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Chapter 1: Many Misunderstandings

Gregory: Is there any other point to which you would wish to draw my 
attention?
Sherlock Holmes: To the curious incident of the dog in the night-time.
Gregory: The dog did nothing in the night-time.
Sherlock Holmes: That was the curious incident.

Silver Blaze (1892), Sir Arthur Conan Doyle
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Summary
The radiation disaster at the Fukushima Daiichi nuclear power station that 
occurred  in  March  2011  is  curious.  There  was  considerable  escape  of 
radioactivity  and  the  incident  was  ranked  in  the  most  serious  category 
possible. That there was not one health casualty from the radiation is a piece 
of evidence that calls for explanation.

We have got it wrong about the contribution that nuclear science can make to 
life.  We  should  examine  the  hard  evidence  available  not  only  from 
Fukushima but also from other accidents, clinical medicine and elsewhere in 
the light of current scientific knowledge. Critical to this conclusion is the way 
that  living  tissue  responds  to  radiation  (strictly,  ionising  radiation).  This 
response evolved very early in the story of life on Earth, and without it life 
would not  have survived.  But  its  effectiveness is  explicitly ignored in the 
formulation of current safety provisions, in spite of the paradoxically small 
loss  of  life  in  all  nuclear  accidents.  In  drawing  up  successful  safety 
regulations to control conventional industrial and agricultural hazards, risks 
are considered calmly and in proportion. However for historical and cultural 
reasons, the same is not true for radiation hazards: these reasons are explored 
and clarified in later chapters.
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For nearly a century our understanding of what nuclear technology has to 
offer  has  been  obscured  by  ultra-cautious  authorities  hiding  behind 
fragmented  expertise.  The  broad  picture,  though  muddied  by history and 
assumed to be difficult, is not hard to appreciate in simple common sense 
terms. Most people are unaware of the large share of the physical world that 
is  nuclear  matter,  and  the  amazing  contribution  that  its  use  can  make  to 
prospects for a densely crowded Earth.  Indeed, if nuclear energy is not the 
environmental threat that many suppose, it is  the answer to several of the 
most  serious  problems  faced  by  mankind:  atmospheric  pollution,  and 
shortage of clean energy, clean water and food. In any democracy this matters 
because  the  electorate  should  understand  the  issues.  Otherwise,  irrational 
swings of mood or fashion affect decisions.

Our  supremacy  on  Earth  has  depended  on  knowledge,  confidence  and 
teamwork through openness and mutual trust. However, in the case of nuclear 
technology these  links  have  been  broken  and  a  massive  cultural  shift  is 
needed to mend them. This is not a matter for top-down committees as much 
as  explanation  by  individuals,  engaging  with  simple  evidence  to  build 
people's  trust  in  science  and  society.  Illuminated  in  this  way,  nuclear 
opportunities  should become clear  and no longer be  a  source of  fear  and 
obscurity.

Climate change
Carbon-based  fuels  are  polluting  the  atmosphere.  The  concentrations  of 
methane and carbon dioxide are rising fast every year and are now two to 

Illustration 1 Graphs showing the extraordinary increase of methane 
and carbon dioxide atmospheric concentrations in recent times
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four times higher than they have been for several hundred thousand years. 
Given  the  known  properties  of  these  greenhouse  gases,  it  comes  as  no 
surprise  that  the  polar  ice  caps  are  melting and the  world temperature  is 
rising.  However,  it  might  be  a  coincidence  and  not  be  caused  by human 
activity at all. Yet, just as I should not expect proof that I am going to have a 
car accident before taking out insurance, so replacing carbon fuels as a matter 
of urgency is a sensible policy of mitigation. Replacement with the so-called 
renewables (hydro, geothermal, wind, tidal, waves and solar) is simply not 
sufficient,  and  biofuels  and  biomass  release  carbon  into  the  atmosphere, 
almost as much as fossil fuels [see Chapter 3]. 
Fired by political self-confidence, German policy is to cease use of carbon 
and nuclear energies. Many other countries take a more scientific view and 
consider  that  switching to  nuclear  energy is  the  best  that  can be done to 
mitigate climate change. This policy has no technical drawback, but it has not 
been popularly welcomed because nuclear energy and its radiation are seen as 
frightening and dangerous.  This causes people  to close their  ears and not 
want to know more. However, this fear of radiation has no scientific basis. 
The evidence needs to be explained clearly and understood widely, because 
radiation phobia is the only obstacle to the provision of cheap carbon-free 
energy [see Chapter 4, and also Chapter 2 of the book Radiation and Reason 
(2006), see Selected References on page 279, SR3]. 
The truth is that we have made a major cultural error by shunning nuclear 
technology. Big errors are the most persistent, and to get over them requires 
concerted  action  by  individuals  and  governments.  So  why  is  that  not 
happening? And how did we come to commit this error? To explain this, we 
will  have  to  turn  a  few  more  pages  and  question  some  commonly  held 
opinions [see Chapters 6, 9 and 10]. 

