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This is a slightly larger edition of Radioactive Times 
than usual and we are using a new DTP program 

and digital printer. We have been busy over the last two 
years and want to keep our friends up to date on all the 
things we have been up to. First, however, everybody 
knows that the government has announced that there 
are to be new nuclear power stations. But wait and see 
if it can produce such an unlikely rabbit out of its hat. 
Who will pay? With the prospect of legal cases and 
changes in the levels of radiation they are permitted 
to release, to say nothing of the eventual disposal of 
the waste, it would be a brave investor who bet on 
such a shaky operation. The science has been moving 
against nuclear rapidly, and although the risk agencies 
like ICRP and BEIR1 have brought out new reports in 
2007, these have entirely ignored all the new evidence, 
burying their committees’ collective heads in the sand. 
This will not work for long. Juries are not fooled. 
Court cases are now being routinely settled in cases 
where there have been exposures to internal radiation. 
The ECRR2003 approach, where internal radiation 
exposures are weighted, is being used in legal cases 
and tribunals. These are settled rather than allowing 
the precedent of such a case to be won in court. And 
the government has been hasty, perhaps illegally so. 
Academics produced a report, edited by our friend Dr. 
Paul Dorfman and highlighted in the Guardian and on 
national news, which argues that no proper consultation 
was carried out. 

The evidence that the conventional approach 
to radiation risk is nonsense continues to pile up, both 
in and outside the peer-review literature.  The situation 
has become so ludicrous that the Senior Radiation 
advisor to the WHO, Keith Baverstock, accused his 
employers of failing to examine this evidence in the 
case of Depleted Uranium and also in relation to the 
nuclear test veterans. He was swiftly removed. And 
there is the newly highlighted Uranium photoelectron 
effect which will feed through to dose limits eventually. 
In 2003, Chris Busby pointed out both to CERRIE and 
the DUOB that the anomalous health effects of Uranium 
could be explained by photoelectron enhancement. 
He published this in 2005 in a peer-review journal. 
This was ignored. In 2007 he sent papers to the Royal 
Society: they were rejected even after being passed by 
referees. By 2007, ICRP had a new report on radiation 
risk. In the same year, the US BEIR committee also 
published their version. Both of these totally ignored 
new evidence. None of it was cited. No Chernobyl 
papers were cited. No Uranium papers were cited. The 
theory and its predictions is published again in 2008 in a 

collaboration between Busby and Prof. Ewald Schnug, 
Director of the German Agricultural Laboratories in 
Braunschweig (see story). Computer models show that 
the Uranium enhancements exist.
 This behaviour of the powerful can only be 
understood if we recognise that we are now living in 
a new era, a fictionalised Brave New World in which 
ethics are ignored and stories are told. Science is no 
longer about truth. Scientists tell lies or, at least, 
exclude evidence, in order to keep their jobs. After the 
murder of the scientist Dr David Kelly over the Iraq 
WMD issue (read The Strange Death of David Kelly by 
Norman Baker) the BBC just will not run items about 
Uranium or low level radiation. We know that Kelly 
was right, and Gilligan was also right (one is dead 
and the other sacked) but the BBC will do nothing. 
They are frightened. The national media are becoming 
increasingly cowardly. When offered the Aldermaston 
Uranium Gulf War 2 story that eventually made the 
Sunday Times in 2006, a senior reporter from a well-
known national daily said: I’d be crazy to use this story.
In the present political climate, it would be suicide. The 
environment correspondent for another major national 
newspaper actually walked out of a meeting on scientific 
dishonesty held at the Royal Society in November 2007 
rather than have to hear the evidence. In this world you 
are lauded not for being truthful or honest, but for lying 
and getting away with it. That is what is important now. 
The ultimate development of Thatcherism as extended 
and refined by Tony Blair. Of course, the people all 
know this. Just like the Czechoslovakian joke under the 
Soviets: we pretend to work and they pretend to pay us; 
in this new society it is they pretend to look after us and 
we pretend to believe them. 

And Leonard Cohen has come back from the 
past to sing: 

Everybody knows the dice are loaded, everybody 
rolls with their fingers crossed

Everybody knows the war is over, everybody 
knows the good guys lost.

1Biological Effects of Ionising Radiation (USA)

Editorial: EvErybody Knows

(Cover picture: A child with leukaemia in a hospital in Belarus. Photo: Andrew Testa)
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The BBC has ruled that a Horizon documentary on the 
health effects of Chernobyl failed to meet required 

editorial standards.
Nuclear Nightmares was broadcast on BBC 2 TV on 13th 
July 2006, in the week of a Government announcement that 
new nuclear power stations would be part of Britain’s future 
energy supply. Claims that it would present new evidence of 
a beneficial effect from low doses of radiation were widely 
publicised before transmission. 
The thesis of Nuclear Nightmares was that public and 
even official attitudes to the risks of radiation were unduly 
pessimistic. It featured Mike Repacholi, an ex-World Health 
Organisation official, claiming that the only casualties of 
Chernobyl were only a few dozen highly irradiated emergency 
workers and about two thousand thyroid cancer cases, which 
were mostly curable.

Paul Fusco
In emails to LLRC, Horizon’s producers revealed that they 
had swallowed this opinion uncritically from the report of the 
Chernobyl Forum, of which Repacholi was the main author. 
Richard Bramhall comments, “Horizon seem not to know, 
or not to care, that the main movers behind the Chernobyl 
Forum are the International Atomic Energy Agency and the 
World Health Organisation. IAEA is constitutionally pro-
nuclear and the WHO have been constrained to follow the 

IAEA’s lead on radiation and health since a 1957 agreement 
gave IAEA a veto over anything WHO might do in that area. 
Horizon referred to the Forum report as ‘peer reviewed’ when 
it is merely a desk review that excludes any studies that don’t 
match IAEA’s prejudices.”
The programme showed Repacholi admitting that health care 
services in the Chernobyl region were being overwhelmed, 
but claiming this was caused by people having an irrational 
fear of radiation. The commentary stated that reports of 
thousands of cancers and other diseases after the accident 
had no credible scientific support. The programme failed to 
include any scientists who could have provided a different 
opinion. 
The tone of the 40-minute programme suggested strongly 
that the public’s fear of radioactivity is hysterical. Some 
regulatory standards, such as the still current ban on selling 
sheep from some upland farms in Wales, were represented 
as having no scientific foundation. Public attitudes were 
represented by agitated peasant women filmed at the time 
of the disaster, and a recent film of a middle-aged mother 
from Pripyat, the abandoned town near Chernobyl. Horizon 
went there with her and her 20-year-old daughter, who was 
conceived close to the time of the disaster. Viewers saw them 
visiting the mother’s derelict flat and the deserted swimming 
pool where she used to work. They were as tearful as one 
might expect in such emotive circumstances. By contrast, 
scientists were represented as having rationality on their side. 
Four scientists (all men) appeared and all of them argued that 
risks have been over-estimated. One said the conventional 
Linear No Threshold radiation risk model (LNT) gives “a 
safe upper bound”. The programme discussed the history 
of LNT and the possibility that it over-estimates risks. The 
possibility that it under-estimates risks was not mentioned.

llrC’s Complaint
LLRC complained to the BBC’s Editorial Complaints Unit 
(ECU) that the programme showed bias by dismissing the 
large amount of evidence of serious health effects after 
Chernobyl. Bramhall, who handled the complaint on LLRC’s 
behalf, says, “Many of the papers that show Chernobyl had a 
massive impact on health are in Russian. In order to give ECU 
an indication of the sheer scale and scientific respectability 
of what Nuclear Nightmares dismissed, we sent them a 
summary of parts of the ECRR book on the topic, 1 which 
makes the Russian language research accessible to English-
speaking world.”  

1  Chernobyl 20 Years On: Health Effects of the Chernobyl Ac-
cident  Documents of the ECRR 2006 No1 Edited by C.C.Busby and A.V. 
Yablokov Published by Green Audit on behalf of the European Committee 
on Radiation Risk, Brussels. ISBN: 1-897761-25-2 250 pages.
A major contribution, containing the results of three years’ research by the 
Chernobyl sub-Committee of the ECRR. 
In view of the disinformation about the effects of the Chernobyl disaster 
which are being disseminated by various official bodies, the Committee 
wishes to make this information available to the widest possible readership. 
The entire book is now a free download from http://www.euradcom.org/
publications/chernobylebook.pdf 

bbC trust upholds llrC appEal against 
biasEd doCumEntary on ChErnobyl

1
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LLRC also argued that the programme was biased in ignoring 
the substantial strand of scientific opinion that considers LNT 
under-estimates risks, and that editors ought to have taken 
particular care to achieve balance because they were dealing 
with a controversial topic, as defined by BBC Guidelines. 

From bad rEporting to worsE sCiEnCE

In December 2006 the ECU ruled against LLRC on every 
point. The decision letter, signed by Fraser Steel, Head of the 
ECU, included lengthy extracts from material submitted to 
ECU by Andrew Cohen and David Sington, members of the 
Horizon team. 
Richard Bramhall says “The ECU ruling was even more 
biased than the original programme. Cohen argued, 
ludicrously, that their topic wasn’t controversial. Sington 
made a ridiculous hash of every scientific concept he 
addressed, showing a failure to understand relevant scientific 
issues such as supralinearity, the Second Event theory, and 
the extent to which epidemiology can or cannot be used to 
determine the shape of a dose:response model. He showed 
an incomplete grasp of the debate over elevated rates of 
childhood leukaemia in Wales.2 
“Fraser Steel took a partisan line over the Chernobyl 
evidence. He argued that the Chernobyl Forum could be 
assumed to be aware of Russian-language reports since some 
of its members spoke Russian. He ignored the substance 
of the evidence and discounted the material we submitted 
by attacking an entirely different ECRR publication and by 
citing another report by other authors who hadn’t studied 
evidence of health effects at all.”

disCounting non-ExistEnt doCumEnts

In preliminary correspondence with Bramhall, Nick 
Davidson, producer of Nuclear Nightmares, claimed Horizon 
had considered “in some detail” criticisms that, he claimed, 
LLRC had made of the Chernobyl Forum report. He said 
Horizon had concluded that to include these criticisms in 
the programme “would have been misleading”. Bramhall 
pointed out to ECU that the document Davidson referred to 
doesn’t exist. “It appears he was either lying or was seriously 
mistaken. The BBC has offered no explanation or apology 
for this.”  

biasEd FiltEring oF EvidEnCE

The ECU decision said, “As a science programme, Horizon 
takes seriously, as is required by the Editorial Guidelines, 
work produced by properly qualified scientists and published 
against peer review […] The information it presents is 
based on sound evidence and thoroughly tested, or to put it 
another way, is reviewed by properly qualified individuals.”  
Bramhall replies “This is fair enough. So why did they 
feature unpublished research that was claimed to show 
radiation having a protective effect, and why did they omit 
2  A full analysis of the garbled science Horizon presented in an-
swer to the LLRC complaint would fill two entire editions of Radioactive 
Times and would exhaust most readers’ patience. The text of LLRC’s appeal 
against the ruling, which did analyse it, is online at www.llrc.org/wobbly-
science/subtopic/horizon.htm. The choicest bit of garbling is David Sing-
ton’s use of aspirin as an analogy for radiation in an attempt to prove that 
supralinear dose responses cannot occur. Bramhall’s deconstruction of it, as 
submitted in the appeal to the BBC Trust, is at www.llrc.org/wobblyscience/
subtopic/singtons_aspirin.htm

countervailing studies which have been in the published 
literature for some years?” 

bbC trust upholds llrC appEal 
In January 2007 LLRC appealed to the BBC Trust against the 
ECU decision. In November the Trust ruled that, contrary to the 
assertions of Andrew Cohen, radiation risk is a controversial 
topic that has to be treated with “due impartiality”. Nuclear 
Nightmares had failed to meet required editorial standards 
since it had not referred to the scientific lively debate about 
the shape of the dose/response curve. 
The ruling says “The committee believed it was important 
to remind all programme areas that they had the same 
responsibility as news programmes to ensure impartiality – 
particularly when dealing with a controversial subject. It was, 
therefore, important for a programme to provide appropriate 
and proportional opportunity to reflect those other views.”
At the same time the Trust published similar rulings in favour 
of appeals from two other complainants

.
‘Radiophobia’?  Chernobyl mutations

Misconceptions and Mythology: thE bias ContinuEs

Despite the Trust ruling and its reminder to other editors, the 
BBC continues to give a preferential platform to Chernobyl 
deniers. On the news and current affairs programme Today 
on New Year’s Eve 2007 two contributors to an item on the 
safety of nuclear power repeated that Chernobyl had caused 
no discernible health effects. One, Louisa Vinton from the 
United Nations Development Programme, dismissed claims 
of widespread health problems as due to “misconceptions 
and mythology”. Like Michael Repacholi in Nuclear 
Nightmares, she said the fear of radiation was a greater 
factor than radiation itself. The BBC interviewer said there 
were people who suspect the Chernobyl Forum of playing 
down the problem. Vinton replied that there was a scientific 
consensus, that the scientists behind the Chernobyl Forum 
knew best and that the science was convincing — Chernobyl 
could be seen as a low dose event. There was no balancing 
opinion to point out the scientific flaws in this conventional 
view of radiation risk nor to express the scale of the contrary 
evidence. LLRC has submitted a new complaint.

w

2
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People in Germany have long been worried about nuclear 
power. The most successful of the European Green 

parties, Die Gruenen, began as anti-nuclear activists. The late 
Petra Kelly had agreed to come to Wales to speak against the 
Trawsfynydd power station as part of the Meirionnydd Green 
Party opposition to the re-opening of the plant. She was almost 
certainly murdered in 1992 following agreeing to a deal 
with German TV to publicize the true effects of Chernobyl. 
The German government is phasing out the country’s 
nuclear power programme and it recently commissioned 
the childhood cancer registry (Kinderkrebsregister) to re-
examine the issue of childhood leukaemia near nuclear sites. 
This was first opened up at Sellafield when Yorkshire TV’s 
documentary, The Nuclear Laundry drew attention to the 10-
fold excess risk of the disease in children living in the village 
of Seascale, near the plant. This was followed by reports in 
the peer review literature of childhood leukaemia clusters 
near all the sites where anyone seriously looked; Dounreay, 
Aldermaston, Harwell, Hinkley Point in the UK, La Hague in 
France and Kruemmel in Germany. The authorities attacked 
the authors of these studies or generally dismissed the most 
likely explanation, that it was radioactive pollution from the 
plants that caused the leukaemias. The argument advanced 
was always the same: The doses were too small to cause 
the illnesses on the basis of the current risk model. This, of 
course, is the Japanese A Bomb lifespan study which LLRC 
has written about at great length; it is the inaccuracy of the 
current risk model that is the basis of the existence of the 
LLRC.  These arguments dismissed the causal connection 
with radiation: but that left a big question. Since there was an 
effect, there has to be a cause. The favourite suggestion with 
the authorities was that of Leo Kinlen, who believed that it was 
population mixing and a postulated transfer of a hypothetical 
leukaemia virus. But there were critical problems with this for 
many sites where there was no population mixing. Sellafield 
and Aldermaston were two such sites. 

