BBC: BANG GOES THE THEORY: NUCLEAR POWER  3 OCT 2011
Appendix 1: Detailed editorial rationale and analysis of statistics and sources 
This themed episode of Bang Goes the Theory was produced with the intent to provide clear factual information about:
· the principles of power generation from atomic energy
· the cause of explosions at the Fukushima plant
· the processes involved in decommissioning nuclear power stations, and cleaning up after radiation escapes
· the processes by which radiation causes damage to human tissue

The intent was to explore the scientifically established facts behind the academic and media debates that surround the subject, in order to provide a better understanding of those debates to a lay audience. The intent was not to explore the range of opinions surrounding those debates.

Analysis of cost to life caused by nuclear incidents

In the final VT, a comparative and numerical analysis of the cost to life from nuclear incidents at Chernobyl and Fukushima was made. The intent was to illustrate and contextualise the statistical significance of these deaths. Comparisons were made to the casualties caused by nuclear bombs at Hiroshima and Nagasaki, and also to other significant sources of human mortality. 

Statistics provided for each of these incidents vary enormously. Many statistics exist which are speculative and unsubstantiated by scientific research. However, in each case there exist widely recognised, reliable sources of data (Appendix 1). 

Our intent was to present only irrefutable, scientifically determined data, and so it was decided to use these accepted sources rather than any other source of data. From these sources we were able to determine that the number of deaths directly attributable to radiation exposure at Chernobyl would ultimately reach a total of 122. The derivation of this statistic is detailed below in Appendix 2.

The most widely accepted scientific sources of statistics relating to the Chernobyl  accident are a series of reports by the United Nations Scientific Committee on the Effects of Atomic Radiation (1988, 2000, 2001, 2008), and data published by the Chernobyl Forum (2003-2005).

Further details on the sources used in determining statistics are attached below (Appendix 2), along with an assessment of some of the conflicting sources (Appendix 3).

Projection of deaths and cancer rates arising

This presents a paradox. Various predictions have been made about increased cancer rates arising from radiation exposure. But no increase in cancers has been detected. At the same time it is acknowledged that, even at the highest rates predicted, no increase would be apparent because they would be epidemiologically invisible. Therefore this projection remains purely speculative.

A projected casualty figure was included in our own derivation of a total Chernobyl mortality figure (see below for details of derivation). However it was not possible to explore the complexities of such a calculation within the short duration of the film in question.

Expert advice

In our analysis of experts in the field of human casualties relating to the Chernobyl incident, one name stood out as a clear and reliable source of expertise, with a proven track record as a commentator on this subject.

Professor Gerry Thomas is Chair in Molecular Pathology at the Department of Surgery & Cancer of Imperial College London. She has written in The Guardian about Chernobyl,  and contributed to various BBC programmes in the past including The World at One, Breakfast, Material World, Newsnight and Fallout: The Legacy of Chernobyl.

Our first course of action in assessing Professor Thomas’ credentials was to ask the advice of Mike Repacholi who was involved for many years with the WHO reporting of the Chernobyl incident. Mr Repacholi had worked with Prof Thomas as recently as 2006, and vouched for her reliability as an academic source.

In addition, we consulted an academic advisor from the Open University (our co-producer in this series), who knew of no reason to challenge Prof Thomas’ authority on this subject.
 


APPENDIX 2: Derivation of statistics 

A) DEATHS FROM RADIATION AT NAGASAKI AND HIROSHIMA

Essentially derived from the widely accepted Truman Report. Actual figure derived 20,475, rounded down to 20,000. 

Figure for those who died from Acute Radiation Sickness (ARS): 19250
This number was derived by taking figures for the total numbers of deaths from the Truman report. http://www.trumanlibrary.org/whistlestop/study_collections/bomb/large/documents/index.php?pagenumber=21&documentdate=1946-06-19&documentid=65&studycollectionid=abomb.
The report is thought by most experts to be a reliable and well researched document.
The report estimates that 70-80,000 died at Hiroshima and 35,000 at Nagasaki. Taking a mean average figure of 75,000 for Hiroshima, this gives an overall number of 110,000.
Of these (again according to the Truman Report) an estimated 15-20% died from Acute Radiation Sickness. Taking a mean average again of this figure, 17.5% of 110000 is 19250.
[bookmark: _GoBack]
Figure for those who have died subsequently from cancers: 1225
This figure is much more difficult to calculate because it is impossible to attribute deaths from cancers to specific causes. So we used the best available estimates and worked with those.
According to the World Nuclear Association http://www.world-nuclear.org/ there have been around 550 subsequent cancers.
According to the Radiation Effects Research Council http://www.rerf.jp/index_e.html approximately 1900 subsequent cancers and have resulted. If we take the mean average of these two it gives us 1225 deaths from cancer.
Overall figure for those died from radiation at Nagasaki and Hiroshima:
19250 + 1225 = 20475.

Deaths not included in the figure
Thousands of people died because of the bomb blasts at Hiroshima and Nagasaki. However, since these deaths were not caused by ionising radiation they were not included in the figures.

B) DEATHS FROM RADIATION AT CHERNOBYL

Figure for those who died from Acute Radiation Sickness in 1986: 28
This figure is taken from the Chernobyl Forum's 2005 Chernobyl's Legacy Report
 
Figure for those that died later from illnesses thought to be related to radiation exposure: 19
This figure is taken from the Chernobyl Forum's 2005 Chernobyl's Legacy Report
http://www.iaea.org/Publications/Booklets/Chernobyl/chernobyl.pdf
 
Figure for those who have subsequently died from thyroid cancer: 15
This figure is taken from the Chernobyl Forum's 2005 Chernobyl's Legacy Report
In the months and years after the accident, it became apparent that a high number of thyroid cancers had developed. Thyroid cancer develops in these cases due to exposure to radioactive iodine.
The iodine enters the food chain and lodges in the thyroid gland leading to thyroid cancer. Most estimates conclude that around 4000 thyroid cancers developed in this way.
Thyroid cancer is a very treatable form of cancer and most of those who developed the disease have not died as a result. 