Safety and medical care
Does this mean that radiation is safe? And if so, how safe? How do we know 
that for sure? The short answer is yes: radiation is safe and it has been saving 
lives by diagnosing disease and curing cancer for over a century as pioneered 
by Marie Curie. A radiation dose used in a medical scan is far higher than 
encountered  by the  public  in  any nuclear  accident,  such as  Chernobyl  or 
Fukushima.  But how do you know? you will say. To feel safe and confident 
about science, we should study and understand some parts ourselves and then 
talk to friends and contacts to build up trust in the whole. Without such a 
network  of  education  and  trust,  in  science  as  in  other  fields,  mankind  is 
doomed. In brief, if you want to be safe and confident, you need to find out 
what is going on. 
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In the case of radiation we should look at the numbers that describe radiation 
doses,  and  then  ask  more  questions.  During  a  course  of  radiotherapy 
treatment the patient's tumour dies from a daily dose 200 times higher than a 
typical diagnostic scan. In spite of receiving half this massive dose every day 
for five or  six weeks,  nearby organs almost  always survive.  But  safety is 
always  a  compromise between engaging some risk to  achieve a  goal  and 
doing nothing, such as staying in bed. So it is true that radiotherapy may 
have, perhaps, a 95% chance of curing an existing cancer, but a 5% chance of 
starting a new one. Only by looking at the evidence and understanding what 
radiation does, can real safety, and the feeling of confidence that goes with it, 
be achieved [see Chapter 3, and Illustration 2 described further in Chapter 9].

Illustration 2: A graphical comparison of monthly radiation doses,  
shown as the area of circles [more details on page 227, Chapter 9]:

• Red circle, the dose to a tumour treated by radiotherapy;
• Yellow circle, a recoverable dose to healthy tissue near to a 

treated tumour;
• Green circle, a dose with 100% safety record;
• Solid black dot, a safety limit recommended by typical current 

regulations.
(Green circle and black dot are also shown in magnified view to make 
the black dot more clearly visible).
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Illustration 3: The final confrontation with the Environmental Anti  
Fire Party in prehistoric times, perhaps.