COMARE
The Committee on Medical Aspects of Radiation in 
the Environment, whose acronym appropriately means 
Godmother in Italian, was set up in 1984 to follow up the 
possibility that the risk model may have been wrong. It has 
since acted as a wing of the National Radiological Protection 
Board (occupying the same site and sharing the telephone 
number). It has consistently dismissed any explanation 
involving radiation. Most recently, it was asked to reassess 
the incidence of childhood cancer near all the nuclear sites 
in the UK. It did this study by looking at people living 
inside a 25km radius of the plants and, naturally enough, 
found nothing. You do not have to be a scientist to see that, 
with any radius-based area, most of the population lives in 
the outermost part of the circle, and to expect effects from 
releases of radioactive material at a distance of 20km from 
a plant is truly ridiculous. So more taxpayer money was 
wasted looking in the wrong place.  But the German case 
control study looked closer to the plants and found the excess 
child leukaemia.

lEuKaEmia risK doublEd

Scientists from the University of Mainz working for the 
German 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). 
 But times have changed in Germany, and nuclear 
power is no longer a proposed energy option, so the new 
study employed the case control approach used by Jean 
Francois Viel when he looked at the children near the La 
Hague reprocessing plant in France in 1997.  Viel found a 
statistically significant excess risk in the 0-4 year olds living 
inside 5km from the La Hague plant. Of course, the numbers 
were small and he was attacked so strongly by the authorities 
that he retired from radiation epidemiology altogether, 
telling Chris Busby that he feared for his future employment. 
He wrote a book about this, La Sante Publique Atomise.  Of 
course, looking close to the pollution is the correct approach, 
and looking at the correct age group, where child leukaemia 
peaks, is also likely to be a good idea.
 In the Kinderkrebsregister case control study 
published in January 2007 in the European Journal of 
Cancer, Spix et al published results from 23 years (1980-
2003) of data for 6300 children. They measured the exact 
distance of the child’s home to the plant to within 25metres 
and fitted a regression line to the cancer risk by distance from 
the plant. This is the method which was used by Green Audit 

gErman CanCEr rEgistry Finds Childhood 
CanCEr nEar nuKE sitEs.

3
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in examining cancer by distance from the Irish Sea.  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 leukaemia. The 
authors found that the effects were associated with specific 
single nuclear plants (but did not identify them). We know 
from work by Prof Schmitz Feuerhake of Bremen and her 
colleagues that one of them is Kruemmel, which discharges 
to the Elbe and where contamination has been found in the 
sediment. In the paper, the authors concede that distance to the 
nearest power station  at date of diagnosis is a crude surrogate 
for radiation exposure and does not allow for the real flow 
of radioactive material from the plant due to topography, 
weather etc.

puzzlEd

The German researchers admit that they are puzzled by the 
clear evidence of a correlation between the child leukaemias 
and proximity to the plant. This is the largest study of children 
aged 0-5 living near nuclear sites that has ever been carried 
out. It shows that there is a real effect. The authors, cited 
the risk models given by the US National Academy BEIRV 
reports and also the ICRP scientific secretary Jack Valentin, 
who comes up with the usual story about the doses being 
too small. And here we are again in familiar territory. What 
no one ever seems to question, is the risk model itself. And 
for a disease involving children 0-4, induced in the womb, 
maybe at the earliest stages of foetal development there really 
are no comparisons with the Japanese A-Bomb survivors. 
And, in addition, the whole concept of absorbed dose is 
meaningless when applied to the foetus. At conception, and 
for the following three weeks, the foetus is embedded in the 
endometrium, the lining of the womb; there is no placenta. 
The mass is a few milligrams. The decay of an alpha emitting 
particle in such a small mass will produce a massive dose, 
hundreds of milliSieverts, a dose quite easily able to destroy 
the foetus or cause a mutation that will lead to cancer or 
leukaemia. To argue that the child leukaemias are not caused 
by radiation, and basing this on some Japanese survivors of 
a single enormous acute gamma ray exposure borders on the 
bizarre. Yet this is what we are asked to do, while the children 
die and the governments continue to swallow the specious 
nonsense emitted by the ICRP and their equivalents.
 This is an example of the democratic crisis at 
the centre of the Science Policy Interface. But at least the 
German Cancer Registry have done a reasonable study. It is 
of some interest that they were probably bounced into doing 
this by a small regression study on the issue carried out by 
our friend and colleague Alfred Koerblein in Bavaria, which 
he published on the internet. This led to concern among the 
public and eventually led to pressure on the government to 
commission the study. In the UK, similar pressure brought 
by LLRC led to CERRIE and to the COMARE 25km study 
which (like the German 15km study) found nothing. But then, 
here, the government wants to build nuclear power stations. 
In Germany they do not. Laboratory RaT wonders if that is 
why the two studies, COMARE and the Kinderkrebsregister 
study, found different results. 

Petra Kelly of Die Grunen was to come to Wales to support Meirionydd 
Green Party’s demands for the closure of Trawsfynydd in 1992.

Refs:
Viel J-F, Poubel D (1997) Case control study of leukaemia among young 
people near La Hague Nuclear Reprocessing plant: the environmental 
hypothesis revisited. BMJ  14 101-106.
Spix C, Schmiedel S, Kaatsch P, Schulze-Rath and Blettner M (2007) Case-
control study on childhood cancer in the vicinity of nuclear power plants in 
Germany 1980-2003  Eur J Cancer (2007)  doi:10.1016/jejca.2007.10.24 in 
Press
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nuClEar worKErs’ autopsy tissuEs

On 14th May 2007 the Guardian 1  and the Times 2  carried 
reports of a Cumbrian woman’s shock at finding out 

what had happened to her father’s body 36 years earlier. Mal-
colm Pattinson died of leukaemia in 1971. He was 36 years 
old and he worked at Sellafield. Or he had worked; the Times 
reports that by the time he died he had been off work for 18 
months because his wife feared for his health. We aren’t told 
what was worrying her, but according to the Guardian, his 
death triggered frantic activity by his employers to obtain 
organs and bones from his body. The local coroner, doctors 
and solicitors were involved; the family was neither consult-
ed nor informed. In 1979, after a long battle during which 
the employers admitted liability, an out-of-court settlement 
brought Mr. Pattinson’s widow and daughters compensation 
payments variously reported as £52000 and £67000.
All this happened when Mr Pattinson’s daughter Angela was 
in her teens. She grew up and went to work at Sellafield like 
her father. She married and had three children of her own. 
Then in April she read the newspapers to discover that her fa-
ther had been one of many men in the industry whose organs 
had been harvested for radiological research. She asked for 
the legal papers and received several boxes full.

plutonium data
The Guardian article contained a small photo-reproduction   
of a hand-written page from records of the Plutonium con-
centrations found in Mr Pattinson’s lungs, liver, vertebrae 
and tracheal mediastinum. Not all the figures are legible but 
with a lens LLRC extracted the few that are. We compared 
them with data from reports of other autopsy tissues from the 
1980s. They’re quite shocking, which may indicate why Mr 
Pattinson’s employers were so interested. His liver contained 
673 times as much Plutonium as the average for a sample of 
Cumbrians who had not worked in the nuclear industry and 
his lungs had well over 7000 times as much. The liver had 
53 times the amount of Plutonium found in the most con-
taminated of the nuclear workers in the other reports and his 
lungs had 42 times as much.  

thE rEal sCandal — plutonium dosEs
Mr. Pattinson’s body burden was far greater than any other 
worker data we have seen. We conclude that he had either 
been involved in an accident or had been working in an un-
acceptably dirty environment. Either would be a scandal, but 
the far greater scandal is that the industry and the govern-
ment bodies that regulate it would not see even those mon-
strous Plutonium levels as a likely cause of his death.
The data from the Guardian allowed us to calculate the ra-
diation dose Mr. Pattinson received from his body burden 
of Plutonium. Using the same methods as the International 
Commission on Radiological Protection (ICRP) we worked 
out the annual dose at 26 milliSieverts. That’s about ten 
times the usual (bogus) yardstick of natural background, but 
it’s not huge. It would have been nothing very remarkable in 
the early 1970s. 

1 See http://www.guardian.co.uk/nuclear/article/0,,2078912,00.html
2 See http://www.timesonline.co.uk/tol/news/uk/article1680299.ece

Even today, when standards are more cautious, employers 
would still not be breaking the law by exposing a 
worker to such a dose, so long as it wasn’t for more than one 
year in five. 
ICRP’s risk estimates would not predict that a 26 mSv dose 
would cause Mr. Pattinson’s leukaemia, in just the same way 
as they do not predict the cluster of childhood leukaemia at 
Seascale, next door to Sellafield — the doses are far too low. 
According to ICRP, if Mr. Pattinson was going to die of any 
cancer, the chance that it would be caused by the Plutonium 
in his body was only 1.3 in a 1000.

wrong risK modEl
To the person in the street the idea that a fatal leukaemia in a 
young man is 999 times more likely to be caused by bad luck, 
bad genes, bad diet, smoking, a virus or an act of God than by 
the acts of an employer who had contaminated him heavily 
with a bone-seeking, alpha-emitting radionuclide may seem 
insane. It is. A growing number of people are recognising it 
as insane in the way Dr. Strangelove was insane; the logic 
is impeccable but the theoretical premises are wrong, cer-
tainly as far as they have anything to do with risk standards 
for internal radioactivity. There was a time when things were 
different, when standards were not decided by theory but by 
looking at the actual effects of internal contamination seen in 
the dissected tissues of people. It began with victims of the 
great Radium dial painters scandal of the 1920s.

radium autopsiEs and intErnal risK standards
Radium is produced by the radioactive decay of natural Ura-
nium. Its own radioactive decay emits alpha particles. Unlike 
X-rays and gamma rays, alphas have very little penetrating 
power so they are only hazardous once they’re inside the 
body. Even then they don’t travel far but the downside is that 
all their energy is deposited in a very small volume of cells, 
like a bull in a china shop. 
From the earliest years of the 20th century luminous Radium 
paint was used to make the faces of clocks, watches and com-
passes glow in the dark. World War 1 boosted demand and 
through the following decades hundreds of girls and wom-
en were employed to paint dials and pointers with various 
brands of paint — Undark, Luna and Marvelite. They would 
routinely put the tips of their paint brushes between their lips 
to obtain a fine point for the trickier numerals. By 1923 it was 
clear that the Radium they thus ingested was causing dread-
ful, agonising and frequently fatal illnesses. 
Radium mostly lodges in bone, so the diseases affected the 
blood-forming function of the women’s bone marrow, lead-
ing to anaemia. Those with higher body burdens had ulcers 
and their bones were weakened to the point where verte-
brae collapsed and legs would break spontaneously. The 
first deaths directly attributed to Radium Necrosis came in 
1925. The inventor of the Undark brand died like his work-
ers, his bone marrow destroyed and his hands, mouth and 
jaw bones eaten away. Court cases, compensation payments 
and improved workplace practices followed (a ban on licking 
brushes was the first) but for a decade and a half there were 
no mandatory exposure limits.
By 1941 America was once more tooling up for industrial-
ised warfare and the government was ordering large num-

intErnal radiation: thE history oF thE CovEr-ups
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bers of luminized instruments. Officials insisted that safety 
standards be devised, including a tolerance limit for internal 
Radium. A committee of the National Bureau of Standards 
looked to a post mortem study of Radium dial painters and 
people who had been exposed to Radium through medical 
treatments. They saw that there were detectable injuries in 
all the bodies which contained a total of 1.2 micrograms of 
Radium but no injuries were discernible in those which con-
tained 0.5 micrograms or less. Taking a stab in the dark which 
the history books show was recognised as highly subjective, 
they settled on 0.1 micrograms as a cut-off. Since Radium 
decays to Radon gas they were able to use Radon as a meter-
ing device. From then on, Radium workers were required to 
breathe into an ion chamber which detected the radioactive 
decays of Radon and its own daughter, Polonium. An imme-
diate change of occupation was recommended as soon as the 
level indicated that a worker’s body contained more than 0.1 
micrograms of Radium. 

plutonium taKEs CEntrE stagE
World War 2 was midwife to the principle of nuclear fission, 
a completely novel substance —  Plutonium — and the possi-
bility of a Plutonium-powered bomb. The Manhattan Project 
was set up to make Plutonium for the bomb in secret and in 
near total ignorance of its effects on health. It was known 
to be an alpha emitter so, for expediency, the standards for 
Radium were extended to Plutonium, modified by animal ex-
periments comparing the effects of the two substances. 
All this — both the Radium standard and the Plutonium 
standard derived from it — was primitive science which had 
no way of detecting subtle lesions and cancers which may 
take decades to appear. So the 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 fol-
lowed the essentially scientific principle of looking for a re-
lationship 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 be-

cause 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. 

