-226 306  

will escape from the pit also in the 
Alpha (1600y) Radium; where are the hot daughters?
Radon from this 
water 

Ac-227 85 Beta (21.7y) also alpha branch.  
Th-229 85 7340y Alpha 
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Th-230 85 Alpha (8 x 104y) 
Th-232 85 Alpha (1.4 x 10 y) 10

Pa-231 85 Alpha (2.3 x 104y) 
U-232 85 Alpha (72y) DNA seeker (200) 
U-233 85 Alpha (1.6 x `105y) DNA seeker (200) 
U-234 85 Alpha (2.4 x 105y) DNA seeker (200) 
U-235 85 Alpha gamma (7.1 x 108y) DNA seeker (200) 
U-236 85 Alpha (2.3 x 107y) DNA seeker (200) 
U-238 85 Alpha (4.5 x 109y) DNA seeker, photoelectrons (1000) 

 85GBq represents 7.1 tons of Uranium
Np-237 85 Alpha gamma (2.4 x 106y) 
Pu-238 102 Alpha (86.4y) DNA seeker (100) 
Pu-239 170 eeker (100) Alpha  ( 2.4 x 104y ) DNA s
Pu-240 85 Alpha (6740y) DNA seeker (100) 
Pu-241 1190 Beta (14y) decays to Am-241 alpha (5) 
Pu-242 85 Alpha (3.8 x 105 y) DNA seeker (100) 
Am-241 ll rapidly 119 Alpha (432y) note that this inventory wi

increase due to ingrowth from Pu-241 
Cm-243 85 Alpha gamma (32y) 
Cm-244 85 Alpha (18y) 
All others 85 === 
*Total 17000  
* This value has e increas at least 26622 due to the series decays (see section 

s).  

ons and exposures 
.2.1 Collective dose 

e last 10 years for calculating the effects of 
these using the ICRP system of dose coefficients and to ensure 

s that 

ussed, 

ed 
tiplied 

 the 

re are, 

l 
ease 

 to b ed to 
on error
 
5.2 Dispersi
5
The methodology employed in th
exposures is to model 
that the most exposed individuals, the critical group, are kept below exposure
represent a certain level of predicted harm, based on fatal cancer. This the 
methodology deployed by the SNIFFERS (and these days also by HPA). But apart 
from the errors involved in using ICRP dose coefficients, which I have disc
there is another issue. Prior to the introduction of the current critical group system, 
calculations were made on the basis of collective dose. That is to say, all the 
individuals exposed were considered as a group and the total exposure was consider
to be the collective exposure. Collective dose in person Sieverts could be mul
by the risk coefficient for cancer and you’d get the cancer yield of the exposure. Even 
if the exposure was small, if enough people received the doses, there would be a few 
deaths. This had the advantage that it gave the total cancer yield in the exposed 
population; however it was embarrassing since it was clear in a number of areas 
(particularly Sellafield) that a finite number of innocent people were dying from
exposures (which they were, and still are). The change in method cunningly 
introduced by Roger Clarke of NRPB is particularly relevant to operations like the 
Augean one where there are not many people living very close to the pit. The
however a very large number of people who will be exposed at a low level some 
distance from the pit. I have modelled airflows from the pit using the computer mode
of the USA NOAA HYSPLIT and in Fig 5.2.1 show one example of a 12 hour rel
from the pit of unit tritium water vapour (or carbon-14 methane). It is quite clear that 
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radioactive gases from the pit will be inhaled and cause small though finite doses to 
the populations of major local towns including Peterborough, Boston, Kings Lynn, 
Grantham but will also affect populations as far away as Birmingham, Manchester 
and Liverpool. Are these people at the enquiry? Do they even know there is one? 
They are certainly stakeholders: the millions of people in these towns may receive 
very small doses but the collective dose argument will ensure that some of these 
people will die of cancer as a result of these low doses. The critical group approach
skims over this awkward fact.  
 
Fig 5.2.1 Dispersion modelling 

 

of unit release from the Augean pit of tritiated water 
apour (or indeed any radioactive gas) for 12 hrs on 1st September 2010 tracked for v

48hrs. Method NOAA-HYSPLIT  
 

 
 
The following exposures are relevant: 

 Exposures near the tip 
evern Estuary and Bristol Channel beaches 

ucket and have to be bled into the leachate stream. Most of the radionuclides are 

ct 
f 

 

d Chlorine-36 and Iodine-129 Radon and 
htly 

e 

 Exposures at the Avonmouth, S
 
The material in the pit will be in contact with water from rain which will fill up the 
b
soluble in water and will form solutions. The leachate will therefore be extremely 
radioactive. For example with an average annual rainfall of 800mm there will colle
in the bucket formed by the plastic membrane about 1.6 million litres. If only 5% o
the assorted radionuclides dissolved in this, the resulting solution would have a mean 
activity of 500kBq/l. The activity of the leachate would be 850GBq and this would be
disposed of at Avonmouth into the sea.  
How else can the material escape and affect people?  The main problems are the 
gaseous nuclides, Tritium, Carbon-14 an
Thoron. These will be degassed out of the mix since these pits always heat up slig
from bacterial activity. Or the pit would be heated by the sun and the gases would 
emerge. The radon and thoron will permeate the cover and decays from these nuclide 
daughters will deposit new radioactive elements in the cover soil which will becom
in secular equilibrium in terms of its activity in a short time. 
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5
 
.3 Errors in the report and in the calculations 

he authors of the application was not 
pressive. But it is a concern that the Environment Agency who reviewed the 

t that 

m 
ily 

t 

t through decay chains but not listed in EAA 
r Augean application. I have not listed all of the decay series from the lighter 

uclide 
Parent 
series 

Total 
quantity 

Notes 

I pointed out above that the level of expertise in t
im
application either did not understand the nature of the radioactivity and its potential 
exposures or chose to present their own analysis in a way that covered up the fac
many seriously dangerous radionuclides are missing from the tables. These are the 
series nuclides and I list some of them in Table 5.3.1 with notes. Their presence 
increases the total quantity in the pit by a substantial amount, and since many of the
are gamma emitters, some with high photon energy, some capable of moving eas
into the topsoil cover since they are decay products of gases, their presence makes a 
major contribution to the gamma doses over the surface of the pit. It is rather odd tha
these are not listed since at least two of the end of chain nuclides are, the Radium 
daughter Lead-210 and the U-235 daughter Pa-231. This suggests either extreme 
incompetence or an attempt to mislead. 
 
Table 5.3.1 Some series nuclides presen
o
elements 
 
Missing 
n

GBq 
Th-234 U-238 85 Beta gamma 
Pa-234m U-238 Beta gamma 85 
Pa-234 U-238 85 Beta 
Th-230 U-234 85 Alpha 
Rn-222 Ra-226 306  gas, from Ra-226, listed, will permeate 

 all the progeny will permeate topsoil 
Radon
topsoil;

Po-218 Ra-226 306 Alpha, radon daughter 
Pb-214 Ra-226 306 Beta gamma radon daughter 
Bi-214 Ra-226 306 Beta gamma radon daughter 
Po-214 Ra-226 306 Alpha radon daughter 
Pb-210 Ra-226 306 Radon daughter, listed as 85GBq  showing that the 

EA are incompetent 
Bi-210 Ra-226 306 Beta 
Po-210 Ra-226 306 sian spy Litvinenko Alpha, Poisoned Rus
Ra-228 Th-232 85  
Ac-228 Th-232 85 Beta 
Th-228 Th-232 85 Alpha gamma 
Ra-224 Th-232 85 Alpha gamma 
Rn-220 Th-232 85 Alpha, Thoron gas will permeate topsoil and 

 emitters deposit gamma
Po-216 Th-232 85 Alpha 
Pb-212 Th-232 85 Beta gamma 
Po-212 Th-232 51 Alpha 
Tl-208 Th-232 34.2 igh energy gamma emitter Beta gamma, serious h
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will permeate topsoil 
Th-231 U-235 85 Beta gamma 
Am-241 Pu-241 1190 Pu-241 not included Ingrowth from parent 
Pa-233 Np-237 85  
Ba-137 Cs-137 5100  
Total  9622  
 
There are 96 GBq of g rad nuclides in the Table 6.2 presented by the 

nvironment Agency and many of these are very dangerous. For example, the gamma 
ission 

d to 
hose to 

d 

 

was asked by the Committee on Radioactive Waste Management CoRWM in 2006 
dioactive waste, and I was paid for this. CoRWM 

 
 

nto 

 

 

he Environment Agency has been informed by solicitor’s letter ten years ago that 
safe and they will not be able to employ 

a defence in the inevitable court case against their staff that they “did not know”. The 

22 missin io
E
emitter Thallium-208, daughter of Ra-226 has a high energy gamma photon em
of 2.62MeV which will penetrate the 30cm topsoil. All of these nuclides are in secular 
equilibrium so the concentration of Tl-208 in the radium contaminated soil will be at 
72,000Bq/kg (due to its 36% branching ratio). FGR12 tabulates dose over Tl-208 
contaminated soil. It is 50Gy/h. If this were blocked by 30cm of topsoil, the 
attenuation would bring it down to about 20Gy/h and this would have to be adde
the 70Gy/h already being delivered by the other gamma emitting nuclides I c
examine. But in fact, Tl-208 is a thoron gas decay product and will deposit in the 
topsoil. So at equilibrium the whole 50Gy/h will be present at the surface. Thus the 
surface dose rate now becomes120Gy/h. A person standing on this pit will excee
their dose limit of 0.15mGy in just one hour merely from these nuclides (to say 
nothing of the radon daughter gamma emitters which I have not considered). 
Also floating about above the topsoil are the alpha decay nuclides like Po-210, a
speck of which finished off the Russian Spy Alexander Litvinenko.  
 
5.4 Effects on future generations 
I 
to give advice on the disposal of ra
focused on the long term. The consideration was of the 100,000 year time scale. The 
members of CoRWM very rightly wanted to ensure that future generation would not 
be affected by what we do now. I did some calculations and reported that the main 
problem was the Uranium and Thorium series nuclides and plutonium. These are very
harmful as they bind to DNA and in the case of U-238 carry the extra photoelectron
hazard, so the U-238 doses have to be multiplied by 1000 to get the biologically 
effective dose at the DNA. The pit will still be there in the year 100,000. So will a 
very large amount of the radioactivity. If they remain in the bags and don’t pass i
the water table to be ingested, the uranium and thorium series nuclides will be there in 
secular equilibrium with the parent nuclides in the year 100,000, or even in the year 
1,000,000. If they do pass into the water, they will poison those who drink it. The 
plutonium also will be there and so will several other transuranics. The result of the 
collection of this stuff into the pit is that it will inevitably contaminate humans and
also will deliver external doses to humans and animals and plants. It is plain silly to 
suggest otherwise through mathematical sleight of hand, smoke and mirrors. The 
result will be given by a collective dose calculation taken forward through thousands
of generations and leading to genetic diseases and cancer in our descendants.  
 
5.5 The Environment Agency and the HPA 
T
their reliance upon the ICRP risk model is un
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evidence for this has been shown to them time and again by the Low Level Radiatio
Campaign. The response of their head, Robert Smith, a physicist with no research 
experience of radiation and health, has been high handed and arrogant. We will rely, 
he says, on the advice from the National Radiological Protection Board. But NRPB, 
now HPARP are also incompetent and their personnel will also be in court. The pap
on low level radiation risk by Harrison et al cited by the Augean report and by the 
EAA is worthless since it (like ICRP and UNSCEAR reports) omits a large number o
research papers from peer review which show its conclusions to be wrong. It is only a 
matter of time now before the science I am describing becomes mainstream and the
dismissal of the ICRP risk model called for by the Lesvos Declaration become a fact. 
At this point, I would expect some legal action against these individuals in HPA and 
the Environment Agency and when this happens it will be made clear that they were 
told of and knew of the considerable objective and empirical evidence that showed 
that what they were permitting was killing people and that they were not carrying out
their function, that of radiological protection. The current Environment Agency 
Authorisation for the Augean operation is full of errors. It is a disgraceful document
and those who are responsible should be dismissed for incompetence. 
 