Illustration 4: Picture. Shopping bag with simple sensible advice 
about UV radiation for families.
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Hundreds of thousands of years ago, some say a million, man had the bright 
idea of bringing fire into the home. This was not at all safe, but the benefit to 
his standard of living with hot meals and warm accommodation quickly out-
weighed the risks.  The choices of fire then and nuclear today are similar, 
except the risks are very much smaller for nuclear than for fire. In both cases 
education is key [see Chapter 2]. 
An example of the need for education about the physical world is protection 
against UV radiation in sunshine. Parents are given simple advice about how 
to teach their children to avoid sunburn and resulting skin cancer in later life. 
As an agent that can damage living cells, UV is much more intense but less 
damaging than X-rays [see Chapter 5]. But the net effect is similar: early cell 
death (sun burn) or  later  cancer (skin cancer).  These cannot  be compared 
quantitatively with the effects of nuclear radiation. However, although cancer 
from UV is common and cancer from nuclear radiation is extremely rare, 
public concern is the reverse.
At Fukushima there were no casualties from radiation [1] and the doses were 
so low that there will be none, even in the next 50 years, even among the 
workers  at  the  plant  [see  the  article  SR8].  At  Chernobyl  radiation-related 
deaths were limited to 15 fatal cases of child thyroid cancer and 28 workers 
who  fought  the  initial  fire  and  died  over  the  subsequent  few  weeks.  At 
Fukushima many casualties were caused by forced evacuation and fear, not 
radiation.  There  were  similar  casualties  at  Chernobyl  including  several 
thousand unnecessary induced abortions performed far away, simply out of 
panic. Meanwhile the wildlife at Chernobyl  today is thriving now that the 
humans have gone: this has been captured in several charming videos [see 
Chapters 2 and 3, and SR7]. 
Simple scientific pictures and the multiplication of some numbers show why 
nuclear  energy  is  a  million  times  more  powerful  than  chemical  energy. 
However, this energy source is so effectively hidden that its existence was not 
even suspected until the final years of the nineteenth century. But that still 
leaves open the question:  What happens on the rare occasions that human 
tissue is actually exposed to nuclear radiation? [See Chapters 7 and 8.]
It appears odd that the extreme power of nuclear radiation should have so 
little effect on life, given that this is so very frail. We shall see that the answer 
is that the whole purpose of life has been to survive in the Earth environment, 
where  ionising  radiation  and  oxygen  are  the  two most  powerful  physical 
agents to threaten living cells. Providing this protection is what life does – 
you could even argue that is all that it does, apart from an occasional battle 
with other cells and viruses. Each element of life's structure is designed to 
survive these two threats: eating, breathing, sexual reproduction, the partition 
of  life  into  autonomous  individual  organisms  and  the  structure  of  those 
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organisms  as  a  myriad  of  autonomous  reproducible  cells.  In  some  3,000 
million years  of  evolution it  has  perfected this  protection,  and a study of 
modern radiobiology reveals some of the mechanics of how cells cope with 
attacks  by oxygen and radiation through strategies  of  repair,  replacement, 
adaptation and stockpiling of resources. This leaves any protection offered by 
bureaucratic regulation way behind by comparison. People sometimes worry 
about the effect of the radiation dose they receive in medical treatment, as 
also they do about Chernobyl, Fukushima and other accidents. Instead, they 
should marvel at the extraordinary natural protection they receive, and then 
welcome  the  benefits  that  radiation  has  brought  to  modern  medicine  and 
health following the tradition introduced by Marie Curie [see Chapter 8]. 

Historical reasons for nuclear mistrust
The twentieth century was a turbulent time in history and perceptions were 
distorted by existential fears, even among eminent scientists. However, these 
can be seen more calmly now in a historical perspective [see Chapter 10]. 
During the Cold War, when there was great disquiet about radiation and the 
nuclear arms race, instead of educating the public, the authorities attempted 
to appease negative opinion by promising protection from radiation at wholly 
unnecessarily low levels. This approach was not successful, especially when 
accidents occurred in which public panic, not radiation risk to life, was the 
result.  The  authorities,  themselves  misinformed,  failed  to  appreciate  that 
safety and confidence are best established by education and trust, not rules 

Illustration 5: The natural protection of life provided by slow evolution wins 
easily against recent regulations, as illustrated by Aesop's Fable of the Race 
between the Tortoise and the Hare.
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and regulations [see Chapter 11].

Illustration 6: Picture of banknotes. Independent thinkers like Marie 
Curie, Charles Darwin, Florence Nightingale and Adam Smith found 
the right answers without committees and achieved acceptance. In 
society today they symbolise trust, even on banknotes. We should 
follow their example when considering how to reach the public on 
matters like nuclear radiation.

Illustration 7: The legend of King Canute and his sycophantic  
followers who believed he could do anything, but did not think for  
themselves. So he had his throne placed on the seashore, and the  
commanded the tide to go back, which it failed to do, much to the  
surprise of his court. Science and nature do not obey regulations or  
the commands of authority. It is better that at least some people in  
society study and reach their own independent conclusions.
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Education, authority and confidence in society
Like  nuclear  power,  currency needs  popular  trust  and support,  and banks 
achieve  this  by  enlisting  pictures  of  famous  figures,  many  of  whom 
contributed  much  more  to  science  than  to  banking.  They  were  broad 
individual  thinkers,  not  specialist  experts  or  committee  members,  and we 
should follow the way in which they won public support. Certainly we should 
not believe everything we hear from uncritical popular chatter in the way the 
followers of King Canute did [see Chapter 9].