ExEunt physiCians, stagE lEFt: EntEr hEalth 
physiCists, stagE right

By 1944 everything had changed. Plutonium was being pro-
duced in significant amounts and any potential it might have 
to kill its own workforce now affected a top-level policy 
funded by a bottomless budget with the imperative of build-
ing the bomb before Stalin could. More crucially for the sci-
entific principles of radiological safety, physicians were no 
longer in charge, but physicists. 
The 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, confin-
ing it in tubes and placing it carefully to irradiate cancer-
ous 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 is 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, centime-
tres 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. 

thE intErnal/ExtErnal switChEroo aCt 1
Using his physicist’s approach, Parker shifted the focus from 
investigating the effects of specific substances onto a new 
concept — radiation 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 embroiled with 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; Wilhelm 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. 
The first limit for Plutonium in the body based on Parker’s 
dose model was set at 0.01 reps per day, a quantity which 
exactly matched the energy deposition from the old tolerance 
limit of 1 microgramme of Plutonium. No change there then. 
What did change was that instead of the empirical scientific 
inquiry based on actual tissue damage and instead of the ten-
tative subjectivity of the 1941 Standards Bureau Commit-
tee’s decision on a Radium level, the new model gave an 
impression of mathematical precision, certainty and univer-
sal applicability. It was part of the new, square-jawed and 
brashly confident nuclear era which (once the Red Menace 
were defeated) promised atom-powered air travel and an end 
to rained-off baseball games and poverty.
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intErnal/ExtErnal switChEroo aCt 2
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 effects had yet to emerge. But af-
ter 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 America, data on the 
survivors’ health was gathered (as it still is) in what have 
become known as the Life Span Studies or LSS. 
A full analysis of the flaws in the LSS is beyond the scope 
of this article. 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 out-
side the city when the bomb fell, or in some other way were 
shielded from the flash of the explosion. The exposed popu-
lation 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 dif-
ference 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. 

intErnal/ExtErnal switChEroo aCt 3
The LSS were not begun until 1950 (another flaw, obviously, 
but not one we can go into here). Long before then Ameri-
ca’s Atomic Energy Commission (AEC) urgently needed to 
regulate the growing nuclear industry. The AEC pressed the 
National Council for Radiation Protection (NCRP) to de-
velop safety standards. An especial concern was the quan-
tity 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 radia-
tion. 

intErnal/ExtErnal switChEroo aCt 4
In 1953, American influence revived the international ra-
diation protection community from its WW2 dormancy to 
be reborn as the International Commission on Radiological 
Protection. ICRP’s first act was to adopt the NCRP report.

dénouEmEnt 
(thEy always KnEw thE risK modEl was wrong)

We must suppose that an international body was meant to 
be more credible than a unilateral American one. But even 

within the American scene radiation protection experts 
disagreed violently about the reliability of the risk model, 
particularly for internal radioactivity. The arguments lasted 
through the 1950s and ‘60s and by the time Malcolm Pat-
tinson died in 1971 some of those experts had risked their 
reputations by openly challenging NCRP’s view and, incur-
ring the AEC’s wrath, had lost lucrative careers. So we can 
see that key people in the industry have always known the 
risk factors are questionable, and maybe this explains why 
they’re always so keen to settle out of court. Sellafield did 
so in Mr. Pattinson’s case after what the Guardian calls a 
marathon of obfuscation. Settling out of court allows the 
obfuscation to continue, because the documentation, with 
its awkward evidence of lethal outcomes at quite modest 
doses, doesn’t become public, and the validity of the sci-
entific modelling doesn’t come under cross examination in 
front of a lay jury or a legal mind accustomed to weighing 
facts. It’s all quite the opposite of what happened with the 
Radium dial painters, when newspapers called the pioneer 
claimants the Five Women Doomed to Die. 

EpiloguE: ChErnobyl’s silEnt plaguE 
The 1986 Chernobyl disaster spread fallout round the 
whole planet and millions of people inhaled and ingested it. 
Thousands of published reports from Russia, Belarus, the 
Ukraine, Greece, Germany, Britain, and even as far west as 
the Californian coast show a wide range of post-accident 
health effects not predicted by ICRP’s model. ICRP’s new 
Recommendations, adopted in March 2007, cite only one of 
them. They included it for the purpose of showing it is so 
difficult to say what the doses were that nothing new can be 
learnt from Chernobyl.

good nEws
The good news — the scientific advance — is that a grow-
ing number of authorities now admit that the very localised 
impact of alpha emitters and some other kinds of internal 
radioactivity makes nonsense of the ICRP’s concept of 
average dose on the external model. The only question is 
how long the world’s governments will continue to reply 
on ICRP’s advice

whAt you cAn do:
The Environment Agency is responsible for regulating pub-
lic exposures in the UK. Send a copy of this article to the 
EA’s main man Robert Smith, asking him whether he is 
aware of the problematic nature of using dose to quantify 
the risks of internal emitters and asking him why the public 
should have any confidence in ICRP’s risk estimates, given 
that they embody no lessons from Chernobyl. 
Robert Smith, 
Policy Adviser on Radioactive Substances Regulation, 
Environment Agency
Block 1 Government Buildings, 
Burghill Road, 
Westbury on Trym BS10 6BF. 
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The last issue of Radioactive Times covered an interesting 
development in the search for the cause of the health 

effects of Uranium exposure. For those new to the issue, 
which is one that is absolutely critical to the nuclear industry’s 
survival, we outline here what it is all about, and then report 
the continued story.
 We begin with physics. The absorption of gamma 
rays by any element is proportional to the fourth power of the 
atomic number Z of the element. That is why lead (Z = 82) is 
used for shielding X-rays. Actually Uranium (Z=92) is also 
used and it is a better shield.  Any material can be assigned 
an effective atomic number just by taking an average of all 
the quantities of the elements making up the material. For 
example, in terms of gamma ray absorption, human beings 
are modeled by the ICRP as water H2O. The atomic number 
of Hydrogen (H) is 1.0 and Oxygen is 8. So the mean atomic 
number is 1+1+8 = 10 divided by 3 (since we want the mean 
atomic number per atom, and there are three atoms) = 3.33.  
The fourth power of 3.33 is 123. But the fourth power of 
92, the atomic number of Uranium is 72,000,000. The ratio 
of these two numbers is 585,365 and that is roughly the 
relative absorption of Uranium compared with water. But 
Uranium binds strongly to DNA: this is well known and has 
been described in the peer review literature since 1962. The 
affinity constant for UO2++ and DNA is 1010.  This means 
that at very low concentrations of Uranium, the DNA is fairly 
well 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. That is why Uranium, like Calcium 
also binds to bone and teeth. But Calcium is the element 
which stabilises the DNA through neutralising the negative 
charges on the phosphate backbone. 
 

uranium in thE CEll

The actual amount of DNA in a cell has been measured and 
is reported in the 1990 recommendations of the US National 
Academy of Sciences BEIRV committee (Biological Effects 
of Ionising Radiation). BEIRV state that the principal target 
for radiation effects is the DNA, something that all now 
agree on. The quantity of DNA in the cell, according to the 
BEIRV committee, is about 7 picograms total (phosphate 
and sugar and bases; a picogram is 1 x 10-12 grams). But the 
cell (assuming an 8 micron diameter cell) has a mass of 270 
picograms. So the DNA represents roughly 1/40th by mass 
on the basis of these BEIRV figures. It is possible to show 
quite simply that at quite modest levels of Uranium in tissue, 
where it is concentrated on the DNA, 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 both directly and 
indirectly though ionization of water. This argument is so 
simple and immediate that it is understood by everyone  that 
hears it. The base line is that depleted Uranium health effects 
are not mainly due to the intrinsic radioactivity, which is low, 
but due instead to the element’s high atomic number and the 
consequent focusing of natural background into the DNA. 

sCiEnCE and dishonEsty

 Science is supposed to be the Queen of Philosophies. New 
scientific ideas or experimental results that falsify earlier 
ideas or results are assumed, by the general public, to 
become incorporated into the canon of science. This is 
supposed to happen following peer review of research 
papers which present the results or the ideas or both. This 
photoelectron idea was first presented by Busby at the 
CERRIE workshop at St Catherines College in 2003. It was 
omitted from the CERRIE report. It was formally presented 
to the MoD Depleted Uranium Oversight Board in 2004 at a 
meeting where Prof Dudley Goodhead (CERRIE) and Prof 
Brian Spratt (Chair of the Royal Society Depleted Uranium 
Committee, and member of the DUOB) were present. All 
said ‘how interesting!’ At the end of this meeting, 

Falah Hussein (age 20): When a U.S. dud bomb suddenly exploded, he lost 
his right leg. Two years later, he contracted bone cancer that spread to his 
lung. His doctor predicted he wouldn’t survive another two weeks.

Busby asked Spratt what he was going to do about it.  Spratt 
said it didn’t become necessary to do anything about it 
until it was published in a reputable journal. Send it to the 
Proceedings of the Royal Society for refereeing and then, 
when it is published, he (Spratt) would have to reconsider, 
he admitted. It was published next by Busby in two papers 
in the European Journal of Biology and Bioelectromagnetics 
in 2005.  These were ignored. In 2007, Busby began work 
as co-supervisor of a postdoctoral student looking at the 
photoelectron enhancement of Uranium and, at the same time, 
began designing and carrying out photoelectron experiments 
in the Green Audit laboratory. These experiments were 
encouraging. At the same time he learned of experiments 
in the USA on the photoelectron enhancement of X-rays 
by gold nanoparticles which had been shown to cure breast 
cancer in mice and had been patented (the atomic number Z 
of gold is 79).
 A literature search showed that the enhancement of 
external gamma radiation by high atomic number materials 
had been described as early as 1947 when Spiers calculated 
the enhancement of X-rays by Calcium in bones, showing 
that there was a ten fold increase in radiation damage at the 
edge of bones due to photoelectrons induced in Calcium 
(Z=20). Others had tried to use Iodine (Z = 53) to enhance 

photoElECtrons, uranium & FatE
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X-ray therapy for brain tumours.
 With all this new information, and with people all 
over the world dying from the effects of DU (still believed 
to be safe following the Royal Society 2001 report and 
other parrotings of the ICRP analysis) Busby put together 
two papers and sent them to the Royal Society journal 
Proceedings of the Royal Society B in June 2007.
They were both immediately ‘unsubmitted’ by the editors. 
He telephoned the editors and complained, explaining that he 
was on the DUOB and that Spratt had suggested this course. 
They said his paper was not biology: he should submit it to 
the Journal of the Royal Society Interface. Accordingly he 
sent the papers to Interface editor Prof William Bonfield FRS, 
a scientist whose area of research is prosthetic materials. The 
high Z theory will have an effect on the use of such materials 
since Zirconium, Gold and Platinum are often employed. 
Bonfield sent the papers to three referees, all people who 
Busby knew and who told him they had received the papers. 
They all said they recommended publication after some 
minor revisions. After a very long silence, Bonfield rejected 
the papers: there was pressure on space in the journal. It is 
unheard of for a editor to overrule the referees, especially in 
an area where the consequences are so important for human 
health. Busby complained to the in-house editor Tim Holt. 
He made the obvious points about the Royal Society DU 
committee and politics. Holt agreed to talk to Bonfield.
Bonfield again rejected the papers. Busby contacted the 
Assistant Secretary of the Royal Society Peter Collins. Collins 
said that the journal Royal Society Interface was not part of 
the Royal Society, despite the name. He said he would talk to 
Bonfield. But eventually he wrote to say he could do nothing. 
The papers remained rejected. Learning of this extraordinary 
tale, the USA based Science Oversight Board, including 41 
scientists and experts, complained in an open letter to the 
President of the Royal Society. There was no reply.
 

FEdEral gErman ConFErEnCE

The fates, however, stepped in. In summer 2007, the 
Director of the Federal German Agricultural Laboratories 
in Brunswick, near Hanover, is Prof Dr Ewald Schnug.  
He was on a holiday in Wales and, whilst passing through 
Brecon, happened to pick up an LLRC pamphlet from the 
wholefood café there. The pamphlet mentioned Busby’s 
work on Uranium and, since the health effects of Uranium in 
fertilizers was one of his own research areas, and the subject 
of an international conference being held at FAL, he decided 
to try and track Busby down. He came to Aberystwyth and 
heard about the photoelectron research. He invited Chris to 
present his discoveries at the FAL conference and submit 
it for peer review to be included in the proceedings, to be 
published in the Netherlands as a book.  This happened: 
the scientists at the conference, who came from all over the 
world, were very complimentary. No one found any major 
fault with the obvious conclusions of the paper, that Uranium 
exhibited anomalous phantom radioactivity by virtue of the 
photoelectron enhancement of natural background. The 
German Federal Radiation Protection Department agreed 
to study the new evidence. Schnug himself later was to 
contribute some evidence from optimum concentrations 
of elements in plants which, as he pointed out, couldn’t 
move away from radiation. A joint paper was prepared by 

Busby and Schnug and this has now been peer-reviewed 
and published in the proceedings (Busby CC and Schnug 
E (2007) ‘Advanced Biochemical and Biophysical Aspects 
of Uranium Contamination’ in Loads and fate of Fertiliser 
Derived Uranium ed. LJ de Kok and E. Schnug, Backhuys 
Publishers, Leiden)
Meanwhile Chris Busby has continued to bring pressure 
on the Royal Society for their pusillanimous and dishonest 
behaviour by giving a paper on scientific dishonesty at the 
Royal Society itself on Nov 27th. This presentation, which 
gave an account of what happened, also looked at some other 
cases of scientific dishonesty. It was captured by the Green 
Audit Film Unit and is currently being made into a DVD. 

montE Carlo simulations

 Finally, more proof that these effects are real, and are 
significant for sub-micron particles of Uranium that are the 
consequence of weapons usage, comes from the application 
of a huge mathematical model for radiation particle physics 
written for CERN, the particle physics research organization 
in Geneva. This is a computer programme written for the 
particle physics researchers to enable them to model the tracks 
of particles resulting from various interactions of radiation 
with matter. The programme was adapted to examine the 
interaction of gamma rays with Uranium and various other 
sub-micron spheres by Andreas Elsaesser, who is working 
with Prof Vyvyan Howard at the University of Ulster on 
the health effects of nanoparticles. Preliminary results of 
the programme’s analysis of the interaction of 100keV 
gamma rays (modeling natural background radiation) with 
Uranium, gold and water particles of 100nm diameter (0.1 
micron, the commonest size of the DU particles) showed 
enormous photoelectron enhancement, as predicted. Results 
(see Figure) show the photoelectron tracks emerging from, 
and energy deposition in, particles of water, gold (Z=79) and 
Uranium (Z=92).  Note that the tracks shown in the water 
sphere figure involve 100,000 incident photons, whereas 
for the gold and Uranium there were 1000 incident photons. 
These results were presented at the EMBO conference on 
nanoparticle effects in Madrid in October 2007. Work is 
continuing.

Figure 1 (page 10) FLUKA code calculation by Monte Carlo 
simulation of 1000 photons (100,000 in the case of water, 
left) impinging on the surface of a 100nm sphere made of 
water, gold and Uranium. Photon energy 100keV. Upper: 
photoelectron tracks. Lower: energy deposition inside the 
particle. ( Elsaesser A, Busby C, McKerr G and Howard 
CV (2007) Nanoparticles and Radiation EMBO Conference 
Madrid Oct 2007).
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thE sCiEnCE poliCy intErFaCE

 The science policy interface is now Kafka territory, 
particularly where radiation is concerned. Critical scientific 
papers are rejected or, if they are published somewhere, are 
ignored by the committees and agencies whose job it is to 
protect the public. The latest risk models to be published 
(by the ICRP and BEIR VII) omit all mention of any of the 
many peer reviewed papers that show that their models are 
scientifically bankrupt. They now know for sure that their 
pathetic science has been rumbled, and that the huge amounts 
of radionuclides they sanctioned caused millions of deaths 
from cancer and leukaemia all over the world. It is now clear 
to them that the nuclear sites like Sellafield actually did kill 
all the children, and that Chernobyl did really cause a melt 

down of the population of the ex Soviet territories. They know 
that the thesis of the LLRC was right all along. Their scientific 
heroes, like the late Sir Richard Doll, have been shown up to 
have been a bunch of crooks, working for industry and on the 
payroll. They see that the WHO are hand in glove with the 
IAEA. Since the murder of David Kelly (read The Strange 
Death of David Kelly by Norman Baker), the press are scared 
stiff of anything that shows that the government are lying 
(see editorial).   The individual reporters want to keep their 
jobs and pay the mortgage. The Uranium photoelectron story 
is a perfect example of this. LLRC and Green Audit will 
continue to carry out the research to find the truth and to 
speak it.