5.6 The nuclear industry 
The nuclear industry is aiming for a renaissance. To succeed it has to f
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ind a solution 
r the waste problem and fool the public. The developments in Scandinavia to 

ste underneath the Baltic sea (see www.bssrw.org) are 
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have advised enough legal cases now to realize that radioactive waste deposits affect 
 the area by a large amount. Curiously, the law is more 

terested in property values than in actual harm to humans and animals. And if this 

r a 
y 

 

fo
dispose of the high level wa
laughable and I have addressed them elsewhere for the ECRR, which has set up an 
office in Stockholm to monitor the developments. The Baltic Sea is already the m
radioactively contaminated in the world and the effects of this are increases in canc
in coastal populations which are already clear. But in the UK, the problem is to 
dispose of the decommissioned nuclear power stations and nuclear sites like Harwell:
millions of tons of contaminated material. This Augean operation is a test to see if it is
possible to bag up the radioactivity and dump it in a hole in the ground. It is argu
a nuclear industry led operation, carried out by Galson Sciences and with the 
connivance of the Environment Agency. I would ask if it were a conspiracy. There is 
a law about conspiracy, and in this case, the outcome of such a conspiracy, if it were 
one, would be the exposure to dangerous radioactive materials of members of 
public. The gain to the conspirators would be financial and very large. The nuclear 
industry would gain massively in its project to develop and this also means gain 
financially. The members of this conspiracy, if there were one, and they had to be 
looked for, would have to include SNIFFER, Galson Sciences (whose office is next
the disposal site) and members of the various Environment agencies including the
Scottish Environment Agency. I would have thought this was a job for the police.  
 
5.7 Property prices 
 
I 
the prices of houses in
in
Augean pit is permitted there will be significant effects of property values in all the 
towns surrounding it. And this is quite as it should be: no one wants to live nea
source of radioactive water which could cause leukemia in their children, and ordinar
people, also quite reasonably it turns out, do not believe the NRPB, the HPA, the 
Environment Agency or the nuclear industry. Especially the nuclear industry. They
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have seen Mad Cow Disease, which was dismissed by the government scientists and 
which ended up killing their children. And incidentally, the Chair of the committe
which advised (wrongly) that the BSE agent could not cross the species barrier was 
Sir Richard Southwood, at the time also Chair of the NRPB.  
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Part 6 
Response A from LLRC 

 
Consultation on the Application by Aug th Limited under the Radioactive 
Substances Act 1993 to Dispo East Northants Resource 
Management Facility, Stamford Road, Kings Cliffe, Northamptonshire.  

ument and Draft 
uthorisation depends on dose considerations to demonstrate compliance with risk 
rgets (para. 5.2.4). We ask you to refer to the attached document "Kings Cliffe 

 scientific 
re 

. If 

ts and dose 
rges 

It is clear t nother absorbed 
dose quant ed to 
answer is w can be used to assess risk, and our attached 

 the 
7 and following). The Agency makes 

ference to "a large body of epidemiological evidence, supported internationally, 
ed 

at 

 

ean Sou
se of Radioactive Waste at 

 
Response from  Richard Bramhall, Low Level Radiation Campaign, The Knoll, 
Montpellier Park, Llandrindod Wells, Powys LD1 5LW 
 
 
We note that the Environment Agency's Explanatory Doc
A
ta
consultation response" (Part B) which forms part of this response. It details
challenges to the concept of dose the effect of which is to nullify, for certain exposu
regimes, any assertion that dose quantities can be used to demonstrate compliance
we can take the views of Robert E. Smith, (Radioactive Substances Regulation, 
Environment Agency) as representing the Agency's position, we note that he has 
addressed this issue by claiming that the challenges to the dose concept do not mean 
that those concepts are lacking in utility within a radiation protection system for 
humans or other species. He quotes the following from the Radiation Protection 
Division of  the Health Protection Agency (HPA-RPD): 

It continues to be best scientific practice to use these dose 
coefficients in assessing effective doses to members of the public 
for comparison with the appropriate dose limi
constraints for the purpose of regulating radioactive discha
to the environment.”  

hat the HPA is using one absorbed dose quantity to assess a
ity. But the question HPA and the Environment Agency are requir
hether absorbed dose 

consultation response makes it equally clear that there are circumstances where it can 
not. To persist in the existing fiction is to breach the Environment Agency's 
inalienable responsibility to use sound science.  
 
The Explanatory Document and Draft Authorisation expresses confidence in
reliability of the ICRP risk model (foot of page 2
re
underpinning the risk model used by HPA" (i.e. the ICRP risk model). The attach
document consultation response cites a substantially larger body of epidemiological 
evidence that falsifies ICRP's assumptions. One of the assumptions so falsified is th
the health effects are limited to cancer and gross heritable defects. The evidence 
includes reports following the Chernobyl disaster which show a wide range of health
outcomes. Robert Smith, in addressing this issue in correspondence with LLRC, has 
referred to the summary report of the Chernobyl Forum.1  This, he wrote  

                                                 
1 Mr. Smith cited the "second revised version, published 
April 2006, available at 
www.iaea.org/Publications/Booklets/Chernobyl/chernobyl.pd
f." 
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"results from the work of a range of international organisations, 
including IAEA and UNSCEAR, and experts from many 
countries including Belarus, Russia and the Ukraine .  On p.16 it 
makes the following statements:  “Such increases [in canc
mortality] would be very difficult to detect with available 
epidemiological tools, given the normal variation in cancer 
mortality rates.  So far, epidemiological studies of resident
contaminated areas in Belarus, Russia and Ukraine have not
provided clear and convincing evidence for a radiation-induced
increase in general population mortality, and in particular, for
fatalities caused by leukaemia, solid cancers (other than thyroid 
cancer), and non-cancer diseases.” In view of these statements,
we are neither surprised nor concerned that HPA and ICRP do 
not reference any post-Chernobyl cancer studies." 
er question:  "Are you concerned that [HPA] reference nothing 
 the ICRP view?" Mr. Smith replied:  

er 

s of 
 

 
 

 

On the wid that 
challenges

cause that view 

 
The Enviro stioning dependence on 

PA advice by claiming that it would not be appropriate to retain radiation protection 

SCEAR, a UN 
 

.  
s also serve on 

ff 
 

 

 
Mr f one body 

by mem ers of other bodies is a strength. In fact it ensures a lack of scientific rigour 
which 

 
rather than people. Thus the International Commission on Radiological Protection 

"We are not concerned by this. It is clear to us that HPA do not 
in general challenge the ICRP view be
represents the international scientific consensus which HPA 
staff members have themselves helped to form."  

nment Agency has answered criticism of its unque
H
expertise of its own. Defending this position further, Mr. Smith has expanded on how 
the alleged "international scientific consensus" is formed: 

"… the overall process leading to the provision of radiological protection 
advice at the national level is broadly as follows:  UN
committee, collects and evaluates information on the levels and effects of
ionising radiation and publishes its findings in a series of authoritative 
reports;  ICRP uses this and other information to formulate its 
radiological protection recommendations;  various national radiological 
protection advisory bodies, such as HPA in the UK, use the ICRP 
recommendations to formulate national advice. 
 
Each body looks critically at  the information and advice it receives

nsurprisingly, experts from national organisationU
international bodies.  Hence, as HPA have explained to you, HPA sta
members serve on ICRP committees and UNSCEAR.  As HPA have
said:  “Our strong representation [on ICRP] over the years has meant 
that the organisation has been able to make a significant contribution to
international protection philosophy and practice and has maintained 
interactions with experts from other countries at the highest level.” 

. Smith affects to believe that the incestuous interpenetration o
b

has its roots in the early days of the Cold War when advisory bodies were 
proliferated in order to confer spurious credibility on the radiation protection 
standards then prevailing - standards intended to protect nuclear weapons projects

developed out of the NCRP. The Chair of the NCRP, Lauriston Taylor, was 
simultaneously a member of the ICRP and the Chairman of NCRP. The NCRP 
committees One and Two were duplicated on the ICRP with the identical chairmen, 
Failla and Morgan.  
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Unlike the ECRR, whose members include researchers and which carr
and commissions fundamental studies, ICRP has always been a desk organization. 
carries out no research. ICRP has stated that it relies for its information on the reviews 
of scientific papers provided by UNSCEAR. But UNSCEAR carries out no r
either: UNSCEAR’s reports choose to cite other research which its editors choos
carefully. These editors are selective in their references as is the latest ICRP 2007 
report.  

ies out 
It 

esearch 
e 

P 
hat 

they were wrong). The Chair of this task group was Dr Roger Cox, Chair of 
the NR d 

 
ommittee 

c 

 
. 

 
.  What 

HO 
 

th 

                                                

These radiation risk organisations have personnel in common. For example, 
there are overlaps between ICRP and UNSCEAR, the USA BEIR VII and the 
International Atomic Energy Agency. In ECRR2003 2 it was reported that the then 
Chair of the ICRP Roger Clarke was also the Director of the UK National 
Radiological Protection Board (NRPB). Clarke was also a member of the 2007 ICR
task group responsible for determining the risk coefficients (and ignoring the data t
showed 

PB (now the HPA), who was Chairman of ICRP Committee 1 (2001-2005) an
is also presently Vice Chair of ICRP and also contributing author to the 2000 
UNSCEAR report. Cox was on the CERRIE committee whose final report excluded
evidence that ICRP’s model is wrong. He was also on the USA BEIR VII c
for its 2005 report.  When these groups refer to each other for independent support, 
they don’t have far to walk. There is Dr Abel Gonzalez of the IAEA, who is also a full 
member of the ICRP committee and is listed as drafting the ICRP 2007 report. Dr 
Lars Eric Holm of Sweden was the Chair of ICRP until very recently and was also 
Chair of the Swedish Radiological Protection organization SSI. He was Chair 
of UNSCEAR in 2001 and is a delegate to UNSCEAR 2006. Holm has famously 
gone on record as stating that the total death toll of Chernobyl is limited to 30 
seriously irradiated clean up workers, something that is also stated regularly in publi
and at conferences by Abel Gonzalez of the IAEA. The point here is that all the 
organisations that the Environment Agency depend upon for a scientific consensus
argument ultimately interconnect and come back to one risk model: that of the ICRP
The ICRP is not independent of the organizations that it depends upon for its 
evidence, and they are not independent of it. The system is an internally consistent
and epicyclically-maintained fortress of bad science, bias and false conclusions
of that other UN organization, which might be reasonable expected to have a concern 
about radiation exposures and health, the World Health Organisation? In 1959 W
was constrained into an agreement with IAEA which left the IAEA with a veto over
any research into the health effects of radiation. This agreement is still in force, and 
covers not only WHO but also FAO. At the 2001 Kiev Conference on the heal
effects of the Chernobyl accident, the Chair of WHO, Prof H Nakajima stated in a 
public interview: in the research into the effects of radiation WHO is subservient to 
IAEA, health is subservient to the atom. The first article of the IAEA's constitution 
commits it to the development of peaceful uses of the atom.  

 
2 ECRR 2003 Recommendations of the ECRR The Health Effects 
of Ionising Radiation Exposure at Low Doses and Low Dose 
Rates for Radiation Protection Purposes: Regulators’ 
Edition  Edited by Chris Busby with Rosalie Bertell, Inge 
Schmitz-Feuerhake, Molly Scott Cato and Alexei Yablokov  
Published on Behalf of the European Committee on 
Radiation Risk by Green Audit, 2003. ISBN: 1 897761 24 4 
http://www.euradcom.org/2003/ecrr2003.htm 
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To this we can add a particular example of UNSCEAR's selectivity. In 2008 
UNSCEAR published a 400 page report on Uranium armour-piercing weapons. They
devoted a mere eleven lines on just one page to considering and denying the healt
effects. The UNSCEAR position was based on three cited desktop reviews - the 
RAND corporation 1999 report, the US Institute of Medicine 2001 report and the 
Royal Society report, also of 2001. None of these reports was peer-reviewed. All we
selective in their references. All were out of date. None of the
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m could deal with 
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nt trend (i.e. no linear trend) with dose and that "based on the 
cientific literature such effects would not be expected at the low dose levels of the 

um 
ore; 

 

The consensus which the Environment Agency seems to believe in does not exist. 
Many s  a 
situatio lytical 
approa pertise 
in radia ant 
issues a r judicial rules of evidence to 
allow iteration and cross-examination.  

at 

                                                

respirable nanoparticles of Uranium from weapons fallout, since no-one had s
them. Yet all three employed the ICRP model to show that the doses were too low to 
be of concern. 
 