With proper education and training, the general population is well capable of 
acting rapidly and intelligently when faced with an accident. The immediate 
response of the Japanese people to the earthquake and tsunami of March 2011 
is  a good example  of  what  can be achieved.  In such a situation in Japan 
everyone knows what to do without asking authority. Because of their quick 
action, the death toll from the tsunami was much smaller than it would have 
been  otherwise.  With  practice  and  study  in  school  from  an  early  age, 
confidence and trust are established, ready for when a real disaster occurs, as 
it did when the earthquake and tsunami hit. However, faced with an accident 
that  was not  a  disaster,  but  about  which they were  totally ignorant  –  the 
nuclear accident – they could only look to authority, which gave no guidance, 
being as ill prepared as everyone else. Fanned by the world press a wave of 
distrust in authority and science then quickly followed [see Chapter 3].

Waste, cost and vested interests

Illustration 8: Symbols of waste
a) A radiation hazard symbol for nuclear waste.
b) A symbol of personal human waste.
But which waste is linked to the greater danger – that is, kills more 
people annually?
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In the popular press it is widely supposed that there is a problem with nuclear 
waste. If fully burnt, nuclear fuel produces about a million times more energy 
per kg. than carbon fuels, and that means there is very little fuel and so very 
little waste. It is mostly solid and can be recycled to get closer to complete 
burn up. After a few years when it has cooled, the residue can be solidified in 
glass and concrete which can be buried for the few hundred years needed for 
its excess radioactivity to die away. Of course, if society wants to waste good 
money by making extraordinarily elaborate provision, there is no shortage of 
contractors  who  would  be  happy  to  step  up  to  give  the  waste  the 
Tutankhamen  burial  treatment,  a  large  long-term  deep  and  impregnable 
geological  storage.  At  present  nuclear  energy  is  simply  burdened  by  the 
prospect of what this would eventually cost and the provision that has to be 
made. This should not be the case.

But why pay so much? Unlike the waste from carbon fuel energy production 
or the personal waste of humans, there has been no known loss of life from 
civil nuclear waste. Discharge of human waste into the environment is the 
cause of a million deaths per year by disease; and the open discharge into the 
atmosphere of carbon dioxide and the other pollutants that accompany use of 
carbon fuels of any kind is no less harmful [see Chapters 3 and 9].

Nuclear energy is thought to be expensive, but where does the money go? 
Most of it goes, directly or indirectly, in salaries. So why does it take so many 
people so long to design, build and run a nuclear power station? Because it 
has  to  be  safe!  Indeed  it  does  have  to  be  stable  in  operation  –  which 
Chernobyl was not. But at least half of the man-hours, half of the workforce, 
is  employed  engaging  with  super-safe  regulations,  planning  the 

Illustration 9: Diagram of cannisters of a size to show the mass of  
different waste produced per person per day in the UK
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decommissioning, checking workers in and out of secure areas for risks that 
have  been  grossly  over-estimated.  The  consumer  and  tax  payer  have  an 
interest in exposing this gross over-provision, but they do not understand. 

Part of the problem is suggested in Illustration 10. However, the cartoon does 
not refer to the nuclear industry itself whose ability to construct new plant 
has  been  priced  and  regulated  out  of  the  market  without  good  reason. 
Countries less in thrall to regulators are able to invest for their future. They 
will become increasingly competitive and will come to dominate the market 
for the production of energy and the construction of plant. Decision makers in 
western countries should appreciate that the current regulatory strangulation 
is economically dangerous [see Chapter 12].