“I’m horrified. The people out there - the Iraqis, the media and 
the troops - risk the most appalling ill health. And the radiation 
from depleted uranium can travel literally anywhere. It’s going to 
destroy the lives of thousands of children, all over the world. We 
all know how far radiation can travel. Radiation from Chernobyl 
reached Wales and in Britain you sometimes get red dust from 
the Sahara on your car.”
The speaker is not some alarmist doom-sayer. He is Dr. Chris 
Busby, the British radiation expert, Fellow of the University of 
Liverpool in the Faculty of Medicine and UK representative on 
the European Committee on Radiation Risk, talking about the 
best-kept secret of this war: the fact that, by illegally using hun-
dreds of tons of depleted uranium (DU) against Iraq, Britain and 
America have gravely endangered not only the Iraqis but the 
whole world. For these weapons have released deadly, carcino-
genic and mutagenic, radioactive particles in such abundance 
that-whipped up by sandstorms and carried on trade winds - there 
is no corner of the globe they cannot penetrate-including Britain. 
For the wind has no boundaries and time is on their side: the 
radioactivity persists for over 4,500,000,000 years and can cause 
cancer, leukemia, brain damage, kidney failure, and extreme 
birth defects - killing millions of every age for centuries to come. 
A crime against humanity which may, in the eyes of historians, 
rank with the worst atrocities of all time.(...)”

http://revulsions.blogspot.com/2005_04_01_archive.html

dEplEtEd uranium - a CrimE against humanity

Mothers with children in their arms in leukemia ward of Mansool 
Children’s Hospital in Baghdad
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In an emergency statement in Parliament on 18th April 2007, 
Trade and Industry Secretary Alistair Darling announced 

that Mr. Michael Redfern would be heading an inquiry into 
nuclear workers’ body parts being taken without the consent 
of relatives. Behind this lies an older, greater scandal. 
As early as 1959, when the first orgy of testing nuclear 
bombs above ground was over and the second was about to 
begin, autopsy tissues from hundreds of members of the pub-
lic were being analysed for their radioactive content. This 
happened in many countries, including Britain, and went on 
into the 1980s.
In 1983, Yorkshire TV’s documentary Windscale the Nu-
clear Laundry revealed a cluster of childhood leukaemia in 
Seascale, next door to Britain’s Sellafield plant. The politi-
cal fallout was so great that the Government immediately 
set up an investigative committee under Sir Douglas Black. 
It met within three weeks of the YTV transmission and re-
ported within a year. It suggested, among other things, that 
autopsy tissues would be a useful place to look for evidence. 
The committee was particularly interested in tracheobron-
chial lymph nodes, as they were known to store radioactive 
particles and were also implicated in the origin of leukaemia 
and lymphoma.  

CoronErs and CoronariEs

Pathologists acting in coroners’ inquests began supplying 
Britain’s National Radiological Protection Board (NRPB) 
with livers, lungs, tracheobronchial lymph nodes, ribs, fe-
murs and vertebrae. The 62 “donors” were from central Scot-
land, Oxfordshire, north-east England and west Cumbria. 
They died between 1981 and 1985, mostly from cardiovas-
cular disease. Most were over 50. A small number of younger 
people including teenagers were also selected. The intention 
was to exclude people who had worked in the nuclear in-
dustry, but in Cumbria a few ex-BNFL employees slipped 
through the net with interesting results, as we shall see.
The tissues were destroyed by the analytical process, which 
involved ashing them in a furnace for several days at tem-
peratures up to 5000C, followed by boiling in acid. 

is sEllaFiEld lEaKing plutonium?
NRPB published its first results in 1985.  The study had two 
stated aims. One was to build upon earlier investigations of 
how much Plutonium nuclear workers were getting into their 
bodies in the work place; NRPB said it would be more en-
lightening if the worker’s body burdens were compared with 
the general public who could be assumed to have got their 
Plutonium from weapons test fallout. The second aim, show-
ing the influence of the Black Report, was to compare the 
Cumbrian public with other parts of Britain to see whether 
Sellafield was leaking. NRPB warned that this aspect might 
be tricky because Cumbria could be expected to have more 
weapons test fallout than regions with lower rainfall. 

Cumbria — a radioaCtivE EnvironmEnt

In the event, the difference was greater than could be ex-
plained by high rainfall. Human bones from Cumbria con-
tained, on average, 1.7 times as much Plutonium as bones 
from the other regions. The livers had twice as much, the 
lungs more than 3 times, and the tracheobronchial lymph 
nodes 3.25 times. 

thE CovEr-up

Coming so soon after the YTV revelations these high val-
ues were embarrassing and within a few months NRPB pub-
lished a new version.  This was a summary, but it confusingly 
and quite inexplicably introduced three new cases which had 
no business being in the study at all, since they were ex-
Sellafield workers who had been included by mistake. In the 
context of discussing the remarkably high body burdens of 
Plutonium (the Sellafield 3 contained, on average, 138 times 
as much Plutonium as their Cumbrian neighbours) the new 
report also raised the issue of Plutonium ratios.

plutonium ratios — FingErprinting thE suspECts

The three most important isotopes of Plutonium are Pluto-
nium 238, 239 and 240. Plutonium 238 (238Pu) is the one 
that matters here. It’s created by neutron bombardment of 
Uranium 238 in a reactor or in the explosion of a nuclear 
bomb. A reactor makes more 238Pu than a bomb does and 
this means environmental samples can tell us whether the 
Plutonium came from industrial discharges or weapons test 
fallout. In industrial samples around 25% of the Plutonium 
present will be 238Pu; in weapons fallout it is between 3% 
and 8%.
The technique NRPB used to examine the British autopsy 
tissues was capable of reading the fingerprint. It was quality 
tested at the outset, using Standard Reference Material from 
the US National Bureau of Standards in the form of freeze 
dried human liver. NRPB’s test run agreed closely with the 
Standard Reference 238Pu content.

Fudging thE FingErprints From thE First …
NRPB’s first paper (in 1985) has no data on the Plutonium 
ratios. This is odd, considering what they set out to discover. 
The 1986 update tells us that although there are ample data 
showing that the ratio is as high as 25% in sea-borne mate-
rial reaching crops, animals and soils along the Cumbrian 
coast (in other words, it came from Sellafield) there are no 
data on Plutonium ratios in the Cumbrian public; there is only 
the unsupported assertion that In the autopsy tissues where it 
has been possible to measure isotopic ratios, the values have 
approximated in general to fallout value, including values 
from Cumbrian non-occupationally exposed cases.
Two years later the final version of the study  concluded 
… the slightly higher concentration […] in non-occupation-
ally exposed Cumbrians […] is unexplained. The higher 
rainfall could be the reason. 

rAdiAtion And Autopsy tissues: 
the other outrAge
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… to thE last

Lets be clear about the context for all this and what NRPB 
was asking the public to believe. Maybe, in the last 20 years, 
we’ve grown accustomed to knowing that Sellafield has 
massively polluted the marine environment and that the ra-
dioactivity is coming back onshore (the national news media 
certainly have got used to it) but it was a public relations 
problem in the years after the shock of the Seascale child-
hood leukaemia cluster. So the official imperative was to 
conceal Sellafield’s impact on human health, and NRPB’s 
aim was to show that, although they couldn’t deny the in-
dustrial origin of the Plutonium pounding onto the Cumbrian 
coast, none of it was making its way into local livers and 
lymph nodes. If it wasn’t Sellafield that was contaminating 
the people, then what was? Nuclear weapons were the only 
candidate. Above-ground testing had ended twenty years ear-
lier, so it was politically safe to blame that for public body 
burdens of Plutonium — after all, only a few of the bombs 
were British. Is this a credible explanation? 

oFFiCial FigurEs FingEr sEllaFiEld

Radioactivity in Food and the Environment has been pub-
lished by various Departments since the mid-1990s, with in-
formation on many terrestrial and marine samples. The Plu-
tonium fingerprint can be worked out. Just divide the total 
for 239+240Pu into the figure for 238Pu (multiply by 100 to 
get it as a percentage). In general the samples show the pres-
ence of Plutonium from a reactor. It’s what you’d expect, be-
cause this monitoring is focussed on nuclear sites. The point 
is that fish, fish meal, molluscs, seaweed, fruit, vegetables, 
eggs, wild animals and farm animals all show the same fin-
gerprint ratios as their surroundings. In the 1996 edition of 
RIFE, 20% to 25% of the Plutonium in cow and sheep livers 
on farms round Sellafield and the nearby Ravenglass estuary 
was 238Pu.  

More recent data from 2004  shows bovine liver up to 29%, 
and in 2005  sheep “offal” was 18% 238Pu. So if these ter-
restrial vertebrates obviously take up Sellafield’s Plutonium 
why should we believe that human livers somehow reject it 
but can’t avoid taking up Plutonium from weapons fallout, 
especially when the assertion is supported by no data?

thE mystEry oF thE sEllaFiEld 3 – ExCulpating thEir 
EmployErs

We are left with the puzzle of why NRPB wrote the three ex-
Sellafield workers into the second and third studies. Maybe 
it was because from May to July 1986 (when the second was 
published) NRPB staff were so distracted by the arrival of 
fallout from Chernobyl that they forgot they were about to 
publish embarrassing information. 

First, their new data announced how much Plutonium con-
tamination a nuclear worker might suffer; the livers contained 
6 to 18 times as much Plutonium as members of the public 
in Cumbria; their bones contained between 10 and 60 times 
as much; the lungs 17 to 160 times as much. Secondly, the 
figures for the lymph nodes confirm, to a greater degree even 
than the data published the previous year, that lymph nodes 
have a vast capacity to store Plutonium. The lymph nodes of 
the least contaminated worker were 41 times the Cumbrian 
average, the hottest was nearly 2000 times the Cumbrian av-
erage and over 7000 times the average for the other regions. 
This showed Sir Douglas Black’s committee was right to 
worry. The lymph node data are missing from the final report. 
If there was any logic behind including the Sellafield 3 it was 
to mislead a hasty reader about the Plutonium fingerprint. 
The ratios in the workers are low — between 2% and 9% 
238Pu.The wording of the report is unscientifically vague; 
NRPB did not explicitly conclude that the workers’ Plutoni-
um came from weapons tests, but in the same paragraph they 
did they conclude fallout caused the contamination found in 
the members of the public. Remember that they gave no data 
to support this. So NRPB were on their usual agenda of keep-
ing us confused so that Sellafield wouldn’t be embarrassed. 
One thing we can be glad of; apart from the airbrushing, the 
study was more or less closed before the Chernobyl disaster. 
Otherwise NRPB would not have floated bomb test fallout as 
an alibi — they’d have leapt on Chernobyl like a bank robber 
embracing a bishop.

darling’s ChanCE to bE opEn

As for the new scandal, Members of Parliament debating 
Alistair Darling’s emergency announcement in April 2007 
piously hoped that the Redfern inquiry might elicit some 
good information about radioactivity and health. It is hard to 
see how it could. A lot of time has elapsed, the sample was 
small (65 people), and there are certain to be confidentiality 
issues and data loss. 
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The one ray of hope is Mr. Darling’s commitment to open-
ness in the industry, which he re-emphasised in the debate.  
We need some information. The magazine UKAEA Today 
routinely contains obituaries of UKAEA employees. LL-
RC’s scientific advisers Green Audit have looked at well 
over 2000 of them, finding a significant difference in the 
mean age of death between sites with low and high levels of 
ground contamination.  It seems that working on dirty sites 
reduces life expectancy by five years compared with the less 
contaminated. Green Audit’s result is in line with the anoma-
lous Standardised Mortality Ratios (SMRs) calculated, but 
not explained, by the second study of the National Registry 
of Radiation Workers in 1999. However, the age structure 
of the workforce is not known, so Green Audit has not been 
able to calculate SMRs and complete the study ready for 
publication. Herein lies the opportunity. We asked Mr. Dar-
ling to require British Nuclear Group to provide a breakdown 
of the workforce by five-year age group for each of its sites 
between 1970 and 1980. He did not reply. We have written to 
his successor, John Hutton, to ask again. 

postsCript

A few final points. 
• The number of people investigated in the three 
NRPB studies seems to have been 62 — remarkably close to 
the 65 mentioned by Alistair Darling. We hope Mr. Redfern 
isn’t going to be confused about the general public’s and the 
workers’ studies. We’re making contact with him.
• The 1986 report cited a legal problem with obtain-
ing tissues to analyse. Professor Bernard Knight, in his 1985 
paper Legal Considerations in the Retention of Post-mortem 
Material, had advised that retaining tissue for teaching and 
research was not covered by a Coroner’s authority, and au-
thority for such purposes could not be granted by the Coro-
ner.  It looks as if NRPB’s samples were obtained illegally 
and that Professor Knight’s advice may have put a stop to the 
flow of body parts.
• Notwithstanding Professor Knight’s opinion, the 
third NRPB study ends by announcing that, in line with the 
Black report, they had begun measuring Plutonium in au-
topsy tissues from young children. We’re looking into this.
• NRPB never had any intention of using the autopsy 
data to learn anything about radioactivity and health; dis-
eased tissues were excluded from the study.
• COMARE, preparing its 1996 report on the Seascale 
cluster, sparked off a further NRPB cover-up of the influ-
ence of tracheobronchial lymph nodes on health. They asked 
NRPB to work out the Plutonium doses to the lymph nodes. 
In an unreviewed and unpublished back-of-envelope sum 
NRPB overestimated the mass of the lymph system by 550 
times, thus diluting the doses to insignificance. COMARE 
hadn’t the wit to see this for themselves. The struggle to drag 
this into the light is described in Wolves of Water (pp 283-
5).
•The Redfern inquiry is expected to take a year from its in-
ception in April.