As may be seen in the attached document (section 12.2.1 Chernobyl), Mr. Smith's 
claim that the Chernobyl Forum Report shows no observable health impact is ill-
informed at best and shows a cavalier attitude to the "sound science" criterion wh
is supposed to govern its activities. The substance of the Chernobyl Forum Report 3 i
fact contains admissions that many diseases have increased; the caveat is that there 
was no consiste
s
general population."4 In this respect there is agreement between the Chernobyl For
Report and the findings of the abundant contrary reviews that ICRP and HPA ign
where they differ is that WHO and IAEA, the lead agencies in the Chernobyl Forum, 
adhere to the ICRP model of radiation risk and thus have to deny that radiation caused 
the disease. Professor Dr. of Biology, Dimitro Grodzinsky, Chair of the Department
of Biology of the Ukraine National Academy of Sciences, and member of the 
National Commission has written: 

“For a long time I have thought that the time has come to put an end 
to the opposition between technocracy advocates and those who 
support objective scientific efforts to estimate the negative risks for 
people exposed to the Chernobyl fallout. The basis for believing that 
these risks are not minor is very convincing.” 

cientists have published work which challenges the ICRP view. In such
n the Agency must demonstrate a soundly scientific and thoroughly ana
ch. In this it will be compromised by its admitted lack of independent ex
tion protection. It can only approach the topic by ensuring that all relev
re examined in an oppositional procedure unde

 
The matters we have discussed here impact "Optimisation" and the requirement th
doses to the public should be "as low as reasonably achievable, economic and social 
factors being taken into account". The standard to be applied depends on what is 

 
3 Chernobyl’s Legacy: Health, Environmental and Socio-
economic Impacts and Recommendations to the Governments 
of Belarus, the Russian Federation and Ukraine The 
Chernobyl Forum: 2003–2005 Second revised version 
4 Repacholi M, Carr, Z, Bennett, B: Health Effects of the Chernobyl Accident and Special Care 
Programme: Report of the UN Chernobyl Forum Expert Group "Health" p. 91 
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natory Document and Draft Authorisation we 
commend the Agency consider the new report on Uranium published by the 

e site. 

 
onsultation on the Application by Augean South Limited under the Radioactive 

Northants 
Resource Management Facility, Stamford Road, Kings Cliffe, 

Northamptonshire. 
 

Low Level Radiation Campaign Consu response, February 20th, 2010 
LLRC, The Knoll, Montpellier Par ells, Powys LD1 5LW 

 
Introduct1 
The Consultation Document relie tions of the International 2 
Commission on Radiological Protection.  However, on the basis of radiobiological 3 
th s 4 
are signific5 
consent, the concep6 

 an average of energy deposition and fails to account for extremely large variations 7 
nsity. Secondary Photoelectrons resulting from interaction between 8 

bly 9 
 10 

11 
es 12 

13 
14 

f 15 
16 
17 
18 
19 
20 

ut 21 
22 
23 

reasonable, and that depends on the severity of the health impact that may be 
expected, which is both a social and an economic consideration. In view of the large 
quantities of Uranium listed in the Expla
re
European Committee on Radiation Risk at 
http://euradcom.org/2010/uraniumreport.htm. In view of the implications of the 
Secondary Photoelectron effect for all elements of high atomic number we 
recommend a far-reaching review of potential discharges from the Kings Cliff
Pending such a review the precautionary principle demands sequestration of 
substances which once released cannot be retrieved.  
 
 
By email to nrg.south@environment-agency.gov.uk 11th March 2010 
 
 
 

Part B 

C
Substances Act 1993 to Dispose of Radioactive Waste at East 

ltation 
k, Llandrindod W

Contact for correspondence, Richard Bramhall, bramhall@llrc.org 

ion 
s on the recommenda

1

eory and epidemiological evidence, we show that ICRP's current dose/risk estimate
antly in error for some types of exposure. In particular, by common 

t of "absorbed dose" is invalid for some types of exposure since it 
is
in ionisation de
natural gamma fields and atomic Uranium incorporated in DNA represents proba
the greatest departure from the ICRP absorbed dose model. The mechanisms of harm
in general are subject to ongoing investigation and are, as yet, poorly understood but 
there is strong evidence that radioactive contamination causes many more diseas
than are accommodated within ICRP advice. These diseases and new discoveries such 
as epigenetic effects have not been incorporated into ICRP's risk modelling, partly 
because of an inappropriate epidemiological basis,2 partly because the application o
absorbed dose has been extended into exposure regimes for which it is inappropriate, 
and partly because it has been wrongly assumed that linear extrapolation from high 
dose to low dose is valid. The scale of the implied errors varies because of the large 
number of different radionuclides involved and the different physical and chemical 
forms in which they affect living creatures. Tissue location and varying 
radiosensitivity in subpopulations of cells and organisms add further uncertainty abo
the scale of variance with ICRP estimates. The range of error is between 600 for post-
Chernobyl cancer increases in Sweden 3 and 1000 for prostate cancer in internally 



  

contaminated nuclear industry workers.4 Up to 10,000-fold has been cited in respect
of the KiKK study.
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was reversed, starting with Herbert Parker's arrival at the Manhattan Project. 11  73 

5 COMARE offers 200- or 300-fold in respect of the Seascale 
leukaemia cluster 6 and up to 1000-fold for other studies.7  
For these reasons the application must be reappraised on a rational basis 
account of the radionuclides expected to be disposed at Kings Cliffe and in particular 
the large amount of Uranium. Pending research to resolve the outstanding questions, 
weighting factors published by the European Committee on Radiation Risk (ECRR 8

provide a means of modifying current dose/risk estimates so that regulation can 
continue uninterrupted on a precautionary and more rational basis. 
 
1. As a quantity for radiological protection purposes "Absorbed dose" has s
limitations 
The fundamental quantity for radiation protection is Absorbed dose, which is an 
average of energy across substantial volumes of tissue. ICRP itself has long 
recognised that this is problematic. The 1990 Recommendations state:  

"Historically the quantities used to measure the "amount" 

ionising events in a defined situation or on the gross amount of 
ene
approaches omit consideration of the discontinuous nature of the 
process of ionisation but are justified empirically by the 
observation that the gross quantities (with adjustments for diffe
types of radiation) correlate fairly well with the resulting biol
effects. 
"Future developments may well show that it would be better to u
other quantities based on the statistical distribution of events in 
small volume of material corresponding to the dimensions of 
biological entities such as the nucleus of the cell or its mo
DNA. Meanwhile, however, the Commission continues to 
recommend the use of macroscopic quantities." 9 

he ICRP'
re developments" have already happened, that ICRP's adjustments fo
 types of radiation are grossly inadequate, and that observable biolo
 not correlate with absorbed dose quantities. 

 UK Government advisory committee stated: 
"… There are important concerns with respect to the hetero
of dose delivery within tissues and cells from short-range charged 
particle emissions, the extent to which current models adequately 
represent such interactions with biological targets, and the 
specification of target cells at risk. Indeed, the actual concepts of 
absorbed dose become questionable, and som
when considering interactions at the cellular a
levels".10 
n to these issues in section 10 below.  
igin of the problem 

 1920s the main focus of radiation protection was external X
ial painters' scandal made it obvious that internal effects needed sp
tion. The new trend led to standards determined by looking at the ac
 internal contamination seen in the dissected tissues of peopl
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Continuing the new trend, in 1951 the American National Committee on Radiation 74 
 by the Atomic Energy Commission, closed down the 75 
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 122 

ts in those who were exposed  123 

Protection (NCRP), dominated
work of Karl Morgan's internal radiation subcommittee. American influence 
dominated the decision to use the Japanese A-bomb survivors as an epidemiologic
baseline for determining risk, although studies based on these data are silent on the
effects of internal radioactivity since the "exposed" cohorts and the controls were 
more or less equally likely to be internally contaminated. In 1950 American influ
resuscitated the International X-ray and Radium Protection Committee which had 
been moribund since before the war. It was renamed the International Commission on
Radiological Protection and included British, French, Canadian, German and 
members but it was American-dominated and operated as "little more than the 
overseas branch of the NCRP".12 Its first act was to adopt the NCRP's own standard
All this was done for reasons of administrative convenience and global politics so 
all types of external radiation and internal radiation from incorporated radioactivity 
could be summed simplistically to give risk figures that, so far as internal 
radioactivity was concerned, had no basis in reality because in the process many 
extremely complex issues had been swept aside.  
 
3. Criticisms of ICRP  
ICRP and the other bodies from which ICRP draws information have been subject to a 
range of criticisms over many years. One criticism is lack of separation, as there are 
significant overlaps of personnel between ICRP and bodies such as UNSC
International Atomic Energy Agency, the Swedish Radiological Protection 
organisation, and the UK Health Protection Agenc 13

p
suppress scientific challe
Publication 103 (the 2007 Recommendations) has 286 references. Only 123 are peer 
reviewed, mostly in obscure journals. Of the remaining 163 unreviewed references, 2
are reports from UNSCEAR and NCRP, and 90 are from the IAEA, ICRU and ICRP
itself.  
ICRP routinely fails to cite studies which challenge its view. Among the evidence 
ignored by ICRP in formulating its advice is the totality of the effects of the 
Chernobyl disaster.14 The recently retired Scientific Secretary of ICRP has admitted 
that failing to address criticism is a mistake.15 At the same meeting he acknowledged 
that ICRP's advice cannot be applied to post-accident exposures.  
Other explicit or implicit criticisms concern the scientific basis of ICRP's approach; 
exampl
2005 (23 below), statements by ECRR in 2009 (55 below), a wide-ranging  review 
from 1994,16 various books,17 and a letter signed in 1999 by 133 organization
individuals from 13 countries worldwide.18 In February 1998 the European 
Parliament convened a Scientific and Technical Options workshop entitled Criticisms 
of the ICRP Risk Model. 19  Some of the most outspoken critics att
Official reporting of the proceedings has been criticised.20  
 
4. Failings of the Radiation Effects Research Foundation (RERF) 
It is widely accepted that the A-bomb survivors' data are an unsatisfactory basis for 
estimating the effects of internal contamination.21,22,23,24, 25. As early as 1953, data 
were available to falsify assumptions that there is a 7-year time lag between expos
and the onset of leukaemia, that there was no fallout or residual radiation at Hiroshima
and Nagasaki and that there were no heritable defec 26
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and hence to falsify a risk model based on those assumptions. (Interestingly, the 124 
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"Atomic Bomb Injuries" data were cited by the BMJ in 1955.27) 
Since the controls were as contaminated as the study group it has been possible to 
reanalyze RERF data to show whether there are health effects in the controls 
attributable to fallout.28,29. On the basis of such an analysis it has been proposed that 
"The effects of internal exposure […] are more severe than those of external 
exposure." 30 Busby has shown 31 that UNSCEAR reported high leukaemia rates in 
the Hiroshima controls relative to all Japan. 32 Sternglass  attributed to fallout the
dramatic increase in cancer rates in children which was recorded 
between three and five years after the A-bombings. 33 Padmanabhan's analysis of 
RERF data reveals disturbances of sex ratio in live births.34 
 
5. Non-linear dose/response 
UNSCEAR states 35 the doubling dose for congenital abnormalities is 21.3 Gy. 
However, Scherb 36 37 and other workers 38 using data from the Bavarian congenital 
malformation dataset have shown the doubling dose is in the order of a few mSv for 
congenital malformations such as malformations of the heart, deformities and Down's 
Syndrome. This implies that UNSCEAR 

39S
contaminated countries and ca
Other authorities hold that epidemiological data that demonstrate ill-health effec
not be discounted on the basis of assumptions about absorbed dose and linear dose 
response. The ECRR states that "The health consequences of exposure to ionising 
radiation follow damage to somatic cells and germ cells and thus involve almost all 
illnesses."40 In a large literature review of congenital malformation, fetal loss, 
stillbirth, infant death, infant leukaemia, genetic mutation, Down's Syndrome, 
neural tube defects in many countries Busby et al. show that the ICRP assu
a threshold for in utero effects is unsafe and that the A-bomb survivors' data are 
incomplete. 41  The authors show that the findings summarised were not an artefact 
increased surveillance after Chernobyl. They cite 42 several laboratory studies whic
falsify the ICRP assumption of a 100mSv threshold for effects after in utero exposur
Excess Down's Syndrome has also been found 43 associated with high levels of
natural background radiation.  
The authors of the study of fetal damage mentioned above state:44 

"it is clear that the dose-effect relationship for the early fetus is 
unlikely to be linear, because beyond a certain level of radiation 
injury to any tissue which is critical to the survival of the fetus, there 
will be a reduction in the end point being considered, even though 
the exposure is increasing, due to death of the fetus and loss as a 
miscarriage. T
that effects seen in countries where the dose is low canno
by radiation because such effects are not seen in countries or are
where the doses are high is an invalid argument because in the hig
dose regions early fetal death may have removed potential cases." 