Estimated figure for those with thyroid cancer who will die in the years to come: 60
Although thyroid cancer is a very treatable disease, there will be more individuals who will die in the future as a result. Estimates vary as to how high the final figure will be but based on current actual rates Professor Gerry Thomas estimates that approximately 60 more deaths are likely occur.

Total deaths definitely related to radiation exposure: 122

Deaths not included in the figure
Two emergency workers people died as a result of the explosion at Chernobyl but as these deaths were not caused by ionising radiation they were not included in the figures.
 
Further cancers which may develop in future 
Any estimates of current and future cancers attributed to Chernobyl were not included in the 122 statistic and with good reason. Cancers are very difficult to attribute to definite causes since (with notable exceptions such as the thyroid cancers which developed after Chernobyl) no one single event can be seen to cause any individual cancer. Chernobyl exposure may indeed have caused genetic mutations that would have made cells more likely to turn cancerous but other carcinogens would need to be involved in order for cancer to occur. Chernobyl exposure alone (except in the case of the thyroid cancers) would not have been enough. It is therefore impossible to estimate how many cancers may have been caused in some small part by exposure to radiation to Chernobyl.

If a subsequent rise had been observed in a particular form of cancer after the accident then this could, of course, be studied to try to work out if those cancers had resulted from Chernobyl exposure. However, no such reliable observations have been made: There has been no subsequent observable rise in cancers post-Chernobyl in any of the affected areas.

Some estimates claim that up to 40,000 cancers may have in some way been caused by Chernobyl. This is a theoretical figure derived from the Linear No-Threshold Model for radiation exposure. But it is important to note that based on current cancer rates we could expect some 60 to 80 million people in the affected area of Europe to develop cancer anyway over the given period of 70 years. As a result, any increase due to Chernobyl would be virtually undetectable. Indeed changes in other factors (e.g. smoking or dietary habits) are likely to have a much greater impact on cancer risks in this population than the radiation exposure.

C) DEATHS FROM RADIATION AT FUKUSHIMA

In the programme we stated that Professor Gerry Thomas believed no deaths will result from the nuclear accident at Fukushima. This is based on the available evidence collected so far.
To date no one has died from Acute Radiation Sickness as a result of exposure to radiation at Fukushima. Given that this is the first and most direct cause of deaths from nuclear accidents it is a significant indicator.

The other large potential problem that citizens in the affected area could have faced was the threat of thyroid cancer. However, thyroid cancer can be prevented by the administration of stable iodine immediately after exposure.

The Japanese government implemented an immediate plan to administer stable iodine to all those who might have been affected. To date there is no evidence that this procedure has not been affective.




APPENDIX 3: Assessment of conflicting data sources

1. International Atomic Energy Association (expected deaths 4000).
http://www.iaea.org/newscenter/focus/chernobyl/faqs.shtml  
“The estimated 4000 casualties may occur during the lifetime of about 600,000 people under consideration. As about quarter of them will eventually die from spontaneous cancer not caused by Chernobyl radiation, the radiation-induced increase of about 3% will be difficult to observe. However, in the most highly exposed cohorts of emergency and recovery operation workers, some increase in particular cancers (e.g., leukemia) has already been observed. Confusion about the impact has arisen owing to the fact that thousands of people in the affected areas have died of natural causes. Also, widespread expectations of ill health and a tendency to attribute all health problems to radiation exposure have led local residents to assume that Chernobyl related fatalities were much higher than they actually were."
 
The figure presented is not directly attributed to any specific research, and is clearly presented as an estimated projection. The actual number of deaths so far is 62. The total we can expect based on actual death rates so far from thyroid cancer is 122. 

The report acknowledges that "the ... increase (in cancer mortality rates)... will be difficult to observe". This is correct, and supports the observation that definite attribution of any future deaths to exposure from radiation will be almost impossible. 

Also it states that "some increase in particular cancers (e.g., leukemia) has already been observed". The Chernobyl Forum report says that no such reliable increase has been observed, while the IAEA report itself goes on to say "Several recent studies suggest a slight increase in the incidence of leukemia among emergency workers, but not in children or adult residents of contaminated areas. A slight increase in solid cancers and possibly circulatory system diseases was noted, but needs to be evaluated further because of the possible indirect influence of such factors as smoking, alcohol, stress and unhealthy lifestyle." So these observations can only be taken as anecdotal and unproven.
 
2. Chernobyl: Consequences of the Catastrophe for People and the Environment (Yablokov , Nesterenko, Nesterenko, 2009)  (Calculated deaths 985,000)

This book, based on a review of many Eastern European studies, remains controversial. Several challenges have been made to the reliability of the source research, to their adherence to traditional scientific method, and their likely robustness against critical peer review. It presents a view at one, far extreme of a spectrum of opinions. It has provoked allegations of conspiracy and cover-up, but has not prompted any revision of published, reputable sources.

3. The World Nuclear Association (Projected deaths 4600).
http://www.world-nuclear.org/info/default.aspx?id=25945&terms=chernobyl%204600 
 
This report is 15 years old. It details a projected death toll which has not so far been observed. It accepts that "increases would be difficult to detect epidemiologically". 