A fully referenced version of this article is available from 
LLRC

grEEn audit sECondary 
photoElECtron ExpErimEnts

The Department of Health recently published a list of re-
search projects that it is funding in the area of radia-

tion risk. A more sorry and irrelevant collection of no-hope 
wastefulness would be hard to imagine. Millions of pounds 
are poured away in what are mostly (though not all) use-
less and irrelevant experiments. LLRC asked Roy Hamlet 
of DoH about funding the Uranium photoelectron experi-
ments but, needless to say, there was no sensible effort to 
provide any money for this critical series of experiments, 
even though the PINCHE reports, published in peer review 
journals (Acta Paediatrica), call for such research as a mat-
ter of urgency. We still don’t know what the affinity of uranyl 
is for DNA under physiological conditions in cells, nor do 
we have sufficient research into the secondary photoelectron 
ranges. Meanwhile, Green Audit has been carrying out its 
own research in its small laboratory in Aberystwyth. This 
consists of measuring secondary photoelectron ranges and, 
more recently, the affinity of Uranium for DNA, using semi-
permeable membranes and spectrophotometry. The equip-
ment is built in the lab or is old machinery bought on eBay. 
This is barefoot science: equipment and the chemicals used 
cost money, though maybe 1/100th of what the DoH shell 
out on a single, useless project. LLRC has been sent modest 
sums of money for this research by individuals. If anyone 
feels they would like to contribute specifically for this re-
search, please send a cheque to LLRC (SPE project). If any-
one has a working double beam ultraviolet spectrophotom-
eter or would like to buy us one (about £1000) we would be 
most grateful: at present we are using an old (though good) 
single beam instrument which is slow as spectra have to be 
plotted by hand.

Green Audit’s small research laboratory in Aberystwyth 
has a low resolution gamma spectrometer and scintillation 
counters for measuring radioactivity. Research is also being 
carried out on photoelecton enhancement and the affinity 
of Uranium and Strontium for DNA. In the foreground is 
a wonderful old Unicam SP6-500 single beam ultraviolet 
spectrophotometer purchased on eBay for £80. It came with 
a flow cell, sipper and new deuterium lamp. The seller threw 
in a good Hewlett Packard chart recorder.   
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radioaCtivE Contamination in thE solway Firth

In October 2004, Chris Busby was asked by a local activist 
Chloe Bruce to visit Kircudbright in Dumfries and Galloway 

to check on levels of radiation near the Army Testing range 
where Depleted Uranium shells were being fired. Bringing a 
scintillation counter he was able to show that levels of beta 
radiation in the ditches north of the testing range were about 
twice the expected level, and similar higher levels were also 
found in the mud of the tidal river that flows into the Solway 
Firth. The visit was reported in the Sunday Times (‘Expert 
Fears Scots Cancer Time Bomb’; www.timesonline.co.uk).
  Of course, the Solway Firth, besides being 
contaminated with Uranium from the test range, contains 
high levels of Cesium-137, Plutonium-239, Uranium waste 
and other discharges from Sellafield which is just across the 
Firth. In fact, from figures released by the government, about 
5 tonnes of Uranium are released every year into the Irish Sea 
from Sellafield and the fuel fabrication plant at Springfields. 
Busby gave a talk on his findings and met with the local 
Green Party MSP. One aspect of Busby’s talk was about the 
difficulty he had been having getting cancer data from the 
Scottish Cancer Registry (the ISP Scotland). This refusal by 
the cancer registries to release useful data makes analyzing 
for the effects of radiation exposure impossible to do. Busby 
had applied to the Freedom of Information Inspector in St 
Andrews, but had received no reply (photo). Chris suggested 
that an MSP might have more clout.
  The Greens duly applied for the childhood 
leukaemia data to the Common Services Agency Scotland and 
refused on the basis of confidentiality. They contested their 
decision and on 16th August 2005 the Scottish Information 
Commissioner overruled the decision and ruled that the ISP 
had to release the data. This must have been a nasty shock; 
but it only shows that the arguments brought to the CERRIE 
conference by Bramhall and Busby about the spurious nature 
of the cancer registry arguments on confidentiality were 
valid. The same arguments were used by the Information 
Commissioner in St Andrews. 

paniC stations

The cancer registries were appalled: this decision would open 
the gates to the public being able to find out if they were being 
poisoned! The Agency appealed the decision to the Court of 
Sessions in Edinburgh. On 1st Dec 2006 the Appeal Court 
judges upheld the FoI Commissioner and held that the data 
should be released. Panic Stations! No data was released: the 
Agency then squealed to England, appealing to the House of 
Lords. This hearing is due to be held on 1st April 2008.  Of 
course the question was: what have they got to hide? Others 
asked this: clearly someone in authority made representations 
to the Agency to come up with something fast that showed 
there was nothing to hide, that the children living near the 
Solway coast were safe. People up there were getting jumpy. 
Quieten down the natives!  The Agency immediately set to 
work and an epidemiological paper was rapidly published  
[Stark JM et al (2007) ‘Risk of Leukaemia Among Children 
Living Near the Solway Coast of Dumfries and Galloway 
Health Board Area, Scotland.’ 1975-2002 Occup Env Med 64 
66-68]. They compared three areas: a coastal strip of census 
enumeration districts touching the coastline, area A, then 

census wards touching the coastline B and then the whole 
area of Dumfries and Galloway. C. They gave the numbers of 
cases of child leukaemia in these areas for two periods, 1975-
89 and 1990-2002, showing the results given in Table 1.

Table 1 Standardised Incidence Ratio (numbers) in three 
areas of increasing mean distance from coast according to 
Stark et al, 2007

Period A B C
1975-89 0.89 (3) 1.12 (11) 1.42 (23)
1990-2002 1.57 (5) 1.18 (11) 1.15 (22)
1975-2002 1.22 (8) 1.15 (22) 1.23 (39)

Although there was a slight trend shown in the 1990 to 2002 
data, this was reversed in the earlier data and overall there 
was no clear trend for increased leukaemia near the coast. 
The authors’ main message was:

Despite public concerns expressed through the media, formal 
analysis of cancer registration data provides no significant 
evidence of an increased risk of childhood leukaemia in 
the vicinity of the Solway Firth Coastline of Dumfries and 
Galloway. 

The public concerns referred to were, of course,  that there 
was a sea coast effect on childhood leukemia due to the 
exposures of coastal populations to radioactive material from 
Sellafield.  

bad EpidEmiology, good EpidEmiology

First, it is bad epidemiology to use areas that include each 
other to draw conclusions about trends. But more important is 
that the Chernobyl accident in 1986 contaminated the whole 
of the area with largely the same radioisotopes being released 
by Sellafield. And this fallout was mainly over the inland hills 
and would have confounded any study of radiation effects 
by distance from the sea. This was a serious mistake for the 
authors to have made.
Chris Busby wrote to the Agency and asked for the numbers 
of cases for the post Chernobyl period 1986-89 (defined by 
whole body monitoring of Cs-137). These were duly sent 
and Busby made a new analysis with this period omitted. 
The extra child leukaemias in this Chernobyl period were 
all in the area where the fallout was (inland) and this had 
skewed the trend analysis. By subtracting each ABC area 
from the next, Busby defined three separate areas at different 
distances from the sea, EFG. When the Chernobyl period 
was omitted, the Solway coastal leukaemia effect appeared. 
Results are shown in Table 2. He wrote a short paper and sent 
it to the journal. It was immediately rejected: ‘lack of space!’ 
He contacted the editor of the journal and threatened to take 
the issue to the media. The Stark paper was a disgrace to 
epidemiology and to refuse criticism was unacceptable and 
had serious public health implications. The editor backed off 
and agreed to consider a letter on the issue. Busby replied 
that there was not enough space in a letter; eventually a 
compromise was agreed and a long letter was refereed and 
accepted for publication. It is in press at the moment and 
will appear shortly. Meanwhile, an earlier version had been 
leaked to the reporter, Rob Edwards and was covered in the 
Sunday Herald in June 2007.

Child lEuKaEmia in dumFriEs and galloway
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Table 2 Expected (all Scotland) and observed numbers of cases based on Stark et al 2007 in the three bands defined by 
subtraction, D E and F with an analysis for trend based on employing all Scotland as a baseline risk level. Period is 24 years: 
1975-1985 and 1990-2002 excluding the Chernobyl period of risk 1986-89. [Busby C. (2008) ‘Is there a sea Coast Effect on 
Childhood leukaemia in Dumfries and Galloway?’ Occ.Env.Med. in press] 

The results of this new analysis showed that if the Chernobyl period was removed, the 
trend was clearly there (see Table 2), although the numbers were just too small for the 
trend line to appear statistically significant using a linear trend statistic. In addition, the 
area where the Chernobyl rain fell (inland) had the highest rate of child leukaemia in 
the entire period, 5.7 per 100,000 based on 4 cases observed 0.44 expected  (RR = 9.09 
p = 0.003) between 1986 and 1989. 
 We look forward with interest to the decision of the House of Lords on the 
question of releasing small area cancer data to enable independent examination of risks 
near areas of pollution. This exercise shows clearly that we cannot allow the official 
agencies to carry out this task. But we predict that they will overthrow the decision 
of the Court of Sessions: the British government cannot allow these data to become 
public. Open analysis of cancer incidence data for small areas will show the effects of 
living near contaminated sites which will nail down nuclear and a whole list of other 
poisonous industrial processes. 

Busby
Band

aCoast
(Km)

Pop Obs Exp bSIR 95%CI Chisquare
 for trend

E 3 9,153 8 5.7 1.4 0.59, 2.53 1.67
p = 0.16F 10 17,423 13 10.8 1.2 0.63, 1.94

G 37 17,420 13 10.8 1.2 0.63, 1.94
Scot >100 1,034,400 - - 1.0 -

a Solway coast;b I use the SIR of 1.0 for all Scotland since although there was a slight increase in child 
leukaemia rates in Scotland 1986-89, the effect makes little difference to the calculation of Chi-square.

Headquarters of The Scottish 
Information Commisioner, 

St Andrews

polonium-210 and litvinEnKo

Alexander Litvinenko died on 23rd Nov 2006 at University College Hospital in London after having been poisoned 
with Polonium-210 some weeks earlier at the Millennium Hotel. This was a leading story in the media at the time 

and there was much discussion about the substance, its origin and effects. Experts appeared on TV and Radio, and 
articles were written. Most concluded that the poisoning was part of a Russian assassination since it was widely believed 
that Polonium-210 could only have been produced in a nuclear reactor. This, however, is not true. Po-210 is a natural 
substance. Sufficient quantities could be obtained from materials which can be bought in the high street by anyone with 
relatively simple practical chemistry skills. Indeed, LLRC made this point to the Health Protection Agency (HPA) and 
suggested that certain natural precursor materials should come under better government controls, something which 
seems now to be quietly happening. It also follows that the assassins of Litvinenko, whoever they were, did not have to 
have access to a nuclear reactor. Indeed, they were not very competent nor aware of the dangers to themselves.

 In certain circumstances, Po-210 is found in equilibrium with the parent Radium-226. It has a half life of 
138 days, decaying mainly to stable Lead-206 (with a minor branch decay to Thallium-206, hence the original belief 
that Litvinenko had been poisoned by Thallium.) HPA concluded that the intake of 1GBq resulted in a dose of  2-3 
Grays which was sufficient to kill in 3 weeks through acute organ damage. The quantity of Po-210 involved, about 
6 micrograms, is hardly visible to the naked eye. The dangers of internal exposure to alpha emitters like Po-210, are 
immense. At the time of the incident, it was not certain to what extent the contamination had been spread around 
London. It was soon discovered that it was not restricted to the Millennium Hotel: many premises, planes, vehicles and 
people also were affected. HPA took this very seriously and spent a great deal of effort tracking and measuring Po-210.  
LLRC contacted the HPA arguing that all those in whom Po-210 had been found should be considered to be at long 
-term risk and should be followed since the ICRP internal risk model that they were using was unsafe. For example, in 
those individuals where Po-210 in urine was found to be greater than 30mBq/day, dose reconstruction (from interviews) 
was carried out, the usual 1mSv (and incorrect, for internal exposure) cut off applying for risk estimation. The natural 
background level of Po-210 in urine is about 10-15mBq, so immediately it is clear that the HPA action level of 30mBq 
represents two to three times natural background. The clear association is that that such people had been exposed above 
10-15mBq/l so why employ 30mBq? This was clearly wrong, a pragmatic redefining of hazard level similar to that of 
the IAEA in the Chernobyl fallout region, and for the same reason, to reduce panic and reduce effort.  In the event, up to 
February 2007, in 695 urine samples, 81% were ‘below the action level of 30mBq/l’ and 2% were above levels that ‘gave 
cause for concern’. For all individuals where the levels were below 1mSv, that is all in the <30mBq category and some of 
the remainder, HPA told them that there was ‘no cause for concern’.  Of course, this advice is worthless: LLRC advised 
HPA to flag the medical records of all who had been found to have levels higher than background, i.e. 10-15mBq/litre. 
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There is only one inland nuclear power station in the 
UK, the Carbon Dioxide Gas Cooled MAGNOX plant 

at Trawsfynydd in Snowdonia, which was used to produce 
Plutonium for the UK and US hydrogen bombs. It began 
operation in 1966 and was closed down in 1993 following 
concerns about its safety raised by LLRC, the Green Party 
and local group CADNO. The two huge concrete reactors, 
designed by Sir Basil Spence to look like some Grail Castle, 
dominate the landscape and squat at the north end of a large 
lake, Llyn Trawsfynydd. LLRC has had a long relationship 
with this plant, having organized the chain-up of the main gate 
in 1993 an event which received national TV coverage and 
resulted in the closure of the plant the following year. Since 
then the plant is being decommissioned. The lake contains 
radioactive pollution in the silt. According to a leaked CEGB 
report which we obtained, plutonium in the north of the lake 
averages 133Bq/kg, and Strontium-90 335Bq/kg. This gets 
into the fish that live in the lake. Measurements are made 
by MAFF.  The lake is advertised as a tourist amenity and 
holidaymakers and local anglers (Prysor Angling Association) 
fish there and eat the radioactive trout (see Wings of Death). 
 In early 2006, Green Audit was approached by 
Angharad Griffiths, a reporter from the Welsh language TV 
company S4C. They had been contacted by a lady from the 
town immediately downwind of the station, Llan Ffestiniog 
(see map) who had been diagnosed with breast cancer. This 
lady, a local authority Councillor, felt that from anecdotal 
evidence, there was a cancer epidemic in this small town and 
its local neighbourhood. She wondered if the nuclear station 
discharges might be the cause. 