monly observed 45 that radiation-induced epigenetic effects saturate
 take this as suggestive of a non-linear dose response; the same lo
 paragraph the response is likely to be biphasic or poly-modal.46  

ental results from Russia 47 indicate that the dose dependency of radiat
ay be non-linear, non-monotonic, and poly-modal, and that over cer
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 or on a population than acute high level exposures. Such observation
in individual studies of infant leukaemia  after Chernobyl (e.g. 94 b

in meta-analyses.(90 below) 
 
6. Hormesis 
Arguments that low doses of internal radiation are more dangerous than currently 
modelled by ICRP are often countered with the argument that a number of scientists 
hold that low doses of radiation show protective effects.48 Thus some animal 
experiments appear to show a reduction in the end point being measured at low dose
followed by an increase as the dose is increased. Proponents of hormesis suggest that 
this is evidence of inducible r
m
However, EC
response (see "Nonlinear dose response" above) in which the end point being 
measured increases rapidly at doses below those believed to cause hormesis, then fall
at higher doses, with a second increase as dose increases still further. Hormesi
error caused by misplacing the zero dose position on the graph. Alternatively, data 
points which show greater effects at low doses may be dismissed as scatter.51  
 
7. European Committee on Radiation Risk (EC
The European Committee on Radiation Risk (ECRR) has developed weighting factor
(8 above) to compensate for some of the shortcomings of the ICRP. In respons
Institut de Radioprotection et de Sûreté Nucléaire has issued a report:52  

"Various questions raised by the ECRR are quite pertinent and led IRSN 
to analyze this document with a pluralistic approach. 
a. Besides natural and medical exposures, populations are basicall

But the possible health consequences under such
ill-known. Failing statistically significant observations, the health 
consequences of low dose exposures are extrapolated from data 
concerning exposures that involve higher dose rates and doses. A
epidemiologic data could be analyzed for assessing inner exposure 
effects. The risks were thus assessed from health cons
after external exposure, considering that effects were identical, whether 
the exposure source is located outside or inside the human body. 
However, the intensity, or even the type of effects might be different. 
b. The pertinence of dosimetric values used for quantifying doses may 
be questioned. Indeed, the factors applied for risk management values 
are basically relying on the results from the Hiroshima and Nagasaki 
survivors' monitoring. It is thus not ensured that the numerical values of 
these factors translate the actual risk, regardless of exposure conditions, 
and especially after low dose internal exposure. 
c. Furthermore, since the preparation of the ICRP 60 publication, 
improvements in radiobiology and radiopathology, or even in gene
biology, might finally impair the radiation cell and tissue response 
model applied to justify radioprotection recommendations. It was thus 
justified to contemplate the impact of such recent observations on the 
assessment of risk induced by an exposure to ionizing radiation." 
 report concludes: 
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"The phenomena concerning internal contamination by radionuclides 
are complex because they involve numerous physico-chemical, 
biochemical and physiological mechanisms, still ill-known and thus 
difficult to model. Due to this complexity, the behaviour of 
radionuclides in the organism is often ill described and it is difficult to 
accurately define a relationship between the dose delivered
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the observed consequences on health. This led the 229 
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about internal irradiation." 246 

The tw re 247 
and sig  adverse criticisms 248 
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8. Depar263 
The 2006 ed 264 

ndamental gaps in knowledge, including the role of micro-distribution and whether 265 
266 
267 
268 

 2009 the ECRR underlined  its view that ICRP radiation risk coefficients are out 269 
ignificantly underestimated. The 270 

Committee repeated its call for regulators to adopt its own model. 271 
 272 

radionuclides and 
radioprotection specialists to mostly use the dose/risk relationships 
derived from the study of the Hiroshima/Nagasaki survivors, exposed 
in conditions very different from those met in the cases of internal 
contaminations. 
This fact raises numerous questions, which should be considered with 
caution because a wide part of the public exposure in some areas of the 
world is due to chronic internal contaminations and very few data 
concern these situations. 
[…] the questions raised by the ECRR are fully acceptable, … " 

"… we do not po
required to improve the existing radioprotection system." 
 
mmittee has broadly welcomed the IRSN's critique: 53  

"In summary, the IRSN
things members of the Committee have been saying for many y

o documents show good agreement between ECRR and IRSN on the natu
nificance of the problems inherent in ICRP's approach. The

appreciate that the ECRR Recommendations (although they are
 are a pragmatic solution to allow exposures to be regulated in the va
RP's failure. ECRR notes:  
"Its only divergence is in its
Committee has dealt with the issue, which IRSN sees as rather ad 
hoc and insecure. We reply that the semi-empirical epidemiology/ 
biochemistry approach was predicated on our need to provide some 
system of modelling in the absence of any other secure system …" 

 
The ECRR agrees with IRSN that fur

pproach is adequate pending the results of that research. We h
sition conforms with a properly precautionary approach.  

tment of Health radiation research  
 UK Department of Health radiation research programme 54 identifi

fu
radiation damage might be non-linear at low dose and low dose rate.  
 
9. ECRR 2009 

55In
of date and that using them leads to risks being s
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10. Challenges to linearity and Absorbed Dose averaging 
10.1. Heterogeneity There is reason to believe that the exposures of interest are those 
characterised by high ionisation density in or close to sensitive tissues.

273 
274 

 ICRP 275 
cknowledges the complexities and challenges of internal contamination under 276 

 energy deposition is extremely heterogeneous. It discusses 277 
278 
279 

 of 280 
concern with respect to the averaging procedure in the low dose 281 
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ering the stochastic nature of the induction of 288 
 289 
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We agree ied scientific 295 
basis" to posures 296 
discussed us health 297 
effects ca pectations 298 
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 300 
10.2.1 Pa301 
Micron s t. The 302 
conventional view is that the risk from particles is not significantly greater than is 303 

304 
fect in 305 

306 
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he effects of external radiation. In other words, since a good 308 
roportion of the effect of the radiation from the particle is wasted in cell killing, the 309 

ncy of the unwasted portion may be considerably greater than 310 
here 311 

 be 312 
313 
314 
315 

es 316 
317 
318 

tially 319 
320 
321 
322 

a
conditions where
radionuclides emitting alpha particles, soft beta particles, low-energy photons and  
Auger electrons, stating: 56 

"… the heterogeneous distribution of energy deposition is

range and especially with radionuclides which are 
heterogeneously distributed in an organ or tissues and which emit 
particles with short ranges. However, no established approaches 
are presently available for practical protection practice which 
take into account microdosimetric considerations or the three-
dimensional track structure in tissues and the related energy 
deposition. Consid
cancer and of hereditary disease and the assumptions that one
single track of ionising particles may be sufficient for the 
initiation process, it appears that the present approa
pragmatic for radiological protection with a justified scientific 
basis. The uncertainty associated with such an approach should 
be kept in mind."   
 that the ICRP approach is "pragmatic"57 but ascribing "a justif

 it is one of ICRP's value judgements. It is obvious that the ex
 above cannot validly be modelled using absorbed dose; anomalo
nnot be dismissed on the basis that they fail to conform with ex

 that criterion. 

rticles 
ized radioactive particles are widely dispersed in the environmen

assumed by the ICRP averaging model. However, this may be a result of a trading 
balance between cell killing close to the particle and an enhanced mutagenic ef
cells further away which are subject to lower doses. At the top end of the range cell 
killing is likely to predominate, and at the bottom end the effects would be 
indistinguishable from t
p
mutagenic efficie
assumed by the ICRP model. If this is the case then particles of lower activity, w
cell killing does not predominate, may represent an enhanced health risk. This may
because the mid range will be in the quadratic region. 
 
10.2.2. Particles and the Bragg effect 
At the 3-day international CERRIE Workshop in 2003 Professor Bryn Bridg
pointed out that as a result of the Bragg effect dead cells would tend to be 
concentrated in a shell at a radial distance equal to the decay range of the alpha 
particle. This zone of dead cells would effectively insulate a community of poten
damaged cells, preventing communication with healthy cells outside the range of the 
decays. These considerations may have significant implications for the development 
of clonal damage, and warrant further research.58 
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argument is simple and immediate. The base line is that Uranium health effects are 372 

11.1 The Secondary Photoelectron effe
Releases of Uranium giving rise to its incorporation in body tissue appear to be 
genotoxic despite Uranium's low radioactivity. For example, a wide-rangin
the teratogenicity of parental prenatal exposure to DU aerosols has concluded th
"the evidence, albeit imperfect, indicates a high probability of substantial risk".59 This 
represents an extreme anomaly between actual risks and those expected on the basis 
of ICRP recommendations.  
It appears improbable that the reported effects dep
U
Secondary Photoelectron effect (SPE) in combinati
atomic Uranium and the DNA molecule. Particulates are also likely agents of ha
with implications for the deployment of weapons containing Uranium. In principle, 
the Secondary Photoelectron effect may provide a mechanism to explain the observ
toxicity of heavy metals.  
 
11.2 Quantifying the discre
account of the Secondary Photoelectron effect 
The absorption of gamma rays by any element is proportional to at least the fourth 
power of the element's atomic number Z. ICRP, in considering gamma ray absor
models the human body as water, H2O. It has been proposed 60 that the baseline of 
absorption in uncontaminated tissue should be established using Oxygen - the most 
massive of the atoms in the water molecules in the ICRP phantom. The atomic 
number of Oxygen is 8.    8   

7
Uranium to absorb incident gamma or X-rays, relative to an atom of oxygen. Ener
absorbed in this way is re-emitted in the form of p
from beta radiation, potentially causing tissue damage.  
The enhancement of external radiation by high atomic number materials was 
described as early as 1947 when Spiers calculated the enhancement of X-rays in 
bones, showing a ten-fold increase in radiation damage at the edge of bones due to 
photoelectrons induced in Calcium (Z=20).61 Later, others had tried to use Iodin
53) to enhance X-ray therapy for brain tumours. Experiments in the USA on the 
photoelectron enhancement of X-rays by gold nanoparticles (Z =79) have been sh
to cure breast cancer in mice.62  
Uranium binds strongly to DNA. This is well known and has been described in the
peer review literature since 1962.63,64,65 The affinity con ++

1010  This means that at very low concentrations of Uranium, the DNA is fairl
saturated with it. The reason for the affinity is that the ion UO2

++, the uranyl ion, 
follows Calcium in its chemical properties in the body. Calcium is the element whic
stabilises the DNA through neutralising the negative charges on the phosphate 
backbone. 
The quantity of DNA in a cell is about 7 picograms. The cell has a mass of 270 
picograms, assuming an 8 micron
1/40th by mass on the basis of these BEIRV figures.66 It is thus shown that at quite 
modest levels of Uranium in tissue, it is the Uranium that is the predominant 
absorbing material for natural background gamma radiation, and that the absorbed 
energy is converted into photoelectrons which attack the DNA -  the principal targ
for radiation effects - both directly and indirectly though ionization of water. This 
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not mainly due to its intrinsic radioactivity, but to its high atomic number. Coun
intuitively, 
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the greatest divergence from expectations based on LNT. 67   
The photoelectron idea was presented by Busby at the CERRIE international 
workshop at St Catherine's College in 2003.68 The UK Committee on Radioactive 
Waste Management commissioned work on the relevance of SPE on public ex
to Uranium.69 The argument outlined above was formally presented to the MoD 
Depleted Uranium Oversight Board in 2004.70 Papers have been published. 71,72,73  
In September 2008 a report on SPE and Uranium was published in New Scientist.74

Hans Georg Menzel, chair of ICRP's dose assessments committee, was quoted as 
saying that committee members intended to conduct investigations. We have heard o
none.  
From 2008 the UK Health Protection Agency has engaged in 
date, the scientific issues have not been resolved.75 It is reported that HPA has
inappropriate methods and has obstructed dialogue.  

A paper by Pattison et al.76 has been criticised for inappropriate criteria on particulate 
Uranium, for inappropriate methodology, and for failing to address those aspects of 

77the SPE hypothesis which involve atomic Uranium.   
 