The task ahead
In the Cold War period people demanded safety from the threat of nuclear 
radiation, but were given regulations instead. This was delivered wrapped in 
pseudo-science  and  tied  with  legal  knots.  Blessed  by  committees  of  the 
United  Nations  and  enshrined  in  national  laws  around  the  world,  these 
restraints make it hard for the nuclear industry to make any progress towards 
construction of the new plant required. So legislators have urgent work to do, 
to release the nuclear industry from its straight-jacket.
On  the  professional  side  the  pseudo-science,  named  LNT  (Linear  No- 
Threshold),  has  to  be  repudiated,  just  as  the  epicycles  of  Ptolemy were 
discarded  to  make  way  for  the  new  understanding  of  planetary  motion. 
Fortunately,  the  evidence  against  LNT  is  easier  to  understand  than  the 

Illustration 10: The interests of some parties are well served by the 
inflated costs of unscientific levels of nuclear safety, although neither 
the public nor the environment benefits at all
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dynamics of the solar system. Simply put, LNT says that all radiation doses 
are harmful, however small, and that their effect is cumulative. The result is a 
policy  for  radiation  safety  (sometimes  called  Radiological  Safety) that 
requires  that  all  radiation  exposures  be  kept  As  Low  As  Reasonably 
Achievable (ALARA),  which in practice means within a small  fraction of 
naturally occurring levels. This is unrelated to any risk, but comes from a 
political wish to say that the effects of radiation have been minimised.
LNT assumes that the damage to cells increases steadily with the radiation 
dose. This is a correct picture of the immediate impact of radiation, but the 
effect of subsequent biological reaction is to repair this damage within a few 
hours or days, unless the dose in that time is very high indeed [see Chapter 
8]. The upshot is that the effect of radiation does not build up, and small or 
moderate doses have no lasting effect at all, like modest exposure to bright 
sunshine.  Current  regulations  follow  guidance  given  by  the  UNSCEAR 
committee (United Nations Scientific Committee for the Effects of Atomic 
Radiation) that denies the effect of this evolved biological reaction, although 
this was fully described by a unanimous and critical French joint report of the 
Académie des Sciences (Paris) and the Académie Nationale de Médecine in 
2004 [see Chapters 4 and 8].

Safety  regulations  based  on  ALARA  are  not  fit  for  purpose,  and  are 
dangerous  to  the  economy,  the  environment  and  to  life  and  limb.  For 
example, they can frighten patients into refusing treatment that would benefit 
their health. In the Fukushima region they have discouraged Japanese parents 
from letting their children go outside in the fresh air to play. The increased 
mortality of needlessly evacuated old people there shows how these safety 
regulations can lead to death. The stacks of top-soil  removed from fields, 
now denuded and infertile, show a sad pictorial example of the destruction 

Illustration 11: A photograph of contaminated top-soil, all bagged up 
and waiting in vain for somewhere to go. [Iitate, Japan, Dec. 2013]
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that unthinking fear can achieve [see Illustration 11 and Chapter 2].
Of course, the safety of radiation is important, but new regulations should be 
based on the threshold for radiation dose  rates that can be shown to cause 
damage to health: there is no shortage of agreed data from the accidents that 
have occurred, and also from a century of experience of clinical medicine. 
The  latter  is  particularly  appropriate  as  the  general  public  receive  such 
treatment and are aware that it is beneficial, even though the dose rates are 
high by any standard.
A justifiable radiation safety threshold should be set as high as to do no harm, 
or As High As Relatively Safe (AHARS). A comparison between:

• the ALARA safety standard monthly dose;
• the dose per month experienced by the public in a radiation clinic;
• a suggested safe conservative monthly limit; 

is made clearer, when represented by the areas of circles in Illustration 2 on 
page 4. The threshold, shown as the small green circle, is about the same as 
that set internationally in 1934, but is about 1,000 times the ALARA level, 
shown as the area of the small black dot that  may only be visible on the 
expanded scale. That is the factor by which current regulations have typically 
exaggerated any genuine radiation risk. However, it is right that these ideas 
should be explored and checked in considerably more detail in the chapters 
that  follow.  In  particular,  possible  values  for  thresholds  and  the  evidence 
behind them are discussed in Chapter 9.

Note on Chapter 1

1)   In October 2015 a report circulated in the media referring to a Fukushima worker 
who contracted leukaemia. Such random cases are expected in any population and 
no causal link was suggested. However, under Japanese law because the worker 
had received a small dose of 5 mSv he was automatically entitled to 
compensation. This was misinterpreted by the media.