Angharad Griffths of S4C distributing questionnaires in  
Llan Ffestiniog

In 2004, S4C had made a documentary with Green Audit 
about the childhood cancer cluster near the Menai Strait, 
Bangor and Caernarfon (this is still available on DVD from 
LLRC price £5 with postage), and so Angharad asked if the 
Llan Fffestiniog cancers could be looked into. Chris Busby 
suggested that, if the reporters were prepared to do the work, 
the cancer survey like the one carried out in Burnham on 
Sea by Green Audit in 2003 would answer the question of 
whether there was indeed a statistically significant cluster in 
this town. 
 The TV company agreed, and the survey was 

designed by Busby and carried out by Angharad Griffiths and 
Eifion Glyn, the producer. The whole affair was filmed and 
became the basis for another TV documentary which was 
transmitted in late 2006.  Questionniares were taken by the 
S4C Welsh speaking reporters, Eifion and Angharad, to every 
house on the electoral register in Llan Ffestiniog and another 
small village north of the lake, Gellilydan. They were filled 
out by the head of household. Information obtained included 
the number of people living in the house, their ages and sexes, 
and also whether there had been any cancer diagnosed in the 
house in the previous five and ten year periods. In addition, 
data was obtained about fishing in the contaminated lake and 
whether anyone from the house ate the fish. 
 The response rate was good: the people in this small 
Welsh town were very worried about the high levels of cancer. 
Standing in the graveyard in the parish church, you can see 
the huge blocks of the Nuclear Reactors facing you across the 
valley. The town is built on a hill and anything released by the 
plant flows across the intervening space. And Trawsfynydd 
certainly produced a lot of radioactive gases and hot particles 
since it was commissioned in 1966: it was one of the dirtiest 
of the MAGNOX plants, releasing 0.28GBq of particulates 
and 1,489,000 GBq of the radioactive noble gases (mainly 
Kr-85 and Ar-41) in 1990, according to the United Nations 
2000 report. For each of the 25 years of operation, these 
dense radioactive gases and radioactive particles would float 
over to Llan Ffestiniog to be inhaled and incorporated in the 
lymphatic system of the people.
 Table 1 gives the number of people who responded. 
The method is to calculate the expected number of cancers of 
various types on the basis of the national England and Wales 
age specific rates and the age specific population of the study 
area. Then the observed number of cases is compared with 
this to see if it is significantly greater. This has proved to be a 
pretty accurate method. In Burnham on Sea the Green Audit 
survey carried out by Parents Concerned about Hinkley 
found a doubling in the breast cancer risk. This followed 
Green Audit’s earlier mortality study which used official 
data to also show a doubling of breast cancer risk. And when 
Julia Verne of the South West Cancer Intelligence Agency 
was asked by the local Community Health department to 
examine her registry figures, she confirmed the excess risk 
(although denying that the nuclear site had anything to do 
with it). Interestingly, Hinkley Point also has a MAGNOX 
station releasing radioactive gases, and Burnham on Sea is 
also downwind. 

Table 1 Questionnaire responses
Area No of Question-

naires
Persons

Llan Ffestiniog 260 640
Gellilydan 121 279
Cwm Prysor 21 59
Total area 402 978

rEsults show high brEast CanCEr risK

The observed numbers of cancer in the two periods Green 
Audit chose for analyses are given together with expected 

CanCEr in thE trawsFynydd downwindErs

16



April 2008                                                                                                                     rAdioActive times

numbers, SIRs and p-values in Table 2.  There seemed to be 
many cancers in younger people so the age group 0-60 and 
0-50 were analysed separately. It is clear from the results that 
there was a highly significant excess cancer risk at all ages in 
the last three years 2003-2005 and that this effect was even 
higher in the younger people. There were five women under 
60yrs diagnosed with breast cancer between 2003 and 2005: 
this was a 5-fold excess risk p = 0.004. For women below 
the age of 50 there were 15 times more cancer than would 
be expected on the basis of national figures for England and 
Wales. 
 The questionnaire asked whether those who 
developed cancer worked at the nuclear power station, 
fished in the lake or ate the fish from the lake. It was perhaps 
significant that, of the women under the age of 60 who were 
registered with breast cancer between 2003 and 2005, three 
ate fish from Trawsfynydd lake; one did not and one is dead 
and we do not know if she did or not. Overall, the cancer 
sufferers ate twice as many fish from the lake than the non 
sufferers. 

 

The TV documentary was duly transmitted; the Wales Cancer 
Intelligence Agency (WCISU) was asked to comment and 
refused. As well they might: their Director, John Steward 
was at the centre of a formal complaint from Chris Busby 
to the Royal College of Physicians School of Public Health 
about Steward’s gross errors in the WCISU response to the 
Green Audit Menai child cancer cluster paper presented at the 
2004 Children with Leukaemia conference in Westminster. 
This was also reported in a TV documentary by S4C and had 
been the subject of a letter published by Busby and Vyvyan 
Howard in the Journal of Public Health in 2006, and an 
apology to Green Audit from COMARE. 
 Despite these huge effects and the indication that so 
many people are sick or have died as a result of the releases 

from the nuclear power station, nothing has been done, 
there has been no follow up by the authorities who are sticking 
their heads in the ground and hoping it will all go away. 

However, Green Audit was contacted recently by solicitors 
from the USA who are considering taking a collective case 
against the power station operators. It has been impossible to 
get any coverage from national media: following the S4C TV 
documentary; the media have been scared off nuclear stories 
(see Editorial) owing to a combination of the David Kelly 
effect and the government’s push to build new nuclear power 
stations. Another example of the Silver Curtain: excluding 
critical information from the public.

Cancer 1996-2005
Obs/Exp

10y SIR 
(p-val)

2003-2005 3yr SIR
 (p-val)

All ages male 40/34.5 1.16 22/10.5 2.1 (0.0007)

All ages female 27/31 0.9 16/9.2 1.74 (0.03)

All ages f/breast 10/7.7 1.3 6/2.32 2.6 (0.03)

0-60 male 8/5.6 1.42 3/1.68 1.8

0-60 female 14/8.7 1.6 (0.05) 11/2.6 4.2 (0.0001)

0-50 male 2/0.7 2.9 1/0.22 4.54

0-50 female 8/1.08 7.5 (0.0001) 5/0.32 15.4 (0.00005)

Table 2 Some results of S4C/ Green Audit Trawsfynydd cancer survey 2006.

There were 5 women under 60 yrs diagnosed with breast 
cancer between 2003 and 2005, 15 times the national 
average rate.  Overall, cancer sufferers ate twice as many 
fish from the lake as those who were cancer free. 
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brEast CanCEr in burnham, north

In the area of radiation epidemiology near a nuclear plant, it 
is rare that such a perfect detective story can be assembled 

as the one which is related here. Nuclear sites are supposed to 
operate with emissions that are safe. If occasionally there is a 
leak, it is always said to be too low to have had any effect on 
people. This story shows how wrong this is, and how nuclear 
power station operators and their apologists should not be 
believed. 

The story begins in 2000 when Green Audit first 
used National Statistics ward level data to examine cancer 
deaths in wards near Hinkley Point. As readers of RaT may 
recall (Vol 4 No 1, June 2000; Vol 6 No 1 Dec 2006) the first 
studies showed that there appeared to be a trend in cancer 
deaths with distance from the centre of the mud flats at the 
mouth of the river Parratt, the Steart Flats. In particular, the 
ward of Burnham on Sea North was identified as having a 
statistically significant excess of breast cancer deaths. The 
increased rate persisted in later data, as readers of RaT will 
remember. The affair developed into an on-going battle 
between Stop Hinkley and Green Audit on the one hand 
and the local health professionals on the other, who argued 
initially that there was no excess risk and then, when they 
examined the figures and found an excess risk, advanced 
various lame explanations. Since incidence data was kept 
secret, a local group ‘Parents Concerned about Hinkley’ 
formed and weighed in with a door to door cancer survey in 
2003. The results, analysed by Green Audit (Busby and Rowe 
2003), confirmed a doubling in breast cancer incidence and 
also showed significant increased rates of leukaemia. This 
study, like the earlier ones, was criticised by the government 
radiation watchdog, the Committee on Medical Aspects of 
Radiation COMARE, and by Dr Julia Verne of SWCIS. The 
story to this point is reviewed in Chris Busby’s Wolves of 
Water (2007). Nevertheless, the study was supported by 
the figures produced by Verne in 2003: there was indeed a 
statistically significant excess breast cancer risk at Burnham 
North, downwind of Hinkley Point according to the official 
cancer registry figures. The explanation for the excess cancer 
risk given by Busby and co-authors was that sea to land 
transfer of radioactivity from Hinkley Point was the cause 
of the cancers, and this followed earlier studies of the Irish 
sea coastal populations which had been done in 1998-2000.
Verne said it was a chance cluster; radiation could not be 
the cause. She was subsequently appointed to COMARE. 
This is the background for a new study by Green Audit on 
infant mortality and stillbirths in the wards of north Somerset 
commissioned in 2006 by Stop Hinkley.

inFant dEaths and stillbirths

The point of looking at infant mortality (deaths under 1 
year) is that it is often caused by genetic damage and genetic 
damage is caused by exposure to radiation. There was a peak 
in infant mortality at the height of the atmospheric tests in the 
1960s, particularly in areas of high rainfall like Wales. So the 
argument was that if there had been radiation exposures in 

Burnham North that caused the increased breast cancer, there 
would be expected to be increases in infant mortality also. 
Since infant mortality in wards is also available from the 
Office for National Statistics, and since Green Audit had all 
the data from 1993 to 2005, it was possible to see if this were 
the case. In epidemiology, this is called a prior hypothesis.   
In this case, it was also thought to be of interest to see, just 
like the case of the cancer mortality, if there was a trend in 
risk by distance from the Steart Flats. Was there a ‘sea coast 
effect’ on infant mortality with risk falling by distance from 
the contaminated mud?

The process was not entirely straightforward 
for two reasons. First, infant mortality is affected by 
disadvantagement and second, in this area of Somerset, there 
were ward changes in 1999 affecting some of the areas. For 
this second reason, the authors split the time period into two, 
1993-1998 and 1999-2005
 The study area consisted of 103 wards with 19097 
births between 1993 and 1998 and 21697 births in 93 
wards between 1999 and 2002. There were 79 infant deaths 
including 51 neonatal (0-28 day) deaths in 1993-98 and 96 
infant including 71 neonatal deaths in 1999-2005. These 
figures defined rates for the whole area of 4.13 and 4.42 
infant deaths per 1000 live births, slightly under the England 
and Wales national mean rate for the whole period of 5.2 
infant deaths per 1000 live births. 
 For the first period, 1993-1998, the authors began by 
showing that there was a consistent reduction in risk in wards 
with population centroids defined by three concentric rings 
of 6, 12 and 18km from the centre of the Steart mud bank. 
This was based on 33 infant deaths in 29 wards, the relative 
risks being 1.9, 1.54 and 0.81. The inner ring risk of 1.89 was 
statistically significant at the p = 0.03 level, although the trend 
was not statistically significant. Using Poisson regression on 
all the 103 wards, with distance and disadvantagement (Index 
of Multiple Deprivation) as covariates, there was a significant 
trend with distance (p = 0.015) though, interestingly, not 
disadvantagement. Examination of Burnham on Sea North 
over this first period 1993-1998 gave Relative Risk of 4.3 
(p = 0.01) and neonatal (0-28 day) mortality 6.7 based on 
4 deaths. In the children who were born in Burnham North 

gotchA
 infAnt mortAlity And cAncer neAr hinkley point
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in this period, the sex ratio (the ratio of boys born to girls, 
- normally 1050 boys per 1000 girls) was anomalously high, 
another indicator of genetic damage found in the Hiroshima 
survivors.

For the second period (1999-2005) the trend with 
distance effect disappeared: either using Poisson regression 
or employing the concentric rings, which gave Relative Risks 
1.01, 0.86 and 1.1 in the 6, 12 and 18km annular rings.

To try and figure out what was happening here, the 
source of the effect, the authors looked at estuary wards and 
compared with inland wards: for the whole period (1993-
2005) there was a 53% excess of infant deaths in the 11 
estuary wards compared these with the 138 inland wards 
(OR = 1.53 (0.99<OR<2.35). This was driven by a sudden 
increase in deaths which occurred in 1996. In that year 
there were 5 deaths in 295 live births in the estuary wards 
compared with 9 deaths in the 2800 live births inland (OR 
= 5.27; 1.53<OR<17.21). Fig 1 shows the levels of infant 
mortality in the estuary wards and the inland wards over the 
whole period.

Stillbirth levels could not be analysed over the whole 
period, since ONS decided suddenly in 2001 that they should 
be made confidential again. However, in the first period, 
stillbirth data showed an increased level near the mud bank: 
for 63 stillbirths from 1993-1998 risks in the concentric 6km 
rings were 1.24, 1.35 and 1.1 with 0.89 in the inland area. 

thE CausEs oF thE EFFECts

As good detectives, we have to look at all the evidence. First, 
the intertidal sediment is contaminated with radioactivity. 
No one can argue about this, it has been measured and 
the measurements published by the government. Second 
the source of the radioactivity is Hinkley Point. Again, no 
argument: they discharge the stuff into the sea and into the air. 
Radiation causes genetic damage, which leads to cancer and 
to infant deaths. No argument there either, except by those 
who say the doses are too low. But too low on the basis of 
enormous external doses to Japanese survivors of an atomic 
bomb. Put that aside for now. If the radiation were to cause 
illness, the closest ward with a large population where such 
effects might be detectable is Burnham North and South. The 
Burnham South population is not as close to the mud flats 
and is slightly sheltered from the direct airborne releases 
also. Burnham North has significantly high cancer rates, it 
has significantly high infant mortality. It also shows a sex 
ratio effect. But examination of the trend in infant mortality 
in the estuary wards identified one year (1996) as showing a 
sharp increase. Could anything have happened then to cause 
this?
 Chris Busby asked Jo Brown of Stop Hinkley to 
check out the local newspaper, the Burnham Weekly News: 
did anything happen that might explain this peak? She looked 
at the paper’s archives and found that Hinkley Point had been 
fined £20,000 by the Nuclear Installations inspectorate for a 
radioactive leak in October 1994. If exposure had occurred 
in October 1994, allowing for effects on sperm or in utero 
exposures, children born from August 1995 would have died 
in their first year (i.e. aged 0-1), mostly in 1996.   
 The Green Audit paper was completed in July 2007 
and because of the interest it generated it was sent by Stop 
Hinkley’s Jim Duffy to the BBC. They in turn sent it to Dr 

Derek Pheby in Bristol to review. Pheby had been the head 
of the South West cancer registry before Julia Verne. He told 
the BBC that it showed a real effect and was an important 
finding that should be followed up. BBC’s Matthew Hill also 
sent it to other reviewers for comment. Eventually the BBC 
decided to televise the story and it went out on Friday 29th 
February on South West’s Inside Out programme. 
Julia Verne, who initially refused to comment, made some 
disparaging but impenetrable remarks on camera. 