12 Evidence of somatic disease 
12.1 Weapons test fallout 
A differential of at least 25% has been observed in rates of childhood leukaemia in 
high rainfall / high fallout areas of the UK, relative to low rainfall areas.78 A similar 
differential has been observed for solid cancers.79  
Childhood and infant leukaemia in Denmark followed
35% increase at absorbed doses to the fetus of about 80Sv.80  
There are strong indications that cancer incidence and mortality are associated with 
high levels of Strontium-90 in the tissues of American c
1
It has been proposed that the dece
mortality rates which was ob
testing was due to fallout. 82 This proposal has been confirmed 83 and stands 
unrefuted. 
 
12.2.1 Chernobyl  
Radioactive contamination from the Chernobyl accident caused
conventionally modelled) around the same level as natural background. It is 
frequently claimed that the Chernobyl Forum Report 84 shows this level of exposure 
has caused no observable health impact. The report in fact contains admissions that 
many diseases have increased; the caveat is that there was no consistent trend (i.e. 
linear trend) with dose and that "based on the scientific literature such effects would 
not be expected at the low dose levels of the general population.".85 In this respect 
th
reviews cited below
the Chernobyl Forum, adhere to the ICRP model of radiation risk and thus
deny that radiation caused the disease.  
The WHO and IAEA view is contradicted by a vast body of evidence on health 
effects, much of it originally in Russian.86,87,88,89 We do not propose to analyse or 
even summarise the evidence here but we shall refer to aspects which illuminate tw
of the risk modelling arguments.  
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12.2.2 Infant leukaemia after Chernobyl  
It has been proposed that infant leukaemia after Chernobyl stands as unequivo

evidence of a large error in ICRP risk factors.
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90 A significant increase between 20% 
and 330% was separately reported by various teams.91,92,93,94,95 96,97,98 There is no
known confounder for the hypothesis th
this very precisely defined subset of the population. Leukaemia is recognised as 
early indicator of radiation damage; more specifically, infant leukaemia (i.e. 
diagnosed before a baby’s first birthday) signals damage acquired in the womb.  

It has been pointed out (90 abo
observations represent epidemiological confirm

viour is not remarkable for an in utero cause and endpoints in the living child, since 
above a certain dose some defence system may become overwhelmed. Increasing the dos
of any foetal poison will generally result in foetal damage and ultimately in death of th
foetus. In real-world situations concerning an endpoint that is registered after birth the 
highest doses will not necessarily produce the greatest effect.  

The post-Chernobyl increase in infant leukaemia was a major factor influ
the establishment of the CERRIE committee in 2001. The treatment of this topic 
the C 99 tsERRIE Majority report was contradictory.  COMARE was fully aware of i
importance in CERRIE's discussions but does not mention it.100 COMARE Chairm
Professor Bryn Bridges defended the 9th report by citing "the forthcoming" European 
Childhood Leukaemia/ Lymphoma Incidence Study (ECLIS) which will investigate 
trends in incidence rates of childhood leukaemia and lymphoma in 20 European 
countries, in relation to [...] Chernobyl [...] Such large studies are much more likely
to produce firm results than those proposed in the CERRIE r

IS is still unpublished, however. The proposition that the infant leukaemia 
falsifies ICRP has never been refuted.  
12.2.3 "Better ascertainment" does not explain increased cancer incidence …
It is often said that increased cancer rates after Chernobyl are an artefact of greater 
post-accident vigilance and hence better ascertainment.101 This is falsified by a study 
of a wide range of health outcomes comparing 1984 - 1985 with 1995 - 1996, ten 
years after the accident.102 During this period life-expectancy remaining to a patie
after being diagnosed with lung or stomach cancer had reduced from 38 – 62 months 
to 2 – 7 months which is the exact opposite of what would be expecte
improvements in ascertainment. (The study cited here is part of a meta-review w
we note, was mentioned by a number of
consultation.103 Its content has not been addressed.)  
… poorer ascertainment does explain increased cancer incidence 
In 2006, doctors in New York were reportedly issuing thyroid cancer warnings after 
seeing "a disturbing number of advanced cases in immigrants." According to this N
York Times report 104 substantial numbers moved from Ukraine, Belarus and western
Russia after Chernobyl. The immigrants and the American doctors they may have 
consulted "did not consider potential effects of radiation". A group of New Yo
doctors was reported as helping the UN to set up a conference and calling for a 
"systematic effort, as in Belarus" to screen people who might have been e
 
13.1 Localised contamination 
Excess risks are associated with nuclear sites, 105,106,107,108,109,110,111,112,113,114 and 
with contaminated coasts and estuaries, 115,116,117,118 phenomena which are probably 
mediated by the accumulation and resuspension of fine-particle sediments 
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contaminated with radioactivity, followed by inland migration (sea to land transfe
and inhalation or ingestion.  
Speculation on the cause of the disease being studied may be based on an invalid 
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13.2 Leukaemia: the KiKK and other studies  
The German KiKK studies have reported 121,122 significant increased risks 
leukaemia and solid cancers among children under five years old in the vicinity of al
German nuclear power station
Government's Federal Office for Radiation Protection (BfS) reported 123 that the 
design and methodology of the KiKK study were sound. It disagreed with the
view that a radiobiological cause for t
B
necessarily reflect the actual exposures and possib
necessary to investigate the radiobiological plausibility of the findings under d
exposure scenarios. More work was needed on the exact radiation doses to nearby 
people. Also more research was required on the biological effects of ionizing rad
in the light of the paradigm shift caused by new findings from radiation epidemio
genetic medicine and molecular biology. It further suggested that a combination of 
genetic polymorphisms for reduced DNA repair and/or genetic radiosensitivity mig
provide a possible biological explanation for the KiKK findings. 
Any assertion that radiation doses were too low to have caused the excess leukaemia 
must be rejected on grounds of the insecurities in the risk model.  
KiKK's use of proximity as a surrogate for exposure indicates a need for the same o
similar methodology to be applied in new studies of situations where it is possible to 
ascertain levels of exposure to radioactive discharges. 
On the basis of the existing risk model Darby and Read have argued that there can b
no causative association between the KiKK results and NPPs.124  These authors also 
state that increased childhood leukaemia has been found in areas o
UK where NPPs were planned but not built. They suggest that "nuclear power plants 
tend to be built in areas where the risk of childhood leukaemia is a
some other, as yet unknown, reason." The argument is repeated by SSK.125 Neither 
report gives references for these studies. In their absence we assume the authors have 
in mind a study of sites considered but not used in the U 126

sites were in areas of high rainfall and that the study overlooks the higher weapons 
test fallout in such regions which correlates with childhood leukaemia.127 Similarly 
we assume that, for Germany, the authors have in mind a BfS study of childhood 
cancer and congenital malformation around NPPs in Bavaria which includes potential
NPP sites.128 The data have been reanalysed,129,130 showing that the BfS paper 
reduced risks around operational sites by including very small reactors. In similar 
fashion, it inflated risks around planned but unused sites by including Rehling, the 
only place where risk was significantly higher than expected. Rehling is 30km 
downwind of Gundremmingen, the operational site with the highest risk. Without 
Rehling the results were not significant. Interestingly, risks at Rehling and 
Gundremmingen were almost identical, calling into question the BfS decision to limit
its study to disease incidence within 15km of the NPPs. If Darby and Read intended a
German study 131 which similarly included planned but unused sites we would poin
out that the data do not support any claim that either leukaemia or all malignancies 
were elevated in the vicinity of the unused sites.132  
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Any assertion that Bithell et al. 133 and Laurier et al.134  have not replicated the Ki
results must be questioned. Both found increased risks which did not reach statist
significance; this does not mean that they can be ignored. Scientific method and in 
particular Bradford Hill's cannon of consistency require that they be added to the su
of other studies. The same can be said of a recent meta-analysis.
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135  
Reliance on COMARE’s tenth report is not a valid argument for ignoring the KiKK 
results. The method employed by COMARE 136 employs population data aggregated
to the level of local authority wa
nuclear installations according to population centroids. In the rural areas where 
nuclear installations tend to be sited, wards are generally very extensive and towns 
that may be in the vicinity are not close. Consequently, any health effects apparent i
the population closest to the nuclear installations are diluted into the larger population 
that resides at a greater distance. This invalidates the conclusions of 
to inform on the risks of living close to nuclear installations. The KiKK methodology
does not suffer from the weakness inherent in COMARE 10's method, yet it still uses 
proximity to the installation as a surrogate for exposure. It is instructive to consider 
that in 2001 the UK Small Area Health Statistics Unit (SAHSU), set up followin
recommendations of the 1984 Black Report, acknowledged the limitations of such a
study design, recognising that "it does not take into account the influence of weather 
conditions, water movements, occupations, lifestyles etc. which will all influence 
actual exposure." SAHSU also acknowledged that over any extensive study period 
potential associations between disease and exposure will be attenuated because 
exposed individuals migrate out of the area while those who move in are 
unexposed.137 It should also be noted that less than 5% of the externalities of nuclear
power are associated with the nuclear plant itself.138 The fact that significant excess 
risks near reactors have been reported makes it all the more urgent to investigate the 
upstream and downstream components where the remaining >95% of the external 
costs reside.  
 
14. Epigenetic effects  
Epigenetic effects ("non-targeted effects" - bystander signalling and genom
instability) define a process in which the effects of a single hit of radiation on a single
cell are communicated to hundreds of cells which are then more prone to mutation. A
priori this defines a mechanism for amplifying the impact of radiation and producing
greater damage per unit dose.139,140,141,142. It will be of greater significance for 
internal contam
s
local tissues. 
ICRP advice does not include any analysis of how disease end-points are or m
associated with epigenetic effects. ICRP's position is that available data do not 
provide good evidence of a robust causal association with cancer risk. This is 
confounded by non-cancer illnesses that kill the victims before they can be diagnosed 
with cancer (otherwise known as "confounding by deaths from competing causes").  
It is sometimes stated that newly discovered phenomena (e.g. epigenetic effects)
already be included in cancer risk estimates since these are based on human 
epidemio
is falsified by the fact that ICRP do not address the full range of human 
epidemiological data available. 
15. Techniques of denial  
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The above paragraphs summarise evidence of effects at low doses which are greater 
than can be accommodated within the ICRP model. The flaws in the model do not 
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ale, the Swedish radiation protection institute's 577 

del of a 30% increase in cancer in parts of Sweden after 578 
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580 

laws 581 
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585 

 586 
587 

Cancer registry officials in Wales have 588 
589 
590 

and 591 
592 

allow it to be used as the basis of denying causation but various arguments are 
deployed. We shall not consider them all here. The main technique is to rely 
ICRP paradigm itself and in particular to repeat the superficially plausible but 
misleading dogma of dose. Examples are COMARE 4th report on the 12-
of childhood leukaemia at Seasc
response to findings by Ton
Chernobyl,143 the Strahlenschuztkommission response to KiKK,144 and UKAEA's 
response to reports of prostate cancer.145  
Misuse of epidemiological method plays a role. Busby has analysed 146,147 the f
of the Nordic leukaemia study.148 A further example concerning a reported excess ri
of childhood leukaemia close to a Scottish coast contaminated by discharges fr
Sellafield is analysed in the literature, where it is shown that cancer registry officials 
had ignored the major confounder of Chernobyl fallout.149  When the data are 
reworked to exclude the period affected by Chernobyl the excess risk associated with
residence near the sea is confirmed. (The same confounder operating in a different 
context was referred to at ref. 120 above). 
repeatedly made elementary errors about population data for areas contaminated by 
Sellafield discharges and other sources. This operated to diminish excess risks of 
cancer and leukaemia found by others. COMARE had failed to notice the errors 
issued a retraction after they were pointed out.150,151   
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Part 7  

Conclusions 
 
I conclude that the proposal from Augean should be denied. I conclude that the 
application and its assessment are both wrong in their conclusions that the project will not 
harm health. I conclude that those who wrote these documents are either inexpert, 
incompetent or biased. I conclude that there is worrying evidence, which I discuss in my 
report, of a possible conspiracy between those who stand to gain from the development, 
those who are the authors and expert advisors for the proposals and individuals from the 
Scottish and English Environment Agencies.  

 
 
 

Postscript: caveat 
This is a very long document, and it contains a great deal of information. The temptation 
would be to give to some expert to assess, or to focus on bits of it which might be 
attacked out of context. This would be a mistake. The information I have laid out can be 
understood by anyone. I have not been paid to do this work. It is pro bono. I was asked to 
do the work by a small group of concerned locals, the Waste Watchers of Kingscliffe, a 
village close to the site. If they had not asked my colleague Professor Inge Schmitz 
Feuerhake of Bremen, who put them on to me, this would not have happened, and very 
likely the enquiry would have concluded that the science behind this appalling scheme 
was sound. This report is my property, and I will make it public property on the internet 
if it is not addressed in its entirety and properly by the enquiry. I am happy to attend the 
enquiry as an expert witness on behalf of the Kingscliffe Waste Watchers who have, they 
tell me, no money to pay for the considerable effort involved in making this report.  