Fig 1 Infant mortality risk 1993-2005 in estuary 
wards (pale bars) and inland wards (dark bars) Note the 
peak in 1996.

ConClusions: gotCha

This is such a good tale, and shows how ordinary people 
think. It shows how simple observations begin a long 
investigation which leads to extraordinary conclusions and 
powerful proofs. The origin of the first mortality study 
was a phone call to Chris Busby in 1998 by a man from 
Burnham on Sea whose dog had died of breast cancer and 
who wondered whether the nuclear power station, which he 
could see every day when he walked his dog on the beach, 
was to blame. The original publication of the ward mortality 
data by ONS was the result of that organisation being told 
to help fund itself: Green Audit bought the first CD of data, 
which was labelled by hand. This allowed the ward mortality 
study which identified the breast cancer excess (hence the 
dog) and led to the questionnaire study. Every turn led back 
to supporting evidence and to releases from Hinkley. Now 
the infant mortality study gives more evidence. All that is 
left is to find the isotopes, and this is being attempted. Mud 
cores from the brackish ponds on the river Brue have been 
collected by Colin Rogers. He was seen on TV splashing 
about in a wetsuit with pieces of plastic pipe.  When the tide 
comes in it deposits mud, and the accretion of sediment traps 
radionuclides in a historic mud column which can be scanned 
with a gamma spectrometer. It may be that by scanning down 
the cores, the releases from the plant can be detected. This is 
currently being attempted by Green Audit in Aberystwyth. 
But whether there is enough radiation in the cores or not, 
the evidence that the Hinkley Point plant has caused cancer 
and infant deaths in local populations is now overwhelming. 
Congratulations to all those locals who collaborated to 
discover the truth, and shame on COMARE and Julia Verne 
for their endless obfuscation and denial.
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Wolves of Water was published in early 2007. In it, the studies 
of the health of the A-Bomb Test veterans carried out by NRPB 
were reviewed. The shortcomings of these projects, carried 
out by Sarah Darby, Richard Doll and members of NRPB, 
and indeed their near-dishonesty, was pointed out by LLRC 
in CERRIE and raised an irritated response from the late Prof 
Doll to the Chair, Dudley Goodhead.  In the spring of 2007 
Chris Busby was asked to speak at the meeting of the British 
Nuclear Test Veteran’s Association (BNTVA) in Blackpool. 
At this meeting, it became clear that a concern of the vets was 
the health of their children, and Busby suggested that Green 
Audit conduct a case control study like the one that had been 
carried out for the Porton Down Veterans’ Support Group 
the previous year. An earlier study of the BNTVA by Sue 
Rabbitt Roff had also suggested that there were high levels of 
congenital illness, and some work had also been carried out 
on Downs Syndrome in the vets children by John Urquhart 
in the 1990s. The Green Audit approach in the Porton Down 
study involved sending a questionnaire to each veteran and 
asking them to obtain a friend or relation of the same age, 
who was not a veteran, to fill in the same questions. This was 
clearly an approach that could be adapted to the Test veterans 
and their children and grandchildren. 
 The Porton Down study, carried out in 2006 by 
Chris Busby, Mireille de Messieres and Saoirse Morgan, 
showed that the group had significantly more ill health than 
their controls and, more importantly (since there was clear 
selection bias in such a study), that the spectrum of illnesses 
in veterans was not the same as the controls or the general 
population. Indeed, this study (which was used by the 
Porton Down veterans’ solicitors in their dealings with the 
government) will have been partly instrumental in obtaining 
the recent settlement of the case for £3M and an apology 
from the government to those Porton vets who are still alive. 
The Porton study discovered, from responses by the vets, that 
some of the tests (which had been described by the MoD on 
recruitment of volunteers as researching the common cold) 
had involved administering radioactive nerve gases and 
subsequent monitoring to see which parts of the body were 
affected. Needless to say, levels of cancer in these people 
were much higher than in the controls or the UK population. 
 The A-Bomb Test veterans agreed to commission a 
study of their children and grandchildren. A questionnaire was 
devised by Green Audit and sent out by BNTVA to the 1000 
or so members. The results were analysed in September 2007 
and a preliminary report was published. It made astonishing 
reading. (British Nuclear Test Veterans Association/ Green 
Audit Childrens’ Health Study 2007 by Chris Busby and 
Mireille de Messieres; see www.greenaudit.org or obtain 
paper from LLRC))
 

hEritablE damagE

The study examined miscarriages, stillbirth, infant mortality, 
congenital illnesses and cancer for 605 children of veterans 
and 311 children of controls, a total of 916 children. The study 
also obtained basic data on 1157 grandchildren made up of 

749 veteran and 408 control grandchildren. Comparisons 
were made between cases and control groups but also 
analysed, where possible, against national rates for cancer 
and congenital anomalies on the basis of data from national 
cancer registries and five UK contributors to the EUROCAT 
registry on genetic anomalies (North Thames, Northern, 
Oxford, Trent and Wessex Regions).  Data was obtained on 
father’s exposure history and also data on mother’s smoking. 
Results showed high levels of miscarriages, stillbirths, infant 
mortality and congenital illnesses in the veterans’ children 
relative both to control children and expected numbers. 
There were 105 miscarriages reported in the veteran mothers 
compared with 18 in controls (Odds Ratio OR = 2.75 (1.56, 
4.91; p = .00016). There were 16 stillbirths compared with 3 
in the controls (OR= 2.70 (0.73, 11.72; p = 0.13). There were 
57 veteran children with congenital conditions compared 
with 3 controls (OR = 9.77 (2.92, 39.3); p = 0.000003), 
these rates being also about 8 times those expected on the 
basis of UK EUROCAT data for 1980-2000 suggesting that 
the control children had not been selected for healthiness. 
These high levels of congenital illness also occurred in 
the grandchildren, with 46 veteran grandchildren recorded 
with congenital conditions compared with 3 controls OR 
= 8.35 (2.48, 33.8) p = 0.000025. There was higher infant 
and perinatal mortality in the veteran children than control 
children. There was a slightly higher cancer rate with 16 
cancers reported in the veteran children and 5 in the control 
children.  However calculation showed (using national rates 
and summing the 5-year expected numbers) that the cancer 
levels in the veteran children were only 25% more than 
expected. Results are shown in the table. The birth years of 
the children with congenital conditions was not clustered 
near the period of the test suggesting that the effects were 
unlikely to be associated with the acute external exposures. 

porton down vEtErans, a-bomb tEst vEtErans, 
thEir ChildrEn and grandChildrEn
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Indeed, most of the fathers had not been issued with film 
badges and many had only been at the sites between tests. The 
authors suggested that these results supported the hypothesis 
that the effects are caused by contamination of the veterans’ 
bodies by radioactive fallout and uranium. Many veterans 
reported suffering flu like illnesses, diarrhoea, skin burns and 
rashes, which would support the idea of such contamination. 
The astonishingly high levels of congenital ill health in the 
children and, also, grandchildren make it extremely unlikely 
that the results seen were more than partly associated with 
selection bias. The unusually relatively high levels of 
congenital anomaly in the grandchildren are probably due 
to genomic instability effects like those being found in the 
Chernobyl affected territories. It is clear that the veterans 
received significant genetic damage as a result of their period 
near the test sites. 

parliamEntary Enquiry

The report was presented by Chris Busby at a Parliamentary 
enquiry at the House of Commons on 15th of October. The 
enquiry, chaired by Ian Gibson MP (Lab) and John Barron 
MP (Cons) took evidence from NRPB (Dr Jill Meara) and 
from Dr Rhona Anderson, an expert on chromosome damage 
analysis, written evidence from Dr Sue Roff of Dundee, as 
well as from individual veterans and others. The meeting 
considered the new report from Dr Al Rowlands of New 
Zealand who applied chromosome FISH (fluorescence in situ 
hybridisation) analysis to New Zealand veterans and showed 

they have significant chromosome damage compared with 
controls. 
In presenting the children study and in questioning NRPB, 
Busby made clear the problems of applying the ICRP risk 
model to the veterans and how internal radiation effects 
would have been missed, many of the controls having been 
contaminated. The final report of the enquiry questioned 
the HPA (NRPB)’s evidence, reiterating the point that the 
design of the NRPB studies did not consider those exposed 
to internal radiation. Ian Gibson and John Barron also drew 
attention to the children and grandchildren and particularly 
the increased rate of miscarriages found in the veteran wives. 
This suggested that the reported effects were not due to a 
biased sample, since it was unlikely that vets would have 
joined a group on the basis of miscarriage rates in their wives. 
They recommended that the MoD fund a further study. These 
results suggest that there was significant genetic or genomic 
damage, and that this was due to internal exposures. The 
culprit may well be uranium, the main contaminant in the 
fallout and at the test sites. An interesting earlier animal 
study of uranium supports this idea. In 1989, Paternain et 
al reported that mice who had been exposed to 5mg/kg of 
uranium showed genetic damage effects in their offspring. 
(See Story).

Ref. Busby Chris, de Messieres Mireille. BNTVA - Green Audit Child Health 
Study 2007 Preliminary Analysis. Rep 2007-5. Aberystwyth: Green Audit.

Reported Veterans (rate) Controls (rate) Odds ratio; 95% CI; p-value
Miscarriages 105 18 2.75 (1.56, 4.91) 0.00016
All children 605 311
Stillbirths 16 (26.4) 3 (9.6) 2.70 (0.73, 11.72) 0.13
*Congenital defects 57 (94.2) 3(9.6) 9.77 (2.92, 39.3) 0.000003
Infant mortality 9 (14.9) 1 (3.21)
Perinatal mortality 25 (40.3) 3 (9.6)
All deaths all ages 41 (67.7) 10 (32.1)
Cancer all ages 16 (26.4) 5 (16) Not significant
Cancer 0-14 2 (3.3) 0
All grandchildren 749 408
*Congenital defects 46 (61.4) 3 (7.4) 8.35 (2.48, 33.8) 0.000025
Cancer 4 0
Leukemia/lymphoma 1 0

Video on the internet and on DVD is a powerful way of getting 
a message across. For this reason, in 2005, LLRC and Green 
Audit began to assemble equipment to make short videos to 
be produced on DVD. The first of these, Nuclear Cover Ups, 
was produced in 2005 and packaged with the HTV documen-
tary Cancer in Children and Wladimir Tchertkoff’s Swiss 
documentary Nuclear Controversies. Since then, the unit has 
acquired a better video camera and lenses and has also set 
up a good quality editing system. Work has begun on a new 
DVD, which will package the 2006 HTV documentary about 
the Trawsfynydd Llan Ffestiniog cancer cluster (see story), to-
gether with a 30 minute presentation of Wolves of Water. The 
photo shows Mireille de Messieres behind the camera directing 
a short presentation by Chris Busby for the Canadian Enquiry 
into AREVA’s Uranium mining in Sakatchewan.

green Audit video unit
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 HIGH CANCER RATES NEAR THE WATERSIDE
Fresh water has higher concentrations of radionuclides than 
seawater because there is a greater dilution factor: salts in 
seawater control uptake.  Moreover, it has been found by 
research, that dumping radioactive materials into bodies of 
water has a boomerang effect: the radiation is thrown back 
up on riverbanks and shorelines and gets in the air.  In the 
first cancer mapping survey in history (1850-60) in the Lake 
District, Alfred Haviland reported that the highest cancer 
rates were along riverbanks and shorelines. This indicated a 
strong environmental effect on cancer rates before manmade 
radiation was introduced into the environment after 1900.1  
 The chance discovery of an abstract in the Journal 
of Environmental Radioactivity, “Radiocesium in North San 
Francisco Bay and Baja California coastal surface waters”,2 
provided me with an answer to a puzzling question about 
breast cancer.  Hundreds of millions of dollars have been spent 
by the University of California to identify the cause of what 
may be the highest breast cancer rates3 in the United States 
which exist in Marin County, California, just north of San 
Francisco.   Even more surprising, the radiocesium reported 
in the paper had been measured by the Lawrence Livermore 
Nuclear Weapons Lab. The deepest part of San Francisco 
Bay is offshore from Marin, and the highest volume of 
sediment-laden water passes through this area each day with 
the tides.  The lowest breast cancer rates are along the Pacific 
coastline of Marin.  The spatial distribution of breast cancer 
made it clear that there had to be an environmental cause.  
Large areas of mudflats and estuaries along the bay side 
shoreline of Marin, like the Sellafield contaminated Welsh 
seacoast, provide a low energy environment for radioactive 
contaminated fine sediments to settle out.

REGIONAL WATER SUPPLIES
Most of the fresh water coming into San Francisco Bay is 
from the Sierra Nevada Mountain range, contaminated with 
radioactive materials from nuclear bomb testing, Chernobyl, 
and the emissions from the Rancho Seco nuclear power plant, 
which operated east of San Francisco until it was shut down 
in 1989.  Most of the drinking water for the San Francisco 
Bay area comes from the Sierras.  Approximately 95% of 
the radioactive emissions from Rancho Seco rain out on 
the Sierra Nevadas.  During the lawsuit, which eventually 
shut down Rancho Seco in 1989, the citizens who owned 
the Sacramento Municipal Power Company contracted with 
Lawrence Livermore nuclear weapons lab to measure fission 
product emissions near Rancho Seco.  I obtained the Livermore 
radiation reports and communications with lawyers, from 
Dr. Ernest J. Sternglass who had been an expert witness on 
the lawsuit.  It was a surprise to discover that the Livermore 
nuclear weapons lab had not only secretly conducted 

1  Haviland, A., The geographical distribution of heart disease 
and dropsy, cancer in females and phthisis in females in England and 
Wales, London: Swan Schonnenschein, 1875.
2  Volpe, A.M., B.B. Bandong, B.K. Esser, G.M. Bianchini, “Ra-
diocesium in North San Francisco Bay and Baja California coastal surface 
waters”, Journal of Environmental Radioactivity, 60 (2002) 365-380. 
http://www.mindfully.org/Nucs/2002/Radiocesium-San-Francisco-Bay-
16mar02.htm
3  Laurie, J., “Alarming breast cancer rates in northern California 
county”, World Socialist Web, Oct. 31, 2002.  http://www.wsws.org/ar-
ticles/2002/oct2002/canc-o31.shtml

extensive global monitoring of radiation for decades, but 
local radiation monitoring in the Bay area as well.  In fact, 
I saw fresh samples from Hiroshima and Nagasaki lying on 
a table in a Livermore environmental laboratory in 1991.  
When I asked why they were still monitoring Hiroshima and 
Nagasaki, I was told “Because they are still radioactive.”