I carried out this work because it is time the nuclear industry and its cunning 
schemes were stopped, for the sake of the public, for the sake of our children, for the sake 
of our progeny, from selling schemes based on phony science. If we have to have nuclear 
energy, at least let us be aware of the cost.  

 
 

Chris Busby 
10th September 2010 
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of England 

 2007  Invited lecturer: Centre for Molecular Bioscience, 
University of Ulster (annually) 

 
 
1.4 ADMINISTRATIVE EXPERIENCE   
 
Professional Administration:  
Senior Scientist 
Dept of Physical Chemistry, Wellcome Research Laboratory, Langley Park, Beckenham 
Science Director, Green Audit 
2004-2006 Leader: Workpackage 6 Science and Policy; PINCHE (EU) 
 
Editorial boards (Current): 
European Journal of Biology and Bioelectromagnetics 
 
Invited Reviewer 
European Journal of Biology and Bioelectromagnetics 
European Journal of Cancer 
Journal of Public Health (Royal College of Physicians, School of Public Health) 
Science and Public Policy 
The Lancet 
Occupational and Environmental Medicine (BMJ) 
 
1.5 EXPERT WITNESS 
 
Since 1997 Chris Busby has been engaged as an expert witness in several cases that 
relate to the effects of radioactive pollution on health, in several refugee appeals 
(Kosovo) based on Depleted Uranium risks, several trials of activists accused of 
criminal damage at weapons establishment and one at the House of Commons  
(evidence on Depleted Uranium and other radioactive substances), MoD pension 
appeals tribunals for the widow of a A-Bomb test veteran and once in the Connecticut 
State Court for an appeal against licensing releases of radioactivity from the Millstone 
reactor on Long Island Sound. He is currently acting or has recently acted as expert 
witness on two cases in the UK involving the health effects of internal irradiation from 
Depleted Uranium. One of these is in the Royal Courts of Justice and also in three cases 
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in the USA. Two of these (against Exxon) have recently been settled. The third, a 
landmark case involving childhood cancer near a nuclear plant in Florida is currently 
being appealed in the US Supreme Court. He also advised on the case of Rocketdyne 
(Boeing) and the Santa Susana Field Laboratory childhood retinoblastoma cluster in 
Western Los Angeles which was settled in January 2008 and a TENORM radiation case 
involving Ashland Oil in Martha Kentucky, also other TENORM cases in Louisiana.  
He is currently also expert witness and advisor on the UK Atomic Test veteran litigation 
in the Royal Courts of Justice. He has been active in several test veterans pensions 
appeals tribunals gaining reversal in  every case of MoD refusals to pay war service 
pensions in respect of diseases linked to radiation exposure at the test sites. He testified 
in 2009 before a coroners jury in the case of the death of Stuart Dyson arguing that 
Dyson probably died of cancer due to his exposure to depleted uranium in the Persian 
Gulf. Despite opposition from the MoD the jury unanimously agreed that the uranium 
exposure was the probable cause of death. A full list and brief description of the court 
cases in which Dr Busby has been retained as an expert witness is given below. 
 
 

Dr Chris Busby  
Court cases as expert witness  

 
 
Case and 
lawyer/ team 

Court  Year Details (expertise) Result 

1. R vs 
Hipperson et al 
(Charlton) 

Newbury 
Crown Court 

1998 Criminal Damage Atomic 
Weapons Establishment 
Aldermaston (radiation 
health effects) 

Aquitted 

2. R vs Helen 
John 
 

Middlesex 
Crown Court 

1999 Criminal Damage House of 
Commons London 
(uranium health effects) 

Acquitted 

3. Sellafield Irish 
Litigation 
(McGuill, Herr, 
Irish State) 

Dublin High 
Court 

1999-
2001 

Case against Sellafield 
THORP reprocessing plant 
(epidemiology, radiation 
effects, Irish Sea) 

Case 
withdrawn 
in 2008 

4. Millstone 
Reactor Public  
Enquiry 
 

Connecticut 
State Court 

2001 Opposition to relicensing 
of Millstone Reactor 
(Radiation health effects 
and sea dispersion) 

Failed 

5. Fatmir Mata 
(Wilson , Berry) 

Immigration 
Appeal Court 

2001-
2003 

Human Rights immigration 
appeals Kosovo (uranium 
health effects) 

Failed 

6. Lela Pelumb 
(Wilson & Co, 
Hanley) 

Immigration 
appeal court 

2001 Depleted Uranium Kosovo 
(uranium health effects) 

Failed 
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7. Ladrim Spata  
(Clore and Co, 
Hirsch) 

Immigration 
appeal court 
HX 06027 

2001 Depleted Uranium Kosovo 
(uranium health effects) 

Failed 

8. Shaquiri, 
Zogu, Malo, 
Deda and Hidri 
vs. Secretary of 
State Home 
Office 
(Henwood) 

Immigration 
appeal court 

2002 Depleted Uranium Kosovo 
(uranium health effects) 

Failed 

9. Hadjarmata vs 
Sec.State Home 
Office (Wesley, 
Gryk, Amador) 

Immigration 
appeal court 

2002 Depleted Uranium Kosovo 
(uranium health effects) 

Failed 

10. Mr and Mrs 
Ardian Kuci vs 
Sec.State Home 
Office 

Immigration 
appeal court 

2002 Depleted Uranium Kosovo 
(uranium health effects) 

Failed 

11. Gerald 
Adshead vs 
Ministry of 
Defence 

Pensions 
appeals court 

2002 A-Bomb Test Veteran 
cancer (epidemiology, 
radiation health effects) 

Won: 
appeal 
allowed 

12. R.vs 
Margaret Jones 
and Erika 
Wilson (Alan 
Harris) 

Plymouth 
Crown Court 

2002 Criminal Damage Nuclear 
Submarine base Plymouth 
(radiation and health) 

Acquitted 

13. Lee Dell 
Craft Snr vs 
Intracoastal 
Tubular ITCO 
(Stuart Smith) 

New Orleans 2005- Cancer following exposure 
to NORM 
(Epidemiology, radiation 
and health) 

 Settled by 
defendants

14 Barbara 
Castell vs 
Intracoastal 
Tubular ITCO 
CDC No 2002-
12334 Dv A 
section 5. 
(Stuart Smith) 

New Orleans 2005- Cancer following exposure 
to NORM (Epidemiology, 
radiation and health) 
 

ongoing 

15 Ursula Bulot 
et al vs Exxon 
Mobil Corp and 
others 
(Stuart Smith) 

New Orleans 2005- Cancer following exposure 
to NORM 
(Epidemiology, radiation 
effects) 

ongoing 
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16 James Bailey  
vs Exxon Mobil 
Corp and others 
(Stuart Smith) 

New Orleans 2005- Cancer following exposure 
to NORM 
(Epidemiology, radiation 
effects) 

ongoing 

17 Zachary 
Finestone, Lowe 
et al vs St Lucie 
Power and Light 
( Lytal Reiter, 
Palm Beach Fla). 

Florida USA 
Case 03-
04040 
Cohn/Lynch 
BUSBY 
DAUBERT 
MOTION 

2005 Case of children with 
cancer near St Lucie 
Nuclear Power Station. 
(Epidemiology, radiation 
dispersion modelling and 
health  effects) 

Case 
eventually 
dismissed 

18 R.vs Pritchard 
and Olditch 
(Bindmann and 
partners) 
 

Bristol 
Crown Court 

2005-6 Criminal Damage US 
bombers  2003 (uranium 
and health) 
(famous case) 

Acquitted 

19 R vs RV 
Jones and 
Milling 
(Charlton) 

Bristol 
Crown Court 

2005-6 Criminal Damage US 
bombers (uranium 
weapons) 
(famous case) 

Acquitted 
after 
appeal to 
Lords 

20 Brian Gay vs 
Ministry of 
Defence 

Pensions 
Appeals 
Court 

2007 A-Bomb Test veteran 
Maralinga ; was his kidney 
cancer caused by radiation? 
(Epidemiology, radiation 
and health) 

appeal 
successful 

21 Richard 
David vs 
Honeywell 
Normalair 
Garratt  
(L.I.P) 

Royal Courts 
of Justice, 
Queens 
Bench Divn. 
London 

2007-8 Uranium contamination 
and health; contaminated 
via aero engines filters 
from high altitude 
(Epidemiology, radiation 
and health) 

Case 
collapsed; 
litigant in 
hospital 

22 Cindy Mays 
and others vs 
Boeing 
Rocketdyne 
Corp 
(Suzelle Smith) 

Los Angeles 
USA 

2007 Did radiation releases from 
the Rocketdyne SSFL 
cause retinoblastoma in 9 
Los Angeles children?  
Epidemiology, radiation 
dispersion modelling and 
health effects). 

Settled by 
defendants 

23 Bonnie 
Anderson et al vs 
Ashland Oil 
(K. Mathis et al) 

Lawrence 
Circuit Court  
Kentucky 
USA 
BUSBY 
DAUBERT 
MOTION 

2008 Contamination of property 
by oilfield NORM 
(Epidemiology, radiation 
and health) 

Case 
dismissed 
but being 
appealed 
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24. A-Bomb Test 
veterans vs UK 
Ministry of 
Derfence 
(Rosenblatts) 

Royal Courts 
of Justice, 
London 

2009-
10 

Cancer and illness in A-
Bomb Test veterans 
(Epidemiology, radiation 
and health) 

1st round 
won, but 
on appeal 

25 Various vs 
Exxon Mobil 
Corp 
(Gordon) 

Houston TX 2009-
10 

Measuring gamma and 
advising on NORM 
contamination for potential 
case 

Ongoing 

26 Derek Hatton 
Vs Ministry of 
Defence 
(Derek Heaps) 

Pensions 
Appeals 
Court 
Birmingham 

2009 Cancer and polycythemia 
rubra vera 

See below 

27 Etienne 
Pellegal vs 
Lincoln Electric 
Co 
(Garrison) 

New Orleans 
No 2006-
003684 Sec 6 
Div L 

2009-
10 

NORM radiation and 
laryngeal cancer 

Settled by 
defendants
 

28 Stuart Dyson 
dec. vs MoD 
HMCoroner, 
Balmain) 

Coroners 
Court Black 
Country 
Jury 

2009 Cause of Death; did 
depleted Uranium cause 
cancer. Big case, reported 
everywhere 

Yes 

29 Colin Duncan 
Vs. Ministry of 
Defence 

Pensions 
appeal Court 

2010 Exposure to fallout in A-
Bomb Tests caused cancer 

Won: 
Appeal 
allowed 

30 Lowell 
Ryman vs 
Regents of 
University of 
California 
(Howell) 

Los Alamos 
USA 

2010 Exposure to radioactivity 
from Los Alamos and 
Malignant Myeloma 

Case 
withdrawn 
by 
attorney 

31 Michael Nase 
vs Teco Energy 
(Stuart Smith) 

New Orleans 
USA 

2009 Exposure to radon and 
radiation and lymphoma 

Ongoing 

32 Dawn 
Pritchard vs 
Ministry of 
Defence 

Pensions 
Appeals 
Court 

2010 A-Bomb Test veteran 
widow. (Radiation and 
health) 

Ongoing 

33 L Abdale vs 
Ministry of 
Defence 
(Royal British 
Legion) 

Pensions 
Appeals 
Court 
ENT 00328 
2010 

2010 A-Bomb Test veteran 
appeal (Radiation and 
health) 
 

Ongoing 
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34 D Battersby 
vs Ministry of 
Defence 
(Royal British 
Legion) 

Pensions 
Appeals 
Court 
ENT 00176 

2010 A-Bomb Test veteran 
appeal (Radiation and 
health) 
 

Ongoing 

35 D Beeton vs 
Ministry of 
Defence 
(Royal British 
Legion) 

Pensions 
Appeals 
Court 
ENT 00129 

2010 A-Bomb Test veteran 
appeal (Radiation and 
health) 
 

Ongoing 

36 T VButler vs 
Ministry of 
Defence 
(Royal British 
Legion) 

Pensions 
Appeals 
Court 
ENT 00078 

2010 A-Bomb Test veteran 
appeal (Radiation and 
health) 
 

Ongoing 

37 D Hatton vs 
Ministry of 
Defence 
(Royal British 
Legion) 

Pensions 
Appeals 
Court 

2010 A-Bomb Test veteran 
appeal (Radiation and 
health) 
 

Ongoing 

38 NC Hughes 
dec vs Ministry 
of Defence 
(Royal British 
Legion) 

Pensions 
Appeals 
Court 
ENT00065 

2010 A-Bomb Test veteran 
appeal (Radiation and 
health) 
 

Ongoing 

39 B Lovatt vs 
Ministry of 
Defence 
(Royal British 
Legion) 

Pensions 
Appeals 
Court 
ENT 00279 

2010 A-Bomb Test veteran 
appeal (Radiation and 
health) 
 

Ongoing 

40 D Pritchard 
vs Ministry of 
Defence 
(Royal British 
Legion) 

Pensions 
Appeals 
Court 
ENT 00039 

2010 A-Bomb Test veteran 
appeal (Radiation and 
health) 
 

Ongoing 

41 L Selby vs 
Ministry of 
Defence 
(Royal British 
Legion) 

Pensions 
Appeals 
Court 
ENT 00658 

2010 A-Bomb Test veteran 
appeal (Radiation and 
health) 
 

Ongoing 

42 Denis Shaw 
vs Ministry of 
Defence 
(Royal British 
Legion) 

Pensions 
Appeals 
Court 
ENT 00054 

2010 A-Bomb Test veteran 
appeal (Radiation and 
health) 
 

Ongoing 



 

 

 

97

                                                                                                                                                 
43 N Simons vs 
Ministry of 
Defence 
(Royal British 
Legion) 

Pensions 
Appeals 
Court 
ENT 00006 

2010 A-Bomb Test veteran 
appeal (Radiation and 
health) 
 

Ongoing 

44 H Sinfield vs 
Ministry of 
Defence 
(Rosenblatts) 

Pensions 
Appeals 
Court 
ENT 00751 

2010 A-Bomb Test veteran 
appeal (Radiation and 
health) 
 

Ongoing 

45 B Smith dec. 
vs Ministry of 
Defence 
(Rosenblatts) 

Pensions 
Appeals 
Court 
ENT 00680 

2010 A-Bomb Test veteran 
appeal 
 

Ongoing 

46 Mrs A Smith 
vs Ministry of 
Defence 
(Rosenblatts) 

Pensions 
Appeals 
Court 
ENT  

2010 A-Bomb Test veteran 
appeal (Radiation and 
health) 
 

Ongoing 

47 D Taylor vs 
Ministry of 
Defence 
(Chris Francis 
RAFA) 

Pensions 
Appeals 
Court 
ENT 00912 

2010 A-Bomb Test veteran 
appeal (Radiation and 
health) 
 

Ongoing 

48 Mrs W Triggs 
vs Ministry of 
Defence 
(Royal British 
Legion) 

Pensions 
Appeals 
Court 
ENT 00285 

2010 A-Bomb Test veteran 
appeal (Radiation and 
health) 
 

Ongoing 

49 Mrs M 
Williams vs 
Ministry of 
Defence 
(Royal British 
Legion) 

Pensions 
Appeals 
Court 
ENT 00768 

2010 A-Bomb Test veteran 
appeal (Radiation and 
health) 
 

Ongoing 

50 Kingscliffe 
Waste Watchers 
vs Augean Ltd 

Public 
Enquiry 

2010 Effects of radioactive 
waste on health (radiation 
and radioactivity 
dispersion, exposure and 
health). 

ongoing 

In two of the above cases, Dr Busby was deposed by defence attorneys with a view to 
having his status as an expert witness disallowed by the trial judges under the rules of 
Daubert vs Merrel Dow Pharmaceuticals  whereby the judges have conferred on them 
the power to decide whether an expert witness is expert in the area of expertise being 
claimed and to disallow his or her testimony if not.  In both cases, in the State of Florida 
and in State of Kentucky the Daubert motions was unsuccessful.  
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In addition to the above Dr Busby has been invited or commissioned to provide expert 
evidence on the health effects of low doses of ionising radiation, or exposure to uranium 
for and to, amongst others : 
 
The UK Royal Society Committee on Depleted Uranium 
The UK Committee Examining Radiation Risk from Internal Emitters 
The UK Committee on Radioactive Waste Management 
The US Congressional Committee on Veterans Affairs and Security in the UK House of 
Lords (Depleted Uranium) 
The Canadian Parliament  
The Greens in the European Parliament 
The UK Environment Minister Michael Meacher MP 
The Federal German Agricultural Laboratory, Brauschweig 
The EU Policy Information Network on Child Health and Environment, Arnhem, 
Netherlands 
The British Nuclear Test Veterans Association 
The UK House of Commons Cross Party Committee on A-Bomb Test Veterans (John 
Barron MP, Neil Gibson MP) 
The United Nations (UNIDIR) Geneva 
The World Health Organisation/ Physicians of Chernobyl (Kiev) 
The Government of Belarus  
The Green Party of England and Wales 
SAFEGROUNDS (Nuclear Industry Organisation for waste disposal discussions) 
The British Nuclear Energy Society 
The British Nuclear Test Veterans Association 
The Royal British Legion 
The New Zealand Royal Society 
 
1.6 APPOINTED or INVITED ADVISOR 
 
Various national and supra-national groups have sought advice from or appointed Dr 
Busby as an advisor on various issues e.g. 
Green Group European Parliament; Radiation and Health (Caroline Lucas MEP) 
Canadian Government: Uranium and Health (appointed by Alex Atamenenko MCP, 
British Columbia) 
UK Committee on Radioactive Waste Management (invited by Prof Gordon McKerron) 
Royal Society Committee on Health Effects of Depleted Uranium Weapons (invited by 
Prof. Brian Spratt) 
US Congressional Committee on Veterans Affairs and Security (Uranium weapons) 
(invited by Senator Christopher Shays) 
UNIDIR Geneva (United Nations Institute for Disarmament Research) (Kirstin 
Vignard) 
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1.7 RESEARCH INTERESTS.  
 
Overview of major lines of investigation 
 
Chris Busby spent seven years at the Wellcome Foundation, where he conducted 
research into the physical chemistry and pharmacology of molecular drug receptor 
interactions. He subsequently moved to the University of Kent at Canterbury where he 
studied Laser Raman Spectro-electrochemistry in collaboration with Shell Research and 
later as SRC Research Fellow, a project which resulted in a PhD in Chemical Physics. 
He developed and published theoretical and experimental details of silver and gold 
electrodes with surface array properties which enable acquisition of laser Raman spectra 
of adsorbed molecules in dilute solution.  
 
In the late 1980s he became interested in the mechanisms of low dose internal 
irradiation and developed the Second Event Theory, which distinguishes between the 
hazards of external and internal radiation exposure. In 1995 he was funded by the 
Joseph Rowntree Charitable Trust to develop his arguments and write ‘Wings of Death: 
Nuclear Pollution and Human Health’, an account of the results of his research into 
radiation and cancer and also into cancer increases in Wales, which he argued were a 
result of global weapons fallout exposure. In 1997 he became the UK representative of 
the European Committee on Radiation Risk.  
 
From 1997-2000 he was funded by the Irish Government to carry out research into cancer 
incidence and proximity to the coast. In June 2000 he was invited to present evidence to 
the Royal Society committee on Depleted Uranium and health, and shortly after this was 
invited to Iraq to measure DU in the country and relate exposure to health effects which 
followed the Gulf War. In 2001 he was asked to visit Kosovo to investigate the dispersion 
of DU using field monitoring equipment. He discovered DU in many areas from 
analytical measurements made on samples he collected (paid for by the BBC) he showed 
that there was atmospheric resuspension of DU particles. His work and expertise in the 
field of environmental health and radioactivity was recognised by his appointment to 
CERRIE a Government committee reporting on the effects of low level radiation on 
health. Following his evidence to the Royal Society on the effects of Depleted Uranium, 
he was appointed to the UK Ministry of Defence committee on Depleted Uranium in 
2001. He was invited to address the US Congressional Committee on Veterans Affairs of 
the Health effects of Depleted Uranium in 2002. He is presently also the Scientific 
Secretary of the European Committee on Radiation Risk and was commissioned to 
organise the preparation of the new risk model on radiation exposure and to organise the 
publication of ECRR 2003: The Health Effects of Exposure to low Doses of Ionizing 
Radiation, published in January 2003 and now translated into and published in French, 
Russian, Japanese and Spanish.  This work he updated with a chapter on Uranium and 
evidence of the success of the 2003 model in explaining increases in cancer near nuclear 
sites and also the reports of increases in cancer in Sweden after Chernobyl reported by 
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Tondel et al. in 2010. In 2004, he (jointly with two other colleagues) published the 
Minority Report of the CERRIE committee (Sosiumi Press) which was supported and 
introduced by Environment Minister the Rt Hon. Michael Meacher MP. In 2006 he 
produced and jointly edited with Prof. Alexey Yablokov of the Russian Academy of 
Sciences ECRR2006 Chernobyl 20 Years On. A second edition was produced in 2009. 
 
Between 2004 and 2006 he was leader of the Science and Policy Interface Group of the 
EU funded Policy Information Network for Child Health and Environment (PINCHE) 
and organised the discussions and collation of information  leading to their final report on 
the issue which he wrote large parts of. The culmination of this project which involved 
over 40 scientists and physicians from  all major EU countries was the recommendation 
that as a result of bias in scientific advice to policymakers, all advice committees 
involving areas of dispute and possible harm to the public should be oppositional 
committees with reports including all sides of any argument.  
 
Since 2006 Dr Busby has been  conducting laboratory experiments researching 
photoelectron emission from Uranium and elements of high atomic number. He is 
currently co-supervising a researcher at the Centre of Molecular Biosciences in the 
University of Ulster on this matter. 
 
He is also currently engaged in experimental and theoretical development of a novel 
theory of living systems and their origin. 
 