MARIN COUNTY: A NATURAL CONTROL STUDY
Breast cancer in Marin County would be a kind of natural 
experiment where the Pacific coastline is the control and 
San Francisco Bay mudflats in the East as the study area.  It 
would also be a good comparison of the public health effects 
of radionuclide concentrations in contaminated freshwater 
compared to seawater.  When the mud samples from the 
Marin County bay side shoreline and the Pacific coastline 
are analyzed, low-level radiation from the Sierras will be 
identified as the cause of what may be the highest breast 
cancer incidence in the United States.  High rates of autism 
also occur in areas, between the Sierras and Marin County, 
in low energy environments where swampy still water and 
mudflats occur and are recharged with contaminated water 
washing down from the Sierras.  Radiation in the environment 
has a cumulative effect.4

THE “MOUSE LADY” 
The University of California, at Los Alamos National Lab, 
the Lawrence Livermore Lab, and the Lawrence Berkeley 
Lab (the unchallenged manager for 61 years of the nuclear 
weapons program) has received billions of dollars to make a 
global radioactive environmental mess, hundreds of millions 
of dollars more to “study” the breast cancer clusters in 
Marin County, and has still failed to identify the cause.  Yet, 
during a breast cancer conference on January 21, 2006, by 
the Bay Area Breast Cancer and Environmental Research 
Center (BABCERC), Dr. Mary Helen Barcellos-Hoff from 
the Lawrence Berkeley Lab, who introduced herself as “the 
mouse lady”, stated very clearly during her presentation to 
600 women, that “radiation is the only known cause of breast 
cancer in mice”.5  She spoke repeatedly in her talk about her 
experiments on mice, saying “Radiation is the only known 
cause of breast cancer in mice and that is why I use it to 
cause breast cancer in mice.”  She said they never identified 
the cause of breast cancer in women. When it was time for 
questions, I held up an enlarged breast cancer map using US 
Government data, which identified a 100-mile radius from 
nuclear power plants and nuclear weapons labs as the location 
of 2/3 of all breast cancer deaths in the United States from 
1985-89. At the end of the meeting,  I asked the speaker, Dr. 
Mary Helen Barcellos-Hoff, if BABCERC was investigating 
radiation as a cause of breast cancer around these sites.  She 
quickly replied, “Oh, I’m a microbiologist!” distancing 
herself from exposing radiation as the obvious cause.
Leuren Moret
leurenmoret@yahoo.com
(See image of  San Francisco Bay on inside back cover)

4  Fowler, J.M., Fallout: A Study of Superbombs, Strontium 90, 
and Survival, Basic Books NY, 1960, p. 59 Fig. 11.
5  Nichols, B., “Breast cancer meeting fails people of Hunters 
Point, San Francisco, Marin County”, Indybay.org, January 26, 2006. 
http://www.indybay.org/newsitems/2006/01/28/17987821.php

WHY MARIN COUNTY HAS THE HIGHEST BREAST CANCER RATE IN 
THE UNITED STATES - by lEurEn morEt
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A recent enquiry into Uranium mining in Canada and its possible effects referred to a fascinating scientific paper report-
ing the results of studies carried out on reproduction outcomes of a group of mice exposed to Uranium. Paternain et al. 

(1989). Different amounts of uranyl acetate were fed to male and to female mice with their food. Four doses were examined, 
0, 5, 10 and 25mg/kg / day.  Males were fed the Uranium for 60 days prior to mating, females from 14 days. Half the pregnant 
females were killed and examined at day 13 of gestation. In the other half, those that were allowed to live, the offspring were 
followed. They were weighed and measured, and assessed at 0, 4 and 21 days after birth. The results were given in the paper 
in three tables and the authors concluded that effects were only seen in the highest dose group, those fed 25mg/kg per day. 
Closer examination of the data given in the paper, however, shows a completely different story (Tables 1 and 2).  

Table 1 The effect of oral administration of uranyl acetate in mice on gestation day 13 (mean values per dam and Standard 
Deviation ); figures from Paternain et al 1989. Parent dose group mg/kg/day. ICRP dose to mother.

0 mg/kg (0) 5 mg/kg (0.4 mSv 10 mg/kg (0.8 mSv) 25 mg/kg (2 mSv)
Pregnant mice 12 11 10 12
Total implants 13.8 (2.0) 16.4 (2.7) 14.8 (3.4) 13.7 (2.1)
Total resorptions 1.0 (1.1) 0.9 (0.9) 1.3 (1.5) 2.3 (1.7)
Live foetuses 12.6 (1.9) 14.8 (1.8) 13.0 (3.1) 10.3 (1.6)
Dead foetuses 0.2 (0.4) 0.6 (0.9) 0.5 (1.2) 1.1 (1.1)

Table 2 Data from infant mice (pups) nursed by Uranium-treated dams by dose group. Italic rows calculated from data 
given by Paternain et al 1989. 

0 mg/kg 5 mg/kg 10 mg/kg 25 mg/kg
No of live young 110 146 121 127
No of dead young at 
21 days

9 32 35 60

Dead as % liveborn 8.2 21.9 28.9 47.2
Weight at birth g (SD) 1.86 (.65) 1.76 (.46) 1.66 (.28) 1.59 (.15)

Table 2 shows some of the study results for the pups of the females that were allowed to live. We see that at there is a clear 
dose response in body weight from the lowest dose and that the infant mice die in the first 21 days of life with a highly sta-
tistically significant dose response (Chi-square for linear trend is 45.14, p = 0.000001).  
It is possible to follow the offspring from conception to 21 days after birth by combining foetal death with infant death (Ta-
ble 3). Table 2 showed results of our calculation from the original paper of the percentage of pups dying between birth and 
21 days as a percentage of all liveborn in each group. We can use this percentage to obtain a value for the mean number of 
dead pups per dam, since we are only told the number of liveborn per dam. There were 25 females in each dose group, half 
of which were killed at 13 days gestation and the other half left to give birth for the examination of the health in the pups. 
Adding up all the dead offspring including those in utero and up to 21 days gives the total mean offspring deaths per dam at 
each dose level.  
 
Table 3 Combining foetal deaths, resorption and infant deaths in offspring of mice; mean values per dam (SD)

0 mg 5 mg 10 mg 25 mg
Total implants 13.8 (2.0) 16.4 (2.7) 14.8 (3.4) 13.7 (2.1)
Liveborn 12.6 (0.9) 14.8 (1.8) 13.0 (3.1) 10.3 (1.6)
Dead foetuses 0.2 (0.4) 0.6 (0.9) 0.5 (1.2) 1.1 (1.1)
Total resorptions 1.0 (1.1) 0.9 (0.9) 1.3 (1.5) 2.3 (1.7)
Dead pups to 21d  as % 
liveborn 

8.2 21.9 28.9 47.2

Dead pups birth to 21d  per 
dam

1.03 3.24 3.76 4.87

Total dead per dam 2.03 4.74 5.56 8.27

This result is illuminating (Fig 1). It shows that offspring death has a statistically significant Pearson correlation with dose 
(R2 = 0.924; F = 24; p = 0.04). If we include deaths before and after birth, Uranium has a profound effect upon offspring 
viability from the lowest dose used. Using the hypothesised mean dam as a model, there were 25 in each dose category. The 

uranium hEritablE EFFECts in miCE ignorEd
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mean total numbers of implants in the groups were therefore 
345, 410, 370 and 342 giving a total of 1467 implants. Total 
mean dead offspring, including resorptions, foetal death and 
deaths to 21 days postnatal were (Table 3) 50.75, 118.5, 139 
and 206.75, a total of 515 dead. Odds ratios and Chisquare 
for trend are given in Table 4.

Table 4 Effect of Uranium on viability of mouse offspring at 
doses to parents of 0-25mg/kg . Odds ratio scaled to 0 dose.

Dose 
mg/kg

Implants Dead  by 
21 days

Alive 21 
days

Odds 
Ratio

0 345 51 294 1.0
5 410 119 291 2.36
10 370 139 231 3.47
25 342 207 135 8.84

Chi-square for trend in linear dose response = 160.7; p < 
0.000001

Fig 1 Dead mouse offspring for each Uranium dose category 
of parents (mg/kg). Mean Deaths in offspring per dam from 
birth to 21 days (circles); Total deaths from implantation to 
21 days (triangles). Note supra-linear dose response at low 
dose.

 
 

wrong ConClusions
On the basis of data (provided) the authors of the paper 
concluded:
Embryolethality could be observed in the 25mg/kg group. 
Significant increases in the number of dead young per lit-
ter were seen at birth and day 4 of lactation in the 25mg/
kg/day group. The growth of the offspring were always sig-
nificantly lower for the Uranium treated animals. However, 
the present result suggests that Uranium does not cause any 
adverse effects on fertility, general reproductive parameters, 
or offspring survival at the concentrations usually ingested 
by man.
This is not a good assessment of the actual results. It is quite 
apparent from the data that there is a highly significant (p 
<0.000001) dose response trend which is supralinear, that is 
the effect is greatest at the lowest dose of 5mg/kg/day.  Fur-
thermore, birthweight is affected continuously with dose 
with the greatest proportionate effect at the lowest dose.
 These results, far from showing that there is no 
adverse effect on humans, actually raise the question of ef-

fects at doses lower than those used on the mice. There was a 
2.5-fold increase in total offspring deaths per dam between 0 
and 5mg/kg/day, the lowest dose employed. Given that each 
dam produced about 14 viable implants at conception this 
is a mortality rate increase from 2/14ths to 5/14ths or 0.14 
to 0.35, an increase on the background rate of 21% or 210 
per thousand implantations. In terms of infant mortality from 
birth to 21 days, the increase associated with 5mg/kg/ per 
day to the parents is from 1.03 to 3.24 dead pups per dam. 
In this case we know from the data that this represents an 
increase from 8.2% to 21.9% of the live births, which gives 
13.7% increase over the background infant mortality rate for 
the dose of 5mg/kg/day to the parents.  
 If this rate were linearly transposed to humans we 
should expect to see measurable effects on infant and foe-
tal mortality at Uranium ingestion intake levels of 1/10th 
those employed in the mouse experiments analysed here i.e. 
500ug/l and effects at far lower levels of Uranium inhalation 
where the absorption is greater. The Royal Society (2002) 
calculated that a continuous daily contamination by 1 mg 
(i.e. 0.14mg/kg) would eventually result in a steady-state 
kidney concentration of 12 mg L-1. 
 These results support a causal explanation for the 
many indications of high infant mortality due to heritable 
conditions found in populations exposed to Depleted Ura-
nium and Uranium weapons in areas where Uranium con-
centrations in air, water and food are significantly high. It 
has been suggested that the biological origin of these effects 
arise from a combination of the high chemical affinity of 
uranyl ion for DNA with the high photoelectron enhance-
ment of external gamma background (Busby 2005, Busby 
and Schnug 2007). The European Committee on Radiation 
Risk has drawn attention to enhanced radiobiological effects 
in isotopes with significant DNA affinity (ECRR2003) and 
for the weapons fallout fission-product, Strontium-90, which 
binds to DNA (Steffenson and La Chance, 1960). The en-
hanced genetic transgenerational effects have been shown to 
occur in rodents (mice: Luning and Frolen 1963, rats: Smir-
nova and Lyaginskaya, 1970) who employed experiments 
very similar to those of Paternain et al, 1989.   Strontium-90 
effects are discussed at some length in Wings of Death. It is 
astonishing and worrying that the authors did not draw these 
obvious conclusions from their own data. The lowest dose 
used, 5mg/kg is about 1/50th the acute toxic dose in the mice. 
In view of the dose response slope, and the implications for 
human transgenerational genetic damage, experiments with 
lower doses should be carried out as a matter of some urgen-
cy.  The ICRP68 dose coefficients can be employed to show 
that cumulative radiation doses to the mothers are between 
0.4 and 2 mSv (Table 2).  The current risk models would pre-
dict no effects at such doses which are below annual natural 
background.

Those who want to follow up this story can contact LLRC for 
full reference list. The mouse study was published as:

Paternain JL, Domingo JL, Ortega A and Llobert JM (1989) 
The Effects of Uranium on Reproduction, Gestation and 
Postnatal Survival in Mice. Ecotoxicol. Env. Safety. 17: 291-
296
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Country Boy;
guitar DADGAD A maj  capo to B. ¾ time, country music, 
wry cowboy waltz, Jim Reeves tone; ADE sequence

I went to a country that’s baked by the sun
I took them some freedom, I carried a gun
I handed out candy for everyone
I cant understand why they hate me

I was told it was terrorist plans we would foil
By setting up camps on this foreigner’s soil
I’m sure it has nothing to do with the oil
The billions of gallons beneath it

Chorus:
So it’s just one more push
For George W Bush
We’ll cheer as cruise missiles
Take off with a whoosh
With fins of titanium
Nose cones of uranium
Well make the world safe and secure

Democracy’s fine if you have lots of food
But the people out here seem to be in a mood
So well give them Big Macs in exchange for their crude
And everyone soon will be smiling

We spend all these dollars on huge foreign aid
But my buddy was killed with a rocket grenade
And depleted uranium seems to have made
Most of the vets sick with cancer

Chorus

Uranium is dangerous it gets in the air
Inhaled by the children, but we just don’t care
If they all get leukaemia and lose all their hair
Were engaged in a war against terror

Were proud of our country, we all love our moms
The US exported both nukes and dot.coms
Hiroshima weapons, uranium bombs
Justice and peace and real freedom

Chorus

I don’t think we’ll ever get out of this mess
The government controls both the science and the press
The public watch soaps to escape from the stress
Whilst the generals make NUCULAR weapons

Chorus.       

Chris Busby; Jan 2007; all rights reserved

Country Boy

This  song about the Iraq War and the use of depleted uranium 
weapons was written in January 2007 and performed on stage 

to an audience of 5000 at the Perdana International War Crimes Tri-
bunal in Kuala Lumpur, Malaysia in May. For those who can’t read 
music, a recording of it is to be found on the llrc website and at www.
myspace.com/christobusby. Anyone who wants to can use it: LLRC 
would like to see it sung all over the world. 

San Francisco Bay in California. 
The north western part of the bay is Marin County, 
which has one coastline facing into the bay (the east-
ern part) and another coastline on the Pacific Ocean. 
The difference in the breast cancer rate between these 
two areas is remarkable, and suggests an environmental 
origin for the disease. The Bay area of Marin County 
has extensive mudflats of the kind found in other areas 
of low tidal energy and where sediment can precipitate. 
The sediment in the Bay is contaminated by nuclear test 
fallout from the Sierras, in addition to material from the 
Ranch Seco nuclear plant. This is resuspended, as it is 
in the Irish sea, where breast cancer rates in coastal 
communities are also high. 

Continued from page. 22
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