1.8 RESEARCH EXPERIENCE 
 
Dr Busby's early research was in the Physical Chemistry aspects of molecular 
pharmacology at the Wellcome Research Labs. This involved the use of spectroscopic 
and thermodynamic methods for examining cell drug interactions at the molecular level. 
For a year he began a research degree in NMR on molecular conformational changes on 
protonation but left to return to Wellcome and resume his drug interaction research. 
From there he moved to developing descriptions of intercellular and intracellular 
communication mechanisms, a subject which he is still engaged in researching in the 
laboratory. Later he moved to examining molecular behaviour at charged interfaces and 
developed a Surface Raman spectroelectrochemical method as a Science Research 
Council Fellow at the University of Kent. 
 Between 1992 and 2004 Dr Busby was engaged in research in three areas 
associated with ionising radiation and health and also was funded for a year (1997) by 
the Foundation for Children with Leukemia to research the interaction between non 
ionising radiation and ionising radiation. His research in the area of ionising radiation 
has been split between the development of theoretical descriptions of radiation action on 
living cells and the epidemiology of cancer and leukaemia in small areas. After 1994 he 
conducted survey epidemiology of Wales and England and was the first to point out (in 
a letter to the British Medical Journal) that increases in cancer in Wales might be related 
to weapons fallout. Later he examined childhood leukaemia mortality near the Harwell 
and Aldermaston nuclear sites and suggested that the excess risk might be related to 
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inhalation of radioactive particles. These results were also carried in a research letter in 
the BMJ which attracted considerable criticism. His description of the mode of radiation 
action from sequential emitters (his Second Event Theory was developed originally in 
1987) has attracted a great deal of interest and also criticism. Between 1997 and 2000 
he was funded by the Irish State to carry out epidemiological studies of cancer rates and 
distance from the Irish Sea using data from Wales Cancer Registry and through a 
collaboration with the Irish National Cancer Registry. Following this he and his team in 
Green Audit developed novel small area questionnaire epidemiological methods and 
applied them to a number of areas in different studies which included Carlingford 
Ireland, Burnham on Sea in Somerset and Plymouth, Devon and Trawsfynydd, 
Gwynedd, Wales, which resulted in a TV documentary in 2004. In addition he carried 
out cancer mortality small area studies in Somerset and later in Essex. He extended 
these to wards in Scotland in 2002. He has supervised a PhD student, who has 
subsequently graduated, at the University of Liverpool in the Faculty of Medicine in an 
epidemiological study of cancer mortality in Scotland with regard to proximity to 
putative sources of cancer risk. In all the small area studies he carried out it was 
possible to show a significant effect of living near radioactively contaminated intertidal 
sediment. The papers and reports were all published by Green Audit and most have 
been presented by invitation at learned conferences in Europe including through 
invitations by the Nuclear Industry itself. 
  In addition to this, in 1998 Busby set up a radiation measurement laboratory and 
equipped it with portable alpha beta and gamma measuring systems including a portable 
gamma spectrometer made in Dresden which uses a 2" NaI detector. He used these to 
show the presence of Depleted Uranium in Southern Iraq in 2000 when he was invited 
by the Al Jazeera TV channel to visit the country as a consultant and examine the link 
between leukaemia in children and levels of Depleted Uranium. Since then he has 
measured radiation spectra in the filed in many countries and now employs a 7” detector 
manufactured in Kharkov to obtain rapid analysis of field gamma radiation. In 2001 he 
visited Kosovo with Nippon TV and was the first to show that DU was present in dust 
in towns in Western Kosovo and through isotope measurements funded by the BBC was 
able to report to the Royal Society in 2001 and the EU Parliament in Strasbourg that DU 
became resuspended in dry weather and was rained out, and that it remained in the 
environment for a considerable time. This subsequently led to UNEP deploying 
atmospheric particle measuring equipment in areas where DU had been used. More 
recently, from 2006, Dr Busby has been developing laboratory methods for measuring 
radiation conversion and amplification by high atomic number micron diameter metal 
and metal oxide particles (Uranium, Gold). It is his recent contention that such particles 
amplify background radiation effectiveness by photoelectron conversion and he is the 
author of a provisional patent application for the use of photoelectrons in cancer therapy 
to destroy tumours. 
 In 2005 he was invited by various organisations in New Zealand (NZ Royal 
Society) to give evidence on the health effects of Depleted Uranium. In 2005 and 2006 
he worked with Prof Alexey Yablokov on the ECRR2006 report on Chernobyl which 
was published on the 20th anniversary of the accident. In 2004 he conducted a study of 
the health of people living in the vicinity of the Trawsfynydd Nuclear plant in Wales for 
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HTV and later also a study of the veterans of the Porton Down human experiments in 
the 50s. The results of the Porton Down veterans study led to a settlement and an 
apology by the government to the veterans in 2008. In 2007 he began epidemiological  
studies of the children of A-Bomb Test veterans and also of people living near mobile 
phone base stations. The A-Bomb veterans epidemiology study highlighted high rates of 
miscarriage and congenital illness in their children and grandchildren. The results were 
presented to the House of Commons committee investigating this issue in November 
2007 and have led to a recent  agreement by the UK government to fund further 
epidemiological research on this issue, research which Dr Busby will oversee on behalf 
of the Test Veterans. In 2005, with Saoirse Morgan he analysed data from the filters of 
the Atomic Weapons site in Aldermaston and employed NOAA geophysical modelling 
to show that uranium from Gulf War 2 weapons use had migrated to the UK. He has 
become interested in the use of Uranium Weapons and has recently been involved in 
obtaining samples from the Israeli actions in The Lebanon and Gaza and analysing 
vehicle filters for uranium. His discovery of enriched uranium in such samples has 
received significant media coverage and  resulted in an invitation to write a 12-page 
article for the United Nations Disarmament Forum Journal published in Geneva in 
2009. His 2010 study with Malak Hamdan and Entear Ariabi of the cancer increases 
and sex ratio changes in Fallujah Iraq following the US led attacks on the city has 
achieved considerable prominence.  
 
 He is currently an expert advisor on the Test Veterans' litigation and expert 
witness on their litigation against the British Government where the initial issue of 
limitation was recently won in a landmark case in the Royal Courts of Justice. He is 
official scientific advisor to the British Nuclear Test Veterans' Association and has 
appeared for them in many legal tribunals for Pension Appeal cases. He was appointed 
Visiting Professor in the School of Molecular Biosciences in the University of Ulster in 
2008 where he is co-supervising research on the health effects of uranium. His uranium 
photoelectron theory was the top 2- page news story in the New Scientist of 6th 
September 2008 and is receiving considerable attention from the international nuclear 
risk agencies. Also in 2008 he was appointed Guest Researcher at the German Federal 
Government Julius Kuhn Institute in Braunschweig where he is co-supervising research 
on Uranium uptake in plants. He is also currently working on the health effects of 
radioactive contamination of the Baltic Sea with colleagues in Sweden, Finland  and 
Latvia and has set up offices to organise such research in Riga Latvia and in Stockholm 
Sweden. 
  In May 2009, in his capacity as Scientific Secretary of the European 
Committee on Radiation Risk (ECRR) he organised an International Conference on the 
Greek Island of Lesvos attended by eminent radiation scientists from all over the world. 
The final statement from this conference The Lesvos Declaration called for the 
abandonment of the current (ICRP) radiation risk models which all the delegates agreed 
was insecure for its purpose of protecting human health from radiation exposures.  
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1.9 INVITATIONS TO SPEAK. 
 
Year Place, Subject etc. 
1995 House of Commons. Symposium on Low Dose Radiation 
1995 Jersey, Channel Islands: International conference on nuclear shipments; Health 

effects of low dose radiation 
1995 Oxford Town Hall: Low dose radiation effects 
1995 Drogheda, Ireland: Sellafield effects 
1997 Strasbourg EU Parliament: Euratom Directive 
1997  Brussels, EU Parliament STOA workshop on criticisms of ICRP risk models 
1997 Kingston Ontario: World Conference on Breast Cancer: paper on cohort effects 

and weapons fallout 
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Partial transcript of conversation between Professor Chris Busby, 
Scientific Secretary of the European Committee on Radiation Risk,  

and  
Dr Jack Valentin, Scientific Secretary Emeritus International 

Commission on Radiological Protection.  
Part of a public meeting in Stockholm, 22 April 2009 marking the 23rd 

anniversary of Chernobyl (Video available) 

CB: As scientists we ought to look at all sources of information, but ICRP has 
never cited any one of the many articles that falsify [ICRP] or which show your 
levels of risk are in error. Why?  

JV: This puts me in a slightly difficult position, of course, because I tend to agree 
with you — we should have quoted some of your stuff because since we don’t 
agree with what you are saying we should then have said why we don't. […] If 
you’ve got the Scientific Secretary of ICRP you press a button on its back and it 
says what it's supposed to say but I'm retired so I can say what I like But not 
many people are greatly impressed by the evidence that you bring. It would have 
been much wiser in that situation to state more clearly why we are not 
impressed, thus giving you a chance to come back again. [Then we could have a 
debate and understand why we don't agree with each other.]  

CB: [cited as an example the 2006 ECRR publication Chernobyl 20 Years On 
and a "Russian studies" section of the 2004 Minority report of the UK 
Government Committee Examining Radiation Risks of Internal Emitters, 
CERRIE] … hundreds of references from the Russian language literature 
showing extraordinary effects from radioactivity - on genomic instability, genetic 
effects in plants and fish which cannot suffer from radiophobia — an enormous 
document which has been entirely ignored, suggesting bias.  

JV: I have already agreed [ICRP, UNSCEAR, BEIR should not ignore these 
findings] But we're not talking here about individual results but on most of them I 
believe my colleagues would make technical comments [on individual results].  

CB: Don't the leukaemia clusters near nuclear sites falsify ICRP?  

JV: but there are other clusters around sites which were proposed for nuclear 
power stations but the reactors were not built.  



 

 

 

114

                                                                                                                                                 
CB: That study is confounded by the unused sites being on previously 
contaminated sea coasts and in areas of high rainfall [and high weapons fallout].  

JV: We're now talking about confounders — that's the problem we have with all 
of your [epidemiological] studies. You have insufficient controls. ICRP has no 
official position on this but in principle people don’t agree and will point to 
[epidemiological] studies where you get quite contradictory results, for example 
lowered cancer. Bernie Cohen and radon is the most famous, falsely showing a 
health benefit of radiation.  

CB: These arguments about confounding disappear in the case of infant 
leukaemia after Chernobyl. The babies were in the womb. The same results from 
5 groups in 5 countries published in different journals with doses calculated in 
microSieverts but statistically significant excesses. How do you explain that?  

JV: I can't, but I don’t think you have enough explanations either. I honestly don’t 
think you can convince me that you are right. There are technical arguments. We 
should have emailed reports and gone them slowly and thoroughly. That would 
be a clever way of continuing a discussion between ICRP and ECRR.  

CB: Yes and no, but to get here we have had to be robust, chaining ourselves to 
nuclear power stations, writing in the literature and using every possible method 
of publicising that your risk model is bankrupt. Otherwise we wouldn't be here.  

JV: Are you sure you wouldn't have had more success if you just came up 
friendly like and talked to the people at the Health Protection Agency? [UK 
radiation protection advisers]  

CB: [refers to long and well known experience of bad faith in various dialogues 
including by the Chairman and secretariat of CERRIE and the UK government 
departments involved.]  

JV: Yes and I have heard many stories not very favourable to you. It's a mistake 
to look back and argue about who did things wrong. Can't we look forward and 
be more constructive?  

CB: Yes, I agree. I have a question here that I was asked to put to you. It is "Can 
the ICRP model be used by Governments to predict the consequences of a 
nuclear accident, in terms of cancer yield?"  

JV: Basically no, because the uncertainties we are talking about would be too 
large; one order of magnitude. You are talking about two orders, but even at the 
one order I am talking about it's not useful for that sort of prognosis.  

CB: What's the point of it then?  
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JV: We're talking of the upper limit of course. Your most likely number of cases 
would be X but ten times X cannot be excluded.  

CB: Ok, ok, ok, and that means it is useful. So would the Government be 
formally reasonable, using ICRP risk models to calculate the risks — the cancer 
yield — from some hypothetical explosion at Barsebeck for example, even if 
they'd have to say it might possibly be ten times that predicted figure? Formally?  

JV: It would automatically be misused by both camps and that therefore is why it 
is not … you don't do it like that. You look at individual doses — the highest 
individual doses and calculate which is the sort of area where people should not 
live — which is the sort of area where they should have special needs — quick 
evacuation in case of emergency so this number exercise. I think it's just silly. It 
serves no good purpose whether you're in your camp or a pro-nuclear camp or 
an ICRP camp.  

CB: Well in this case I'm in a political camp […] there are questions that 
politicians need to know the answer to. When you build new nuclear power 
stations, or [consider] any nuclear policy, you need to know what would happen if 
something went wrong. You need some kind of model, and at the moment they 
are using your ICRP model. Are you saying they should be or they shouldn't be? 
You seem to be saying they should use no model at all. Is it guesswork, or what?  

JV: Well I certainly wouldn't say they should use your model because …  

CB: ECRR gives the right answer  

JV: … no it's the wrong answer, leading to large expenditure that would not be 
sensible and could be used to save lives in other [ways]  

CB: The draft ICRP Recommendations said that for many internal exposures the 
concept of absorbed dose was not valid. We would agree with that of course, but 
it disappeared from the final report. Why?  

JV: In fact there is a whole section of the Biological annex which talks about the 
difficulties. I don't know exactly why the specific statement disappeared but a 
person reading those paragraphs in the annex will be able to see there's huge 
uncertainty.  

CB: We're not talking about uncertainty but about the impossibility of using 
absorbed dose for internal nuclides.  

JV: ICRP's position is that it's possible to use it albeit with large uncertainties.  

CB: How large is large?  
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JV: Two orders is a very large uncertainty.  

CB: So it could be in error by two orders for some internal exposures — so we 
agree?  

JV: (laughing) I'd hate for you to go home and say "Jack agreed with me"  

CB: but I need an answer  

JV: Then the answer is I don't agree with you. (laughing)  

CB: but you just said Two orders of magnitude …  

JV: Yes but you can find, I'm sure you can find, an exceptional case, a specific 
case, where there would be that sort of uncertainty but remember it can go in 
another direction, and I'm sure that you can find in most cases there are 
uncertainties which are less than one order of magnitude, which you would find 
normally. If we look at the existing evidence I don’t think you have enough 
evidence to prove your case.  

CB: The existing evidence is three orders of magnitude, if we take the childhood 
leukaemia clusters around nuclear sites; three orders.  

JV: That's what you are claiming on the basis of a handful of cases.  

CB: I'm claiming it on the basis of the German study, Aldermaston, Sellafield, 
Harwell and many others […]  

End of extract.  

 
 
 
 
 
 


